A DOSE- MEASUREMENT DEVI CE FOR | ON | MPLANTATI ON | N PLASMA | MVERSI ON MODE The
present invention relates to a dose-neasurenent device for ion inplantation
in plasnma i mersion node. 5The field of Ehe invention is that of ion

i npl anters operating in plasma imrersionnode. Thus, inplanting ions in a
substrate consists in imersing the substrate in a plasma and in biasing it
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20 centimeter (ions/cm®), and on the implantation depth.

One of the essential parameters during implantation
is the dose of dopants that have been implanted. This
dose needs to ke known accurately. It is obtained by
integrating the positive charges that reach the

25 substrate.

Thus, document US 6 050 218 describes a charge
collector for estimating the implantation dose in plasma
immersion. The collector placed under the substrate is a
Faraday cage that collects a fraction of the ions of the

30 plasma. The implantation current is deduced thervefrom.
Only positive ions are taken into account.

Documents WO 01/41183 and WO 00/08670 relate
likewise to dose measurement in ion implantation., Once
more a Faraday cage type collector is used to recover a

35 fraction of the positive ions. That collector is

adijacent to the substrate.



2 Docunment WO 2005/ 104175 proposes |imting the bias of the estimte
by arranging a plurality of collectors on different radii relative to the
center of the substrate. The estimate is,inproved since the nmeasurenent
takes 5 place all around the substrate. Kleverthel ess, it does not take
account of the radial non-uniformties of the plasma, and these are
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not so, the plas rikyite) LS, secondary electrons have
little energy, such that they can be taken towards the

15 substrate by means of a Faraday cage surrounding it, the
cage being optically closed by a negative potential
barrier,

In an implanter operating in plasma immersion mcde,
the secondary electrons are accelerated with energy that

20 is substantially identical to the energy of the positive
ions of the plasma, which makes it much more difficult to
bring them back towards the substrate.

Thus, document US 5 319 212 teaches a dose-
measurement device comprising a module for estimating the

25 implantation current, and also comprising a secondary
electron detector and further comprising a control
circuit for estimating the ion current by taking the
difference between the implantation current and the
current from the secondary electron detector.

30 The secondary electron detector is suitable for
measuring only slow electrons having maximum energy that
is determined by a power supply voltage that is
necessarily low. If this were not so, the plasma would
be disturbed.

35 Document WO 2010/075283 also discloses a dose-
measurement device comprising a module for estimating
implantation current and alsc including a secondary



35Docunent WD 2010/ 075283 al so di scl oses a dose- neasurenent device
conprising a nodule for estimating inplantation current and al so incl udi ng
a secondary 3 electron detector and fur%her including a control circuit
for estimating the ion current by taking the difference between the

i npl antation current and the current fromthe secondary el ectron detector.
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The invention proposes providing an improvement to

15 that situation.

According to the invention, a dose-measurement
device for ion implantation comprises a module for
estimating implantation current, a seccondary electron
detector, and a control circuit for estimating the ion

20 current by taking the difference between said
implantation current and the current from said secondary
electron detector; furthermore, the high-energy secondary
electron detector comprises a collector supporting
exactly three mutually insulated electrodes:

25 - a first repulsion electrode for repelling charges
of a predetermined sign that are to be repelled, said
electrode being provided with at least one orifice for
passing electrons;

a second repulsion electrode for repelling charges

30 of the opposite sign that are to be repelled, sald
electrode also being provided with at least one orifice
for passing electrons; and

a selection electrode, this electrode also being
provided with at least one orifice for passing electrons.

35 In a preferred embodiment of the invention, the

orifices in said electrodes are in alignment on a



el ectrode al so being provided with at |east one orifice for passing

el ectrons; and a selection electrode, this el ectrode al so being
provi ded with at |east one orifice for p%SSIng el ectrons. 35In a preferred
enbodi nent of the invention, the orifices in said electrodes are in
alignment on a 4 conductlon cylinder that fornms an opening of said

el ectron detect Furt her said_collector is,in the fOfﬁ]Of a cup.
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h/Dis memert an 1.
In & first embodiment of the secondary electron

detector, said electrodes are constituted by grids.

