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plie
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the suBSEr SEPtiThe potiaht ilgns defesraice reslsrsinpined by

f @hedGCeleicaldiRg ﬂocaneﬁe@w ds zttheepsﬂaﬁst reat@sdis, tdie the
di fference t be foun a this eath. 25 The

grOWERSST 2P sleﬁwé:é& i @ttleoﬁ‘ F59E 9t NS
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F r%g%gagggﬁ %%rreghjg n%f%%,n%fd%pendxﬂggtgﬂénéése that
is expressed in terms of number of ions per square
centimeter (cm?) and on the implantation depth.

For reasons associated with the physics of plasmas,
a few nanoseconds after the voltage is applied, an ion
sheath is created around the substrate. The potential
difference responsible for accelerating ions towards the
substrate is the difference to be found across this
sheath.

The growth of this sheath as a function of time
satisfies the Child-Langmuir law:

. 4 (2 j ‘v
Je = = .
c 9 0 M s2

where:
j. = current density;
e, = permittivity of free space;

= ion charge;

o = potential difference through the sheath; and

€

M = ion mass;

\Y

s = thickness of the sheath.
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VO = potential difference through the sheath; and s =
t hi ckness of the sheath. 1111 VIII VIIL Vi1 1LLED @1
4000002" 2 By stipulating that the current density is
equal to the charge passing thzough the boundary of
the sheath per unit tinme, ds/dt represents the

di spl acenent of said boundary: 5 ds 2s2,uc dt 9 s2

In whi gy LsrtQpQN.@rtélSﬁ;i Q;maas;o tiﬁf‘e g:idk%rftyid\?fnls]ity_sqsf!eﬁ-da{l to
t n er st 0o at uo = (2eVo i's the
kRS et o R O SRR ) 1 fheath per

demsitt y ink) ofs /idte reirasymentEhe Hehidilapasseoferttheo 1S hesditch
[ ted nainly wth the applied voltage, the
d%ﬁ@?@%gjf the plasma, and the mass of the ions. The
equi val ent i npedance of tfE& plasmel: which 15
conditions inplantation cgerend, os directly
proportional to the square of the thickness of the
sheat h.In Mhdahﬂuhd(mxpnﬁsawmltnu$sdg¢weasby:very

qui ckly when the sheath beco rger. After a
certain amount of tine hgs el%E j it 1s 20
necessary to reinitialize, pragtice this is found
to be essential when the sheath reaches the walls of

t he benelosuide.rsttheye kst %pangzbbg/mnpignmél on

rechan S L o dec o el ol ze d e aysten, elios .,

volft agpe forlemwma2b the substrate whil e keeping the

ST ol B U8R LSS L0 I G A
with the applied voltage, the density of the plasma, and
the mass of the ions.

The equivalent impedance of the plasma, which
conditions implantation current, is directly proportional
to the square of the thickness of the sheath.
Implantation current thus decreases very quickly when the
sheath becomes larger.

After a certain amount of time has elapsed, it is
necessary to reinitialize. 1In practice this is found to
be essential when the sheath reaches the walls of the
enclosure, thereby stopping the implantation mechanism.

In order to reinitialize the system, almost all
implanter manufacturers disconnect the high voltage from
the substrate while keeping the plasma ignited. It is
therefore necessary to have a pulse generator that
produces high-voltage pulses.

Furthermore, implantation requires acceleration
energy to be as stable as possible, and consequently it
is appropriate to satisfy the following specifications:

rise and fall times less than 1 microsecond (us);

high voltage stable during the pulse;

instantaneous current very high in the range 1 amp
(A) to 300 A; and
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Furthernore, inplantation requires acceleration

energy to be as stable as possible, and consequently

it 30 is appropriate to satisfy the follow ng
specifications: rise and fall 2ines less than 1

m crosecond (s); high voltage stable during the

pul se; instantaneous current very high in the range 1

anp (A aka 13@,@7' Ao &ﬁd:cﬁnmo@hﬂdlé ta)tdimgacieorﬂnml allesma .
arcing.in the sma. _lan i antation i.n as

i mnrergiISﬁ1 &B“Eé%& &Sets & p::{gargtm i ﬁmﬁ“l?r%séro’gfmd? presents a
dcamtackss nufibegt lof, dnawdbedksi.gh vol t age power supplies

are Ve%ﬁrfﬁ& (PRI Hﬂ&ﬁ”&éﬂé%yé %¥% , gﬁgﬁif%s are very

direct in nce on the quality ~of e i nmplantation
PEFPSTFENE  SEESH  ratid Soomichligys pr esiérsd omftlyence on
Plasmeulal i thhe reREOS U Gitves dr $R A Mrdesi rabl e

side effects: particleée generation; 10 heat delivered .
to t he S§GHI At et NP &GS ATE S& A lodd Fhgi Rifgma in
rcse eacaosiuslke gdfveretrdlsecart amdzatireblef die pafcscts:
bei ng processed; and %ha&ge effects are created,

whi ch caﬁagelﬁaFtﬁgueé} ﬁiﬁﬂoublesone in

m cr oel ederpsnide lapgiriedatticondie si®dtmagreder to reduce
those sidecCthRalsyhe SUpRlIRlq VRILAMNGS B ORPSEd s 5
a pul sed _plasma process referred to™ as plasma dopi ng

( PEADR L ath&OnSredEss 105 @ds Efished it balgamrcdessest; and

the | our palarger dee ard scRaldRas edleGMAOPBLn N 156
(2002). "Proieedlggiﬂpf the VIth 20 international _. ,
WBPRSHGP 16 18l AShEPIasers ot MsraRlaGtarnicpapLications.
2001) , 16r emdlre t oFradtee Tiee25i2B, 2FRLts, puhld shephlier

SYSFLR Sl SELRISE i B T g <P oo
j Bacpilensta, deping29dP23E,) .andha25 prddedsensbldesetridgled in
"The baknicaall o ehoadwRned hansie! Qs Wddt iplasm
dopi ng", pp. 262-266. "That nethod al so consistsin
b?ggpﬁﬁlpﬁg,sygstﬁgée(2002) "Proceedings of the VIth
international workshop on plasma-based ion implantation
(PBII - 2001), Grenoble, France, June 25-28, 2001"
published by Elsevier Science B.V.:
S.B. Felch et al., "Plasma doping for the
fabrication of ultra-shallow junctions", pp. 229-236; and
D. Lenoble et al., "The fabrication of advanced
transistors with plasma doping", pp. 262-266.

