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Field of the Invention

This invention relates generally to a
cathodoluminescence detector and more particularly to a
cathodoluminescence detector having a relatively high
signal to noise ratio and improved efficiency in
screening stray cathodoluminescence signals generated by
backscattered electrons. |
Background of the Invention

While cathodoluminescence (CL) detectors are
generally known, in CL detectors using a solid-state
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detector as the detection element, the photodiodes are

positioned inside the electron microscope vacuum chamber

close to the beam impact point. A glass cover is

normally placed in front of the solid-state detector to '

protect it from energetic backscattered electrons that

can also contribute to the detector signal. However, the
glass cover in front of the solid-state detector is
actually a powerful CL emitter and acts as an extremely
efficient converter of backscattered electrons to light
which would be detected by the solid-state photodiode.

The total signal detected bears little or no relationship .

to the CL signal generated by the specimen under
observation.

A high efficiency detector providing discrimination
against backscattered electrons is disclosed in U.S.
Patent 5,264,704 being issued to J.C.H. Phang et al, the
present inventors, on November 23, 1993. In this patent,
a parabolic light reflection device is combined with a
photo-sensitivé solid state detection device which can
easily be mounted-énd removed from the vacuum chamber

specimen stage of an electron microscope. The detector
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15 ' protect it "from energetic backscattered el ectrons that can al so
contribute to the detector signal. However, the glass cover in front of the
sol.id-state detector is actuadlly a powerful CL enmitter and acts as an
extrenmely efficient converter of backscattered electrons to |ight which
woul d be detected by the solid-state photodi ode. The total signal detected
bedrs little or no relationship to the CL signal 20 generated by the
speci men under observation. A high efTi%Jéncy det ect or providing

di scrim nati on agai nst backscattered electrons is disclosed in U S. Patent
5,264, 704 being issued to J.C. H Phang et al, the present inventors, on

Novenber 23, 1993 i hi t arabgl | Dt I | Mol |
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5 the photosensitive area of the photosensitive element and
will be effectively absorbed by the parabolic light
reflector.

Although the detector apparatus described in U.S.
Patent 5,264,704 overcomes some of the limitations

10 existing in the prior art, when using gallium arsenic
semiconductor as a specimen, as much as 6% of the
electrons from the primary beam can still reach the
photo-sensitive detection element. This has been found
to be undesirable for quantitative cathodoluminescence

15 measurements.

Summary

Accordingly, it is the primary objective of this
invention to reduce and minimize the backscattered
electron disturbance during the operation of a

20 cathodoluminescence detector.

It is another object of this invention to provide a
detector which can easily be mounted and removed as an
integral unit from a vacuum chamber specimen stage of an
electron microscope.

25 Briefly, the foregoing and other objects are
' achieved by a double reflection cathodoluminescence
detector comprising a parabolic light reflector, an
inclined planar light reflector, a set of photo-sensitive
solid-state detectors mounted on a supporting plate for

30 receiving radiation emitted from a specimen and an
electron microscope vacuum chamber specimen stage adaptor
unit for near infrared and infrared investigation of
cathodoluminescent specimens, especially semiconductor
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speci ens under investigation so that backscattered el ectrons fromthe
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luminescent materials and devices under the irradiation
of an electron beam which is generated by an electron
emitter. The parabolic reflector first receives the
radiation emitted from the specimen and then directs it
to the planar reflector. Backscattered electrons are
collected for removal by both the parabolic and planar
reflectors.

Brief Description of the Drawings

The invehtion will be more readily understood when
considered in conjunction with the accompanying drawings
wherein: | '

Figure 1 schematically discloses an electron
microscopé including a cathodoluminescence detector in
accordance with the subject invention; and

Figure 2 is a central transverse cross section
illustrating the details of the cathodoluminescence
detector shown in Figure 1.

Detailed Description of the Invention

Referring now to the drawings wherein like reference
numerals refer to like parts, an electron microscope is
shown in Figure 1 comprising an electron emitter or
cathode 1, a Wehnelt cylinder electrode 2, an anode 3, a

" beam adjustment system 4, a beam scanning system 5, a

25

30

final lens 6, a lower pole piece 7 of the final lens, a
specimen stage 8 with its adjustment device 9, an
electron detector 10 and a cathodoluminescence detector
11 in accordance with this invention. All elements are
located in an electron microscope housing 12.

In normal operation of the electron microscope, an
electron beam 13 emitted by the cathode 1 irradiates a
specimen 14, shown in Figure 2, arranged on a specimen
stub 15 so that radiation due to interaction with the
specimen can be detected. The specimen 14 is scanned by
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5 Accordlngly, it is the primary objective of this invention to
reduce and ninimze the backscattered el ectron disturbance during the
operation of a cathodolun1nescence detector. It is another object of this

i nvention to provide a detector which can easily be nounted and renoved as
an_integral unit froma vacuum chanber specinen 10 stage of an

el ectron mcroscope. Briefly, the foregoi_ng and ot her objects are achieved
by a doubl e reflection cathodol um nescence detector conprising a parabolic
light reflector, an inclined planar light reflector, a set of

phot o-sensitive solid-state detectors nounted on a supporting plate for

recei ving radi at icpe eéméé@ﬁbﬁrbgaa spEci NErayhiaited ectébhedbed and/or

m cr oscope vacuum cha nen st age_adaptor. unit for near frared and
infrared investi §&C° a&V 8 HSPﬁn?ﬁe%Egﬁf E?é&ﬁ?&ﬁﬂ? 514] the
sem conduct or | urinteswae:tuomabetwaén toinel edleadtorsn eger 18 hand rtrlrmjlswco.memlf an

el ectron beam Wnil(tlhare typically detected by detection apparatus shown by

5 reference numeral 10, to which a wvideo monitor system,

not shown, is connected. The detection apparatus 10,

however, plays no part in the subject invention, the
details of which will now be described.

