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1 AN | ON | MPLANTER OPERATI NG | N PULSED PLASMA MODE

The present invention relates to an ion inplanter
operating in pulsed plasma node. The field of the
invention is that of ion inplanters 5 operating in

pl asma i mmersion node. Thus, inplanting ions in a
substrate consists in inmmersing the substrate in a

pl asimg cahd MELANTER MPERATING IN iR i e MENAGEDE N

the ran a few tens of volts t few tens o .

1 ovol 0" eramsr S yNientd s T TR Sraeimpipnter
cr egtegradint0 igl gotlsies] falelsmacapads € of accel erating

ions framd he o1 mﬂ@%{@%{lﬁ si;@s%qyé\; &£ 16 08 tanters

to which 1ons penetrate is ned their ,

ac OFEERALINGh IEhErGP™A t1MRGFEHER M| y OH§ hetmplanting
volitage iapRl iRibdta-dte hstdra 6 rantnseeond) Yeigh diestrate
15 respective natures of the i,ons and of the . .
SUBSt Pald2STe STchidb iRk TEh 101 il dhtiRF 3k b voltage, in

depérds-aorye e fdosedrimtof e logressedaw ttetsrsodbikilovolts
nu [ [ e uar tinete on t

o EEReRal Ay G, AR ho SENL! TR HedBTRe AL AL HIF
phyediecs réfc fliadmhsapadi ea dfewarariosesoimgs iafnerftde the
volhage s $ ARUdLEnA L rafieath is created around

the substrate. The potential difference responsible
for accélér &gt iteheickaridd s menahilis st datqfeined by

di therienee ded i tfindapss i depgdied i fheon the
gromh of this .sheath %safunctlon ofdtlrre tISfleﬁ
t h& OSPEE- BRRghnT Hoaw % PSR NR209 /jEGHLlY Q- e

52 refspreet ivieC rRttitee it dersiions Ihde,of yiey ulbsturdtye. The
o cEhER g B SR N AR B cose cna
is expressed in terms of number of ions per sguare
centimeter (cm?) and on the implantation depth.
For reasons agsociated with the physics of plasmas,
a few nanoseconds after the voltage is applied, an ion
sheath is created around the substrate. The potential
difference regponsible 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
satisfieg the Child-Langmuir law:
Jo = 2 Eq (E)mi:
2 M s
where:
j, = current density;
g, = permittivity of free space;
= ion charge;

&

M = ion mass;

V, = potential difference through the sheath; and
=]

= thickness of the sheath.
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s = thickness of the sheath. 2 By stipulating that
the current density is equal to the charge passing

t hrough the boundary of the sheath per wunit tineg,
ds/dt represents the displacenent of said boundary:
ds _ 2 so'ua dt 9 s2 In which the expression so is
given by: 1/2 So 260 VOe noJJ =1\ it being

under stE30Gditatl 440 1y (FReMO/dWe i Suthent st eristégual to
the ion an tha&ﬁﬂg i.s the q§”5it

d 0 of. th
R s s AR L T e i e U SR Pheath per
mmirnilty t iviet,h dsheltappip el ages dep demsidnyt obf tdweid

pl d the nass of the ions. The equival ent
i%%%%%%%@nof the plasma, which 15 conditions

inpl antation current, is 8frectBy Broportional to the
square of the thickness ofitt hegshfath. [ nplantation
current thus decreases very quickly when the sheath
beconedn aigerh tAld expreseyitai s ansuntivehn tiyne has

el apsed, it is 20 necessary tQ reikmtialize. In
practice this is found tg be @é@éatial when t he
sheath reaches the walls of the mgiclosure, thereby
stopping the inplantation nechanism In order to

reitniddiald 2@ deiestosd eRataluost (aklv, /mnpiantge
manuf act urers .di sconngect hgf hi gh vqgt%?e from 2?1th .
sTHEEATETMRTYE IBRSS hPh epllafghﬁ"rf Midg Do 2§ She density

t lodr efher pleecessary to have a pul se generator that

e e SRS LU S ) S Bt gty

swalshe tde pepdiiside vadidgsonddgualargitiy 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 decreasges very quickly when the
sheath becomes larger.