That method also consists in biasing the substrate
with high voltage pulses. Nevertheless, the electric
field created between the substrate and the ground
electrode situated facing it enables the plasma to be
pulsed. The field lines around the substrate enable ions
to be accelerated and implanted. In that method, the
pulsed plasma makes it posgssible to avoid some of the
above-described side effects, but the constraints
associated with using a high voltage pulsed generator
still remain. Furthermore, the characteristic of the

plasma cannot be separate from the bias voltage. As a
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wi th high voltage pul ses. Nevertheless, the electric
field created between the substrate and the ground 30
el ectrode situated facing it enables the plasm to be
pul sed. The field |lines aroundathe substrate enable
ions to be accelerated and inplanted. In that nethod,
the pulsed plasma nmakes it possible to avoid sone of
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35 associated with h| olta e
gSEdt GATSE ] T2 D % aluays
C i rfefctoerlits trce imfpllahe: sgie&srem G:amtotddomcsteplm eHanmlves
t % %k%%]¥§4&ﬁ%&mFé§ a4 result, the nmachine is not
a

VEery vers presents a small range of
accel elstiingn av ol itffgarerandidnrdasshal Wiy atcHirftf iNsud t5 tb8 718

If 'E@a%%tess%%ﬁﬂa%%tttﬁatargp an%edkﬁﬂij Aengel Mes 1hr¥g9 ions having

orm ng pl asrras erent approac

pat ERUING. of gug Ig@cthé@raplﬁ‘é?r IR tERn e?l?ﬁe%lf?otdis does
f @lot rmlv@tai mggm%m@\geng;ulaseswr@ecfoﬂoul SI%S rr;]aﬂ@é use of
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LSS R, Zeb BRI G nlle] 4 AN ASR S AL
cicagivl b sl%mtchsd rparaadd ldle nivtii-It Hehpaverer source.

SQWGE i rERAl Qi ils LOMPNISES @ @ISO MY A or in
capacitor | n series and presents certain limtations.
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Secondlm,rsttlyneeid;s dcﬁ]dameksa anethd mnburannet driwtgy .
tches t he voI unme, of the t et t be ioni zed.

r?éﬁnfl tHE 15 cotr?stbe?nt 9tr}?e pat & 1" T duttt
rmr@ttdin@si amgervo ltwen dfhe Iturtatiget afo depul el fedm thismally,
genRr atitle 20\ Mot oJF Gap %Jasfoaﬂeelm%ﬁtd%g%ﬁe% BEnger
195 38 903 which p oses appar at us provi de t
pltasita t6u a%ors@a‘gtar Fe-sSarfrcst tt?reaﬁewte@rpomer

suppl y Megit itdie ddralalsolhit reRRanad Woasera rrﬁ@llsstfprw 903
conne%t ted between the tra and he Jouer_ sup ;

&Y CGITEC RR G Yroditd ap

substrate-carrier tray, and a power supply for the tray.

s%g source, a

That apparatus has a resistor connected between the tray
and the power supply; a capacitor connected to ground is
connected to the common point between the power supply
and the resistor. 1In addition to the limitations
mentioned for the preceding document, the resistor is
provided here in order to limit arcing current and
generates a potential drop across its terminals. The
magnitude of this potential drop depends on the magnitude
of the implantation current and thus greatly disturbs
control over the acceleration voltage that is applied to
the substrate carrier.

The invention proposes providing an improvement to
the above situation.

According to the invention, an ion implanter

comprises a pulsed plasma source, a substrate-carrier
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25 connected to the comon poi nt between the power
supply and the resistor. In addition to the
limtations nentioned for the precedi ng docunent, the
resistor is provided here in®rder to limt arcing
current and generates a potential drop across its
termnals. The 30 magnitude of this potential drop
depends a0l tLheARANISUYRE v QlorRe ticddP ANl 1gN HaltWeriM
and t hus re%%%y disturbs control over the o .
a8céM a?%ﬁin | 458 HRAE CE AP 0 G théSiidstTat et
canrilede sThe dapeerttioan qoropeses] preaweHmgraiund and said

i%%%%%%g%ggcg%riéé_Eq%,above situation. According to
t he rnventi on, an’ion gﬁplanter conprises a pul sed

pl asma Isoar ders& subsdiaretcatieet®y moapr @wbrdy
POWRL SRRl ¥ eQnRest & 1diRC Y el ween e Ground, and ; o<

the Substrate-carrier tray; in addition, 1t includes
avdapaéi tordcampesieddebet ween ground and said

subst r ghgeealiic® difrdYims? alnted | f iitsti eMhedidediand or

t uppl conpri.ses di.rect. volta sour ce
CORREEEET (TRobars SURAEH o8 ISgad Nempadiice Plrifo s Sidied. by