Advantageously, the transparency of said grids is
greater than 50%.

15 It is also desirable, when the distance between two
consecutive grids is written h and the diameter of the
orifices in said grids is written D, for the ratio
written h/D to be greater than 1.

In a second embodiment of the secondary electron

20 detector, the electrodes are constituted by rings.

Likewise, when the distance between two consecutive
rings is written h and the diameter of said conduction
cylinder is written D, the ratio written h/D is greater
than 1.

25 The measurement is further improved if the device
also includes a spectrometer for estimating the
proportion of a predetermined species of ion, said
control circuit including means for applying said
proportion to said ion current.

30 It may also be desirable to provide at least one
additional secondary electron detector.

The present invention appears below in greater
detail in the context of the following description of
embodiments given by way of illustration and with

35 reference to the accompanying figures, in which:

Figure 1 shows an implanter in diagrammatic

vertical section;



25The neasurenent is further inproved if the device also includes a
spectroneter for estimating the proportion of a predeterm ned species of
ion, said control circuit including nmeans. for applying said proportion to
said ion current, 30It nay also be desirable to provide at |east one

addi tional secondary el ectron detector. The present invention appears bel ow
in greater detail in.the context of the follomﬁn%tdescrl tio
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of a first enbodi ment ot a deFect e |nven 10N, Fi igure 3 is a
d|agrannatlcS@é@ﬁdoﬁmbﬁémm@ﬁta0§e@odateﬁbgﬁbnend wbra ﬁéréeﬂaﬁarémd mor e

particul arly: 5. Flgure Ba ﬁ@@wga shblst va&kgetvgglgh@ é%C@HQ ggéeqaﬁent
and gure 3% shows a second variant of the secon

enbodi nent . embOdlm@ntf EPEnments shown in nore than one of the figures are

10gi ven the sane referenegguirh eBCBhkist AeRkcond vafsaghowd kReFigure 1, an
ion inplanter comprises .a plurality of elenents arranged inside and outside
a vacuum encP8sar %ﬂﬁ@dﬁggnﬁfcroelectronics applications, it is
recommended to usBlameensl sBuwe fadeoot ahsam num dbakheyfiburesi ardesired

tolim 0con @g&ﬁa h8nsQ%e %gg%gﬁcggeggngg ﬁugg ?ﬁehron chrom um ni ckel,

or cobalt. IS a pOSSi ‘1o use a coa SiTicon or of silicon
carbi de. A subst r%@eSbawm én planea PPSani sonnlmhéaflbem gpmprises a

plurality of elements arranged inside and outside a
vacuum enclosure ENV. For microelectronics applications,
it 1s recommended to use an enclosure made of aluminum

15 alloy if it is desired to limit contamination by metallic
elements such as iron, chromium, nickel, or cobalt. It
is also possible to use a coating of silicon or of
siliceon carbide.

A substrate carrier platen PPS, is in the form of a

20 disk in a horizontal plane that is rotatable about its
vertical axis AXT, and it receives the substrate SUB that
is to be subjected to ion implantation. It is connected
to a high voltage electrical power supply HT that is also
connected to dground.

25 The top portion cof the enclosure ENV receives the
source body CS, that is cylindrical and on the vertical
axis AXP. This body is made of quartz. It is surrounded
externally, firstly by confinement coils BCCL and BOCT,
and secondly by an external radio-freguency antenna ANT.

30 The inlet ING for the plasma-generating gas is coaxial
with the vertical axis AXP of the source body CS. This
vertical axis AXP meets the surface of the substrate
carrier platen PPS on which the substrate SUB for
implanting is placed.

