1 A DETECTOR OF HI G+ ENERGY SECONDARY ELECTRONS The present invention
relates to a detector of high-energy secondary el ectrons. The
field of the invention is thus that of aqal yzing 5secondary electrons in a
pl asma. A particul arly advantageous application of the invention lies in
ion inplanters operating in plasma i nmrersion node. Thus, inplanting ions in

Bi asing 1t vt IESnoghrPUe Do T ERa ST PR E Rk uBhPs T o a Tew tens of
kilovolts (generalhy pessethaindOft kM), rebaasstoocseatecanoel ecthighfiel d
capabl e of a&qgk&{ig%%%%gg}él%qgcg;o]tlge pl asma towards the substrate so

that they becone | erern.” The atons that are inplanted in this
way are referred TeaSietdpahtshe heepehen rhsiohueepidt off tdeal pndngs

determ ned byethehs-RCEelefrALhON: €NErYYashd . depends firstly on the vol tage
applied to the substrate and secondly on the 20respective natures of the

ions and of the stibRR¥ateulahby cHRCENEFERP O P hprehtedht B depends on
the dose whithivést 8xpres6€di @S] @n NUAPEAN O r & OfSe PLE 1:56 UK €p TLahs et er
(ions/cn2) and on t he in%)l antation depth. Neverthel ess, one of the
consequences  OF 25T ApIAantation is that secondary el ectrons are produced at
t he substrate. ThBEses setgnbantyird ectnonsn ar es@cseteratednisnt$ hen opposite

directi toﬁ,ﬂgr ity L NSy t . al pl.ied to:the, substrate,
and thegﬁlar elt er%ﬁ?eﬁa{%f%rredr%%e a&h?%-%%%%g@ﬁ%eic%%%%%?e]@ rons 300ne
of the essenfidl Pparedters wuFiage i vplantel i oms sof heobbset of a dbpant s t hat

have been irﬁ&@@t@ﬂ;kﬂmﬁop@e(g@e@ﬁam{%ﬁmwm at®l Y-so as tone
known neans éor estlrgrat nG?tthe %J@,JL négl C—Ilé) ed(g) eacgnflrstsil n measuring the
i npl ant at i or° e e I%i% e P ccelerating the ions
of the plasma towards the substrate so that they become
15 implanted therein. The atoms that are implanted in this
way are referred to as "dopants".

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

20 respective natures of the ions and of the substrate. The
concentration of implanted atoms depends on the dose
which is expressed as a number of ions per square
centimeter (ions/cm®) and on the implantation depth.

Nevertheless, one of the consequences of

25 implantation is that secondary electrons are produced at
the substrate. These secondary electrons are accelerated
(in the opposite direction to the positive ions) by the
potential applied to the substrate, and they are
therefore referred to as high~energy secondary electrons.

30 One of the essential parameters during implantation
is the dose of dopants that have been implanted. This
dose needs to be known accurately.

One known means for estimating the implantation dose
consists in measuring the implantation current Ip at the

35 substrate. Nevertheless, the implantation current Ip is
found to be the sum of the ion current I, and of the high-

energy secondary electron current I_.



35substrate. Nevertheless, the inplantation current Ip is found to be the
sumof the ion current |, and of the high-energy secondary el ectron current
I . 2 Thus, to obtain the inplant?d dose by interacting the ion
current |, over time, it is appropriate to subtract the secondary el ectron
current 1_ fromthe inplantation current |Ip. 5Several solutions are known

for detecting char ed species within a plasm. umrent WD 93/ 12534
t eaches an energy 8H§ryE?SOBE@?EeL%8r nggﬂP?ﬂgd?ﬁ@ %ﬁei@?%éaSFlEHarged

particles. That ﬂeMICErEGﬂbFE§&WﬁX(Mﬂméwt£H ﬁanagpﬂﬁpthQEEtdlrst 10grid,
itself surnngngggag¥ €h§6g$ gngrld ontQ8§§e§% calll%conductlve
a be d%t

el enent s belng I'nsa nega |ve speC|es are t he
second grid #@péﬁvéﬂtaonegarrveiblas in order to repel |ow energy negative

speci es, sand the §Luskagrbghe;bhasedol pmoder }Sagtéeeﬁhgpeﬁhk?gs speci es.
The essential limtation of that device cones ?ron1t he fact t

hi gh- ener gy &ee6hdaryLlel &8t # oRs2¢Hansel ves produce | ow ener gy secondary
el ectrons when thbycﬁméhkew©h93ﬁptbs¢t@éac§@§9a@feﬁ@@§§ &@@&ﬁggégy