c cheupstlaece p,1 aistnal mduudeslﬁﬁanarfmme enrsiyda ng t hat
the %g%%'s%%o%fdst h@s@' %%'T%.o%“'tuﬁs‘? emtted by 10 the
pul'sed plasma source 'lies in € range 15 m croseconds
(s) toPseFeAsblpreftéeabimpedenes mredancsiistamce lying in
resiestane hyiong inRnush& KdNag 10 Kitghms (kQ to
1000 kQ, "Sim larly, the capacitor has capaci tance .
lyi ng PRTI1STNe (tRSgEADaTaROrardds CERRC tese Lying in
M eieofrana@s 5( MhnoEke adry emE)or Alss @iwr@ﬂa&%ﬁislaw UEF) .
i mpl antati on nmethod _i.npl enent.i ng such an i nplanter,
the methGd BONBFEEImG ! Hertoaicm v dpRaATIG a1 disirod
t hepflelleowiing fsowh ast dgesan2@r,a t3teage tofoce hangimiging
tp%rQQBQ%EHQQ &%g%b%q V%&tﬂ%%sts%%kp%o q%Jiﬂ% four
di scharge vol'tage i s obtained;
stages:
a stage of charging the capacitor from the voltage
source until a discharge voltage is obtained;
a stage of igniting the plasma;
a stage of discharging the capacitor; and
after a predetermined delay, a stage of
extinguishing the plasma.

In a second embodiment, the tray power supply is a
direct current (DC) source.

Under such circumstances, the implanter includes
means for ensuring that the duration of the plasma pulse
emitted by the pulsed plasma source lies in the range
15 us to 500 us.

Advantageously, the capacitor has capacitance lying
in the range 5 nF to 5 uF.

The implantation method corresponding to the second
embodiment is identical to that defined above for the

first embodiment.



10

15

20

25

30

35

a stage of igniting the plasma; a stage of discharging
the capacitor; and after a predeterm ned delay, a
stage of 25 extinguishing the plasma. In a second
enbodi nent, the tray power supply is a direct current
(DC) source. Under such circunstances, the inplanter

i ncludes neans for ensuring that the duration of the

Iol asna mulﬁszeler&(l ,effiHe=ed n’@t}tda% @iﬂoﬁﬂdiaolfaﬁﬁ&k&?lﬁl(ét%ﬁna to
ies ant ageousl vy, e
S S s, Rearieh JongS i R AR Y e 1

5 1R. miAe iismuicaintsat (nen .nmet hod correspondlng to the

R SRR e

above
meefidesisprioaldelef r Vtahéumgamqeo be ignited for a

dur at i @ deHiendr2 t hed Ne&mk igt-den k0 dErlél't%ﬁQﬁ”Ci%e ions
(ms). In additiaon, after the extinction stag t hese

5 DREL Kol G randaies Skai Hiomg %@etOF&Pt%eﬂtﬁfémﬁ her a
phasia ngl @genrtishirderd k1of« kﬂﬁllm@rs Pefb&Pi €0 5x10-3 mbar.

centi nmet er ns/ ¢nB 1010 i on nB for.. a workin
pressu 3‘5F%§ %H#|W(ﬁ§ éf Yo RPLG-CR GHSat 2% the
Ctiregntlliys tlhnet\hel traagrgeuséd) f\/ortoapploocat\/l on to the 10

tray | 'I%]% [ u%lnrc?; usu%% %].la%mal%%l@%’] U%%Jlrl%ﬂ%%csy in

of t he asnma

zr(alﬂﬂ)e tlo hEF Y | (Ghver tto (llékwllqm’zdlwzt o an

addI ti @,ra%loren@lrga%eralrﬁtddelttl%als UbstrRtescardier dyay
is rotatable about its axis. 15 The substrate-carrier

t SR SERA LENE PEISEd TP s e SR Pree PR i tiaviet idees
t hat amepamaisltelat\& tdar&riera(ﬂjrldi@t able wofd sRilseth®lasma

PASTE, HRcealan,) s dsscribed bol and natealg ok an
adjustable offset.

The present invention is described below in greater
detail in the following description of an embodiment
given by way of illustration with reference to the
accompanying figures, in which:

Figure 1 shows an implanter in diagrammatic
vertical section;

Figure 2 shows a first variant power supply for
the tray; and

Figure 3 shows a second variant power supply for
the tray.

Elements that are present in more than one figure
are given the same reference in all of them.

As shown in Figure 1, an ion implanter IMP comprises
a plurality of elements arranged inside and outside a
vacuum enclosure ENV. For microelectronic applications,
it 1s recommended to use an enclosure made of aluminum
alloy if it is desired to limit contamination with
metallic elements such as iron, chromium, nickel, or
cobalt. A coating of silicon or of silicon carbide may

also be used.
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20 given by way of illustration with reference to the
acconpanying figures, in which: Figure 1 shows an
implanter in diagrammatic vertical section; Figure 2
shows a first variant power supply for 25 the tray;

and Figure 3 shows a second variant power supply for

the tray. Elenents that are present in nore than one
figurea anesgirneer e 1Sare dreference d hrahdidfd titemhe form

