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" RETRACTABLE CATHODOLUMINESCENCE DETECTOR WITH HIGE ELLIPTICITY

BACKGROUND OF THS INVENTION
Field of the Invention
This invention relates generally to a cathodoluminescence
(CL) detection device and more particularly to a CL detection

device utilizing & concave mirror of semi-ellipsoidal shape with

“high 'ellipticit-.y. The mirror waterial is of low effective

atomic number, which ensures that most of the backscattered
electrons (BSEs) emitted simultanecusly with CL emissions are

absgorbed.

Brief Description of the Prior Art

Cathodoluminescence is the emission of radiation ‘from
materials due to an incident electron beam .. The phenomenon can
be used to provide information on the properties of materials
and devices. When the bear_n strikes the specimen, the spectrum
of the emissions frc;m ‘the specimen can be obtained with a CL

detection device fitted with a wavelength selector and a
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-2- 1 . suitable emssion sensitive detector. Monochromatic and 2
panchromatic CL i mages can be obtained with an appropriate inmage 3
recording instrument. For nonochromatic imging, a wavel ength 4 sel ect or
is inserted to select a particular wavelength or a 5 range of wavel engt hs
of em ssions with which to formthe inmage. 6 For panchromatic i maging,

t he wavel ength sel ector is bypassed. 7 Due to the difficulties in
mrror design, nost existing CL 8 detectors are wunable to perform
both spectroscopy and 9 microscopy. -¥or exanple, the CL detectors

descri bed by Phan 10 et al. in U.i. Patent No. 5,264,704 and PBragli a.

et al. intU Suifgblepypuipsion Fepadting | dekeStRGt r os MOPPERLEBIRFLT eie

to their ]2 i [ | tte L ag i | L0Os ugh
213 el BRhEShREEL S Rtk S be"GnLEhAN WIEn "Ll Wl BT IR A0 AAYS
detect or s3i S reR@brdli BEYihatPuhéhtlse Foel mdaibaheoret B LiklayiNG, CA WiveldigtH €ss
sensitive than a photonultiplier tube (PMI). 16 The nost inportant

i ssue for4 speslegtonpiis Gnseptledc ol aelelt a | pastiqultsre vefvelengkby cxf & he
detector in transmtting the 18 collected radiatjon to a radiation

sensi ti veS deviange Phewanglangthy of pmissions vHdbarhésh e Lformethe dingge-

t 1tted e i | 20 . aff ts th .t vity: I | t
[l exibil Sy oo peveheapacid ol Taer pevehvesh Raletesn s BFagresd on
fromthe qirror -2g,e £8 ¢l J13¢1ahh PPed U HGnia0d ! BEcYGY Sl B8t 8R4 .

requires the
8 detectors are unable to perform both spectroscopy.- and

9 microscopy. For example, the CL detectora described by Phang,
10 et al. in U.8. Patent No. 5,264,704 and Braglia, et al. in U.S.

11 Patent No. 5,010,253 lack spectroscopic abilities due to their
12 direct detection of emitted radiation without passing through a
13 wavelength selector. A ‘further disadvantage of these CL
14 detectors is that they have to use solid state detectors which
15 are less sensitive than a photomultiplier tube (PMT).

16 The most important issue for spectroscopic CL applications
17 lies in the efficlency of the detector in transmitting the
18 collected f;diation.to a radiation sensitive device. The way in
19 which the radiation is collected and transwitted sexriously
20 affects the sensitivity as well as the flexibility of the CL
21 detector. Efficient transmission of radiation from the mirror
22 to the radiation guide and the wavelength selector requires the
23 incoming radiation to be confined within a small cone with an