el ectrons are glcke up b% t he fltﬁt 20$r|d S|nfe ﬂ IS S|£ ﬁ g bi ased.
The esti mat e“of *thie™ R gHEBRRT 45 sECBnBRF 9 EF Bt of %ﬁ??% AF5EhES hi ghly
distorted. That Absbc&knowmprsseheadocitentol Conpasisvadobyphasimst

bar aret ¢bs, Jgtear 1ede M%tQEEm&EHQQH'ﬁ%péoggcéﬂg 18, afgjgﬁgﬁﬂbgg field

energy anal yze angnmui r be conpari et a
publ i shed i ne PratrhcSbly eanderehve ﬁh@m¢@tﬁnb$b@9 lmﬁéiatﬁ@e olfPhyS|cs

Publ i shing, Behstobe $BecMob.aldd, +NOpe3gefUOHSH, 1end008coRR- oP33026-1 to

035026-9. That docunent also discl oses 30an RFEA det ect or conpr|5|ng t wo
el ectrodes afdV&Msd RAVEhG'a PopS gtP dOFHat Bet ESRBE el 9WTB RREYact i oni zed
speci es fromébet pt@sapecies, aﬁahemeChﬁfgedgﬁp@CigstQS@@tQﬁsoadéralSO
known t?%t hégeréﬁgi 8éé9§iv£iggeg£égs Pgeegggen 1a1 Eyﬁftggglles
that device comes from the fact that the high-energy
secondary electrons themselves produce low-energy
secondary electrons when they strike the collector. Some
of those low-energy electrons are picked up by the first
20 grid since it is positively biased. The estimate of the
high-energy secondary electron current is thus highly
distorted.
Alsco known is the document "Compariscon of plasma
parameters determined with a Langmuir probe and with a
25 retarding field energy analyzer; RFEA and Langmuir probe
comparison' by D. Gahan, et al., published in Plasma
Sources Science and Technology, Institute of Physics
Publishing, Bristol, GB, Vol. 17, No. 3, August 1, 2008,
pp. 035026-1 to 035026-9. That document also discloses
30 an RFEA detector comprising two electrodes and also
having a top grid that acts solely to extract ionized
species from the plasma.
Other charged species detectors are also known that
have four grids, five grids, or even more. This applies
35 for example to the document "Retarding field energy
analyzer for the Saskatchewan torus-modified plasma
boundary" by M. Dreval et al., published in Review of



35 for exanple to the docunent "Retarding field energy anal yzer for the
Saskat chewan torus-nodified plasma boundary” by M Dreval et al., published
in Review of 3 Scientific Instruments, AP, Melville, NY, US, Vol. 80, No.
10, October 22, 2009, pp. 103505-1 to 103505-9. The anal yzer descri bed has
a collector with four electrodes arranged facing it, the fourth el ectrode
bei ng an inIgt,SsI se are structurgs that are nechanically

ot , Tho
conpl ex and tHAE"FeHUFr ENakEGRFAEB8d BF Bot¥entEslehal L1 sUPT kéGitse8Conpl ex.
Al so known iBot hetartttcbeerA22eta0dbpogphl el d3eoeryytdOanabyzep.f orhkhe Jet

pl asma boundar y- | ,shed.in vi ew of Lentifigc lpstrunments 7 4644
(2003); doi:gﬁ%}ﬁgég/ﬁéigﬁbé%ﬂﬁﬁas a 8?%§§Cg?Fi%%ghp?§%€sg§eﬁ%58688tor
known as a retasding faeidgahtl yrke {(REAYL Fhattdedecbeingoapriiséstilba
col l ectog sugpgunted by a first grid, itself surnounted by a second grid,
itself surnmounted by a selection electrode. The selection_electrode is in
the formof a di aphragnfthattpresents Bhebpehtngeshranteal{ Hacorelesry snal

since its sizggishef tbeusaseaosdeiapbanayattudeias €Rabeibebyesliength. It
follows that if %hat detector is used in an ion inplanter, it wll detect

only a tiny fPa@tFdn of the hi gh-energy secondary el ectrons. | t
shoul d al so be obaseswekinthat it hehbi astvoltatgsréhardane Appldednaregy