30 hown in Fi re 1,..an ion i nplanter | .
SGioe D83 e T SN B S e A o R o
owtesitdead axacuMNTEncras ure riefdd 1 vear thecraaddsatateani B that
ap lk%@@!Q%?doﬂézfﬁﬁﬂéﬁ%%ﬂ“?ﬂ¥¥%i 0 use an encl osure
ma%eofal ' alflToy 11 it

al um num i's desired to limt

cont anPnatliadn Weiltteces bvsthalng Frdl dvamtes] duateussh ithen bottom
ChiRmivn JH Rl erRf okBRalHNY ARAdNG Hf SiddiGonor

of silicon carbide mu al so bé used.. 7 A

s FRIESE Ca RS T AP PPEaYs YSThvicded 5 & HEFordRbfthus

a ther iszdatrala tel -a3e- rdiesK tir3gt oS r eirat ablteraab@swdrt Ssupply

% r&j%%!taxis.AX ...and it recejves the §y§§tr te SUB.t c
thA S€% dShdve G8hs SHBISETSH The&qihid A i difpacitor
velltsagednnstitegl RET dronmed B hirso uginrtdre dabtdawn s tporan dncom
of_ ,th ncl I i~de ' -
ot o D atae iy AP R i e, gppacitor
t Kus S eana st edEweaty itdie (U tRRS e #@d & a1 dyrapovidts and
sypRlyhg ALT that is in turn connected to ground E. A
capacitor C 10 al so connected to ground E i s connected

downst FEER {156MS e trray {50 S GPRIRPSAST; 11 F it Hsttom
Weicd s, i cirh @ fC apac idmy] ostries MoNne® ed-ibetmeasudep has its

ARl SRES U TR G, &L P 5 YR 8o

t he ténel osdive BN, Arpr i yousle RPRriresctidds ta rdhet

CORRRERR O ile £NCheRHE BNV P P e UAHLEY, pump Ps
has its inlet connected to the enclosure ENV by a pipe
provided with a valve VAi, and has its outlet connected
to the inlet of the primary pump PP via a pipe provided
with a valve VAj. The pipes themselves are not
referenced.

The top portion of the enclosure ENV receives the
source body CS that is cylindrical in shape about a
vertical axis AXP. This body is made of quartz. It is
surrounded externally firstly by confinement coils BOC1,
BOCj, and secondly by an outer radiofrequency (RF)
antenna ANT. The antenna is connected electrically via a
tuning box BAC to a pulsed RF power supply ALP. The
inlet ING for plasma-generating gas is coaxial about the
vertical axis AXP of the source body CS. This vertical
axis AXP intersects the surface of the substrate-carrier
tray PPS on which the substrate SUB for implanting is
placed.

It is possible to use any type of pulsed plasma

source: discharge; inductively-coupled plasma (ICP);
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with a valve VAk, and its outlet connected to the

at nosphere via an exhaust pipe EXG A secondary punp

PS has its inlet connected to the enclosure ENV by a

pi pe 20 provided with a valve &Ai, and has its outlet
connected to the inlet of the primary punp PP via a

pi pe provided wth a valve VA . The pipes thensel ves
are 1neion ;r efienencets ;Tha-d.op Pof tdanr@f dhe ensdosid et a
ENV receives the sour.ce bo

2 d hat_.i s : :
cﬁrier?&ruirceaﬁeivr? shtgllﬁgc atoutC*a er\%ﬁgtcﬁscftéﬁr %S AGS LT £ietd
body ate drde waferqudret . ravt HES asurrigimded exdeeraral |bhe
fiLstl e col . ™ S o y
b;/?l?r%%ﬂl?)eér %:agf gequeﬁgfos(]cggs@a&nt%%a A@ﬂ-nﬁdlgﬁrﬁgccwdal .
aft&Tanas edmraet et lslfestailchld sty #1830 nulfiaty dreration

BAE t-0,ca Jalirs@d RF power supply ALP. The inlet ING
for plasna-generatjng gas i s coaxial about the
verticdl eaﬁg‘geﬁ?r@ fsoc"rgifé:esé‘m%e%&odﬂﬂ@lerrﬂfs RAstine &

axlls sAdP potteeitsedt s Hate isurdlage afo th@o. The acceleration

substrate-carrier_ tray PPS ich the substrate SUB
7 SIS S e S Y e T s S T (s T
t poé coft ipdl sed plhas raubsgowrtee padiesghiarlge; The acceleration

i %qllégbiyvqlsy't%wlc%% Qlo"i\ﬁ@%i (équé)l;y % '@lé Q{?ﬂ{atage applied

m Cr owaves, arc. Thg squrce_nust op rate a . . .
pités &lice JUAFEIratigat i1 isowdidudiedies mredassiane 1f it

fiiS;I @ﬁsﬁrr%fd le,@ bﬁv&@%d&%ﬂ&%&%ﬁe@tﬁi@sgftdﬁéﬂﬂ ta':ygﬁt very

and t encl osure at ground potential does no

O o 1558 GHEhEGe SIASE W CA Skl diStih Thé Tue for
pulisededperatondn apfpltihetseuwiece. The sel ected source

must b apabl-e of, .havin | asma potenti.al that is . .
cl ose ?g%zg"%%.l%fﬁgléjcg’eltglra}t irgergulerr?ermgeytao 1JtchecC?rgcﬁﬁsmliréatlon
t lte dief eér endevbdtavsdn tshelplaas ma c®@ epetdntdralcsandh g ldove,

subst rate pelRAldAlng TheRe Gl erRlditn engigkd:Si s the

controlled solely by the voltage applied "to the

s GOSE&t @V Fh RS D EYRS B Gites Prédoniifeamtg fmqtal j&lement

desi rethtlethaMe et @laldnen enel ¢ires drkald e tVeldscribed,
an RF source formed by a quartz tube is associated with
an external RF antenna ANT and with magnetic confinement
coils BOCi, BOCj, as described above.

Three advantages of the Figure 1 apparatus can be
mentioned.

Firstly, the independence between the conditions
required for igniting the plasma and the bias voltage of
the substrate enable great versatility to be achieved in
the range of energies that can be used.

Secondly, the possibility of using a very low bias
voltage, e.g. less than 50 V or 100 V, constitutes an
advantage for fabricating ultrafine junctions in
electronic components.