After a certain amount of time has elapsed, it is
necessary to reinitialize. In 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 (gs);

high voltage stable during the pulse;

instantaneous current very high in the range 1 amp
(A} to 300 A; and



10

15

20

25

30

35

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

m crosecond (s); high voltage stable during the

pul se; instantaneous current ¥ery high in the range 1
anp (A to 300 A, and 3 ability to accomopdate
arcing in the plasma. lon inplantation in plasna

i mer si- orabiﬂde:yprtes@rucs:nanodzeﬁ edn‘t::mgrbﬁr tite plasma

dr awba Fj V.. -pul sed h vol t age pover _ sup
ar o vory® itk B S5 g bl SRR A Hadt i S
mqayﬂammﬂhméﬁueoﬁwdndwbankﬂ|ty of the |nplantat|on

per f or 'ﬁ%stﬁ%co%l)ée& he fPRRd URYLS ﬁgv?éﬁgbc% 713 %5‘ are very

pl asma in éncl osure gives rise to un
sﬁé‘é’e@fsfléf@trs Oft@a?t A% fonerit iTsie ® HerRclelpiirre on

t thhelu&qti&tyr @tfe tﬂ&qn@l%{rg;satrﬁm pttaaiked, giving
riset netal contam nation oﬂ%éégFgarts

bei ng CWL@ RGN glasma in
Whh@haﬁﬂid@ﬂﬂ@ﬁ@@ﬂsﬁ arilge tyoubidsomable side effects:

m cr oel ectr appl._i tlons 15 In order to reduce
t hose SI%E'%gféC %% I%lsupﬁller Vari an has proposed

a pul sed hslads e ldreoess teeftdre edildar ragse pl asma dopi ng
(PLAD) .. Thal RACRSSd S destrdhed | Crg% 41% %J%\%l@é 558&15}{

t he Journal Surface and Coatings Technol ogy,

( 260Tptapr sopEAMIgRtdon IRE \Aheh PRO-HshiRa i iRpRgessed; and

m655“°&0@@‘rﬁeam&ﬁe“f%ﬁé§?e?§t W, ddiBte e
, en e nce une u . sShe
D PAEr i G e 18 rrub g g Sin Miiat St i d R RAL fons .
dopi ng Ifwerides thah@dﬂﬁﬁ(mhdﬁélﬁﬂdé%éﬂﬁﬂﬂﬁEN thelsuppller
i n 229 6 Lenobl e e .
L YAEL LR Pae BRoctEde Lrolled Hladfia shiineh Tadumed to
d@ﬁiﬁ@ﬁsmﬁdeEGEQQG@L@Iﬂat ﬁﬁwho@nﬂqasaxnﬂndascnjbed in
birasi agttihe gubgt rt@lfee ownfélhlsﬂ{} Ad agey rtg! e%s

etme t he

Nevert hel ess, the electric create
Sgsgppggggathphe1§ﬁod@@02 "Proceedings of the VIth

international workshop on plasma-based ion implantation
(PBII - 2001), Grencble, 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. Lencble et al., "The fabrication of advanced
transistors with plasma doping", pp. 262-266.

That methed 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 possible 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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30 electrode situated facing it enables the plasma to

be pulsed. The field lines around the substrate

enable ions to be accelerated and inplanted. In that

nmet hod, the pulsed plasnma nakés it possible to avoid
some of the above-described side effects, but the
constraints 35 associated with using a high voltage
plﬂe“sﬁzﬂtqert@featn&rchﬁié lis rrﬁfmixrbrfuféfwtrmlr@, iﬂnepresents a

chaa‘le;L eristic elfrp Aasim _caf not be s ate %

t F8%i"ad A61% &de T lroé‘sdf"% "’lﬁheesr%& | % Fof?¥®

v @iy fierudart Itloe :Lm}_.‘IlEthBSEQ)’HCSLEE tﬂ'ﬂ?ﬁd |do angte kﬁnd themselves
aq:%elf%rﬁp sandit is always difficult to

i mpl ant_'sp C|es t do not lend thenselves to

formi n@sgln@srmgilféqr@rrtg EPRAdEEr erlS apprae o US 558 718
PRaRheN0 app a3’ ubl &ind %%@ﬁ&ﬁ%ﬁh@@@é&ﬁﬁ&?@ having

for inplanting ions having a source pul ses. That

i 6n SPMPICEN 4t IPOH S85par RS déds 12 r?FeﬁFel%P HRppratus does
velbt;agleveulasen@ege;rcatt@rge Ilctulrwlegsen@eatc&r adwlrsaedes use of
pl.as squrce and a constany voltage ed to 10

e GBS P13 Lol hah SUETarth 4f FPRERR to
t tke teguiete Hyi gh powarersirae hi ghhaapgacidanergets are

ClLeW by iy Wi i

sour%giettha% ragﬁr cu?ltlgrgio%ﬁlséégés rEEels}l' sf"{i)gr g E irance
cE&EVESr iisn C%melcéi@daﬁdl mreezsdntesl glrthaithe |Rﬁ"-f%1t i IpigrCe.

