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9 . The invention relates generally to an emssion 10
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particularly, the invention deals with 13 the use of an ellipsoidal
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2 1 rmapping of em ssions. The device has extrenely high 2

sensitivity due to its high collection, high optical 3 coupling and

hi gh transm ssion efficiencies. 4 5 BACKGROUND OF
THE I NVENTION 6 Sone sem conduct or integrated circuits, when
7 connected to an electrical source, emt radiation from 8 certain
surface | ocations. Thi s phenonenon is sti 9 being investigated and
its physical mechani sm has not 10 been fully understood, al t hough
nuner ous possible 11 nmechani snms have been proposed. Wil e good
quantitativel 12 neasurenent t echni queSpechfieatien  been  avail abl e,

13 currently avail abl e apparatus and techni ques have been 14 used to
make qualitapive nmeasurenents of these em ssions 15 for aiding in
failure analysis and reliability studies. The equi pnent for

16
meking qualigative mﬁ%&ﬁ%ﬁ%c@ﬂsxéﬁﬁa'ﬁ?gﬁﬁdFo&abhﬁﬁﬁpogx'ﬁgé mitheING,

sensitive radiation ors, suc charge-couple evi ces
(CCh) and 19 imge intensifiers. These devices, when attached to a
20 conventi®nal opti CONTINUGUSs MHVELENGIH, SPEGTROSHORY AND SELECTIVE

5 AREA

6 SPECTROSCOPIC MAPPING

7

8 Field of the Invention
9 The invention relates generally to an emission
10 microscope incorporating an emitted radiation detection
11 apparatus, providing high spectral and spatial
12 resolution. More particularly, the invention deals with
13 ‘the use of an ellipsoidal mirror in conjunction with an
14 aperture and radiation guide for collecting and passing
15 emitted radiation to a wavelength selector and radiation
16 sensitive detector, alloﬁing continuous wavelength
17 detection of emissions from a device under test (such as
i8 a semiconductor integrated. circuit) with high spectral
© 19 resolution, and providing high efficiency, high spatial

20 resolution  panchromatic imaging and spectroscopic



3 1 mcroscope capable of detecting emtted radiation and 2 are

normal ly suitable for imaging in panchromati c node, 3 which is the
formation of an imge wusing all the 4 wavel engths of emtted

radi ation within the detection 5 range of the instrument. 1In current
practice, when such 6 a systemis used for nore sophisticated studies

t hat 7 involve extracting spectral 2nf or mat i on, di screte 8
radiation filters are inserted in the radiation path. 9 This results in

an ineffective system since nunerous 10 filters have to be inserted and
repl aced in bequearingr of lemisgsiagisni ng The adgrice Immt exkremepwnduigh and

t he band 12 passed by a filter is relatively w de. Furthernore, 13
after filtexingemdiftivityy dowaniedicwavRighgidislleddion,l4higRSid@tical
wavel ength may be severely attenuated. In 15 addition, the

col | ecti on of 11 el ady Und HILA 90y ol onOBEES Bl g SS1 O

m croscopes are re resulting tn 1nefrrcient
spectroscopi ¢ detection. 18 Besi des spectral resolution, the
Iinitations‘4on 19 spatial resolution of conventional optical and

em ssi on _ _
5 BACKGROUND OF THE INVENTION

6 Some semiconductor integrated circuits, when
7 connected to an electrical source, emit radiation from
8 certain surface locations. This phenomenon is still
9 being investigated and its physical mechanism has not
10 been fully understood, although numérous possible
11 mechanisms have been proposed. While good quantitative
12 measurement techniques have not been available,
13 currently available apparatus and techniques have been
14 used to make qualitative measurements of these emissions
i5 for aiding in failure analysis and reliability studies.