24 angle which is lesis than a critical value. Radiation outside



23 .ncom ng radiation to be confined within a small cone with an 24
angle which is less than a critical value. Radiation outside -3- 1
the cone is not collected and |l osses in transmission will be 2 i ncurred.
The probl ens of designing a CL detector with both 3 spectroscopi ¢ and
I magi ng capabilities without |losing collection 4 and transm ssion
efficiencies are described by Steyn, et al. in5 107 J. M croscopy Pt.
2, 107-128 (July, 1976) ("An efficiept 6 spectroscopi ¢ detection system
f or cat hodol um nescence node 7 scanning el ectron mcroscopy (SEM"). The
systens dkscrtmedb&weals ﬁﬁﬁa&@ﬂléﬁtedﬂandlid@segahﬁﬂkrgﬂsmésgggn06%11 be
Schafer, et al. (U.S. Patent No. 4, 900,932) and Horl, et al
Pat ent No2 101110‘8-’1?75!91} 781]3)3 prsatdemst @fCIdmgmngra IG.'a;VIdlegebbos wﬁ.ahl BBtHf
11 tran§m ssion ineffi.ci e’acgy ari sing fraom poor coupli ng fromthe 12

O

mrror to°t heSREHRAERiGH 15‘ﬁ€1t1ﬂé’mp-éﬁgﬁﬁ widihoutolosingeoldection
systens o V alsa,limted in 14 ers of
t he spem%en Si zer\ﬂgﬁgmﬁLs ﬁﬂgeeéﬂbésleer%ve a%r‘tl?tse% W}D Séli%e?é—éif-e%’?ors

are not essilyo7 et a¢i@Riddgvond;he pe]_td?g_qugt h&ul§, 195€?t (eBnbe2EY 804,

therefore do not allow other nodes of electron 17 beam i maging wt out
ext ensi veé nodddedaaserpito ddtectiohenaysténm for c’éhhoaelqhinﬁcédue NebAS
ina CL systemlinits the m ni num 19 di stance bet ween the speci men and

the el ectfon ﬁﬁﬁﬁﬂﬁ@@h@ ftefpyon microacopy (SEM)"). The systems described by
8 Yaha et . (U.8. Patent No. 4,929,041), Schafer, et al.
9 (U.8. Patent No.4,900,932) and Hoxl, et al. (U.S. Patent No.

10 3,790,781) relate to CL detectors having this problem of
it transmission inefficiency arising from poor coupling from the
12 wmirror to the radiation guide and the wavelength selector. The
13 systems 9f Vahala, et al. and Horl, et al. are also limited in
14 terms of the speciwmen size which can be observed. Furthermore,
15 these detectorg are not eaéily retractable from the path of the
16 electron beam and therefore do not allow other modes of electron
i7 beam imaging without extensive modifications to the system.

18 The height of the mirror in a CL gystem limits the minimum
19 distance between the specimen and the eléctron beam generator
20 unit. This has an iwmpact on the spatial resolution performance
21 of the gystem. For this. reaeon, in CL observations requlring
22 high spat:.al resolution, the height of the mirror must be kept
23 small. Apart from the CL detector degcribed by Braglia, et al,,



20 Unit. This has an i npact on the spatial resolutjon performnce 21
of. the system For this reason, in CL observations reduiring 22 hi gh

spatial resolution, the height of the mirror nust be kept 23 smal | . Apart
fromthe CL detector described by Braglia, et al., -4- 1 all of the
pat ents di scussed above are severely limted in this 2 aspect. 3 4
SUMMARY OF THE | NVENTI ON 5 : It is a primary object of the present

i nvention to provide 6 a cat hodol un-aescence detection systemw th both,
spectroscopic 7 and imaging capabilities, having high collection
and 8  1ansyl8ORIA bhebRBS| @ackiatdl Ludve| U WevkBb1he fhicdd 3 LAYe®
hi gh spatial resolution froman el ectron beam generato ystem 0

Anot her oBj ecaspdctthe present invention is to provide an 11 efficient CL
det ect or mnth a mrror having as low an atomc 12 nunber as possible so
t hat ESEs3can be absorbed, thereby 13 reducing stray CL signals produced
by BSEs. }l4 A further ob'- h 1, javention is to provide
a 15 CL"system whi ch can per . HTCOTRS e¥vation of CL 16

signals with othgri 9p
el ectrons, thereby enabh nglma%%%?reacﬁ eg %ﬁ?@s%n& ?9%% ko Pmide

6 a cathodoluminescence detection system with both spectroscopic
7 and imaging <capabilities, having high c¢ollection and
8 transmission effici_encies as well as low mirror beight to allow
9 high spatial resolution from an electron beam generator system.
10 Another object of the present invention is to provide an

11 efficient CL detector with a mirror having as low an atomic
12 number as possible so that BSEs can be absorbed, thereby
13 reducing stray CL signals produced by BSEs.