In Figure 2, a parabolic light reflector 16 is shown

10 having a sghiny interior concave surface 17 for light

reflection. This can be achieved by either a coating of

a thin film of aluminum on a parabolic cup, a fine

surface finish on an aluminum parabolic cup, or an

industrial grade piece of aluminum foil formed in the

15 shape of a parabolic mirror with the shiny side acting as

its reflective surface. A central opening 18 is provided

on top of the reflector 16 for the passage of the
scanning electron beam 13 therethrough.

Four 45° highly polished surfaces 19, each occupying

20 one side of a truncated square base aluminum pyramid type

reflector 20, are positioned so as to reflect the

backwardly reflected light £from the parabolic 1light

reflector 17. A photo-sensitive detector assembly

compfising four small detector cells 21 which consist of

25  solid state sensitive devices positioned vertically with

each active area of the so0lid state devices 21

respectively facing one of the four inclined surfaces 19.

The detector cells 21 are supported by an electrically

conductive cell holder 22 by means of an electrically

30 intermediate insulating member 23. Small openings 24 are

provided in both the cell holder 22 and the insulating

member 23 through which shielded electrical wires 25

carrying the detected signals are coupled to an
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IS generated by an electron emtt®r. The parabolic reflector first receives .
the radiation emtted fromthe specinmen and then directs it 5 to the planar
refl ect'or. 20 Backscattered el ectrons are collected for renoval by
bot'h the parabolic and planar reflectors. Brief Desciption of the Draw ng
The invention will be nore readily unde$stood when considered in
conjunction with the acconpanyi ng drawi ngs wherein: 25 Figure 1
schematical |y discloses an el ectron mcroscope including a

cat hodol um nescence detector |in accordance with the subject invention; and
Figure 2 is a cen®PRILEVARGVEIERUER 0Ot Wil | ThEsHLERPNGSt RES dBeaVFed of
t he cathodolun1negﬁ@ncaematethrp&@QWﬂohn Ewgum@ahs[}ﬁﬁulaxi&zaﬁppgcgéwthe

venti on 30 ArFERSLERRE 50 {AnkMpaduR S MBI KGR & PR

1nc11ned.p1énar light reflector 20 and the cell holder 22
5 are rigidly held together by means of a peripheral clamp
27 and screw type hardware 28, so as to form a

mechanically integrated unit.
The top opening 18 in the parabolic reflector 17 is
usually a circle of about 5mm in diameter, the inclined
10 planar light reflector 20 and the photodevices 21 are
concentric with respect to the optical axis. This type
of mounting results in the specimen being positioned
exactly at the focus of the parabolic light reflector 16
and cathodoluminescence emission will be automatically

15 guided therefrom to the four detector cells 21 by the
inclined planar surfaces 19 of the pyramidal reflector
20.

Also included is a specimen stage adaptor unit 29

which is a specially machined specimen holder and is

20 provided with a threaded hole 30 into which the specimen
stub 15 can be tightened. The specimen stage adaptor

unit 29 and the combined assembly of the parabolic light
reflector 16, the inclined planar light reflector 20, and

the photo-sensitive cells 21 are interconnected by means

25 of the screw threaded hole 31 on the inclined planar
light reflector 20. A through hole 32 in the reflector

20 permits the specimen 14 to face the incoming electron

beam 13. An integrated unit is thus obtained. This
configuration, moreover, results in forming a suitably

30 electrically conductive path for electron discharge.
Should backscattered electrons be collected by the
electrically conductive parabolic 16 or the inclined
planar reflector 20, they can be discharged to the
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an el ectron microscope is shown in Figure 1 conprising an electron enmtter
or*cathode 1, a Wehnelt cylinder el ectrode 2, an anode 3, a beam adj ust nent
system 4, REPLACEMENT SHEET 2 1 JUN 1996 Date :. 3 a beam scanni ng
system.5, a final lens 6, a |ower pole piece 7 of the final lens, a

speci men stage 8 with its adjustnent device 9, an el ectron detector 10 and
a cat hodol um nescence detector 11 in acgordance with this invention. A

el enments are located in an el ectron nicPoScope housing 12.

electronic microscope ground through the same discharge
path so that charging problems are eliminated. The
entire unit thus formed can be installed in an electron
microscope vacuum chamber housing 12 by a single threaded
5 stud 33. B

In the embodiment disclosed herein, the adaptation
of the invention to any standard electron microscope will
not require any modification. The mounting and
dismounting of the.cathodoluminescence apparatus in the
10 described manner will be effectivély similar to that for
a normal specimen loading or exchange operation. The
loading and unloading of the specimen 14 can be realized
simply by removing the assembly inéluding the parabolic
light reflector 16, the inclined planar light reflector
15 20, and the photo-sensitive cells 21 from the specimen
stage adaptor unit 29. It should be noted that in this
configuration the entire unit including the specimen 14
moves together during adjustment. The optical alignment
will thus not be a problem once it is adjusted during the