16 The equipment for making qualitative measurements
17 has included various types of =sensitive radiation
18 detectors, such as charge-coupled devices (CCD) and

19 image intensifiers. These devices, when attached to a

20 conventional optical microscope, form an emission



20 mcroscopes have discouraged their use in imaging of

4 1 very small features. Limtations of currently avail able 2

em ssion mcroscopes are descri bed bel ow. 3 The em ssion m croscope
system di scl osed in U.S. 4 Patent No. 4,680,635 has the

di sadvantage of being 5 wunable to performspectral anal ysis work. A

simlar 6 system was disclosed in US Patent No. 4,811,090 7
i ncorporating a noise reduction algorithmfor inproving 8 image quality
i n noi sy situations. Eur opean Pat ent 9 Application No. 0 510 887
A2 utilizedl anmigmbssopa cagable cpfsodpeeaiindeenatbedy pmdist iwit hante
addition of a 11 nmeans for analyzing defective portions of sem conduct or

12 devices. 2 Thie apR#EANYS Silfftfdle fAOM DeRyikp! 18CchhABhrdRat 861 mehlency.
US. Patent No. 4,755,874 relates to a 14 systemsimlar to those

ment i oned abgve, Wi b er ns_ of ] ocat] def. S th
devi ce undergt es?B%E% EQ eaéys?%%‘s?atﬁgor%%raq ng&da | chgﬁg@ flgrn"tlerghe
into an 17 em ssion mcroscope for qbtainjing spectral information 18
are describeft i nwavaiprgthei _f epmdsted Madigdcdspy wighing gdheodegpction
al., J. Appl. Phys. 71(11), 1 June 1992, p.

5 range of the instrument. In current practice, when such

6 a system is used for more spphisticated studies that
7 involve extracting spectral information, discrete
8 radiation filters are inserted in the radiation path.
9 This results in an ineffective syétem since numerous
10 filters have to be inserted and replaced in sequence for
11 obtaining a range of spectral response, and the band
12 passed by a filter isl relatively wide. Furthermore,
13 after filtering off the unwanted wavelengths, the
14 desired wavelength may be severely attenuated. In
15 addition, the collection efficiencies of conventional
16 optical and emission microscopes are relatively poor,
17 resulting in inefficient spectroscopic detection.

18 Begides .spectral resolution, the 1limitations on
19 spatial resolution of conveptional optical and emission

20 microscopes have discouraged their use in imaging of



20 R23; "New Detection Method of Hot-Carrier Degradation

5 1 Usi ng Photon Spectrum Anal ysis of Wak Lum nescence on 2 CMOS
VLSI", N Tsutu et al., Proc. IEEE 1990 Int. 3 Conference on

M croel ectronic Test Structure, Vol. 3, 4 March 1990, p. 143; and
"Advanced Method of Failure 5 Analysis Using Photon Spectrum of En ssion
M cr oscopy", 6 H Ishizuka et al., Pﬁbceeding of The International
7 Synposium For Testing and Failure Analysis, 1990, p. 13. 8

Anot her systemreported in "Lum nescence spectra of 9 an n- channel

met al - oxi de- 3eni verpuemell featiuresf.f deimitatgions rafsryroentlyt available

br eakdown", N. C. Das et al., 11 Appl.Phys.Lett. 56 (12), 19 March

1990, p. 1153, hamibBeonlRicp6ebbess drd Hidsudindd thelrnsociated with it.
The system 13 uses a  nonochromat or for cont i nuous wavel engt h

14 selectiog, but ui res. .4 | er t Q. nun
close to theaentrancerx'g1 t%@lsn%lrégghgg%gg?&ﬂg A?l}si%tm pﬁ% g:rl'rﬂ ?cllplql}grb?g
attached at the nonochromator output 17 as a radjation detector. _This
arrangenent fesuPe&eRrR alNoig 4b®¢£y53§nn4%s dhe SIsedvamtags: kofhakbeipg
be perforned

5 unable to perform spectral analysis work. A similar

6 system was disclosed in U.S. Patent No. 4,811,090
7 incorporating a noise reduction algorithm for improving
8 imagé quality in noisy situations. European Patent
9 Application No. 0 510 887 A2 utilized an emission
10 miéroscope of the same type but with the addition of a
11 means for analyzing defective portions of semiconductor
12 devices. This apparatus suffers from poor collection
13 efficiency. U.S. Patent No. 4,755,874 relates to a
14 gystem similar to those mentioned above, but with better
15 means of locating defects on the device under test.

16 Systems incorporating discrete filters into an
17 emission microscope - for obtaining spectral information
18 are described in "Quantitative Emission Microscopy", dJ.
19 Kdlzer, et al., J. Appl, Phys. 71(11), 1 June 1992, p.