aroat ey SHULUZar o oEb: The”of appaomd HBubdRL o) BbbETo AL En A8¥: 84S fo0
2009/ 242791 $§ kabantl{ihechngdesereéhes ah, eheffy (apBByzedotor ions. That
anal yzer conpgi $688321 okt e6t9r having only three el ectrodes that 30are
mutual Iy insulated from one_anot her a first repulsion electrode for
repel |ing chargest®?ta2¥F#SteprecRPerhi ActCERPghof hbROWPe2f02be repel | ed,
that el ectrodechaying AicleashaDPLePPERFNY. .TRategeNdcteputsinpnigkect rode
For repghling chaf9es, 250 fD8,ORROS) S #1090, thal4are L9 e EREL) By that
by a second grid, itself surmounted by a selection
electrode. The selection electrode is in the form of a
diaphragm that presents an opening of area that is very
small since its size is of the same order of magnitude as
20 the Debye length. It fcllows that 1f that detector is
used in an icn implanter, it will detect only a tiny
fraction c¢f the high-energy secondary electrons,
It should alsc be observed that the bilas voltages
that are applied are incompatible with plasma immersion
25 mode implantation since they are too great. They would
disturb the plasma.

Finally, document US 2009/242791 is known, which
describes an energy analyzer for ions. That analyzer
comprises a collector having only three electrodes that

30 are muetually insuvlated from one another:

a first repulsion electrode for repelling charges
of a first predetermined sign that are to be repelled,
that electrode having at least one opening;

a second repulsion electrode for repelling charges

35 of the opposite sign that are to be repelled, that
electrode also being provided with at least one opening:;
and



el ectrode al so being provided with at | east one opening; and 4 a

sel ection el ectrode, that electrode al so being provided with at | east one
openi ng. That is indeed an ion det%ctor that is not suitable for
detecting secondary el ectrons. 5An object’ of the present invention is thus
to provide a high-energy secondary electron detector that is effective and
that is nechanically sinple to i ement. According to the invention, a

hi gh- ener gy secondafy® @EEEYFﬁﬁ %g%bYF%%%' at i he Lhie *69d%e%%ﬁﬂa??l%9ectron
10det ect or cpﬁpvkséagwatno&teméattsup@o®peﬂgn@nly three electrodes that are

i nsul at ed fron1on$ anot her nd t hat . $re bj as #lve JoN the g ector:
R

a first repulsion e? c%roﬁe or ?%p% ?ln% %% rges a flrst %r %rnlned

sign that aréorodBEGCEpegle@conﬁahYsehegar®mely bi ased el ectrode being
provi dedsw th at0§§a§g?9@§ 9 EEQ 8§e£@5§ €l§§t19”§hus to @ second

repul sion el ectr re e ar ges t posite sign that are to
be repel |l ed, PFﬁV%dﬁogl@ﬁgﬁT?ﬂ%F%Eeﬁe%@%@%¥bd%l%$§60%e@%ﬁe%?%vlH@@tmﬁﬁh at

20l east one @@ﬁ@tﬂﬂvéoén@&@ﬁéﬂgl@'ﬁé‘@lﬁe@xﬁlﬁeaﬁﬂ s:l_mple Bo SEhBTEMORL
el ectrode, this e|lectrode al so bein roy m$ hke | east one ﬁgenln for
d* ef b2

passi ng el ect r ons2CCOTAING KO AR HYE ?53%%1 ToUesIher NGO aY i gnnent
al ong a condatécvonocytomdert se254 unt dierane gy Saedosehegté bacetectrode i s

negativehy biased:of SOnp SRl h§OL! €61 PLL S b PE- L PR Of1 8 EiPee
electredes that are insulated from one another and that
are biased relative to the collector:

a first repulsion electrode for repeliing charges
of a first predetermined sign that are to be repelled,

15 this negatively-biased electrode being provided with at
least one opening for passing electrons;

a second repulsion electrode for repelling charges
of the opposite sign that are to be repelled, this
positively-biased electrode also being provided with at

20 least one opening for passing electrons; and
a selection electrode, this electrode also being
provided with at least one opening for passing electrons;
the openings in said electrodes being in alignment
along a conduction cylinder:
25 furthermore, said selection electrode is negatively
biased.
Also, said collector is in the form of a cup.
According to an additional characteristic of the
invention, said electrodes are made of aluminum.
30 Preferably, the spacing between two consecutive
electrodes lies in the range 6 millimeters (mm) te 10 mm,
Ideally, the openings in said electrodes present an
area lying in the range 15 square millimeters (mm?) to
30 mm?.
35 In a first embodiment, said electrodes are

constituted by grids.