20 assembly stage.
Thus the present invention further reduces and
minimizes the backscattered electron disturbance during
CL. operation. One of the main features is that
cathodoluminescence rays have to undergo two 1light
25 reflections, one at the parabolic light reflector 16 and
the other at the inclined planar light reflector 20
before being detected by the photo-sensitive solid-state
detector cells 21. Accordingly, electrons from the
primary beam 13 have to undergo at least two scattering
30 events before it can cause disturbance.to the detector
cells 21; Sinée the photo-sensitive, solid-state
detector cells 21 are positioned vertically at the same
level or slightly below the top surface of the specimen
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g TR RO TEl T opei ati'on of the el ectron microscope, an el ectron

beam 13 emtted by the cathode 1 irradiates a specinen 14, shown in Figure
2, .arranged on a specinen stub 15'so that radiation due to interaction with
the speci nen can be 'detected. The specinen 14 is scanned by the el ectron
beam 13. Transmitted, ref |ected and/or secondary el ectrons or other

radi ati ons generated by the interaction 10 bet ween the el ectron beam
13 and the specinen 14 are typically defected by detection apparatus shown
by reference nuneral 10, to which a video nonitor system not shown, is
connected. The detection apparatus 10, however, plays no part in the

bj ect i ti the d il f_whi,ch,wi.l | d i bed. . | ' 2,
S b abol 16 11 ght 1 cAREC CRb S | ebdoRALERER, G ERReR, T cprosedattared
concave surface_1él¢otrbhghfro§fthetE@nciﬁbmswdddlnpuuﬁﬁxikd tolye ephbko-a
coating of a th'“séhéﬁk9$ea%#Q£“HE‘881?spéi?ngéstfgfaaga%%géeé&r&ﬁgf be

finish on an alum num parabolic cup, or an_industrial prece of
al umi num foil foraéferhivatysphgerbpdaby the parabolic and the inclined

5 planar light reflectors 18 and 20. The probability of a
backscattered electronl reaching a photo-sensitive cell 21
is less than 1.6% for a gallium arsenide semiconductor
specimen 14.

The mechanically integrated structure forming this

10 invention can be repeatedly mounted and removed from an
electron microscope vacuum chamber specimen stage without
the requirement of any modifications, thus providing
great flexibility in adapting to standard electron
microscopes.

15 Having thus shown and described what is considered
to be the preferred embodiment for implementing the
subject invention, it is to be noted that the same has
been made by way of illustration and not limitation.
Accordingly, all modifications, alterations and changes

20 coming within the spirit and scope of the invention as
gset forth in the appended claims are herein meant to be
included.
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parabollc mrror mnth the shlny S|de acting as its reflectlve surface.
central opening 18 is provided on-top of the reflector—ngigL,Lheﬂpassagé”
of ‘the scanning 20 . - el ectron beam 13 t heret hrough.—Four 450

pol i shed surfaces 19, each occupying one side of a trunc “\ﬁm]wm\%\“\
al um num pyram d type reflector 20, are positioned so as

backwardly reflected light fromthe pargbolic |ight refledtoﬁ 17. A phot o-
sensitive detector assenbly conprising four snmall detector cells 21 which
consi st of 25 solid state sensitive devices positioned vertically with
each active area of the solid state devices 21 respectively facing one of
the four inclinedCEiALIM&8ces 19. The detector cells 21 are supported by an

el ectrically conductive, cegégggégf&g ?$¥eﬂggn&e9£%@greé Lrieak! ¥or %%?h

i nternedi ate insulating ne genlngs_ are provided In
the cell hol der 2vaghdmt geaphey| gpeaimeRBearge30f Bughedkren Bbcroscope

shi el ded el ectri cbipgl easédd CEFory hiHAIIRItG b et al #i F S ESHP| egnd o
an analysis, comprising:
5 a) an adaptor unit for mounting the apparatus in
| said vacuum chamber specimen stage and having means for
supporting a specimen;
b) at least one photosensitive member responsive to
radiation emitted from a specimen being scanned by an

10 electron beam of the electron microscope;

c) means secured to said adaptor wunit for
supporting said at least one photosensitive member;

d) means for coupling a detection signal from said
at least one photosensitive membef;

15 e) double reflecting means located adjacent said
specimen and said at least one photosensitive member and
having respective reflective surfaces for reflecting
radiation emitted from said specimen to said
photosensitive member and collecting backscattered

20 electrons from said specimen for removal, said double
reflecting means further comprising,
f) first reflector means for receiving the
radiation from said specimen, and
qg) second reflector means for receiving the
25 radiation from said first reflector means and then

directing the reflected radiation to said photosensitive
member.

2. The apparatus of claim 1 wherein said first
reflector means comprises a parabolic reflector and said

second reflector means comprises a planar reflector.
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anplifying circuit, not shown. The wires 25 are secure

position by neans of a cl anp/screw arrangenent 26. The | ic Ilght
reflector 16, the REPLACEMENT SHEET 21 JUN 1996 4 |n$@ ﬁ wmm,

reflrector 20 and the cell holder 22 s are rigidly held t
a peripheral clanmp 27 and screw type hardware 28, so as to forma
mechanically integrated unit. The top- apening 18 in the parabolic reflector
17 is usually a circle of about 5 5nmmin dianeter, the inclined 1 0
pl anar light reflector 20 and t he phot odevi ces 21
3. The apparatus of claim 2 wherein said planar
reflector comprises a pyramidal structure having a
plurality of inclined reflective surfaces disposed to the
side of said adaptor unit and wherein said parabolic
5 reflector has a concave reflective surface disposed
toward said plurality of inclined reflective surfaces and
said specimen.

4. The apparatus of claim 3 wherein said at least
one photosensitive member comprises a plurality of
photosensitive members arranged in quadrature around said
adaptor unit and facing said inclined vreflective

5 surfaces.