20 R23; "New Detection Method of Hot-Carrier Degradation



19 outside the conventional optical mcroscope imaging 20 path.

In concl usi on, an efficient em ssi on

6 1 mcroscope system with the capability of providing 2
spectral analysis wth high spectral and spatial 3 resolution does
not exi st. 4 5 Sunmary of the Invention 6 It is, therefore,

an object of the present 7 invention®to provide an enmtted

radi ati on detection 8 system capable of highly efficient Iight
col l ection and 9 transmission to a radiation sensitive detector, thereby
10 al | owi nglhi gHsdpgctAimtamdSepatiun Ansdyaisoof Weklk Luminégcemceanonher
obj ect of the present invention to 12 provide an emtted radiation

detection sygstemmoBavingr» 13 nhi gisuty adeat 4on, pEdect iTHEE 9009 t TKEL Yy,
usef ul in 14 resolving and analyzing very weak emssions from 15

sel ected smaLl a ; N r . ec f .Lhe pr nt
I nvention to5 17E8§?%5?é§eaﬁn%nyé%gég%§ﬁ§§§$g§ Jgié%t%%%ugég %h1§§§?ng3the

18 capability of both high spectral _resolution and .
4 March 1990, " p. 43; and "Advanced Method of Failure

5 Analysis Using Photon Spectrum of Emission Microscopy”,

6 H. Ishizuka et al., Proceeding of The International
7 &ympgsium_ﬂbz;lbsting_and_EailurQJAnalxsis, 1990, p. 13.

8 Another system reported in ”Luminescence spectra of
9 an  n-channel metal-oxide-semiconductor  field-effect
10 transistor at breakdown", N.C. Das et al.,
11  Appl.pPhys.Lett., 56 (12), 19 March 1990, p. 1152, has the
12 problem of inflexibility associated with it. The system
13 uses a monochromator for continuous wavelength
14 selection, but _requires the device under test to be
15 mounted close to the entrance of the monochromator. A
16 photomultiplier is attached at the monochromator output
17 as a radiation detector. This arrangement results in a
18 bulky unit, and spectral work has to be performed
19 outside the conventional optical. microscope imaging

20 path. In conclusion, an efficient emission



19 continuous wavel ength capability;

7 1 It is a still -further object of the present 2
invention to provide an emtted radiation detection 3 system
providing the capability of analyzing |arge 4 devices; and 5

It is another object of the present invention to 6 provide an emtted
radi ati on detection system havi ng an 7 efitted radiation detector that
can be renmoved from and 8 inserted into the viewi ng path of an optical
or em ssion 9 m croscope. 10 Briefly, 'the preferred enbodi nent
of the presdnt mikkosappent isysteamclwidds the r agipabidn tydetostt imrovisiigtgem
for 12 collecting and neasuring radiation froma devi ce under 13

test. The sgysteipddtaldidesadabesis el Wipsoi dalghni r §9écefal 14an8i Olspatial
ellipticity wwth first and second focal points. 15 The area of the

device to Jpe inspected go%sl .iotczt%xiég. identified with an opti cal

m croscope or a conventi on §SIron m croscope, wth the specific
area of eniifion 18 to be inspected positioned at the first focal point
of

5 Summary of the Invention
6 It 1is, therefore, an object of the present
7 invention to provide an emitted radiation detection
8 system capable of highly efficient light collection and
9 transmigsion to a radiation sensitive detector, thereby
10 allowing high spectral and spatial resolution;
11 It 1is another object of the present invention to
12 provide an emitted radiation detection system having
13 high radiation detection 'sensitivity, useful in
14 resolving and analyzing very weak emissions from
15 selected small areas;
16 It is a further object of the present invention to
17 provide an emitted radiation detection system having.the
18 capability of both high spectral resolution and

19 continuous wavelength capability;



19 the mrror. The mrror very efficiently directs emtted 20 radiation
fromthe device under test to the second focal 1 2 Detailed
Description of the Preferred Enbodi nent 3 The di scl osure of U. S.
Patent Application Serial 4 No. 08/490,352 for "Retractable