According to an additional characteristic of the invention, said el ectrodes
are nmade of alum num_ 30Preferably, the spacing between, two consecutive

el ectrodes lies in the range 6 mllinmeters (nm to 10 mm | deal |y,
the openings in said el ectrodes present ah area lying in the range 15
square millinmeters (m2) to 30 m2. 35In a first enbodi nent, said

el ectrodes are constituted by grids. 5 Advantageously, t he

g . .
transparency of s&FyagrPasorsiyr eht8r LEARAPBHSECYL Of sSaldo9dedPr a6l e, when
t he di stanceghbetweenthwn 50%. consecutive grids is witten h and the

di ameter of the 59%itice indsaLd giids hs mghttgn Fg for tge ratio witten
h/ D to be greater thaf 1-°° “®*1TAg-Fact'that 'the'g e%??oag v&re é??ds,
nevert hel esscbeadsutovseyeidk lLeniwrattensh Endsthyg, dikweteanspatbecy of the
grids '5510n89§§?§Ebl%nlb?}gegriﬁgeﬁngrhtgbB'Bg tBe gRBSLLLYLLY of the

detector. Secon e s"are subjected to wear so that their orifices
become | argerripsen héBube, beugrepterebBarehents drift, since the

el ectron-col | ecti gRcargat1bhAEr €A6€581a61t VWBAESPLOEN §88688, MBG-WeRAE18kS§0
releases pol {utants ' 0Lo.the P0G PSUI &is.

Firstly, the transparency of the grids is

10 necessarily limited, thereby limiting the sensitivity of
the detector.

Secondly, the grids are subjected to wear so that
their orifices become larger. As a result, current
measurements drift, since the electron~ccllection area

15 increases as wear progresses. The wear alsc releases
pollutants into the enclosure.

It is therefore appropriate to replace the grids
periodically, and unfortunately they are components that
are relatively expensive.

20 Thus, in a second embodiment, the electrodes are
constituted by rings.

As above, and preferably, the distance between two
consecutive rings is written h, the diameter of said
conduction cylinder is written D, and the ratio written

25 h/D is greater than 1.

The invention also provides a method of detecting

secondary electrons by means ¢of a detector comprising:
a collector for cellecting the reguired charges
and supporting only three electrodes that are insulated
30 from one another;
a first electrode for repelling charges of a
predetermined sign that are to be repelled;
a second electrode for repelling charges of the
opposite sign that are to be repelled; and
35 - a selection electrode;

the collector being taken as a reference and the method

consisting in applying:



It is therefore appropriate to replace the grids periodically, and

unfortunately they are conponents that are relatively expensive. 20Thus,

a second enbodi ment, the el ectrodes are % onstituted by rings. As above,
e

preferably, the distance between two con

cutive rings is witten h, the

di aneter of said conduction cylinder is witten D, and the ratio MW|tten
25h/ D is greater than The |nvent on al so E$OV|des a net hod of

det ecting secondary eP%@?FbH? 6§rﬁﬁaﬂg i Eaa%tEBt

EohpFi §lRGLrode

in
and

a coll ector feranokbsoling vheueeqﬁlnedschaage$2ando$upport|ng only three

el ectrodes t hat are? %8 kg%ggernlne Bgevg?gghgrto |rgéoglectrode for

repelling charges o

prede aré to be repelled a

second el ect eddetfoder epefll i ng charges of t he opposite sign that are to be
repel l ed; and 35 a §ehégét99eetﬁ§£&09§'vBP€?58|%EQEHV Qegaglaeﬁeeoas a

.reference and the neth

consisting in app a negative

first DC vol tage Folerblenreieertetfode at an absolute val ue of less than
120 volts; a pOSB9|M§y56§0@Qa£§1¥p|iﬁ@esé@oﬁ@ev§ﬁc@ﬁé gkeckpode; and 5a

negati ve third

e whi.c d selection el ectrode.
By way of exanpP ut?hga Bﬁoﬂﬁ Q%F?agggﬂagg%nvagg%rufe vaILe of less than

120 volts.

Simil&rhy| athy, thhedt hoitdayel hageahasbanlabsolraieeval ue

100f lesg thap BQ-¥OLLSn 60 volts.

The present invention appears in greater detail

below in the context of the following description of an

embodiment given by way of illustration and with

reference to the accompanying Figures, in which:

15

Figure 1 is a diagrammatic section view of a first

embodiment of a detector of the invention; and

Figure 2 is a diagrammatic section view of a

second embodiment of a detector, and more particularly:

Figure 2a shows a first variant of the second

20 embodiment; and

Figure 2b shows a second variant of the

second embodiment.