35 It is possible to use any type of pulsed plasma
source: discharge, inductively coupled plasma (ICP),
helicon, microwave, arc. These sources need Lo operate



20di sk in a horizontal plane that is rotatable about its vertical axis AXT,
and it receives the substrate SUB that is to be subjected to ion
inplantation. It is connected to a high %pltage el ectrical power supply HT
that is also connected to ground. 25The top portion of the encl osure ENV
receives the source body CS, that is cylindrical and on the vertical axis
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el ectron detectorrSEzapdcbt a8L§0; hasSude §0At E8LoRHASYI £1 66+ FoR estimating
the density 8g{egQé£ 8é§aagé Epeaigg ﬁggrgnéontrol circuit CC for
estimating the density per unit area of the ion current
15 by taking the difference between the density per unit
area cof the implantation current and the density per unit
area of the current from the secondary electron detector.
The secondary electron detector DSE is arranged
facing the substrate SUB.
20 Measurement of the dose of a given species of ion
can be significantly improved by using a spectrometer
SPC, e.g. a mass spectrometer or an optical spectrometer,
within the enclosure ENV. The spectrometer identifies
the proportion of that species in the plasma and provides
25 the proportion te the contrel circuit CC which takes it
into account. By way of example, the dose is estimated
by multiplying the ion current by that proportion.
The device 1is further improved if a plurality of
secondary electron detectors are provided that are
340 arrvanged above the substrate. It is thus possible to
monitor the uniformity of implantation.
With reference to Figure 2, in a first embodiment,
the detector DSE comprises a collector COL in the form of
a cup or a bell. The collector COL is connected to
35 ground via an ammeter AMP that measures the secondary

electron current.



15 by taking the difference between the density per unit area of the

i nplantation current and the density per unit area of the current fromthe
secondary el ectron detector. The sgpondary el ectron detector DSE is
arranged facing the substrate SUB. 20Measurenent of the dose of a given
species of ion can be significantly inproved by using a spectroneter SPC,
e.g. a nass spect nete i cal ectronmeter, wi.thin the encl osure
ENV. The spectron@ggrcp ﬁFFPFeggihéSpﬁﬂggPPPBﬁ oPytﬁa{l§BEcP€§uﬁﬁtPﬁe

pl asma and pbayi deselZ5stibhmopnopdr byoa fortheetentrobatilyeubhdGCrwhiech
takes it intg agepynt. By way of exanple, the dose is estimted by
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uniformty of i Iantatlon Wth reference to Figure 2, in a first

enbodi ment , Fﬁ@dHQFéEFOEIE@EGgonprlses a collector COL in the formof a cup
or a bell. The colheckerof@lgiksdcapngst edrhouddbegroynd vharan ameter AWP
t hat nmeasures thg Eecoggar eligtron cur%e t, L g elco¥lect95 COL is
surnount ed by 8"fFr8t DIV P RBFFYsBY nBuhP eyt 8CFFrEET 1Y~
el ectrical | yecoddatt.veeggiddGEL. The first grid d is surnnunted by a
second nsul at or t b egon trhcakl y-

20 GEE@Tﬁggéﬁh% éHEQ@%HGgHe Yr@ds ﬁﬁtgé %98 Ehcak

conductlve grid surno third insul ator
D3, itself sBFﬁﬁaﬁ@@éYb%lﬁsthﬂrﬁhélé@ﬂ@ﬁcélmW b@néﬂcmmve §Fi dsG3. 10The
spaci ng betm@9plggglgrgd§mm§ (€% and G2-03 preferably lies in the range 6 mMm

to 10 mm It 1s typicall is recalled that transparenc |s defi ned
as t he ¥E gs rgcalfnb Lha transparency Es defiged asy