14 A further object of the present invention is to provide a
15 CL sysitem ﬁhich can perform simultaneous observation of CL
16 signals w'ith other sasignal modes, for example secondary
17 elec_:trons, thereby enabling a comparative study of different
is8 signals aﬁ the same time and on the same rggion on the specimen.
19 8till another cbject is to provide a CL system which is
20 suitable for large specimen gize and which ig easily retractable
21 from the path of the electron beam.

22 Briefly, the preferred embodiment of the present invention
23 is a CL detector system including a semi-ellipsoidal mirror of

24 high ellipticity, with the mirror constructed of material of low



18 signals at the sane tinme and on the sane regi on on the specinen, 19
Still another object is to provide a CL systemwhich is 20 sui table for

| arge specinen size and which is easily retractable 21 fromthe path of
the el ectron beam 22 - Briefly, the preferred enbodi nrent of the
present invention 23 Is a CL detector systemincluding a sem -ellipsoidal
mrror of 24 high ellipticity, with the mrror constructed of material of
| ow 1 atom c nunber to minimze iygerference caused by BSEs. A2
radi ation guide is - mounted in line with the axis of rotation of 3 t he
mrror to30ptifdmfe ChuhBet A0 iRl i%e! | Sitedfe FnbeMdfisba Kiet R hepght
for large area specinens, and to obtain high 5 spatial resolution from

el ect ron Reanragimtridroguiyet fammovmted in line with the axis of rotlaNidhibof
DRAW NG 8 Fig. 1 is a cross-section illustrating-details of the 9
cat hodol uffi neSkenBirEex cbei ORtIPiERNCHf TAfdapieRefOlLAcEIPRONtO 1 Binimize

DESCRI PTI THE PREFE D ENBQDI MNENT 12 . _FEl b
wi th cat ol SRFHET R AR A ORTPE ~w8s maeupts cphd ha AERYE B8, o
art, and ghe é_%@{ﬁn%o}%ﬂxgioﬂ' LR S&fbé&%\ﬁebéaﬁlw?é%@f&@r dystaagnent s of

such systens. nost essential part o CL detéction system

lies in g
7 IN THE DRAWING
8 Fig. 1 is a cross-gection illustrating details of the

9 cathodoluminescence detection system of the present invention.

10
11 . DESCRIPTION OF THE PREFERRED EMBODIMENT
12 Electron beam systemé with cathodoluminescence detection

13 systems are well known in the prior art, and the references
i4 discussed above show typiéal-arrangements of such gystems.

186 The most essential part of .a CL detection system lies in
16 its collector design. Due to the lack of detailed caléulations,
17 previous CL detector designs were not optimized. In this
i8 invention, detailed computation was carried out using a two-
19 dimensional ray tracing program as a design tool. This resulted
20 in the invent;ion of a concave mirror of semi-ellipsoidal shape
21 with the following features: (i) high coupling and transmission
22 efficiencies for the radiation guide and the wavelength

23 selector, (ii) compatibility with large specimen size, and (iii)



16 its collector design. Due to the lack of detailed calculations, 17

previous CL detector designs were not optim zed. In this 18 I nventi on,
detail ed conmputation was carried out using a two- 19 di mensi onal ray
tracing programas a design tool. This resulted 20 in the invention of a

concave mrror of sem -ellipsoidal shape 21 with the follow ng features:
(i) high coupling and transm ssion 22 efficiencies for "the radiation
guide and the wavelength 23 sel ectoE, (ii) conpatibility with large
speci men size, and (iii) 1 conpatibility with the short working

di stance 4 eq Eﬁ@gﬁ ' 0 el e ony. a4 . LN

t he discdgsig% g%%g?t r??Ehe??%c%Q%?ézkéxﬁﬁgﬁiﬁ%%%?%ﬁ?oFe§§6F§§§§% of
requires g hatelle?dthrahi-BlagOsyedms. by 5 the mirror be confined within a
cone with an angle less than a 6 critical value. W have found that a
sem -el | idsoi dal #&errooted 7An khgh déstusdian t pf shoibx e, ueddicientn
particular, when 8 elligticity_of an ellipse "e" is defined as: [err] 10