Elements present in more than one of the figures are

given the same references in each of them.

25

With reference to Figure 1, in a first embodiment,

the detector comprises a collector COL in the form cof a

cup or a bell. The collector COL is connected to ground

via an ammeter AMP that measures the secondary electron

current.

30

D1,

The collector COL is surmounted by a first insulator

itself surmounted by a first electrically-conductive

grid Gi.

The first grid Gl is surmounted by a second

insulator D2, itself surmounted by a second electrically-

35 conductive grid G2.



The present invention appears in greater detail belowin the context of the
foll ow ng description of an enbodi nent given by way of illustration and
with reference to the acconpanying Figures, in which: 15Figure 1 is a

di agrammatic section view of a first enbodi nent of a detector of the
invention; and Figure 2 is a diagramuatic section view of a second

enbodi nent of a detector, and more_particularly: ‘ Fi gure
2a shows a first vaFi 4REBF Eﬁggsggoﬁﬁ ?BEWBBH%ﬁgnPy gnghird

Fi gure 2b shoewsuaaseeond, vatsant efirhbensedond enbbdrdealectricalElhenents
present in re.than _one_ of e figures are given the sane references in
each of theg?oggﬁf%ﬁvgegg%gnég'to Figure 1, in a first enbodi nent, the

det ect or conprise$ha epkkényobeC@kennthhegfodm 6L-@2capdotZaGBel | . The

col | ect o5 CObyL3ocannGCt ¢dst 9,0t uka BNHATHBL ) AP that sgeasures t he

secondary ctron_cufrent, 30The co ctor COL is surnmounted by a first
i nsul at or Di tYPEsaLfYslriBunted by a first electrically-conductive grid C

The first grid O risisurspuntied byad sesnBfaiasulat or dBRinklsgkf tpEr mount ed
by a second el ectri aILg-BScond%c%Lve 8rid K., 7 .gh sgﬁond grid &
i s surmount eG®byCa®thF P8 PhEDI 8f of “B3°PFPSREF LTr hBGnEEY bgoa fii r d

el ectrical |l ytooatluereseofirtde03rid. In tHhepspaenhgebempiken the grids

01-02 a 02; b {es_i.n,t ange t Q.. 10 - i
Cypical 13 8 e pPererEdcst) LhETphia REREDBOoHErlBni PRER bbbl ot of
the area of gheabpenthgs PA%the grid to the total area of the grid. In the

present exanpl e, @H@séo&géﬂ§ﬁééeﬁﬁ¥tOéléBepQéEQnﬂuﬁkeQGtM§EYiBigh,
preferably greater than 50%
relatively large so that they do not capture the charged
species that need to reach the collector.
15 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

functions:
20 + recover the highwenergy secondary electrons on the
collector COL;
recover the low-energy secondary electrons on the
coliector when they are the result of impacts of the
high—~energy electrons; and
25 - repel the low-enerqgy electrons and ions of the
plasma.

Tt is also appropriate to avoid creating a plasma or
an arc within the detector as a result of the bias
voltages applied to the grids G1, GZ, and G3. TFor this

340 purpose, reference may be made to Paschen's law. The
detector must not add species that would contaminate the
plasma. For applications in the field of
microelectronics, it is advantageous to select aluminum
for the conducters and alumina for the insulators.

35 It is also necessary to avoid disturbing the plasma

generated within the ion implanter.



These openings nust al so present area that is relatively large so that they
do not capture the charged species that need to reach the collector.
15Advant ageously, this area lies in the range 15 m2 to 30 m2. By way of
exanple, a circular opening may present di aneter of the order of 5 mm
The detector needs to fulfill the follow ng functions 20 recover the

hi gh- ener gy secondary el ectrons aon the coll ector ; recover t he

| ow- ener gy secondar§ &F&Etr nddoflt A& PORPEE: BY Wﬁ@ﬁstﬁéy are fhe result of
i mpact's of thebmeghlemergynebechwansplaadeZEfrepeb thenl owoernengy,el ectrons

and ions of he,plasim, oo yoioslt L9.8L50 BRPLODrLALe Lo pvaid creating a

pl asma or an inth as a resu Bi as vol t ages
applied to the grmdg Cecobd, cand O03. iFobithies Emeeposepfreféeenbd may be