5. The apparatus of claim 3 wherein said parabolic
reflector means includes an aperture for permitting the

electron beam to impinge on said specimen.

6. The apparatus of claim 5 wherein said aperture
comprises a central aperture.

7. - The apparatus of claim 6 and additionally
including electrical insulator means located between
said at least one photosensitive member and said means

for supporting said photosensitive member.

8. The apparatus of claim 4 wherein said plurality
of photosensitive members are arranged in an upright
position and facing said inclined reflective surfaces at
an angle of substantially 45°. '

9. The apparatus of claim 1 wherein said specimen
stage adaptor unit comprises a first body member for

““““‘;-~———___Nm_
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aré concentric with respect to the optical axis.. This type of mounting
resul'ts in the specinen being positioned exactly at the focus of the -
parabolic Iight

Gutonat i cal | qui qed < heret rom o' the tour st ot or | NN WM HIIHHHI

inclined planar surfaces 19 of the pyrani dal reflector*10= L
incl'uded is a speci men stage adaptor

spéci men hol der and is provided with a_threaded hole 30 into which the

speci nen stub 15 can be tightened. The

t he conbi ned assenbly of the parabolic light reflector 16, the inclined

pl anar

light 15

reflector 20, and the photo-sensitive ceIIs 21 are

i nt er connect ed by nmeans,of the. SCrew thrgaded hoét%co%]d o] 8??’3' nel i neg);(%r

pl anar |ight refl BERPESAY A 5P rougﬁeﬁé‘“
the speci nen 14 tsuppeetine satdmiegnel Eorr snpbexhing. said rattegaeﬁ%:d one t

n32 i n e ref

i's thus obta ned. b Se &bt SH FHdnBer EHLQY ehirBeBYh) Sndber projecting

from said second body member for attachment to said
vacuum chamber specimen stage.

10. The apparatus of claim 9 wherein said first
body member includes means for receiving a specimen stub
which operates to support said specimen.

11. The apparatus of claim 10 wherein said means
for receiving the specimen stub comprises a threaded
bore.

12. The apparatus of claim 9 wherein said third
body member comprises a threaded stud.

13. The apparatus of claim 7 wherein said means for
gsupporting said at least one photosensitive member and
said electrical insulator means includes at least omne
mutually aligned hole therein for connecting said means
for coupling a detection signal to the underside surface
of said at least one photosensitive member.

- 14. The apparatus of claim 1 and additionally
including means for attaching said parabolic reflector

means to said means for supporting said at least one

 photosensitive member.

15. The apparatus of claim 14 wherein said means
for attaching comprises means for securing a peripheral
edge of said parabolic reflector means to said means for
supporting said at least one photosensitive means.
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unit 29 which is a speC|aIIy nachlned

18pé&ci nen stage adaptor unit 29 and
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formng a suitably electrically conductive path for el ectron discharge.
Shoul d 20 backscattered electrons be collected by the electrically
conductive paraboli.c 16. or the inclined planar reflector 20, they can be
di scharged to the electronic mcroscope ground through the sane di scharge
path so that charging problems are elimnated. The entire unit thus formnmed
can be installed in an el ectron m crosgppe vacuum chanmber housing 12 by a
single threaded stud 33. 25 In the enbodi nent discl osed herein,
the adaptation of the invention to any standard el ectron m croscope wl |
not require any nodification. The nounting and di snounting of the

cat hodol um nescence apparatus in the descri bed manner will be effectively
simlar to that for a nornal specinen |o ]ﬁ@%gi exchange operation. The

| oadi ng and unl oadi ng of the specinmen 1 realized sinply by renoving
30 the assenbly iEngausibed itchergfdreaitolri @nd gt imefllimedopladarnt Haght :
i nclined pl anar 'xle%% dighl ecift 20, 2aenbbB18RehesRERRk! | etior 21 i

t he speci men stage adapt or un
1ntegrated w1th a set of photo-sensitive solid-state

5 detector cells mounted in quadrature on a supporting
plate, and supported by an electron microscope vacuum
chamber sgpecimen stage adaptor unit. Designed for CL
emigssion operation in an electron microscope, the
parabolic light reflector, the inclined planar light

10 reflector and the photo-sensitive, solid-state detector
cells are optically aligned and mechanically combined
through the supporting plate of the detector cells. A
readily exchangeable unit is thus obtained. The unit is
further supported by the specimen stage adaptor unit so

15 as to obtain a mechanical unit which can easily be
mounted in and removed from any standard electron
microscope vacuum chamber stage as a single integrated
unit.
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29. It should be noted that in thi's configuration the entire unit including
t e REPLACEMENT SHEET - 5 speci nen 14 noves together during adjustnent.
The optical alignment will thus not be a problemonce it is adjusted during
t he ‘assenbly stage. Thus the present invention further reduces and

m nim zes the backscattered el ectron di sturbance during CL operation. One
of the main features is that 5 cat hodol um nescence rays have to
undergo two light reflections, one at the parabolic light reflector 16 and