1onBir $lihtuiit CRPIURS & hge@Puld o eisidtor in
Secondly, it needS to be designed in a manner that

nECEHES oM PICHRE TSt Ao aldr g ite e oni zed.
Fi nal | yirstthe ,tiire coonsim 01 dikp wcalﬂtelomlémgy

t be.l duy at. I f t.h
QEREPRERY” 30 RERoh L dr SIet B hridb 4 SIS e
19588803 hewlvicdlmmer afosés et Uu freoviaeized t h Binally,
plcﬁ%mélfn%u E’ist%rnts %tks%rl{l%t %aq:aarlrlleelr CIlhaS J.ta%eat Fig)éNeII.ronger

at “appar at us resi stor

cé ﬁ@cfce@ @e‘ff\ﬂéé@nt Iod oy aaulsa]cfrme tﬂmeeranﬁmqr a

CapaCl MRntGOANRGHER 1R WOURGd & 2ASLMMBAL &k t1yd hy 903
gnggo poi nt between the power supply _.and the

PTOPRSEdd AEIRGH Aot e TWifiachtdigis 2 plasma source, a

substrate-carrier tray, and a power supply for the tray.
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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menti oned for the preceding docunent, the resistor is
provided here in order to limt arcing current and
generates a potential drop across its termnals. The
30 magnitude of this potentialsdrop depends on the
magni tude of the inplantation current and thus
greatly disturbs control over the acceleration

VQlﬂa@gt e dridats Ip%@qplg@blt&p cdrn@ecss&stdﬁ@ct{cpgf rb@%x%e%}ﬂe

i nvention OQROSEeS _provi an, i nprovenen e
ABFPETS Gt Tt SRS YRy G T | TR | O, S S BRR it
| Aplcdnideys =€ @yydsiaR cmﬂrsee:etem &ﬁtanesemrgnsoum and said
sub%trat -carrier 5 tray, and a power supply

cOmECt & m3%§ﬁﬁy Betteen ground and the
subst r dtreac drimisdy etrrrhaadlmemta,ddﬂte dimay tpovenc| siesl v

ﬂl%fesc%%%%‘% %1 e er?gé%l rr%nltn s%rles

SU strate-carrier tray.

t MayIp weicash pmBedadsitpr i ses a di rect voltage source

connecteidm SRIH @8 roMridt #hdqad itpadances Unskeis SESH
ensurl

cl rcunst anc | udes ms s for
C oS S 'y ST 1 R R Y AT P s (i ted by
pmlk&e@uplmmacesdum iInNidsheirr aglge Asnage cr oseconds

d
(z‘)s5| sqé%é%(eéelcond% ?%ecyrsa&r%zisl‘l%ekﬁrgﬁn:ss(EO) to

1000 k@re$emalhziry1,y thﬁancgmmqa)nm@ wEpeatidadeelying in
'x%gfa glaotoh%l mvoit@r?%o(]g@ to 5

m cr of ar I nvent 1 on a rovi des an

i npl antS&t“’lléﬁrH%ft h(fdl’le iAFISEHERY %Lftafpaahlﬁw%rﬂtmng in
t helen&tala@@ GO M¥ricH ¥ dPefrdroditcald )fnlrcﬁftﬂ?éifaﬁgs atuteast

e 1ol ontng Lo 03005, 20 G 2L il D Mo

d|13@|i@nr@e1t\mzlg ageh $.IDbIITQJ]J’£&d:eﬁ Sttag encafhody nt dopng & 1regy

plp%%%di%aﬁtl@g ere%fea(yish%h 4 | neqastthechcearfaoci ltc%lng I'H‘Ejour
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 ps 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.
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after a predeterm ned delay, a stage of 25

extingui shing the plasnma. In a second enbodi nent, the

tray power supply is a direct current (DC) source.

Under such circunmstances, the Bnplanter includes

means for ensuring that the duration of the plasma

pulse 30 emtted by the pul sed plasna source lies in

the range dkmeAsal 0 30 Asue Atvbntpgeoldd yfot hthe plasma to

capaci tar capacitance lvin in the range 5 nF.to

HR U e i e R LA o Y he L e 1S ks ' o

sé@omdill@&m newg) is i dentical to that defined

above fof ddbfir fddSta AMOUMEUe fyod go0eLaL, LHEsE
e p or a

met hods_ provide for the plasma to be i1gnite

dEAIE® 1WAHG IS & e kel g9taggo 10 nilliseconds

(ms) . IFuraddidndns, afdepldeneXitddnohn SdRgkytHeSeos ions
5 net hods include a malgjng ftqge. Furgpernnrf, }he

pPAdmE SR TRAES v IS EEN ok fer kT for a
cenmtrikneie phdsansfec i) 2-d 0101011 bhisdeaB (fbarR t%sklnt} mbar.
pressur, - 11 likars (nmbar)-to 5x10-3 ar .