ratio of the area of the cpenings in the grid to the
15 total area of the grid. In the present example, the
transparency of the grid must be very high, preferably
greater than 50%.
These openings must also present area that is
relatively large so that they do not capture the charged
20 species that need to reach the collector.
Advantageously, this area lies in the range 15 mm? to
30 mm?. By way of example, a circular opening may present
a diameter of the order of 5 mm.
The detector needs to fulfill the following
25 functions:
recover the high-energy secondary electrons on the
collector COL;
recover Lthe low-energy secondary electrons on the
collector when they are the result of impacts of the
30 high-energy electrons; and
rapel the low-energy electrons and ions of the
plasma.
It is also appropriate to avoid creating a plasma or
an arc within the detector as a result of the bias
35 voltages applied to the grids G1l, G2, and G3. For this
purpose, reference may be made to Paschen's law. The

detector must not add species that would contaminate the



ratio of the area of the openings in the grid to the 15total area of the
grid. In the present exanple, the transparency of the grid nust be very
hi gh, preferably greater than 50% These openi ngs nust al so
present area that is relatively large so that they do not capture the
charged 20species that need to reach the collector. Advantageously, this

area lies in_the rang 30 m®2. E ) f. exanple, a circular
openi ng may Bﬁ8§@ﬁt aFBFaﬁgngFC8¥lPﬁ§ 6PdE¥83€¥%9ﬂn?¥The det ector needs to
fulfill the mobkowilagt2bhinsti dhsis advantapgecaretot helhghaénedgym

secondary e'%g%;?ﬂé 88n§g?}89 'gﬁ&oélgﬁknar%89vﬁ t?%sh?%%Sggrgy secondary

el ectrons on . when are t resu impacts of the
30hi gh- ener gy e|eétr@ﬁsalaﬁdnecessarVepelavnedldmﬁénébgygeté@tpéﬁgmand i ons

of the pbasnéeneratedl%ltﬁlﬁl§9ea@8ﬁ0@ﬁb§éﬁt59 avoid creating a plasm or
an arc within the etector as a result of the bias 35voltages applied to

the grids O, &, TBRAdTEESEFEF1EnFS parpoaacds BV ePeARE Rhy2béifade to
Paschen's |amabIheLdetSCEOhegus&v90boaddgépeﬁl@ésbhahanombd gentam nate the

advant ageous Vo gar S8t BPuRPRGh 1 67 hev BoRtuErer SOLAGCAPEnTRE for the
insulators. It isThkseenevndsgany 6o avobdadedthybmagnshefpbaSHaond

10 cable L2 to a positive voltage of less than 120 volts,
typically 100 volts, relative to the collector COL.

The third grid G3 i1s biased by means ¢f a third
cable 1.3 to a negative voltage of less than €0 volts,
typically 50 volts, relative tc the collector COL.

15 In this first embodiment, the detector has a
plurality of openings, each of these openings
corresponding to three orifices in alignment through the
grids.

Thus, these openings are each in alignment on a

20 conduction cylinder of diameter D.

Writing the diameter of these openings as D and the
distance between two grids as h, the ratio written h/D
has a magnitude of about 1.5, and is in any event
preferably greater than 1.

25 In a second embodiment, the detector no longer
presents a plurality of openings but presents a tubular
structure having a single opening.

With reference to Figure 3a, in a first variant, the
collector P is in the form of a plate. The collector is

30 surmounted by a first insulating ving 11, which is itself
surmounted by a first conductive ring Al. The inside
diameter of these two rings is D. The thickness of the
first insulating ring I1 is substantially greater than
the thickness of the first conductive ring Al and the sum

35 of these two thicknesses is h.