with "a' 4he brEPSMigERPR s Frdidtdan megudrandthat yadiatinn collected; byis
cal cul at %oty =B8R ofp fonfine FxRim A" Fome i th sy il Tepf g =
gg“t iszgf’” ffglelrc,%l gag}%é‘:g%e 1(51 pﬁgﬁ,%ﬁé’ 2ol hat £ Yeli- 801 S5 FaSH Gl r3S, P8
7 high ellipticity should be used. In particular, when
8 ellipticity of an ellipse "e" isg defined as:
) &2 = 1 - b¥/a?
10 with "a" the major semiaxis of the ellipse and *bY the minoxr
11 semiaxis of the ellipse, eliipticity "e* greater than 0.8 is
12 preferred. Our calculations also showed that at high
13 ellipticities, if the emission collection means (preferably a
14 radiation guide such as an optical fiber, leading to a remote
15 spectrometer/emission sensitive detector, but alternatively an
16 emission sensitive detector) are positioned at oné focal point
17 of the mirrox, and aligned such that the face of the emission
18 collection means is centered upon and substantially
13 perpendicular to the axis connecting the focal pointe of the
20 wirror (the axis of rotation of the emission collection means in
21 line with the axis of rotation ;f the mirror), then radiation
22 from a wmuch wider  area of the specimen can be detected

23 efficiently. This advantageous arrangement gives the CL



15 spectroneter/em ssion sensitive detector, but alternatiVQFVLQEE¥§NTSHEET
em ssion sensitive detector) are positioned at one focal poifp 7
mrror, and aligned such that the face of the em ssion 18 hﬂjépml??mammm

nmeans is centered wupon and substantially 19 perpendicular to the
axi s connecting the focal points of the 20 mrror (the axis of rotation of

the em ssion collection neans in 21 line with the axis of

rotation of the

mrror), then radiation 22 froma nmuch wi der area of the specinen can be
detected 23 efficiently. Thi s advant afeous arrangenent gives the CL
7 detector boCRtEFEOT o RV ¢ TWRCHFRRFPRLC apaBe| | iMagifgt hGapabilddiigs
the collectiy@houdnd 14&8A5M Sehan efddiENGISRS. ReAGT T RE-PAMileRild
1, the details of the CL system5 of the present invention are

schemati cal | y SEFLGIENS&$ - The mai n conponents of the system are concave

mrror 1 and radi alReFer@4ide ndbw !tQﬁQ-{i%d Wt e der AhecioRnE ¢ m

vacuum chanber. Radi ati on gui de

Is preferably an optical fiber or

optical a iB&& BPafdbresant algveRkier A¥FcofsabpPrakieatsyy idlnptrated.

Radi ati on gui gfe? m3dhY Ronpdoremty JORHY it il 4@ RN RB¥ordd idnd
directs radiation collectéed frommrror | "to the spectroneter (if used) and
radiation guide 2, located within the electron microscope

vacuum chamber. Radiation guide 2 is preferably an

optical fiber or optical a £fiber bundle with a diameter

10 of approximately 3 mm. Radiation guide 2 serves as a

portion of the CL detection means, as it directs radiation

collected from mirror I to the spectrometer (if used) and

radiation sensitive detector (the spectrometer andil2

detector are not shown). A particular advantage of the

15 configuration shown in Fig. 1 is that the mirror and

radiation 'guide can easily be inserted and fully

retracted out from the electron beam path by means of a

retractable attachment (not shown). The

retractable

attachment is further engaged ontc a movable holder (not

20 shown) that provides a focusing function of the mirror.

Concave mirror I is preferably substantially a semi-

ellipsoid (i.e., substantially a 180 degree rotational

cross section around the axis joining the first and second

ellipse focal points fl and £2). The major semiaxis of

25 the mirror is identified by the length "a”

along axis x

and the minor semiaxis of the mirror is identified by the
length “b" along axis yl. In the preferred embodiment, a
is approximately 21 mm and b is approximately 7.7 mm.