Cat hodol um nescence 5 Detector with Hgh Ellipticity and H gh
Backscattered 6 Electron Rejector Per f or mahce for Large Area Speci nens”

7 is incorporated herein by reference. 8 The present invention
integrates a mrror of the 9 sem-ellipsoidal shape described in
Application Serial 10t Nds 0% 4%3i3d32 Wurithercowkdecitonalf ophiecalpresent

m croscope or 11 em ssion mcroscope and a scanni ng stage. An aperture

12 is preferabl ynyeadibal 0ee tpeovodéatdwn aritied rHEathidn I Setelcdibn
systemis capable of panchromatic imaging, 14 continuous wavel ength

Consequence Zor  CYAGen;op¥EudiiAy, (inetPERbRBITREY” ol Rralvaingy” 1abee

transm ssion 17 _ efficiencies achieved by the present invention, high
devices; an

5 It is another object of the present invention to
6 provide an emitted radiation detection system having an
7 emitted radiation detect;or that can be removed from and
8 inserted into the viewing path of an optical or emission
9 microscope.

10 Briefly, thé preferred embodiment of the present
11 invention includes a radiation detection system for
12 collecting and measuring radiation from a device under
i3 test. The system includes a semi-ellipsoidal mirror of
14 high ellipticity with first and second focal points.
15 The area of the device to be inspected is first
16 identified with an optical microscope or a conventional
17 emission microscope, with the specific area of emission
18 to be inspected positioned at the first focal point of
19 the mirror. The mirror very efficiently directs emitted

20 radiation from the device under test to the second focal



18 radiation detection sensitivity is achieved, which is 19 wuseful in
resolving very weak emtted radiation. 20 Spectroscopic analysis can

now be perforned at higher 9 1
2 Detailed Description of the Preferred Enbodi nent 3 The
di sclosure of U S. Patent Application Serial 4 No. for

"Retractable Cathodol um nescence 5 Deteftor with H gh Ellipticity and
Hi gh Backscattered 6 Electron Rejector Perfornmance for Large Area

Speci nens” 7 is incorporated herein by reference. 8 The present
i nvention integreedst a fremovhtht deradattemi geide ppasses shapeolbscreded
in Application Serial 10 No. with a conventional optica
m croscope 0z IldmiEtedSkaaiftEoASERP& ABfed BA#RNANATySER0E. An Alp&PElitdll €
12 is preferably used before the radiation guide. The 13 resultant
system is cgpable, ofs PANEN OBUdre | T NGaqsld s oRONkLIHEUS YAVELEGLD
spect r oscopy, selective area Specfroscopirc pprng. a
consequence of the 16 optlnlzed col | ecti on, coupl i ng and
transni ssi on gpatial resolution.

5

6 In the Drawing

7 Fig. 1 is a block diagram showing the wvarious

8 components of the emitted radiation detection system of
9 the present invention;
10 Fig. 2 is a cross sectional view showing further
11 detail of the semi-ellipsoidal wmirror, aperture and
12 radiation guide;
13 Fig. 3 1is an expanded, detailed view of the
14 aperture;
15 Fig. 4 illustrates characteristic emission spectra
16 for wvarious semiconductor integrated circuit device
17 defects; and
18 Fig. 5 shows an emission spectrum from an emission
19 spot from a failed semiconductor device, indicating hot-

20 electron effects.



17 efficiencies achieved by the present invention, high—18 —radiatton—
detection sensitivity is achieved, which is 19 useful TﬁiQSheEtQ-ﬁQbéé. ﬁgillaced :

very weak emtted radiation. 20 Spectroscopic analysi
performed at higher Sliﬂflﬂﬂﬂm IL l

spectral resolution wth cont i nuous wavel engt h

which is not obtainable in conventional® 3 enission mcroscope

set - ups. When an aperture is 4 incorporated at the second focal
point of the mrror, 5 and the device wunder test is nounted on a
hi gh 6 rebkolution scanning stage, high spatial resolution 7

sel ected area spectroscopic anal ysi s,
wel | as speci r o5 £ P e e it idie FHtHeL DrefBrrk hbQ Mk
under test may be att 0 Fig. 1 shows a diagramof a
preferred empodiment g, gheaif B eSENG NVeplion.  adf 0ablenl /eal o8 on
ThaRS gi ng ’ fi CFs bo y

m cr oscope 12 10, w magi ng canera 12 ah cope " probe

panchromati c 8 imaging, as
: adigat

13 14, is used for viewi ng a device under test S'DUT) 22. A _ 14
posi ti oni ng 4ppd¥at us 20 Locat es IOIT 22 ReEractableo t Rathodgluminescence

optical /em ssion mcroscope and a collector 18. A hole 16 40 in
collector 18 albetvectbr cetithi cligly EllipiciP® and High Backscattered