Current y]{yetrﬁgg]y\goﬁtﬂaggéf Oulg:ea@? ol%sea%pﬁcf% a?qlg)jgl?%t%% tciothe

t tapy ildes nin Hde argwe 5GW ¥ ¢ 00 KKV The frequency

of the mlasFeilRas i uald yg(]{%%a B dde fAMIEI ) 15es in

hertz (Hz) to ki'l ohertz ( ._ “According to ‘an
adidiey ivémgle dhdiertiZer (B o tife Kilshewie- 0%l er tray

i's 1ot alcrlidRp o idrs A itiondt e SthsdFalercargper

tra %nd tt he pul sed plasma source preferably have,

2 RBOSTH A CAFE TP A 13Kt T 2 A 13 oF S A% irhe

pr esentThien\sethts tora es- cdaacirdhad-diel ithe Rl $sd plasma

26 sn B e T PR o4l O e (0 Thee
agdomsampileg ofifgetes, in which:

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 is 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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Figure 1 shows an inplanter in diagrammatic vertical
section; Figure 2 shows a first variant power supply

for 25 the tray; and Figure 3 shows a second vari ant
power supply for the tray. El&ents that are present

in nmore than one figure are given the sanme reference
inall of them 30 As shown in Figure 1, an ion

i npl ant}ersdkﬁ@:mééﬁﬁleﬁ pray abPs yi of pebep@atisin the form

A L T )
t orersel Gl earcl DARE, nam@ of aecelvem thel @ybstratel §UB that
desd red 10,d i g %mﬂ@% with 35 metallic

el enents such as ir m um ni ckel , or cobalt.

A
coati nd JH 3R ITebrer bMsiing (BT cEepned Rayoughsbhgebottom

USRSkt ilon f%ﬁuﬂ&é I S €T SRk F eEN\W@ﬁ’owPP&eé Saﬁr@Yé@leﬁltal
hori zont al | ane disk t is rotatabl.e

the form
E&Rn‘?‘?‘%l%g??tr"&%?na‘iﬁ% VRt E2 e%’é%%e%XTheand “thus
suﬂ&t rgﬁﬂﬁ&&é hedrrier t@rdn;aveps pnand npl ansedpbheresapply

S hvthae bushi ng PET_formed_throwgh th
por I On Jt&ﬁeﬂ'énc}ll%%u?%n (?OWOI%E 1énge‘:‘:‘léctgl g%{;égﬁor c
cmﬂmthyméxetta@etrmqﬂeomméyh* vmtq:@ameat@@ Aemsangam from
r tyay t
it Lhey SBRE A GHRFTAGE LAVOMRS, @50i8, LAY BAEE tor

su in turn connected to ground
a(-gaﬂcﬁ RIS AR la%twme%lﬂ%dsw%s@%%dcg%eé ohhext BS and
neam from the tray power supply ALT; in other

vvords t he capacitor i's connected bet en t he
substra‘%"ﬂ“%d?%‘ré? ]i’?'ayp%FfSr%n%l S‘@r‘gh’?ﬂoﬁe PHiptigafgttom
PRyoRS &t e:ﬁltsme dm@m@dre rEXe bmtpﬁﬂmﬂﬁ pampi PR hés its

connecCI aosrié{eect' B naré\i%éjlgpe EN‘I?aE 0]31]'8(5” Stovided

closure
widtitla a/arallera/ARAkarwndtst&@&@letmmeededotohehe

gtsa{@ﬁgﬂeeré/i@ié%ﬁxéb%‘a?&stpi PEEERGA SRCODG8LYaPY Bump 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
gurrounded externally firstly by confinement coils BOCi,
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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has its inlet connected to the enclosure ENV by a pipe