made to BaSCBQBl% L3 Ag Eh ogﬁkﬁ%éo%oﬁﬁébenek Qgg ﬁgheﬁzbh@bl%QU|d

cont am nat e pl asma, ications in th m croel eétronics,
itis advant5§§69§lﬂ§ %@peﬁplﬁﬁunﬁﬁ&ﬁﬁﬁﬁﬁ Fﬁetéénaeéﬁéﬁ§0£nﬁoélunlna f or

the insul ators. 35hb tﬁlaasgrm@cgss@bybaas@u0b9 ﬂbahurbﬁng therpl asma
st rld is biased

enerated w thj on i
D ane o GePlectIckare DRoRpien8ghtrgs 061 1558 bhanell PREES150 vl te,
typlcally 10®ypmb331yréDaVerStorehat¢@bleotoheCEblléhEOSecond grid & is

%o, 20 mean ohpe.§ego0d BtoBheolEyl s PRBLLEYERYAL: pag of Tess thar
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

15 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.

20 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 Za, in & first variant, the
collector P is in the form of a tray. The collector is

25 surmounted by a first insulating ring I1, which is itself
surmounted by a first conductive ring Al. The inside
diameter of these two rings i1s D. The thickness of the
first insulating ring I1 is substantially greater than
the thickness of the first conductive ring Al and the sum

30 of these two thicknesses is h.

The first conductive ring Al is surmounted by a
second insulating ring I2, itself surmounted by a second
conductive ring AZ.

These second rings 12 and AZ have the same shape as

35 the first rings 11 and Al.

The second conductive ring A2 is surmounted by a

third insulating ring I3, itself surmounted by a third



The third grid G3 is biased by neans of a third cable L3 to a negative

vol tage of |less than 60 volts, typically 50 volts, relative to the

collector COL. 10In this first enbodi ment, the detector has a plurality of

openi ngs, each of these openings correspé%ding to three orifices in

al i gnment through the grids. Thus, these openings are each in

al i gnnent on a 15conducti on C%Iinder of dianeter D. _. Witing the

di ameter of CRESECSPERI KGE%83D andefRetdisétandedBetvedhi% e §FEds as h,

the rati o wiltikerikkDolfashe sa@el tudecobsabaut £f1r5: andgks Inaady revent

preferably greater,than d_enbodi nment thggdetect&r ng | onger
t e

presents a pIuraI&Pﬁ 8P1§88§g%3§a63533?8¥éﬁFsCS“PSSEF%r Pactl Vﬁéaving a

si ngl e openi pg. ammeterWAMR .ref erence to Figure 2a, in a first variant, the

collectory P is ingihe r T oLl eetoL L$ 2Rsu by a
first ingulaping r%ggsﬁg?gkg%c%h%sg¥ﬁgeﬁg gu%nnun?ed g a t?ggﬁqﬁggductive
ring Al . Theifnihgefdirgieeapodinehtse TWesri h§E ratbe THE ki ckness of the
first insul abirBgerkbdy! yriestsubshantnal Iy greater than the thickness of the
first conductive r and the sum 30Qof these tg@g%hlcknesses i,s h.

ng Al a :
The first conduct?b@ FhgAl SPEC8Hr nBlft 81B¢ 5°8 dVEnSdPESi Ad ring 12,
itsel f surnobgtednbyrd seeobdasendudkievehei igrA2, second, and These second

rings 12,and awe t S a first,Li i.I and Al.
The secéﬁd c %ﬁggpﬁgé ??ﬁgggg.%?sggﬁﬁﬁggggggyb§ﬁakﬁetE??ékinsulating ring
13, itself sambodatedtby a third 9 conductive ring A3. These third rings

13 and A3 are |ikgw.ge QF.LhG-8a0B $H8ACa8pt henf LI 8EcbhAS Al 230D Al .
The collector P is_likew se connected™to ground via an ammeter AMP. 5The

shape is thet§&ngoadethersRapé éf “EHésSEpehi hgs LATRhELf Ar SE2¥mbodiRent .
Thus, the ratbelbbtboirsipr ebefabhyear pat ar rikan insulatingheihigrst, second,
and third conductive ringsal vf2: 2193 808u0Laved hhkegbhe st
inside diameter of these two rings is once more D. In
contrast, the thickness of the first insulating ring 51
is considerably smaller than the thickness of the first
conductive ring T1, and the sum of these two thicknesses
20 is still h.

The first conductive ring T1 is surmounted by a
secend insulating ring 52, itself surmounted by & second
conductive ring T2.