Thirdly, the high voltage pulses are not present.

Any plasma-generating species can be implanted.
This can be done from a gaseous precursor such as N,, O

27
He, Ar, BF,, B,H,, AsH,, PH,, SiH,, C,H,, a liquid precursor
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| ow, I ess than 500 electron volts (eV), which is true
for 15 mcroelectronic applications. For applications
that require netallic contamnation to be at a | ow

| evel , such as mcroel ectronicsg, as above, and also
processing itens for nedical applications, the source
must not present any contam nating netal elenent 20 in
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an RF source .forned %y a quartz tube is associated
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versatility to be achieved i n e range of energies
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can be done from a gaseous precursor such as , ,

He, Ar PaBR®etB21€96, thadHR repimngirdy, uGEd,im Yhiguigibodiment

PLEGURSR R113Hahas Ti A4, H20, or a solid precursor.
Wth a solid precursor, it is appropriate to use a

t her mal” &V&FIPattiedts 1ty SYaMq phosPforii) gl & RePsgw™ to
catohodesras cosy.stem Figure 2 shows a tray power supply
nodule ALTi in a .5 fidrst en‘ooﬂ‘iﬁ,nent of the invention.

The tray PoWER SUPpisy UACH Conprises ™ Wis @ Yol tade t°
seuocesSTC in series with a load inpedance Z that is

i ded i - g St
provi ded 49 Jd rPetpeCcLirtrJ]%gita %%lgggﬁggwf?oﬁgﬁ{%%%e 1 Hz

the capacitor C. "This
réSi st &Hz/1t may also be in the formof an 10 inductor

of i nductansa i redepards amd he GIRAGLANCS A4 mbar to
5x10-3 mbar;

gas used: N,, BF;, O,, H,, PH;, AsH,, or Ar;

load impedance Z constituted by a resistor having
resistance of 330 kQ + 10%;

capacitor C having capacitance of 15 nF + 10%; and

bias voltage lying in the range -100 V to -100 kV.

The implantation method implementing the implanter
IMP comprises periodically repeating the following four
or five stages:

a stage of charging the capacitor C (the plasma
source SPL being extinguished) from the continuous
voltage source STC through the load impedance Z until a
discharge voltage is obtained;

a stage of igniting the plasma which is initiated
when the voltage of the substrate reaches the discharge
voltage: since the impedance of the plasma is no longer

infinite, the capacitor C discharges through the plasma;
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the capacitor C and on the inpedance of the plasna.
Paraneters that are comonly used in this enbodi nent
are the followng: plasma density lying in the range
108 ions/cnB to 15 1010 ionshonB; plasnma pul se
duration lying in the range 15 is to 500 s; pulse
repetition frequency lying in the range 1 Hz to 3

kHz; 20 a\é%a en@fprdqw&dm @ Hen stlgigﬁegf%)](-lﬂrﬂn
- gas
A o TR AR G A T AR O eshevia L By Vﬁuch tHe

Ir edicst-Gr bleawme@ 1ra&$_jeSft amﬁ of 330 kQ 10%

capaC|tor VI = 096
bi as vol tagegl r& i t ﬁ%%lge%t 1%(?% ast 6%12%1 1s
The ditrpgltznt ame@m tﬂr@t o daginenerrtaasy atre haﬁﬂeaﬂntf@rr lavP

C QIR 388 1%%@'t‘?1d'ocfa|t|1¥ner epeRt IiRg e dOld OWRg J10lna is
or five stageés: a stage of charging the capacitor

Ca@?H@-6P§§ﬁ&t636ﬂF%éh§PE iHgedbiaruicsiede frapatst
cebberteus witel t age source STC through the | oad
i npedance Z unt.i | di.schar voltage is ne
St hge 0 ORI e i AHAGE G e (Tl P
wheppehe , v allicagdyofertard isghstheatre pegaches tderiod to be
di ﬁ%gr%%_ vol tage: since the inpedance of the plasma

0 londer infinite, the capacitor C discharges
t hr oug@qrh@gpltéi@mllsmlara?estsé;@@eof adipsletvaragiarg arfion zone
cqw%arstqtu@lérd g whi %dl%lda@a%t a4 ﬂq%fsorﬂ&%een the

and durlng whi ch sheat h becones | arger; and
SERYE 6f Do ﬁ&;uam et RRBRASRE IR 9% C1IRY PPS. The
| Platricalcadswken itkke tpie ity Hagrhanhdasied d e a

SRS e Lmedanes o the plesm e o
the substrate SUB.
Figure 3 shows a preferred, second embodiment in
which the tray power supply ALTj connected to ground E
comprises a direct current source SCC.
The parameters commonly used in this embodiment are
as follows:
- plasma density lying in the range 108 ions/cm?® to
101% jions/cm3;
- plasma pulse duration lying in the range 15 us to
500 us;
- pulse repetition frequency lying in the range 1 Hz
to 3 kHz;
- working pressure lying in the range 5x10-¢ mbar to
5x10-3 mbar;
- gas used: BF,, PH,, AsH,, N,, O,, H,, or Ar;
capacitor C having capacitance of 1 uF; and
- bias voltage lying in the range -100 V to -100 kV.
The implantation method implementing this embodiment
of the implanter IMP is analogous to the method above,

apart from the absence of the load impedance 2Z.
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together wwth an optional waiting stage during which
not hing 10 happens, thereby enabling the repetition
period to be adjusted. During the discharge stage, a
pl asma extension zone ZEP constituted by an ionized
gas cloud fornms between the source body CS and the
substrate-carrier tray PPS. The 15 particles strike

tEe SUQSIL:'talti% %Hﬁd&l&terits, t=0 cbﬁf_rel'ri’tms&ﬂhdrﬂﬂa Wit bgieridance
t t enabl.es t .0 etrat ILnto . the sulbstrat
SCBATRRGUEE 3 S TR et G o REEsI o ien the
Walieeh rtelde viorlapgeovier rsusuled AlCToscormec tted nticagroowrfd the
ngagglmrt'osfe.s %h%' ra%ﬁztar&gd’ee rgqﬁ.st%lﬂrsceseg%d -I-el?rﬁ)odiment is
paraneters commonly usedin this enbodi nent are as

f slliowsatipicadie dawsl tyndefanyd ¥ e drange axpglement that
| QRS/CR o ok QORI AR s PhadB Y 3 HAWLNine.