20 provided with a valve VA, and has its outl et

connected to the inlet of the primary punp PP via a

pi pe provided wth a valve VAB. The pipes thensel ves

are not referenced. The top portion of the enclosure

ENV receives the 25 source body CS that is
gyﬁé]&&dr@ﬁlmi@m\f&ab@m a TN@réd)@ﬁd:%an;ﬂlStAéfﬁerérhésat a
Q i s _sursyopnded ext :
AT EorTY ndten Eol T HReyoh B g afeRlent sietd
bycraretad dre trvesiirof t lee) ueray EW)at ahni@hnHONngThed the

a [ u 0

BAC %ﬁ%uwl sed'% o%?& ‘?“%i% fode ot RIEE
fdﬂrl%ﬂka%rr%e glaswms @o%@%\mrlab’éla@ PResed operation

vest i @qhsceAXP of the source body CS. This verti cal
axi s AXP |ntersects the surface of the

subst r 2t FrFEred (3T FPIGRE ViRF cfﬁa@ﬂlalgu%gtlﬁévén%@
f ldam apdtaipr 16l hgt abedoldde i 5o poSBL DI eThe #Se€edByation

|t B S B ek (R e Freunen the plasma
mipsrtoaveviesl, and. tﬁ'mesmmtmcbt@@'erale athea acceleration
r V € Cc
PIERTEL AL Shnd Tl ol s SBOLOL, 8 e RUPERGL Capp ieo
arfP tihe wilkitosie ENREY Rp bihdopoteat i pFedesinapt 1f it
i gLrs t&esﬁ@ecﬂlﬁa‘&heaxg@ P ASTE- 3] &R a&@élf@ll@gswab abs Jvery

oper at.i on e source._ The, se| ected sour
eleg%%atmae‘“ o?o%a‘?/f ’éonp‘t’%]s% b%‘t’?ent‘i‘”&’rc}f‘hé? Fgue for
Clmdalé’cﬁfﬁbnﬂch%twrﬁiﬂ:&ﬁm@n energy of the ions is
the dif Sre elbet ial _an

| .10
subst r ate p&i’%njtcfaaqlo%e&g%ége]?ez&lgﬁ%nﬁg%%gb‘fl F%n?ﬁmmatlon
Cd:m rit |l eso]lcsdr yldmel heswadh t agenbppdbé belct tonthe, as above,

t
ppcic rea;}to b accrsk_g DeGRIes, PrRAPE RN pileatlbﬁs, the

eration energlies tha
| FRVYES SWUHarnBO RS M F ANY o eRE RN a L iRy crneﬁglt?h@ment

f o i L4106 RO 'O o PPRhd Cat19NShe embodiment described,
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 conditicons
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,,

He, Ar, BF,, B,H,, AsH,, PH,, SiH,, C,H,, a liquid precursor

ars



10

15

20

25

30

35

For applications that require nmetallic contam nation
to be at a low | evel, such as mcroel ectronics, as
above, and also processing itens for nedica
applications, the source mnmustgonot present any
contam nating netal elenent 20 in contact with the
plasma. I n the enbodi nent described, an RF source

f oqured dy B @uar tzot ube assaﬁ@czp@bedr%&h @ith a solld
external RF antenna ANT and with nma net|c conf%nene

cHISEEESE Bdgis %P%%%Ft%%% GHOVES FhrBeTEdVanYagREAtIon
ofsvtdteeniri mhcee;ihcarnpa)r abtisa dasl bew é’éthmﬂm anedsystem.

Firstlyg dlgid}e ind O%‘éj ter%;f;é\gﬁ&tm?ﬁgy%é&&fé ALTi in a

require |gn bias vol tage
offindte emiysiimegrnt ecniatitl'ee gxre\aentvecmsat i The ytray beower Supply

agftieved, ﬂklé{i pOSSI §S$$@?ée0§fcb§nu§§91es with

30 Secon |ty ofTusing a very low bias
VGt tleyed Jé“Ege AR %Hattetsmsv pFobied teohkhit upesrgpat when

adbefitragind ofo fatigating d}]ﬁé@ftt@@ ¢uUNcthP8S1b8d impedance
el.ectr n|c co onents. Thir he hi gh vol t age

pUiS o atht . LBy Hachn beneha: fagn of an
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Ti C14, BRenafrers sohdtd preceewernl wWesed tol fldis embodiment

PracunsQl  rdi1dywi @ppropriate to use a thernal
evaporation system (phosphorus) or a holl ow cat hode

arc syst dmhasmaytensl onolging tFayt pwerngaph?y imsHder® to
Aquolﬂoﬁs/éﬁﬁlrSt enbodi nrent of the invention. The
tray powe rises,a direct voltage

ALT] CO
Sou o SRLTHIA S S TR LR ohfi Rhpeer s SR, L ke to
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resi ot o P e cheatS 18R L REARY gl A LA 0PN papae 1 wo
oftd rdddizance that depends on the capaci tance of the
capaci t-orwcg'lﬁl. éé‘s‘eu]!‘ ftﬁ@ Qﬁ@é'@xlo -4 mbhar to
Paraneters that™ are commo y use in thls enbodi ment