5generated wthin the ion inplanter. The first grid GL is biased by
neans of a first cable LI to a negative voltage of |ess than 120 volts,
typically 100 volts, relative to the collgector CO.. The second grid &Q is
bi ased by neans of a second 10cable L2 téaa positive voltage of |ess than
120 volts, typically 100 volts, relative to the collector COL. The
third grid G is %Fas%d b neaBs of athird gable L3 to a gegative vol t age
of less than 60 vol'fs lFﬁ%iEQP YCE6VGoFt8Y fel afi VBB hEYCBY| Bct or COL.
15l n this fisstoadbddeogat intheidgt €2t olthasfaspkmbahiby bfy apescbgd, each

of these opeggﬂgﬁcg$gge§ggﬁdhgg to three orifices in alignment through the
grids. hus, ese openi ngs are each in alignnment on a

20conduct i on cyl i Adepeobedragerangp. I2 and ¢ hing the diapesbepeof ashese

openi ngssas Pphand;the dighange hehween two grids as h, the ratio witten
h/ D has a magnitude of about 1.5, and is in any event preferably greater
than 1- 25In a se¢BRdSERBBHI RBREVCERECJELBEL BF h8 FBREEHpPEsEHt & a

plurality oftameﬂinQSu?utiageseﬂgsra,tmbubat ghtm?hﬂt@dhayiagtaisﬁngle
openi ng. Wth.reference to Fiqure 3a, ;in,a ficst variant, the
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ring Al ;gThe insi dj , f ot hese.  LLNGS ] T ' ess of the
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first conducBivemrphgrARMERd t he sum 350f these two thicknesses is h. 9

The first conductiye EhAgeAlsi 8n8UERRMNLEdLhY anapeond tﬂéubgghaggging 12,
itself surmounted by a second conductive ring A2. _ . These "second
rings 12 and*A2CH&vEFRE EZREILHEPE - asTBrRe gb?sFaFFﬁgg/Pilﬁnd Al .
preferably greater than 1.
15 The first, second, and third conductive rings Al,
A2, and A3 are biased like the first, second, and third
grids Gl, G2, and G3 respectively in the first
embodiment.
With reference to Figure 3b, in a second variant,
20 the collector P is likewise in the form of a plate. The
collector is surmounted by a first insulating ring Si1
itself surmounted by a first conductive ring T1l. The
inside diameter of these two rings is once more D. In
contrast, the thickness of the first insulating ring Sl
25 is considerably smaller than the thickness of the first
conductive ring T1, and the sum of these two thicknesses
is still h.
The first conductive ring Tl is surmounted by a

second insulating ring $2, itself surmounted by a second

WA
la)
-

conductive ring T2Z.

These second rings SZ, T2 have the same shape as the
first rings 81, T1.

Likewise, the second conductive ring T2 is
surmounted by a third insulating ring $3, itself
35 surmounted by a third conductive ring T3. These third
rings 83, T3 are likewise of the same shape as the first
rings Si, TL.



The second conductive ring A2 is surnounted by a third insulating ring 13,
itself surnounted by a third conductive ring A3. These third rings 13 and
A3 are |likew se of the same shape as thelgirst rings Ii and Al. 10The
collector Pis likew se connected to ground via an amreter AMP. The
shape is the sanme as the shape of the openings in t he first enbodinent
Thus, the ratio h/Dis efer%blﬁ greater t % second, and
third conductive rrfgs™ 4*RS 4FB*B Hggﬁ FPRE f’ﬁei ?r??en§§85nd
and third griidst@e, fG2stardbGdimespect Mueky ithet hetfibr b Dedbodi ment . VVth
reference to e ariant, 20the collector P is |ikew se
in the forn18£bgggﬁb§g g#%g@%% gggog IS surnnunted by a first insulating
ring Si itself suﬁﬁo@h@édsﬁyoadfVﬂ§@a6bmd@bﬁlVéngﬁngr$lan?hégpﬁ§|§@

di anet er sof these:hym 5Eng§eI§19Q@eva9asn@ b0+CeRLr agt cxhBeskhi gkness of
the first |nsulat|n i _25is con5|derabl smal | er than the thlckness

in
of the first EsnaBég#éé139n61¢men5ﬁdaﬁﬂetgﬁnpeﬂ Pﬁ5§88tﬁéewﬁpéﬁné§§es is
still h. interchhagkdrst conductive ring Ti is surmounted by a second