Above focal point £f1, a cylindrical hole with diameter d



£

radlatlon sensitive detector (the spectroneter and 12 detectoFEBk@CﬁMENTSHEET
shown). A particular advantage of the 15 configuration sho I n Flg {"“fuxﬂ
that the mrror and radiation guide can easily be ingePeted AL

fully retracted out fromthe el ectron beam path by nmeans of a retractabre—
attachment (not shown). The retractable attachment is further engaged
onto a novabl e holder (not 20 shown) that provides a focusing function of

the mrror. Concave mrror | is preferably substantrally a sem - ellipsoid
(i.e., substantially a 180 degree rqotationfil cross_ section around the axis

joining the f LB PPEREs 8dORg &he pXd sf ¥ althﬁ'G’iuHPs the kRrdyr of. thenmizaposr

sem axi s of 25 tB? nd He Orelle‘é:t'x‘éﬁintpfrbBé byo t hade0t Bhed " spdOeR X! S Anand
the m nor sem axis of the n1rror is identified by, the length "b" al ong axis

yl. In the pr8KePREESeYE6H rehtShoyn simy kP« Zat Rigmeterndans Emcal Y
appr oxi mat el y o4. EH@“OfﬁE%“bfofahmpo'Thef%?é%ﬂﬁéﬂrﬁy'éiﬂeimﬁ€ Piihywith

di aneter d 8 is opened along the axis y hrough the body of the mrror
f or the elfecifénsprdisee dmddass TH i deks X, ppndxpahaedthreiryozhown

in Fig. 2. D apelel &ldvatddl @dppidnihe @rslehmpP! 1anBhalhepspesbhealys

sited at T 1 ggj}emoved from the bottom of the rotational ellipsoid
mirror to obtain elevation ¢ (ie. the mirror need not be a
full one half rotational ellipsoid).

10 The center of the cathodoluminescence radiation
emission collection means is preferably sited on focal
point f2 with the collection face of the emission
collection means substantially perpendicular to the axis
connecting focal points f£f1 and f2. In is the preferred

15 . embodiment as shown in Fig. 1, the emission collection
means is an optical fiber.radiation guide 2, which directs
the collected CL to a radiation sensitive detector.
Alternatively, the emission detection means can be a
radiation sensitive detector sited at £2. This

20 advantageous arrangement, which results in horizontal
positioning of the radiation guide(or other emission
collection means), also leads to compatibility with large
specimens. Since the radiation guide is horizontal, the
guide is less likely to interfere with a specimen.

25



5its surface in line with the axis x, and below the mrror at an elevation
c(typically 0.5 mm). A small portion nay be renoved fromthe bottom of the
rotational ellipsoid mrror to obtain elevation c (ie. the mrror need not
be a full one half rotational ellipsoid). 10 The center of the

cat hodol um nescence radiation em ssion collection nmeans is preferably
sited on focal point f2 with the collection face of the em ssion collection
means substantially perpendicular to the axis connecting focal points fl
and f2. Inis the preferred 15 enbodi1fent as shown-in Fig.. 1, the em ssion
collection neans is an optical fiber.radiation guide 2, which directs the

ot ect | orimeans o2n BS Rt 0T} (o' T Bierac4oh BRRILLE dhydu BulEyaR O

def[ ection neans can be ar _sen5|t|ve _ _ t _
This 20 aglvantaaiticdl," @RgCRBREht WBE CEhé fit£6r | iudt0 B Mtipt! «RAINL1I ORhRg

of the radiation guide(or other enission collection neans), also leads to
conpati bi3it ypregent] aigeespiol nendiievBenchighe rexilation gl depdrsformance
hori zontal, 'the guide is less likely to interfere with a specinen. 25 1
As not ed hboRecduse Ehemigitatforh® SKEIh HaRi BReR FadeaFompatible to the
S -required working distance between the specimen and the electron
6 beam radiator unit., High ellipticity of the mirroxr allows a
7 relatively smaller mirror height to be used than those of
8 previcus designs.
9 The combination of the high ellipticity and small height of
10 the semi-ellipsoid mirror is difficult to fabricate. The
11 mirror of the present invention has successfully beex; fabricated
12 by the procédure described below. |
i3 As a first consideration in mirror fabrication, a low
14 atomic number material is used for producing the mirror. Low
15 atowmic number mate_rial reduces BSE effects to a mnegligible
16 level. ﬁaterials of atomic number less than 18 are preferred.
i7 In particular, plastic polymers (typically cpmprising carbon,
18 hydrogen, and oxygen) are well-suited because.they are eagily
is molded. Examples of .such polymers are polymethyl-methacrylate
20 (pMMA) and Araldite.
21 The mirror can be fabricated using a plastic wmolding
22 techniqu'e. A convex wold of the required semi-ellipsoidal shape
23 is machined using a cbmputer-controlled lathe. The mold is then