lying in the range 15 is to 500 s; pulse repetition
frequeﬁ@yq%ﬂ%ﬁfﬁwﬂ?ﬁ%FﬁéﬁﬁéYlQ%ﬁ S&6 R daryy: PW%W?ﬁﬁband
pIPEs sldhe el thd Riddiagaanger8x HE 4 athaim tihs i3k Dnk0- 3
mbar;, gas u : 3, PHS, H3, 02, or ;
CRDGACEY R, G Srafae A St U TP hg L Aced on
v ¢lhieagetsyrirag a-rarhre erangey- FHE .V to -100 kV. The

i mpl an [ [ i [ [ -
of theﬁ?%bﬁgﬁpgﬁh?%bE¥¥¥§ﬁ§F%§£%§k$éﬁi%ggﬁgtho Cﬁbove}n
apatt Pmdediferdlssence of the | oad i npedance Z. 11 In

this enbedi®nlon & CWIeMa SOHNCR QlgrGalag] tianse to
char%er is used directly and charging is stopped when
t HE OVdéSiir ed voltage is reached across the termnals
of the - gdpagid densthe advantaggcof tdisovecond/cm?;
enbodi ment_ is 5 elimnating.the |oad |ng§gaﬁgemga%@|ch

) o WOorki ressure mbary to
IS an eIene%tnﬁhé%
bias voltage lying in the range -100 V to -100 kV;

plasma pulse frequency lying in the range 1 Hz to
14 kHz;

frequency of RF power supply 13.56 MHz + 10%, in
pulses.

The bias voltage may go from zero (no low voltage
limit) to -100 kV. Greater voltages lead to significant
risks of arcing.

The capacitance of the capacitor should be selected
as a function of what it is desired to perform.

A large capacitance is needed to obtain a substrate
voltage that is as stable as possible during the
implantation stage. Thus, the amount of charge stored is
much greater than the amount of charge consumed during
the implantation stage.

A small capacitance enables the substrate voltage to
drop during the implantation stage. Under such
circumstances, the amount of charge stored is less than
the amount of charge consumed during the implantation
stage, thus assisting in extinguishing the plasma when

working with a high substrate voltage at high pressure.
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consunes power and constitutes a weakness of the
machi ne. On request, the primary and secondary punps
PP and PS achi eve the desired | evel of vacuuminside
the enclosure ENV after a subgtrate SUB has been

pl aced on 10 the substrate-carrier tray PPS. The
follow ng paraneters are generally adopted in both

erm@é'mtcﬂn clrdjllj'rr@tjaﬁgse(g RlRsE isow /CIQ.%]QrBﬂ ilagatool i's
ta sma nsi |ons C Q
GRS EE™ RioR R s HW B OTE paiy (H byl Jra1ls of
nm@e qui@swaktage Iylng in the range -100 V to -100

r cy |yij ' e Q .
14 o 50 M S e A AR T debeiey
16% tihe DH@ssEs Grhéihm aslagoIddegray agul farorhheerfor gausncy
| QWA @IHaGR r dh i Jo it @ 11l QO dtha FRAIE! . VaIdag8s,d €athyy

to significant risks of arcing. 25 The capacitance of
t HESEFPAGEGHSs KO B rsel éé’(eedzu%“a? fApt it by

vvlaaitj ustt iingy des reghdtd tiend @ganiAl | arge gapasid aicesd kev,
ded to o takg a.sub trate vol tage that is
I

curren ggﬁm? quﬁQ%g -%nﬁ %ﬂq%ﬂ?%ﬁ . to

sta 51 §Vds POSSI
THEY, ntild immpunt (df) .chaicge istpdregtt atsi B0 atudd Qgreast erhe

*}%]ngfehqsan unt f 1ghapge consuned during the

tation’'stage. A small capacitance enabl es the
subst r dhe vEiniaye Vel udr dprdimiengutisd ians afmtldtadasn depends

stagenhcUndelciiel: CilLunBharcaent e ampund ofnL rla_:frgﬁ ion
staored is | ess than 35 the anpunt of charge consumed

d&ﬁﬁﬁg R O tAR &5RGT 1t SEsGe, thus assisting in

ext i nguihehinag: itthen pladsid dthathe WRIHE UG D tdg;l&d@jeghmepends
subs rate volta t hi gh _pr.essure. 12 Under suc
C|rc&nstance§ %é?é |§%§E$|s Yof aut o- ignition by

di schalge be%ww&ﬁ1aluapanLQﬂu¢ﬂlhaghﬂdapaﬁitance makes it

possible to obtain an acceleration voltage that is almost
constant during the pulse. Under such circumstances, the
product of multiplying the impedance of the plasma by the
capacitance is much greater than the duration of the
pulse.

An additional characteristic of the implanter shown
in Figure 1 makes it possible to obtain uniform
implantation for a substrate of large size.