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 veltage 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 locad 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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are the follow ng: plasma density lying in the range
108 ions/cnB to 15 1010 ions/cnB; plasnma pul se
duration lying in the range 15 ps to 500 s; pul se
repetition frequency lying inXthe range 1 Hz to 3

kHz; 20 working pressure lying in the range 2x10-4
nbar to 5x10-3 nbar; gas used: N21 BF3, 02, H21 PHS,
AsH3, OraNStdgEHbfrﬂ&ﬁ&ﬁﬁxgih§0ﬂﬁéi&&pﬁﬂlbdra during
resl.st stor

resi stance. o
" SPLShOT ARG L5315 0eee L SI0D 000 28nccn che
bisaseatdi tponigs n]gargerhsamcange - 100 V to -100 kV.
The i npl ant ir_hgéij I
conpr rrgegép E'gérali od| cal re%matl ngﬁ tﬂge %@m@n‘gﬂ{‘%rlyp
oriitie tgch gden eap%ee By <IREYi PR t hestaPake¥ op
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contl nuous_, vol tage squrce STC t'hrough the
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when t he voI tac[glo Ofl t he. t_—subst rate reaches the h .
di schargé™ el SRS TR lﬁ]&Jen%fW]?h% prakiang
i hlappdrongertheralfy rerah ] g depacteritC ol sodmrgésto be
through dde plasma; 10 a stage of discharging the
capacitor C, during which inplantation is perforned
and dumiu¥dighitdie tq%é He tistones PhEgjes  exprnspon zone

Stzage QfnsXtd iy HY % tft?rupiétsr@ammd SfoPms between the
initiate enthe edlng stage has | asted for_a

dESHEF | r?%fafi e (FHPY AR oF X her Y R i sThe
a@mmndﬁamlgtenam gHee SIftaat’tgtra(tga %ma:k@ew be tepeat ed,

L OGEhST: o UL xR PRl L0 £ 95 8 PV Ee i
the substrate SUB.

Figure 3 shows a preferred, second embodiment in
which the tray power supply ALT] 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% jons/cm?;

- 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
Ex10-? mbar;

* gas used: BF,, PH;, AsH,, N,, 0,, 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 ig analogous to the method above,

apart from the absence of the load impedance Z.
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10 happens, thereby enabling the repetition period to
be adjusted. During the discharge stage, a plasna
extensi on zone ZEP constituted by an ioni zed gas

cl oud fornms between the sourcae body CS and the
substrate-carrier tray PPS. The 15 particles strike
the substrate SUB that is to be inplanted with energy

tS Bat 'e:rl&b“ﬂﬁ:l.sé f@md@nﬁ@m]{ rateurrder é%@r@n%b%fr@&pa_citance
| gur.e er secon e odl nen I N

WREATS T 1 BE oML el v R RaE A S oeRR R e the
mermd s&sltaagh riectreanhahtacoms€ecls€C effhenals of the
P &S co [ t

e e
i @isl/rttlrr@ttlmg 10910 l@ﬁ/mdwe o4 aslwaclpui%ea@wh@m@nt that
| Ykt %wﬁ]%é%&ﬁsé&u@@ & vge%é@s _rSPeEhé't%‘chlne

frequency I'ying in the range 1 Hz

, n
pressuﬂEHFﬁQHfﬁ tqﬁ?rQﬁﬁﬁﬁg&I@ﬂﬁ-?ﬁﬁﬁn@%FY3@u@R§O§% and
My acaisewsatie Biek i B, 1 A, o NAra ®2um Hons Die Atk

;g%gﬁﬁfﬁgﬁyln apaC|ta e of %ngﬁ_ q??ﬁn 3%%ced on

[ r‘q)iear&txﬂismme{dmﬂmemltatmnm?@ t hi s enbodi nent

apart fioi e e A AP S %pﬁ%z%%?zgd%?%ﬁ? in
tWQihﬂﬁmhﬂdﬁmﬂnt$tcurrent source or capacitance