These second rings 52, T2 have the same shape as the

25 first rings 51, T1.

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

30 rings 81, T1.

Once more, the shape reproduces that of the openings
in the first embodiment. Thus, the ratio h/D is
preferably greater than 1.

In this second variant, the rings are analogous to

35 the rings of the first variant, but the thicknesses of
the insulating elements and the conductive elements are

interchanged.



10grids 01, 02, and 03 respectively in the first enbodi nent. Wth
reference to Figure 2b, in a second variant, the collector Pis |likewse in
the formof a tray. The collector is sur?Bunted by a first insulating ring
31 15itself surnmounted by a first conductive ring Tl. The inside dianeter
of these two rings is once nore D. In contrast, the thickness of the first
insulating ring 31 is considerably smaller than the bhickness.of the first
conductive ring TTPeaﬁBOVﬁéd§ﬁﬁF&%egh§§E°9ﬁBePﬁi8 n&§&edNFERS 161 PESh,

The first cobhdueat beeercitbg bichsssubtotntedohy ratseeandrensul ating ring 32,
itself surnoyn a_second.conductive.ring. T2. . . . These.second
ings 35, ToRkeethkeleSim e el PRESHEEPLD piRys cpavs vy

Li kewi se, thembeddndntendovtired biyngh¥2inyestuimppbunt éd bypraithiled,i asyl ating
(1933, of tselel (AUl gRURLedBX anbhl hdycROUCLI VB B Lduilhgepcthird rings
53, T3 are likewse of the sane shape as the tirst 30rings Si,

Once nore, tRé28Rapetheprodnéds PREPNEf thRe2Bpéhi RGs thA PRESEDISt
enbodi ment. ThusnttbBg.ratio h/Dis preferably greater than 1. In this
second variant, the rings are anal ogous to 35the rings of the first
variant, but the thicknesses of the insulating elenents and the conductive
el enrents are interchanged. 10 The above-descri bed enbodi nent of the
i nvention has been sel ected because of its concrete nature. Neverthel ess,
it is not possible to Iist exhaustively all enbodi nents covered by the
invention. In particular, any 5 of the means descri bed nmay be repl aced by
equi val ent neans w t hout goi ng beyond the anmbit of the present invention.



11 CLAIM5 1. A high-energy secondary el ectron detector conprising a
collector (COL, P) supporting only three electrodes that are insulated from
one another and that are biased 5re|ativg to the collector: a first
repul sion electrode (G, A, Tl) for rep Fling charges of a first
predeterm ned sign that are to be repelled, this negatively-biased

el ectrode bei rovided with at | east one opening for passing el ectrons;

10 a second Fgg&&§ion el ectrode (&, A2, T2) for repelling charges of the
opposi te sign.t hahiaheeherhe sepehbedy thestposi tivekyobi asedrakaeatr ade

al so bei ng pr.oyi it t a n ning . f ssihn | ectrons; and 15
a selection Sﬁg%g?g 2nég§?’A§? %&?gogﬁgE%ePBg¥r§§58§|%%e%5?ﬁ§%8r§$ﬁéed wth
at | east oneaspenhaglbbedpisoitngnel eovitbrs; and thatherepbhirgs in said

el ectrodes beLngrkbeakhLoppent-oak@pg,a.conduction cylinder (D), and the
det ect or being 20characterized in that said selection _electrode (G3, A3,

T3) is negatively bPasedst ePAlgépBcEORCAECELdi(RG t Blel Ailm for

characteri zedepnl1tlhaty sakégeel bechoki(CEL pregeiBrithectiociyaf taaguUpre25 3.
A detector agco din% tg eith$5.grecedkng Elg'n1 char act riéed in that said
el ectrodes (0%-AF- FiPe92SR2- T31°3eA3LH3P 14r 8 REGE §f & aRFRuRc 864, A

det ect or accprdivagetiowany pretedsngookabpendhar dotepazednignelkat rbhe ;

spaci ng4het ween tmoazggggﬁgtkgsuggggh{%gg?8§§%$O§G202-93)Tb5e§o&n t he range

6 mnmto 10 mm 355. etector accor . precedihg claim
characteri zedePalihag charepénpigéhEncprirdiskesipbdébat are to be

repelled, this positively-biased electrode also being
provided with at least one opening for passing electrons;
and
i5 + a selection electrode (G3, A3, '3}, this electrode
also being provided with at least one opening for passing
electrons;
the openings in said electrodes being in alignment
along a conduction cylinder (D), and the detector being
20 characterized in that said selection electrode (G3, A3,

T3) is negatively biased.