the other at the inclined plarar—tight reftrector PO before being detected
by the photo-sensitive solid-qtate detector cells]21
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Accor di fgl y, "el ectrons fromthe pritary beam 13 have to undergo at | east
twdb scattering events-before it can cause disturbance to the detector cells
21. Since'the 10 phot o-sensitive, solid-state detector cells 21 are
post t'ioned vertically at the sane |level or slightly below the top surface
of the specinmen 14 and facing the inclined surfaces 19, backscattered
el ectrons fromthe specinen will not strike the photosensitive area of
cells 21 directly and instead will be effectively absorbed by the parabolic
and the inclined planar light reflectors 18 and 20. The probability of a 15
backscattered el ectron reaching a photo-sensitive cell 21 is less than 1.6%
for a gallium arseni de sem conductor specinmen 14. The nechanically
integrated structure formng this invention can be repeatedly nounted and
removed froman el ectron m croscope vacuum chanber specinmen stage w t hout
t he requirenment of any nndifkgathgns, t kpes poovi di ng great 20
flexibility in adapting to sbqndamd el edPro )nicroscopes.
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Havi ng t Ras--shown and described what is considered to be the preferred
enbodi.nent for inplenenting the subject invention, it is to be noted that

the sane has been nmade by way of illustration and not limtation.
Accordingly, all nodifications, alterations and changes comng within the
spirit and scope of the 25 i nvention;as set forth in the appended
clalns are herein meant to be included. EEPLACENENT SHEET 21 JUN 1996 Date
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A double reflection cathodoluminescence detector (Fig. 2) with extremely
high discrimination against backscattered electrons is described. A parabolic
reflector and an inclined planar light reflector in a cathodoluminescence detector
are integrated with a set of photo-sensitive solid-state detector cells mounted in
quadrature on a supporting plate, and supported by an electron microscope vacuum
chamber specimen stage adaptor unit. Designed for CL emission operation in an
electron microscope, the parabolic light feﬂector, the inclined planar light reflector
and the photo-sensitive, solid-state detector cells are optically aligned and
mechanically combined through the supporting plate 6f the detector cells. A readily
exchangeable unit is thus obtained. The unit is further supported by the specimen
stage adaptor unit so as to obtain a mechanical unit which can easily be mounted in
and removed from any standard electron microscope vacuum chamber stage as a

single integrated unit.
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1. Cat hodol um nescence detector apparatus for the vacuum chanber

spegi men stage of an el ectron m ¢roscope being used for cathodol um nescence
m cro3cqpy and anal ysis, conprising: 5 a) an adaptor

uni t,"forinounting the apparatus on said vacuum chanber speci men stage and
havi ng means for supporting a specinen; B) at | east one photosensitive
menber responsive to radiation emtted froma speci nen bei ng scanned by an
el ectron beam of the el ectron m croscope; 10 C) neans
secured to said adaptor unit for supporting said at |east one

12

\

phot osensitive nmenber; d) nmepns for coupling a detection signal fromsaid
at | east one photosensitive prenber; e) double rgflecting neans | ocated
adj acent sai d speci nmen and SfLE—ELL==§i—4L‘~\\\\
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15 | east one photosensitive nenber and having respective reflective
Strfaces for reflecting radi ati'on enitted fromsaid specinen to said
photosensitive nmember- and col | ecti ng backscattered el ectrons from said
Speci.nen for renoval, said double reflecting neans further conprising, f)
parabolic reflector neans for rece|V|n§ the radiation fromsaid 20

“speci nen, and g) planar neans for receiving the radiation fromsaid first
reflector means and then directing the reflected radiation to said

phot osensitive nmenber. 2. The apparatus of claim 1 wherein said planar
reflector conprises a pyram dal structure having a plurality of inclined
reflective surfaces disposed to the 25 side of said adaptor unit and

wherein said parabolic reflector has a concave reflective surface di sposed
toward said plurality of inclined reflective surfaces and said speci nen.
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3. The apparatus of claim2 wherein said at | east one photosensitive
menber conprises a plurality of photosensitive nmenbers arranged in

guadr ature around said 30 adaptor uni.t and facing said inclined
reflective surfaces. 7 4. The apparatus of claim2 wherein said .
parabolic reflector neans includes an -ap ture for pernmitting the electron
beam to inpinge on said specinen. 5. e apparatus of claim4 wherein
said aperture conprises a central aperture. 6. .The apparatus of claim5b
and additionally including el ectri caABSERAGDr 5 - neans | ocat ed

bet ween said at | east one photosensitive nenber and said nmeans for
supporting said -photosensitive nenber.

' DOUBLE REFLECTION CATHODOLUMINESCENCE DETECTOR WITH
EXTREMELY HIGH DISCRIMINATION AGAINST BACKSCATTERED
ELECTRONS
A double reflection detector w1th extremely high discrimination agamst
" backscattered electrons is described. A parabolic reflector and an inclined planar
light reflector in a cathodoluminescence detector are integrated with a set of photo-
sensitive solid-state detectof cells mounted in quadrature on a sdﬁporting plate, and
.supported by an electron microscope fracuum chamber specimen stage adaptor unit.
Designed for CL emission operation in an electron miéroscope, the parabolic light
reflector, the inclined planar light reflector and the photo-sensitive, solid-state
detector cells are optically aligned and 'meclianicélly combined through the
'supporting plate of the detector cells. A readiiy exchangeable unit is thus obtained.
The unit is ﬁ1rther-supported by the specimen stage adaptor unit so-as to obtain a
.mechanical unit which can easily be mounted in and removed from any standard
electron microscbpe vacuum chamber sfage as a single integrated unit. (Fig. 2 is to
be published.) .

| REPLACEMENT SHEET

22 MAR 199




7. The apparatus of claim3 wherein said plurality of photosensitive
menbers are arranged in an upright position and facing said inclined
reflective surfaces at an angle of substantially 450. 10 8. The
apparatus of claim 1l wherein said adaptor ;unit conprises a first body
menber for supporting said specinmen, a second body nenber for supporting
sai d neans for supporting said at | east one photosensitive nenber and a