Charger'd%f&%%&ﬂ“dfﬂﬁlé%ﬁﬁnkdﬁﬁﬁé'{ﬁhiéléﬁOPpﬁg pwhen
the desired voltage is reached across the term nals

ofl Xe HS%apaci t or. The advantage of this second
enbodi reRfldsined ddriditnati o idhe lceadtbmpetanesisZ om; ch

is an el enent, that consunes power and c |tu es @
meakness(ﬁrkﬁﬂgrﬁﬁﬁﬁﬁﬂferg%ﬁ$ quRat, © ?hg % Ydnd
secondar ypimapRRgndlying 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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PS achi eve the desired | evel of vacuuminside the

encl osure ENV after a substrate SUB has been placed on
10 the substrate-carrier tray PPS. The foll ow ng
paranmeters are generally adoptEd in both enbodi nents:
duration of plasma source ignition 1 As to 1000 s; 15
pl asma density 108 ions/cnB to 1010 ions/cnB; working

PrEsda esn?@@iocﬂrcfmﬁ@té@cég,lotﬁeﬁ@ais Hi ﬁﬁskocbfa@flto—
ul se

lying in the ran 100 V.to -10 | as

¢ PelrdS 5 (e Heliead rohe ot ¥al ig. cBY Selle of
frtdrmjeafm:ylazﬁuﬂF power supply 13.56 MHz 10% in

pul ses. o.]o
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what it is desired t f'orm pl) ge capacjtance |s

ru%ﬂﬁ&PQR§Qﬁﬁ%ﬁrF%P%h%%?W%teth%o¢¥%@%n¥h%§n|§ea§3t
stabj@ta&@oase bi@p@lwttﬂgnt;h@rlcbcﬁml andat peDsss age. 50 keV,
s the a é ge st ored is 30 much greg} e[
A i G SR it T TRGETPRG (£A) “Fo
| mp]CanmJaHmnm afjer) A shat | impbactsance snabbesethethe
eqrea VP'Jﬁgﬁ 0y gLop during the inplantation
stag dnd

suc Cl rcunst ances, the anobunt of charge
st or ed The |Teiszi muarvabie heornviamt s@psehakgevebhadaedepends

‘nﬂﬂrﬁhérﬁiééﬂgﬁﬁgfﬂiﬁﬁ] %éliﬁhléﬁgst@5§h§tbﬁQSMQ ignition
ext.i ngwshl ng the plasma working with a high

sUpT atdd d?‘iatg}éeacfa?ﬁ“ght?ﬂ‘é%sure 12 Under such

cir cummo@mrﬁmrmlﬁe 8011.’ | Sike Ofuloit Paté KDL ¢t e bilepends
di scq: e}petween ”1? and the walls of the
entl o T et '?%Jtt—r%]ﬁ current depends on

t he deﬁﬁuiyuse of a Capac1tor of high capacitance 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 ite vertical axis
AXT. With or without rotation, if the axis AXP of the
plasma source SPL above the substrate SUB ig 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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frequency and the duration of the plasm pul ses. For

stationary instantaneous conditions, the current can

be set by adjusting the repet¥iion period. For pul ses

at 50 keV, the current adjustment range is 1

m croanps (A) to 10 100 mlIlianps (md). For
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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 13 the substrate SUB relative to the axis AXP

of the plasm
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source. The dose inplanted in the substrate SUB wi ||
then present a distribution of uniformty that is
consi derably inproved. 5 The effectiveness of this
system has been verified on sidicon wafers having a
di ameter of 200 mmfor which the resulting
non-uniformty was found to be less than 2.5% when
i nqalzmMs Nng BF3 at 500 eV and at 1015 ions/cnR. The

ment  of t-he v 'on descri bed above
o oA it B O el AofiSP L 08 G Ao SR a4 source
ncﬁPIposesmlknsttmtl&smamimusttrmel BP3] | ardrbadpoeat ssupply
couered by t{tﬁq&{ &eéqp%é&&é&ﬂrthéngugétw@e-

nmeans deSCTI epl aced ﬁ qU|va ent neans

WAHBUET Jerag @@@ﬁowﬁa Bnbiite kMR fan R Eskaing

|'Bﬁﬁﬂddﬁérﬁébdciﬁ“@ﬁé@-1€Vhﬁ@TUd@@|§né£§aéﬁ£br C connected

c rising alfctsed asrra so
Wit FRIRE t3 %r?a%‘éve?a’éﬁb?ﬂfytr?\[ﬁps

ALTJ connect ed di rectly betvveen the substrate 5

c rler tr nd hel ter bei .
cﬁé\r acrf et 177 "%:I%r %{&t’l a(fccl"%clrrﬂ% é@ac caalp%cft o(%]lg?:raCterlzed
c arm eédtagd sablei were g Rl FE A sednpsibet rat@icactiepltage

TRy RS o Ahddml ant gl 4 MR accprding i&h&lfﬁﬂé&ance zZ.