As mentioned above, the substrate SUB rests on a
substrate-carrier tray PPS that is generally in the form
of a disk and mounted to turn about its vertical axis
AXT. With or without rotation, if the axis AXP of the
plasma source SPL above the substrate SUB is close to the
axis AXT of the tray PPS, then plasma diffusion is at a
maximum along that axis and there will be a distribution
gradient relative to the axis. The dose implanted in the
substrate SUB will therefore present a distribution that
is not uniform.

However, if the axes AXT and AXP are offset, then

rotating the substrate-carrier tray PPS serves to move
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the enclosure. The nean inplantation current depends
on the density 5 of the plasma, on the bias voltage,
and on the frequency and the duration of the plasm
pul ses. For stationary instaABaneous conditions, the
current can be set by adjusting the repetition
period. For pulses at 50 keV, the current adjustnent
rahgesmﬁslrmk@r@@mpSeaéAﬁv@otlDtb&OaMﬂéiyxnxbﬂrﬁwe plasma
I'_:r%\rou_]:h%l antI%tl %%s [ ﬁan\é 1r1 tr aen%ubssc t% tSchl will

. & 'm ni numval de e 'SubstT at e Yol age
dépendpresenthe dilsthanye iome L egquifvalmantty tthiathe s
pbg%qubggkh&oqnlgkw%d_and on the capacitance. 15 The
maxi mum val ué of the substrate vol tage depends on the
char ge T6f €A SCA3AENESE. Ofhd hise o tE™ dsscitesn ofrerified

hiogh seapaeint m&%mm&ﬂﬂg apessinlet @ OB MrdFor which

aﬁgelerat| n vol t age Ea i.S aInDst cOo stant g%%%i%$ﬁ
CpUFSEL CoRTe O R I E st drded©

mal. bispivyiemg itripd aintpedameg af the pVaanﬁ by uh@ ions/cm?.

capaci C gr rot. atlo of the

pul se. Eﬁ% %g%%dqg%at %gkgfiégis{#g%b %{ ﬁ%uﬁqﬁye was

skewrctien Eiogurid sl crmkes tiet WNRSKbIeNﬁyaﬂﬂhﬁh$aﬂnfMHﬁm

20kMPLARLRNIOR f QN & SUBSHIAL&AF, lLAnIe HAB MM s covered

menti oned above, the substrate SUB rests on a

sBYs &t eTVARCAEN -t r ) PPSURAL TS gaWerodl IGhG maghs

f aegcrobed dioskdane mewltedd Q)yt i iakaWint e Y tiGdout

' . WLt t.hout t f th AXP
gébﬁﬁgA§§Y8pgs&Qesgﬁ%&goééL g§%2¥ﬁ%fsdﬁ§%?§ﬁ%§SUB i's

close to the axis AXT of the tray PPS, then plasnma
diffusion is at a maxi numalong that axis and there
will be a distribution gradient relative to the axis.
The dose inplanted in the substrate SUB wil|
therefore present a distribution that 35 is not
uniform However, if the axes AXT and AXP are offset,
then rotating the substrate-carrier tray PPS serves
to nove
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13 the substrate SUB relative to the axis AXP of the
pl asma source. The dose inplanted in the substrate
SUB will then present a distribution of uniformty
that is considerably inproved4a 5 The effectiveness of
this system has been verified on silicon wafers
having a dianeter of 200 mmfor which the resulting
n@m\qmisforrrity was found to be less than 2.5% when

nt BE3 .at 500 d at, 1015 / . -Th
oM BoA TEAE O LAR ARt GRS EITEOG SHOE Gl "oy source
séPect ed sfubis tirts ecararetee matayr @PShewerd kelpeser idupesy
n Q,tLTEO S %’LEJQ cto%nelc%te £ )éﬂqlé%tt' l\ffe lﬂé t@)e elne %%d 'Mtsr t e-

covered I'nvent i on. any of 't
rréé‘ﬁf&“le@e&?rcflab’b@@dc@modm@e Er,emh@cel@pd;ar@qar ol igs rreans

thﬁQEEte&Qb@@ Q%YQ%QtIH% amRiltLRfs Ehe dYS8¥Yr ¢ connected
|nvent|on Anlonlrrplanter | VP

c %W?@Pn@rguﬁt‘ﬂ §eé‘“€1 Solpscgatspcargier tray PPS.
substrat e- carr| er tray PPS, and a power supply ALTi,
A T conne di rect bet ween t he _subst r at

i PEr TFAy A O GuRTEE TRG (pIARLe oy tacterized
chalr abbér |sae'd pewelrats upp liyn@llide s cancoag@s teordi@ect voltage
C%ﬂ%%%e%fb%kn R t%rdo ypd s%&;g%% SAl 31 SuRsL foé‘tl%p%%ffrr{c%r z.

tray I mpl ant er according to clarm
characterized 10 in that said power supply ALTi

cgnpmhsq&paa@lt@e_fctm\polafc%%d %%urt%e c@EQn@an%@Ia%%dt%rlzed
seri ad i npedance . mpl anter | MP

e
a&@ortgllaﬁg ito l(’fllcjlur‘ﬁef MeRESa & |ei’§dlr31”|$ ttﬁ’é‘tt jtfie duration
ib@|udé8pﬁaaﬁ&.&mﬂs%n$uﬁtm@dﬂM¥ dahiel gunatdop1smef source

asma .pul se em tted_by said Ised pl asma source
SE?L iasSi rJf%t r gﬁé’gelg‘r’i &5 % % 52" An inplanter

| MP according to claim2 or cl aim3 characterized in

t hat psaiidphaad elrrrﬁ@@»a%%%o%dl% t%O Jl%s_i.'n§t2a%(ie épg g 4N
t he ranelOO kQ to 1000 I mpl ant er

aCEGraAch§ G eany Nokdasf Sé‘ll r%@azi tl@pe@ar@%rza@t%ﬁ zed
| Rebhat agdied 16ARPACIIIOLHE hasiceapae k@nce 1000 kQ.