‘third body nenber projecti ng fromsaid second bod rrber for attachnent to
sai d vacuum chanber speci n@ @%BEF@ECTIONC@TH ENCGE claims

uhi ch operates 1o supporDELEERORET W%@%@@W@@ o S
wherein said neans for recei VAGAINST BAEKSCATEERED BIBUTRONS 2 threaded

bore. 11. The apparatus of claim8 wherein said third body nmenber conprises
a 5 Field of the Invention

This invention relates generally to a cathodoluminescence detector and more
particularly to a cathodoluminescence detector having a relatively high signal to
noise ratio and improved efficiency in screening stray cathodoluminescence signals
generated by backscattered electrons. |

10 Background of the Invention

While cathodoluminescence (CL) detectors are generally known, in CL
detectors using a solid-state detector as the detection element, the photodiodes are
positioned inside the electron microscope vacuum chamber close to the beam
impact point. A glass cover is normally placed in front of the solid-state detector to

15 protect it from energetic backscattered electrons that can also contribute to the
detector signal. However, the glass cover in front of the solid-state detector is
actually a powerful CL emitter and acts as an extremely efficient converter of
backscattered electrons to light which would be detected by the solid-state
photodiode. The total signal detected bears little or no relationship to the CL signal

20 generated by the specimen uﬁder observation.

Alﬁgaeﬁhknqrddpaorpnnmﬁngtﬁmﬁmmwﬁpnagdmﬁlmdsaﬁ&nﬂ
electrons is disclosed in U.S. Patent 5,264,704 being issued to J.C.H. Phang et al,
the present invent'ers, on November 23, 1993. In this patent, a parabolic light
reflection device is combined with a photo-sensitive solid state detection device

25 . ﬁﬂﬁd1cmnewﬁbrbe:mmhmaiandtﬂmmwulﬁonlﬂw*wwwmncmmnﬂmmspmﬁnmn
stage of an electron microscope. The detector additionally includes a generally flat
photosensitive element mounted on a flat supporting plate in the same plane as the
specimens under investigation so that backscaﬁemd electrons from the specimen
will not strike the photosensitive area of the photosensitive element and will be

30 effectively absorbed by the parabolic light reflector.

Although the detector apparatus described in U.S. Patent 5,264,704

when using gallium

overcomes some of the lumtatlons ex1s 1&%11 j) .
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20 t hreaded stud. 12. The apparatus of claim®6 wherein said nmeans
for supporting said at | east one photosensitive nenber and said el ectrical
i nsul at or nmeans includes at | east one nutually aligned hole therein for
connecting said nmeans for coupling a det ecltion signal to the underside
surface of said at | east one photosensitive nenber. 25 13. The

apparatus of cl apsedic adfhidondiictb? ¥s aMspesitic asBRIA ds 6% LA Rlddtrofis ifidm the
parabolic reflector nmeans to said neans for supporting said at | east one
phot osensi ti ve nprimery bearpraCsilEnacls thepphpto-sengitive detection element. This has been
found to be undesirable for quantitative cathodoluminescence measurements.
Summary
5 Accordingly, -it is the primary objective of this invention to reduce and
minimize the backscattered electron disturbance during the operation of a
cathodoluminescence detector.
| It is another object of this invention to provide a detector which can easily
be mounted and removed as an integfal unit from a vacuum chamber specimen
10 stage of an electron microscope.
Briefly, the foregoing and other objects are achieved by a double reflection
cathodoluminescence detector comprising a parabolic light reflector, an inclined
planar light reflector, a set of photo-sensitive solid-state detectors mounted on a
supporting plate for receiving radiation emitted from a specimen and an electron
15 microscope vacuum chamber specimen stage adaptor unit for near infrared and
infrared investigation of cathodoluminescent specimens, especialiy semicohductor
luminescent materials anci devices under the irradiation of an electron beam which
is generated by an electron emitter. The parabolic reflector first receives the
radiation emitted from the specimen and then directs it 5 to the planar reflector.
20 Backscattered electrons are collected for removal by both the parabolic and planar
reflectors.
The invention will be more readily understood when considered in conjunction
with the accompanying drawings wherein:
25 Figure 1 schematically discloses an electron microscope including a
cathodoluminescence detector in accordance with the subject invention; and
Figure 2 is a central transverse cross section illusﬁating the details of the
cathodoluminescence detector shown in Figure 1.
Detailed Descrintion of the I .
30 Referring now to the drawings wherein like reference numerals refer to like parts,

an electron microscope is shown in Figure 1 comprising an electron emitter or

cathode 1, a Wehnelt cylir_lder electrode _2, an anode 3, a beam adjustment system 4,
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14. The apparatus of claim 13 wherein said neans for attaching conprises
means for securing a peripheral edge of said parabolic reflector nmeans to
said neans for supporting said at | east one photosensitive neans.
REPLACEMENT SHEET 9 - 3. The apparatussof claim 2 wherein said planar
reflector conprises a pyram dal structure having a plurality of inclined
refl ective surfagBsarissatmsarisystni 59a FindFle 654 et GORS Hlbca PioF i inal1ehs ian
said parabolic 5 refl ector has a concave reflective surface disposed

10

15

20

25

30

specimen stage 8 with its adjustment device 9, an electron detector 10 and a
cathodoluminescence detector 11 in accordance with this invention. All elements
are located in an electron microscope housing 12.