characterized 10 in that said power supply Al
conprises a direct voltage source STC connected in

sey .| a\&l vmntﬂnaaad@@dmmmc%@&lrzg tS- c Pk th D) a@ﬁ@faéﬁ@rlzed
accor to cl a]d}rg%% characferized |nt

i nct SHraMg tRat SEHE HF a‘?]?%‘h e ofuration
t ket p:lk&srmammasepw]mé teerghi hye S dby g0l & eplu pé&d Nl SoE cCeource

SR 11es'””kt%er gl Et‘otésog@s. 4. An inplanter
I accor ding I “char acterized in

that said | oad |rrpedance Z is a 20 reS|stance lying in

t he t nyer_.|
a(r:llcorpg{]glgn%%q’éér%r oﬁgplg#)&#&l% t%] éi@%tﬂc%aégc%g?lﬂged

FHHRC SR P b it ARAT D TR TRAEICE i S | Bt he
r&ﬁ@ﬂéiéﬂ%é‘lﬁiﬂé 4P the range 100 kQ to 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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6. An inplantation nethod inplenenting an inplanter

I MP according to any one of clains 2 to 5,

characterized in that it conprises periodically
repeating at least the followihg four stages: 30 a
stage of charging said capacitor C by said voltage
source SPC to obtain a discharge voltage; a stage of

i gni t.ztmgirﬁ;lstmrp&%snqup 3a<5¢t@:@@ilgf_f{ ddaschagngijnlg Shhdacterized
capacitaor C.. an after a predeternine e a._stage

o BE Y | TotT g TR Dl Rty 1YY Tans) fhrgRe optiftent
| MRwaooordi®ig to claim1l, characterized in that said
tray power supply ALT] is a direct current source

SCC. 5S. An inplanter IMP according to claim?7, .
char d8t eyt eh IR EOTRENYdR] Fhaks 7o ehdtipgterized

thiad dine: dik el @Mudds hdenpl esnBnputsergatttgd BYrseidn of
pul.s asma source SPL lies in ‘1%188 Lange 15 s to 500

e pl ,
s.th®y Egl.a%aim&%%t%wmﬁa%%ow THSI Bi AFFRofOurce SPL
cllaigB 8n thareoies i z2dus ntdhados@sd capacitor C has
capacitance |lying in the range 5 nFto 5 F. 10. An
i mpl antati on nethod inplenenting the inplanter | MP 15
actoridi rignplersgr P cicodading 7teocBaimharact etaimds .
| hd e dot i SOIPY S85a L4 L4l 89;%5&/1{8?6@ h9 8Lplb&38hnce
the followng four stages: a stage of charging said
capadid o ¢y BHidE VJE dge Bofce STC to obtain a
di scharge voltage; 20 a stage of igniting the plasng;

o 2 RS I 3L, CARRE LSl B e SLEL ey np
pleasrecdithy o Aty idme ant atloimaret hod accehgrageépized in
A G ERE T PR e YLt S Sh 0 B abraCe the
sdwldeowigry tieur |dtesges: the range 1 s to 10 ns.
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 5x10-3 mbar.



30 12. An inplantation nethod according to claim®6 or
claim 10, characterized in that it includes a waiting
stage follow ng said extinction stage. 13. An
i npl anter I MP according to anyl®ne of clains 1 to 35
5o0r 7to 9, characterized in that the plasm presents
a density of 108 ions/cnB8 to 1010 ions/cnB for a
working pressure lying in the range 2x10-4 nbar to
5 - ar., 16 14 .oplanter | MP_according to.any
ol o L e ey TP ptdBE NS p o anPCRlr G Or1 8uFRY1 ko
i rb tdiat” ttre Yodby abe, uskalradoer ppedringthhe thayvePSage used
li [ : - 5 :100; kV,, 15 [ apt
| g O ne Ly B B LF S et (og refife ' TRpO0ED

5 or 40P dfV14, characterized in that the frequency of
the plasma pulses lies inthe range 1 Hz to 10 14
ldﬁh 16. An inplanter I MP according to any one of
o e fgplapigr g, Y RTING o-q ANE HARAcPer Fradmenl to
t Hator e tubsdr al B-®iarTd erchdpactBS 2641 Dhat Bkt ethe

t.jt X] 15 T. 17, i npl anter | MP accordin
Sl 0L R emd puf e i v e PERGE LWz co
10 sudsthttre-carrier tray PPS of axis AXT and the pul sed

pl asma source SPL of axis AXP presents an 20

adj ust abl e of f set.
An implanter IMP according to any 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
15 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

20 adjustable offset.