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

said collector (COL) is in the form of a cup.

25
3. A detector according to either preceding claim,
characterized in that said electrodes {Gl1-Al-T1,
G2-A2-T2, G3-A3-T3) are made of aluminum.

30 4. A detector according to any preceding claim,

characterized in that the spacing between two consecutive
electrodes (G1-GZ, GZ-G3} lies in the range 6 mm to

10 mm.

35 5. A detector according to any preceding claim,

characterized in that the openings in said electrodes



12 (GLl-Al -T1, &-A2-T2, G3-A3-T3) present an area lying in the range 15 m®2
to 30 M. 6. A detector according to any preceding claim
5characterized in that said el ectrodes aL? constituted by grids (Gl, @&,

&) . 7. A detector according to claint6, characterized in that the
transparency of said grids (0 &, &) is greater 10than 50% 8. A
detector according to c claim 7, characterized in that the

di st ance bet%@éﬁAgmglcoﬁge@ange §Fias~ Td) WPEEPERthant RESR| AidbEr “Bf t he
15orifices innhsardngei d5 &2 wWdtiemd,. and the ratio witten h/Dis greater
than 1. 9. A detector according to any one of clains 1 to 5,
characterized in that said electrodes are constituted by 20rings (A -T1,
A2-T2, A3-T3p. AlQetactetrestoprdtnortdpngnyopckaedidy chataeteri zed in that

the d'St@”CecHSE&@EQr%%@dCQHSEHH£'¥§18'Q9éct§oﬁ%btéfé Bonkherdia gr of

sai d conduction c is 2bwitten D, and ratio witten h

gr eat er thangildsliGlA fet hBd) of detecting secondary el ectrons by nmeans of
a detector conprising: a collector (CO.) for coIIectlng the required
30charges an pporting onl t i ee elec r ode t are insulated from one
another: - afrrdrBaFaePlocacterdLig Eor s rgR PepBhraGtharbte or thas
predeternlnedh5|gnahhp&raneytofbeaiepgkhdd (Ga, sG@pnd3€I$etg@deté62 A2,
T2) forlbepe£h5995§5charges of the opposite sign that are to be repelled
an Sel ection electrode (G3, A3, T3);

8. A detector according to claim & or claim 7,

characterized in that the distance between two

consecutive grids is written h, the diameter of the
15 orifices in said grids is written D, and the ratio

written h/D is greater than 1.

9. A detector according to any one of claims 1 to 5,
characterized in that said electrodes are constituted by
20 rings (Al1-T1, AZ-T2, A3-T3).

10. A detector according to claim 9, characterized in

that the distance between twe consecutive rings is

written h, the diameter of said cenduction cylinder is
25 written D, and the ratio written h/D is greater than 1.

11. A method of detecting secondary electrons by means of
a detector comprising:
a collector (COL) for collecting the required
30 charges and supporting only three electrodes that are
insulated from one another;
a first electrode (G1, Al, T1) for repelling
charges of a predetermined sign that are to be repelled;
a second electrode (G2, A2, T2) for repelling
35 charges of the opposite sign that are to be repelled; and
a selection electrode (G3, A3, T3);



13 the nethod being characterized in that said collector (COL) is taken as
a reference and the nethod consists in applying: a negative
first DC voltage to the first el ectrode c, A, TI) at an absolute val ue
of less than 120 volts; a positive secoid DC voltage to the second

el ectrode (&, A2, T2); and a negative third DC voltage mhich is applied
to said sele i on Iect ode ( ording to
claim 11, % P?gd eﬁnﬁh63a§§ gegé%SﬂdIQO%pﬁﬁeqﬁég 8§6Pﬁte val ue
of |ess than Izmdvobt$akbﬁlas A weﬁhmdnaecendlngetmechadncémsastelann112
characterlzegpbqyggﬁy said third voltage has an absol ute value of |ess than

60 vol ts.
a negative first DC voltage to the first electrode

5 (Gl, Al, T1l) at an absolute value of less than 120 volts;
a positive second DC voltage to the second
electrode (G2, A2, T2); and
a negative third DC voltage which is applied to
sald selection electrode (G3, A3, T3).
10
12. A method according to claim 11, characterized in that
sald second voltage has an absolute value of less than
120 volts.

15 13. A method according to claim 11 or claim 12,
characterized in that said third voltage has an absolute

value of less than 60 wvolts.