In normal operation of the electron microscope, an electron beam 13 emitted
by the cathode 1 irradiates a specimen 14, shown in Figure 2, arranged on a
specimen stub 15 so that radiaﬁon due to interaction with the specimen can be
detected. The specimen 14 is scanned by the electron beam 13. Transmitted, ref
lected and/or secondary electrons or other radiations generated by the interaction
between the electron beam 13 and the specimen 14 are typically detected by
detection apparatus shown by reference numeral 10, to which a video monitor
system, not shown, is connected. The detection ai:paratus 10, however, plays no
part in the subject invention, the details of which will now be described.

In Figure 2, a parabolic light reflector 16 is shown having a shiny interior
concave surface 17 for light reflection. This can be achieved by either a coating of
a thin film of aluminum on a parabolic cup, a fine surface finish on an aluminum
parabolic cup, or an industrial grade piece of aluminum foil formed in the shape of a
parabolic mirror with the shiny Side-acting as its reﬂectivé surface. A central
opening 18 is provided on top of the reflector 16 for the i)assage of the scanning
electron beam 13 therethrough.

Four 450 highly polished surfaces 19, each occupying one side of a
truncated square base aluminum pyramid type reflector 20, are positioned so as to
reflect the backwardly reflected light from the parabolic light reflector 17. A photo-
sensitive defector assembly comprising four small detector cells 21 which consist of
solid state sensitive devices positioned vertically with each active area of the solid
state devices 21 respectively facing one of the four inclined surfaces 19. The
detector celis 21 are supported by an electrically conductive cell holder 22 by
means of an electrically intermediate insulating member 23. Small openings 24 are
provided in both the cell holder 22 and the insulating member 23 through which
shielded electrical wires 25 carrying the detected signals are coupled to an
amplifying circuit, not shown. The wires 25 are secured and held in position by

means of a clamp/screw arrangement 26. The parabolic light reflector 16, the
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toward said plurality of inclined reflective surfaces and said speci nen. 4.
The apparatus of claim3 wherein said at |east one photosensitive nenber
conprises a.-plurality of photosensitive nmenbers arranged in quadrature

around said adaptor unit and facing said i,nclined reflective 5
5. The apparatus of claim 3 wherein said parabolic reflector

an aperture for prliféd plandg lightreflector 20 Andthe Gell Boldeid2@sre 2igidinheldtpgetherdy.
6. The apparatus of claimb5 wherein said aperture conprises a central

aperture.

10

15

20

25

30

7.

Tmeans) ph aapesipheral clamm2é andscraw tyneohardwgre 28, so as to form a
mechanically integrated unit.

The top opening 18 in the parabolic reflector 17 is usually a circle of about
Smm in diameter, the inclined 1 0 planar light reflector 20 and the photodevices 21
are concentric with respect to the optical axis. This type of mounting results in the
specimen being bositioned exactly at the focus of the parabolic light reflector 16
and cathodoluminescence emission will be automatically guided therefrom to the
four detector cells 21 by the inclined planar surfaces 19 of the pyramidal reflector
20.

Also included is a specimen stage adaptor unit 29 which is a specially
machined specimen holder and is provided with a threaded hole 30 into which the
specimen stub 15 can be tightened. The specimen stage adaptor unit 29 and the
combined assembly of the parabolic light reflector 16, the inclined planar light
reflector 20, and the photo-sensitive cells 21 are interconnected by means of the
screw threaded hole 31 on the inclined planar light reflector 20. A through hole 32
in the reflector 20 permits the specimen 14 to face the incoming electron Beam 13.
An integrated unit is thus obtained. This configuration, moreover, results in
forming a suitably electrically conductive path for electron discharge. Should
backscattered electrons be collected by the electrically conductive parabolic 16 or
the. inclined planar reflector 20, they can be discharged to the electronic miéroscope
ground through the same discharge path so that charging problems are eliminated.
The entire unit thus formed can be installed in an electron microscope vacuum
chamber housing 12 by a single threaded stud 33. |

In the embodiment disclosed herein, the adaptation of the invention to any
standard eleétron microscope will not require any modiﬁcaﬁoﬁ. The mounting and
dismounting of the cathodoluminescence apparatus in the described manner will be
effectively similar io that for a normal specimen loading or exchange operation.
The loading and unloading of the specimen 14 can be realized simply by removing
the assembly including the parabolic light reflector 16, the inclined planar light
reflector 20, and the photo-sensitive cells 21 from the specimen stage adaptor unit
29. It should be noted that in this configuration the entire unit including the

surfaces.
nmeans i ncl udes
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i ncluding electrical insulator nmeans |ocated between said at |east one
phot osensitive nmenber and said neans for supporting said photosensitive
menber. 8. The apparatus of claim4 wherein said plurality of

phot osensitive nmenbers are arranged in ansuprlght position and facing sald
inclined reflective surfaces at an angle of substantially 450. 9. The

?PP?[ ahgg ym;re(r:r’lo Z?%wm _ﬁioﬂeﬁﬁg&hﬁilﬁﬁingﬁﬂjlﬁme ThRSHtival alipninehOWill tHie o
be a problem once it is adjusted during the assembly stage.