I 5 | f Ocond
Thase second 11 ngd" 5225 FsCraVE LR SafbbSRARE 58 PhetRhr SLVFIRGENS, Ti

Li kewi se, thbasecbadncendactidebeings®2oifstsanmounhedeby aathmed i nsul ating

ring S3;pits nt hj ucti i krd
ings 530 T3Rae TG Se o fhe bk SRane as theoFi FaPiirhaete MHIY 10
embodiments covered by the invention. In particular, any

of the means described may be replaced by equivalent
means without going beyond the ambit of the present
invention.

15



Once nore, the shape reproduces that of the openings in the first

enbodi ment. Thus, the ratio h/Dis preferably greater than 1. In this
second vari ant, t he rings are anal ogous Lo 5the rings of the first variant,
but the thlcknesses of the insulating el @éments and the conductive el enents
are interchanged. The above-descri bed enbodi nents of the invention have
been selecte%_gﬁ&guse of their concrete natures. 10ONevertheless, it is not
possible to - xhaustively all enbodi ments covered by the invention. In
particul ar, &any2ofioskemeransecdestr dkedcrayole ivepliapédnby tegui,vakhent neans

W thout gol ng Beyand, e, aghi,t of, LS Preseqt cgventifg, 15 11 QLAINS 1. A

dose- neasur ement eVI C on | rrpl antati o evice C rrpr| Si ng a
modul e (CUR)lm@ﬂa@§ﬁ¢ﬁ9P|ﬁgrmﬁﬁtanﬁaﬁﬁ@ﬁﬂé@ﬁweﬁﬂecér@@cdﬁ@éﬁyoélectron

detectorbS(D$EgE#angna QOEEBQqu'EE%bthCQkaOEo%S%%%&hb@gnbh%hboﬂoﬁurre”t
by taking the d ference between said i Iantatlon current and the current

from sai d seCORdEFY @VeE?#&ﬁgdéP@c?&ﬁfeﬁﬁécﬁepﬁééeﬁélﬁﬁléharacterlzed in

Ehat sa;d h|ghpeaatgyl@ﬁcandaﬁmteba@ttﬁ@lda&eeh@rf@gﬁp@@&@SSQCbQ@@kbfctor
CO., P) supporting._e t t hr ual ly insul ated_el ec irst
Fepul si on' e BUFFGABn, AR EeREory FRpoHeYass! PRNGTcABF GBS GF 425 elet B ned
sign that areand beghepebkgg ssabddelrgcerledérbei ngtprovirdedmpirtilbeat al east
one 150ﬁbf'CEO&QECE@§SK6@L?|§9t%98§brting exactly three mutually

insulated electrodes:

a first repulsion electrode (G1, Al, T1) for
repelling charges cof a predetermined sign that are to be
repelled, said electrode being provided with at least one

15 orifice for passing electrons:

a second repulsion electrode (G2, AZ, T2) for
repelling charges of the opposite sign that are to be
repelled, said electrode also being provided with at
least one orifice for passing electrons; and

20 + a selection electrode {G3, A3, T3), this electrode
also being provided with at least one orifice for passing

electrons.

2. A device according to claim 1, characterized in that

25 the orifices in said electrodes are in alignment on a
conduction cylinder (D) that forms an opening of said
electron detector (DSE).

3. A device accerding to c¢laim 1 or claim 2,
30 chavacterized in that said collector (COL) is in the form

of a cup.