24 polished to mirror finish so that no further polishing is



2 resol ution, the height of the mrror nust be kept small. The 3

present invention achieves high resolution CL performance 4 because the
hei ght of the mirror has been nmade conpatible to the 5 requi red wor ki ng
di stance between the specinen and the electron 6 beamradiator unit.

H gh ellipticity of the mrror allows a 7 relatively smaller mrror

hei ght to be used than those of 8 previ ous designs. 9 The
conbi nation of the high ellipticity and small height of 10 t he
sem-ellipsoid mrror is difficult to fabticate.  The 11 mrror of the °

present invention has successfully been fabricated 12 by the procedure
descri bed belrmulrsd for thas syrfRcst ofokdied SORCAYR - mnrmrrmel«fla@rpg‘ét fion,

a low 14 m ¢ nunbe erjal is us dfor rod Ci t emrror Low 15
at oni c nLﬁTberf‘ ¥ al #eﬂnﬁi%%l%gﬁtﬁ’?‘@i ﬁ]@t? %g‘?ﬂ &8 giseq ko rast
Material s; o &E@%’d 688chR80 A ep&ij}gr r %ﬂe bchaxLé‘ fac%“kér

pl astic polyners ypically conprising car ydrogen, oxygen)
are wel | -gui mnbeﬁaaée e Ve ably! Yeddpordiditdot EXanpins Qfay&&Chof
pol ymers are pol ymet hyl - met hacryl ate 20 (PMVA) and Araldite. 21

The mrrd& cancbfdtsbingaindhighhy reflaiive matdrigl 23uch &8 halwhinus\It
convex nold of the required sem -ellipsoidal shape 23 I s_nmachi ned using a

conput er Q:ont%l#"&?xlté#'*ﬁe tqrfé’?ﬂﬂ R1l exeered arens | GHedadditien okof Fhfsh

SO that rl70 f%gnggnrepgzlxlr g)g on the mirror body with conductive material in

8 order to prevent charging effects. Charging can cause undegired
9 deflection of the electron probe which leads to a loés in
10 resolution.

1j. ‘fhe mirror described above, when used with a radiation
12 guide aligned as described above, collects most of the CL
13 emission from a apecimen bombarded 5}/ an electron beam into the
14 radiation guide with high optical coupling and transmission
15 efficiencies. The deteétor syetem is compatible with a field
16 emission scamning electron microscope (FESEM) which has . high
17 spatial resolution where CL ewmissions are low due to the- low
18 total probe current.

19 Although the present invention has been described above in
20 texmse of a specific embodiment, it is anticipated that
21 alterations and wmodifications thereof will no doubt become
22 apparent to those sk;lled in the art. It is therefore intgnded

23 that the following claims be interpreted as covering all such



1 réqui red for the surface of the concave mrror nol ded OULm{ '2._"asELL'E§epla;¢ed ]J

way. A plastic material in noldable formis used to cast 3 °
desired substance fromthe nold. The concave surface is 4 th m;m‘u”“‘ '
reflective by evaporation of a thin layer of 5 a conducting '
reflective materiall such as alumnumlIt 6 I's inportant to cover all

exposed areas (in addition to the 7 concave surface) on the mrror body

wi th conductive material in 8 order to prevent charging effects. Charging
can cause undesired 9 defl ection of thel2l ectron probe which leads to a

l oss in 10 resolution. 11 The mrror descri bed above, when used

wth a radiation 12 gui de aligned as SEALMS heq above, col1ects nost of

the CL 13 em ssion froma speci nen bonbarded by an el ectron beaminto the

14 radi ati on guide with high optical coupling and transm ssion 15

efficiendi esi. The detector asyet edetece?8natd | a fdal 14S:Si on
scanni ng el ectron m croscope (FESEM Wnigﬁ h%{&ﬁ%mhﬂi‘? édslg'zﬁéité?lgr eg%%%tfsi on
wher e CL2eni enithed afxom awspecriment heradiated by cirflle lpcthencbeaa)t thd oL,