Thus the present invention further reduces and minimizes the backscattered
electron disturbance during CL operation. One of the main features is that

5 cathodoluminescence rays have to undergo two light reflections, one at the
parabolic light reflector 16 and the other at the inclined planar light reflector 20
before being detected by the photo-sensitive solid-state detector cells 21.
Accordingly, electrons from the primary beam 13 have to undergo at least two
scattering events before it can cause disturbance to the detector cells 21. Since the

10 photo-sensitive, solid-state detéctor cells 21 are positioned vertically at the same
level or slightly below the top surface of the specimen 14 and facing the inclined
surfaces 19, backscattered electrons from the specimen will not strike the
phqtosensiﬁve area of cells 21 directly and instead will be effectively absorbed by
the parabolic and the inclined planar light reflectors 18 and 20. The probability of a

15 backscattered electron reaching a photo-sensitive cell 21 is less than 1.6% for a
gallium arsenide semiconductor specimen 14.

The nmuﬂunﬁcaﬂy integrated structure forming this invention can be
repeatedly mounted and removed from an electron microscope vacuum chamber
specimen stage withoﬁt the requirement of any modifications, thus providing great

20 flexibility in adapting to standard electron microscopes.

Having thus shown and described what is considered to be the preferred
embodiment for implementing the subject invention, it is to be noted that the same
has been made By ‘way of illustration and not limitation. Accordingly, all
niodifications, alterations and changes coming within the spirit and scope of the

25 invention as set forth in the appended claims are herein meant to be included.
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supporting said specinmen, a second body nenber for supporting said neans
for supporting said at | east one 5 photosensitlve-newﬁé?’éﬁa—aﬂfﬁT}d body

menber projecting fromsaid second body nenber for uw d
vacuum chanber speci nen stage. 10. The appar at us Odm‘mmwm said
first body menber includes neans for receiving a speci mentsttb hi'ch
operates to supp@UAIMB8 d specimen. 11. The apparatus of claim 10 wherein

said neans for receiving the speci nen stub conprises a threaded bore._ 12.

The apparatus of lc| ai @athodplwminescense detertor appasatys fasithe vacugmpehamber gpecimen

threaded stud. stage of an electron microscope being used for cathodoluminescence microscopy

and analysis, comprising: |
5 a) an adaptor unit for mounting the apparatus on said vacuum
chamber specimen stage and having means for supporting a specimen;

b) at least one photosensitive member responsive to radiation
emitted from a specimen being scanned by an electron beam of the electron
microscope;

10 c) means secured to said adaptor unit for supporting said at least one
| photosensitive memberi

d) means for coupling a detection signal from said at least one
photosensitive member;

¢) double reflecting means located adjécent said specimen and said at

15 least oné photosensitive member and having respective reflective surfaces for
reflecting radiation emitted from said specimen to said photosensitive member and
collecting backscattered electrons from said specimen for removal, said double
reflecting means further comprising,

f) parabolic reflector means for receiving the radiation from said

20 specimen, and

g) planar means for receiving the radiation from said first reflector

means and then directing the reflected radiation to said photosensitive member.

2. The apparatus of claim 1 wherein said planar reflector comprises a
pyramidal structure having a plurality of inclined reflective surfaces disposed to the
25 side of said adaptor unit and wherein said parabolic reflector has a concave
reflective surface disposed toward said plurality of inclined reflective surfaces and

said specimen.

3. The apparatus of claim 2 wherein said at least one photosensitive member
comprises a plurality of photosensitive members arranged in quadrature around said
30 adaptor unit and facing said inclined reflective surfaces.
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13. The apparatus of claim 7 wherein said neans for—supporting said at

| east one photosensitive nmenber and said el ectrical ']

i ncludes at | east one nutually aligned hole therernluli“unkﬂuunﬂﬁmﬂ“aid
means 5 for coupling a detection signal, to the underside surfsacé of said
at | east one photosensitive nenber. 14. The appdaratus of claim1 and

addi tional |y i nchudi ngherappasathosf daib® Wheeirs siid parabslitaleflectotintastingludesains
to said nmeans for supporting said at |east one photosensitive menber. 15.
The appar at us of aperiaredor pesppitiing the elgteombeamstofigipinge oBSAKSPEADEBr | ses neans
for securing a peripheral edge of said parabolic reflector neans to said

means for 5.  The apparatus of claim 4 wherein said aperture comprises a central aperture.

6. The apparatus of claim 5 and additionally including electrical insulator
5 means located between said at least one photosensitive member and said means for

supporting said photosensitive member.

7. The apparatus 6f claim 3 wherein said plurality of photosensitive members
are arranged in an upright position and facing said inclined reflective surfaces at an

angle of substantially 450.

10 8. The apparatus of claim 1 ‘wherein said adaptor unit comprises a first body
' member for supporting said specimen, a second body member for supporting said
means for supporting said at least one photosensitive member and a third body

member projectfng from said second body member for attachment to said vacuum

chamber specimen stage.

15 9.  The apparatus of claim 8 wherein said first body member includes means for

receiving a specimen stub which operates to support said specimen.

10. The apparatus of claim 9 wherein said means for receiving the specimen stub

comprises a threaded bore.

11. The apparatus of claim 8 wherein said third body member comprises a
20 threaded stud.

12.  The apparatus of claim 6 wherein said means for supporting said at least one
photosensitive member and said electrical insulator means includes at least one
mutually aligned hole therein for connecting said means for coupling a detection

signal to the underside surface of said at least one photosensitive member.

25 13.  The apparatus of claim 1 additionally including means for attaching said
parabolic reflector means to said means for supporting said at least one

photosensitive member.
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supporting said at |east one photosensitive neans. Th| s Shee
| \m\u\\\\i\\m e

8
14. The apparatus of claim 13 wherein said means for attachmg comprises means
for securing a peripheral edge of said parabolic teflector means to said means for

supporting said at least one photosensitive means.
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