4. A device according to any one of claims 1 to 3,
characterized in that said electrodes (Gl-Al-T1,
35 GZ2~A2-T2, G3-A3-T3) are made of aluminum.



a second repul sion electrode (&, A2, T2) for repelling charges of the
opposite sign that are to be repelled, said electrode al so being provided
with at | east one orifice for passing electrons; and 20 a sel ection

el ectrode (&3, A3, T3), this electrode al'So being provided with at | east
one orifice for passing el ectrons. 2. A device according to claiml,

characterize% i%_t%at 25 the orifices in said &Ie tnode; %reqin al i gnnment
on a conducti'on cfiﬁﬁ&?rafﬁfréﬁgﬁ r yéﬁ”@p@ i Tg9f"%sai ¢ e

éctron
det ect or (DSEhardctaricdevi de adedr dihrg steciingl el werencltaiomc®nsecutive

30chracterized i Lhat, saidool lectan (CQL) ;iS i) e form,.of. a cup,

4. A device acggréing t§ any one okﬁéléins ntg %,E%thécterlféH in that
said el ectrod@sWGl- Al-11, 35G2-A2-T2, G3-A3-T3) are made of alum num 12
5. A devisce according to any one of clains 1 to 4, characterized in that

t he spacing hetween two consecytive el ectrodes (Gl-Q&2, -G3) lies in the
range 6 nmt&- 16 ARViEe ﬂcﬁg¥ﬂ689a5€oﬁﬁﬁn§”90Oéng%ﬁﬁgﬁoﬁzépaﬁns 1to 5,
char act eri zedniamaichatritzkel dperninags the s@iethielectinodes d GledlrEles02- A2- T2,

G3- A3-T3) pr nt,.an.area Lying in.the range 15 mP to 30 ... A device
accor di ng toﬁgﬁy%&ngldfﬁglg%nggl ?g gs g%&r 5F5Fﬁ%e3niﬁrfﬁgg%géﬁhln

el ectrodes atéeconsiet dtbecdnBytgr BdsmpGl, G2, G3). 158. A device according
to claimg/, characterized in that the transparency of said grids (3@, @&,
03) is greater than 50% 9. A device according to claim7 or claimS8,

20char act eri Zed?i ASVHEE LRECEICISNENES BaYweds Oko Cdérgecut itPe fgrids is

witten h, theagdhatretereaf ihhenaki kiages el csRicdedl 28e iconiittierdDpy@and the

ratio WW|ttenrgéQ u&lgrgﬁte%3shan 1. 2510. A device according to any one of

claims 1 to 6
15 8. A device according to claim 7, characterized in that
the transparency of said grids (Gl, G2, G3) is greater

than 50%.

9. A device according to claim 7 or claim 8,

20 characterized in that the distance between two
consecutive grids is written h, the diameter of the
orifices in said grids is written D, and the ratio

written h/D is greater than 1.

25 10. A device according to any one of claims 1 to 6,
characterized in that said electrodes are constituted by
rings (Al-T1, A2-T2, A3-T3).

11. A device acceording to claim 10, characterized in that
30 the distance between two consecutive rings is written h,
the diameter of said conduction cyiinder is written D,

and the ratio written h/D is greater than 1.

12. A device according to any preceding claim,
35 characterized in that it also includes a spectrometer

(SPC} for estimating the proportion of a predetermined



characterized in that said el ectrodes are constituted by rings (A -T1,
A2-T2, A3-T3). 11. A device according to claim 10, characterized in
that 30the distance between two consecutiye rings is witten h, the

di aneter of said conduction cylinder is witten O, and the ratio witten
h/Dis greater than 1. 12. A device according to any preceding claim

35characterized i.n that .it also ., ncludes a.spectr er, PC). for

oLt mating t HBUBF SRoPti SRMor "B fr BABFEE T NAACIh dhEe: aBtanTia. eang
control circdt 6EG)yingl sdiidgpmeanstfion &ppkypiingisai duprepsrtion to said
ion current. 13. A device according to any preceding claim b5characterized

in that it includes at |east one additional secondary el ectron detector.
13. A device according to any preceding claim,

5 characterized in that it includes at least one additional

secondary electron detector.