Al t hough_t he .present invention has been described above in 20 terns of

a specific dgFr‘BSEﬁ’ﬁé?ﬂ“}PﬁiSths anticipated that 21 alterations and

nodi fi cahi ons th%e ﬁ/g .l ng.doubt b agrent to those skilled

0 conme 22 __a )
inthe art. It i$ t‘!tﬁoereﬁ‘voeremilﬁfgﬁdé‘angemﬂﬁﬁht 183 offABec| WikR pn
i nterpreged 821 EPVEEIdP wiikhS¥6yreater than 0.8, said mirror having first

6 and second focal points; and

7 collection means sited at the second focal point
8 of the said mirxor in such a manner that the axis of rotation of
9 the collection means ig in line with the axis of rotation of the

10 mirror.

2. A CL detector of claim 1, wherein said c¢oncave mirror has
small minor axis b corresponding to the required working
distance in an electron probe generator suitable for high

resolution operation, and a typical advantageous dimension being

L N N P I

b="7. 7wom;

1 3. A CL detector of claim 1, wherein said concave mirror has
2 large said major axis a to be compatible with large area

3 specimeng, and a typical advantageous dimension being a=21 wm;

/// .
L



- ;
-12- 1 1. A CL detection systemfor collecting light 2
emtted froma specinmen irradiated by an el ectron beaffhistieahélrestacefi®h

conprising: 4 a concave mrror ..of sem - eII|p30|daI shape w't
an 5 ellipticity which is greater thamzo 8, said m ha |n first 6
and second focal points; and 7 col | ect {ted at

the second focal point 8 of the said mirror in such a nanner that t he
axis of rotation of 9 the collectiopragmgs is in line with the axis of
rotation of the 10 mrror. 1 2. A CL detector of claiml1, wherein
said concave mrror has 2 small mnor axis b corresponding to the

requi red working 3 di stance in an el ectron probe generator suitable for

hi gh 44 rlesolwo&h&waﬁdmes@&s% twt%@to%degwge@t% o &l ng 5

b= 7.7mm 1 : A CL detector of claim1, wherein sard conc ror
hae 2 2ol Ut S st e Soma o g ey
3 comprising:
4 (a) a concave ellipsoidal mirror with an ellipticity
5 greater than 0.8, the mirror having first and second focal
6 . points; and
7 (b) collection means located at the second focal point
8 of the mifror, whereby emissions from the first focal point
9 are focused to the second focal point aﬁd collected by said

10 collection means.

1 2. The detector of claim 1, wherein the collection face of
2 said collection means is centered upon and substantially
3 perpendicular to the axis connecting the first and second

4 focal points.

1 3. The detector of claim 1, wherein the major axis "a" of
2 the mirror is from 15 mm to 30 mm, and the minor axis "b" of

3 the mirror is from 5 mm to 10 mm.
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CLAIMS 1 1. A cat hodol um nescense detector for collecting Ilight 2
emitted froma specinmen irradiated by an el ectron bébisis 3he capipcemerntgshedt
(a) a concave ellipsoidal mirror with an ellipticity 5 greater than 0.8,
the mrror having first and second foecah36- points; aBgPZ 2\{!1(‘(@

coll ection nmeans | ocated at the second focal point 8 ‘t he 'm r'ror,

wher eby emi ssions fromthe first focal point 9 are focused to the second
focal point and collected by said 10 collection neans. 1 2. The det ector

of cl aiym wheg.ei n.t.he collectipn, face of 2 ,sai.d collection neans |s
centergd t]lep'on gfnh TR yc%‘l%gf'pe‘?%‘b?%etﬁrh?u}eo RHF XS IRIGEFSY t he
first gnd second 4 focal points. 1 3. The detector of claim1l, wherein
t he mafor ekimpteriays having gtomdc nambegmlessnihaw B9 mm and the i nor
axis "b" of 3 the mrror is from5 nmto 10 mm - 13 - 1 4. The
detector of claim1, wherein the mrror is conprised 2 of materials having
atom c nunber |less than 18. 1 5. The detector of claim1, wherein the
inner qurffice Ofhe detector of claim 1, wherein the inner surface of

2 the mirror is coated with a highly reflective and conductive

3 material.