5. An implanter IMP according to any one of claims 2 to
4, characterized in that said capacitor C has capacitance

lying in the range 5 nF to 5 uF.

6. An implantation method implementing an implanter IMP
according to any one of claims 2 to 5, characterized in
that it comprises periodically repeating at least the
following four stages:

a stage of charging said capacitor C by said
voltage source SPC to obtain a discharge voltage;

a stage of igniting the plasma;

a stage of discharging said capacitor C; and

after a predetermined delay, a stage of

extinguishing the plasma.
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lying in the range 5 nF to 5 F. 25 6. An inplantation
nmet hod i npl enenting an i nplanter I MP according to any
one of clains 2 to 5, characterized in that it
conprises periodically repeatiisg at | east the
follow ng four stages: 30 a stage of charging said
capacitor C by said voltage source SPCto obtain a

di7schar ?@g\ldnht&e,lb@ Sitc%@ﬁd &fnd @rdﬂ' td'lggnt hg rﬂmrm:f terized
st.age. 0 i_schar said ¢ C I an after a

P EHEPEE R GaTy Pt AUt 38 kiU (G rent
plsasimaee B&C.7. An inplanter | MP according to claiml,
characterized in that said tray power supply ALT] is

a direct current source SCC. 5 8. An inplanter | M
aGcoPdi Agrlantleai mMMP, astemradingr itte@laim thatcharacterized

| Rel udes MRANSAIARRS Wil he W alH0n fe df¥8tion of
pl asma_pul se emtted by said pulse pl.asma _source SPL

| 88 PhERE Pyd§e PS“lltstetdo byoFadd Fylse RFSHA &awce SPL
| VReacaer dineg radia@l aismué @l goal msB, characterized in
that said capacitor C has capacitance 1lying in the

range 5 nF to 5 F. 10. An inplantation nethod
iﬁplemenhmﬂ@ﬂthe"Hmﬁ1ammxurdimg'tIBcﬂﬁfMﬂ(ﬁqutaiaamys

OQ%aQ c%%@ﬁ%%d?&lca%ﬁtcg% ﬁa%ﬁ% H& dépac1tance

conpri ses perio y repeatl g at | east t
f SYILOE Ag fther rengges: nFatst &geFof char gi ng sald
capacitor C by said voltage source STC to obtain a

dlscharg |tage;, 20 a stage of igniting the plas
a'Stabd &ﬂpguagl&ﬁgﬂ@nn@%&oai capacmest iag %r#"df Iantgr IMP

peedetelr mgned dalyayaneaoit azg%lafs 7exid rﬂagUIcﬁi‘haJr_fw:tteHQzed in
R & Cor PR Lo T G HGERR S it A ar P the
aﬁ@ldbanaetépmze@tﬁges

a stage of charging said capacitor C by said

voltage source STC to obtain a discharge voltage;

a stage of igniting the plasma;

a stage of discharging said capacitor C; and

after a predetermined delay, a stage of

extinguishing the plasma.

11. An implantation method according to claim 6 or claim
10, implementing an implanter IMP and characterized in
that the duration of plasma source ignition lies in the

range 1 us to 10 ms.

12. An implantation method according to claim 6 or claim
10, characterized in that it includes a waiting stage

following said extinction stage.

13. An implanter IMP according to any one of claims 1 to
5 or 7 to 9, characterized in that the plasma presents a
density of 10% ions/cm® to 10 ions/cm® for a working

pressure lying in the range 2x10-% mbar to 5x10-? mbar.
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that the duration of plasma source ignition lies in

the range 1 ps to 10 ns. 30 12. An inplantation

nmet hod according to claim6 or claim 10,

characterized in that it includes a waiting stage
followi ng said extinction stage. 13. An inplanter | M
according to any one of clains 1 to 35 5 o0or 7 to 9,
characterized in that the plasm presents a density

of. 108 i ans/.c to 0 ions{cnB for_ a worKki

s tre I T (NG ASE SR 56 g T B Giine 1 to
naror 76 tald, oAn liyplartrerc devR ot anditig t clrenywadnegd used
claaj 1 : haracterjzed igyt

tﬁng %%%%jﬁgg eﬁ%%gbiggkﬁﬁ%%ﬁ£§gﬁg§?§§§aié&iirgo
thé %akkde -50 V to 5 -100 kV. 15. An inplanter | M
according to any one of clains 1 to 5 or 7 to 9 or 13

or 14, characterized in that_the frequency of the
plasmapdHEdSenticds IMP e Feshide £ HAD ONFD iy qdddms 1 to
16. cAn 7 Rl antear 113VRxaceor GiHg 4 aanyzane rofe el fivre 1
t%reSUQr 7 t&r% or 13 to 15 chaﬁgcteriz i n_ that tq§:t
sUBSHEEYC & i HEP PP Y S Fotatab '8! ddtut™ I dxi ©
1834AXHz.17. An inplanter | MP according to claim 16,
characterized in that the substrate-carrier tray PPS

of axis AXT and the pul sed plasma source SPL of axis
AXB -pPEs difics- adt €20 13 esteaice nef figetany one of claims 1 to

5 or 7 to 9 or 13 to 15, characterized in that the

substrate-carrier tray PPS is rotatable about its axis
AXT.

17. An implanter IMP according to claim 16, characterized
in that the substrate-carrier tray PPS of axis AXT and
the pulsed plasma source SPL of axis AXP presents an
adjustable offset.