1 6. The detector of claim 1, wherein the mirror is a semi-

2 ellipsoid.

1 7. The detector of claim 2, wherein the collection means
2 comprises a radiation guide which collects emissions at the
3 second focal point and transmits the emissions to remote

4 detection means.

1 8. The detector of claim 7, wherein the remote detection
2 means comprises wavelength selection means and a radiation

3 sensitive detector.

1 9. The detector of claim 6, wherein the collection face of
2 said collection means is centered upon and substantially

3 perpendicular to the axis connecting the first and second

4 focal points.

WA



2 the mirror is coated with a highly reflective and Fg&gﬁgé?n\fgp@cm%“@a

1 6. The detector of claim1l1, wherein the mrror

ellipsoid. 1 7. The detector of claim2, wherein the collection neans 2
conprises a radiation guide which col l-eass -em ssi ons Datest f‘&tl&,lsqcond f ocal
point and transmts the em ssions 'to renote 4 detection neans. 1 8. . ..
The detector of claim7, wherein the renpte detection 2 neans conprises
wavel engt h sel ection nmeans and a radiation 3 sensitive detector. 1 9.

The detqect of aj erein.the collection face of ,2 sai.d

col | ectl onﬂ'rriréangﬁ+saglé%fnéérg%dogp&}a&ﬁﬁ Gg’ub‘gfi‘%]ﬁ?*%l \%e 3MaJRr péidSculdr 6 the
axis cqnnecting the first and second 4 focal points. - 14 - 10. The
det ect%r ofhe | BiRrer WhefEPR Lhe™mafter 3&imn." #ndoithehaniman @xiss fh'bred5 nm
to 30 nm and the mnor axis "b" of the mrror is from5 mmto 10 mm 11.
The defectdhe ahixtar m$, fadwerseimm tdee L0 mar i s conprised of materials

havi ng atom ¢ nunber |ess than 18. 12. The detector of claim®6, wherein
the inner surface of

1 11. The detector of claim 6, wherein the mirror is comprised

2 of materials having atomic number less than 18.

1 12. The detector of claim 6, wherein thé inner surface of

2 the mirror is coated with a highly reflective and conductive

3 material.

1 13. The detector of claim 9, wherein the collection means
2 comprises a radiation guide which collects emissions at the
3 second focal point and transmits the emissions to remote

4 detection means.

1 14. The detector of claim 13, wherein the remote detection
2 means comprises wavelength selection means and a radiation

3 sensitive detector.

1 15. The detector of claim 14, wherein the major axis "a" of
2 the mirror is from 15 mm to 30 mm, and the minor axis "b" of

3 the mirror is from 5 mm to 10 mm.

T



the mrror is coated with a highly reflective and conductive material. 13.
The detector of claim9, wherein the collection nearfhice s WMW
gui de which collects emssions at the second focal point and trans

em ssions to renote detection neans. 1415 The detector of claim 13, wherein
the renote detection neans conprises wavel ength sel &ﬂ"-ofﬁ!rhaa &'énd a

radi ati on sensitive detector. 15. The detector of clai m14 wherein the
maj or axis "a" of the mirror is from15 mmto 30 mm and the m nor aX|s "b"

f th f Th d
gl a|t me‘l T4r r‘;O\r/\,hlélrsn & Log%%ec@g rr og mialc%rrp#SedW%?r% er6| Qﬁgt ﬁ‘ﬁtﬁ)?ﬁ atdhi c

nunber .l ess than 18. 17. The _detector of claim 14, wherein the inner

surfact ofcmrifad of matezirds WAVADE AFGRLY Pembextlers fhrrdrituct i ve
mat eri al .

1 17. The detector of claim 14, wherein the inner surface of
2 the mirror is coated with a highly reflective and conductive

3 material.
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