6 Electron Rejector Performance for Large Area Specimens"
7 is incorporated herein by reference.
8 The present invention integrates a mirror of the

9 semi-ellipsoidal shape described in Application Serial

10 No. _____________ with a conventional optical microscope or
11 emigsion microscope and a scanning stage. An aperture
12 is preferably used before the radiation guide. The

13 resultant system is capable' of panchromatic imaging,
14 continuous wavelength spectroscopy, and selective area
i5 spectroscopic mapping. As a consequence of the
16 optimized collection, coupling and transmission
17 efficiencies achieved by the present invention, high
18 radiation detection egensitivity is achieved, which is
19 useful in resolving very weak emitted radiation.

20 Spectroscopic analysis can now be performed at higher



17 through m croscope 10 while collector 18 is in place. 18 Collector 18
directs emtted radiation fromDUT 22 to a 19 radiation guide 30, which
transmits the radiation to 20 radiation analyzer 28. Electrical bias to
DUT 22 is 1 provided by nodule 24 through interconnections
26. 2 Positioning apparatus 20 includes a_device holder 34 for 3
nmounti ng DUT 22, and a high resolution scanﬁpng stage 36 4 in conjunction
with a low resolution positioning stage 5 38, which provide controlled
positioning of the device 6 under test. 7 Qperation of the system
i nvol ves nourdt i ngpegtr2d on r@sohetten 34witbUT 2¢ontipesis i onewmvadgngth
brought into focus 9 of the optical/em ssion mcroscope 10, through

aperture 102 40capa®ailiegt or whdch ODse Ade opbtLBlabIBI S dohviedtiDnalll
an electrical bias is applied to DUT 22 by way of supply 12 24 and

. . ) X . . : f i
then bo. i ddnti FiagioR’ EYolR® CheflaR, T,  Mign; apy g sfeftlire ™ ks

optical /em ssion m croscope _10. The 15 point em ssion of interest is
then positioffed dRcpgporated at the second focal point of the wirror,

5 and the device under test is mounted on a high
6 resolution sqanning stage, high spatial resolution
7 selected area spectroscopic analysis, panchromatic
8 imaging, as well as spectroscopic mapping of the emitted
9 radiation from the device under test may be attained.
10 Fig..l shows a diagram of a preferred embodiment of
11 the present invention. An optical/emission microscope
12 10, with an imaging camera 12 and microscope probe body
13 14, is used for viewing a device under test (DUT) 22. A
14 positioning apparatus 20 locates DUT 22 relative to the
15 optical/emission microscope and a collector 18. A hole
16 40 in collector 18 allows direct viewing of DUT 22
17 through microscope 10 while collector 18 is in place.
18 Collector 18 directs emitted radiation from DUT 22 to a
19 radiation guide 30, which transmits the radiation to

20 radiation analyzer 28. Electrical bias to DUT 22 is



16 focal point 52 of collector 18 to optim ze collection 17 efficiency
(as described below. " Note that the 18 enbodinent of Figs. 1
and 2 shows a collector 18 with.an 19 aperture 40 for use of an
optical/em ssion mcroscope 20 while the <collector is positioned

over DUT 22. 12 1
Alternatively, a collector wthout an aper@&re may be 2 wused: DUT 22 is
positioned wth positioning apparatus 20 3 after the em ssion point of
interest is identified with 4 mcroscope 10, and then collector 18

is moved inflo psovpdedtilyi owadulzur222. threugh int@reonnrctdensi @6 - -poi nt
of interest is positioned 7 beneath <collector 18, the «collector

gui des enitbed poB8itiefdiali apphratushgopehblu@ési at Gesstet Rolabicak goikde
30 9 (preferably an optical fiber) which transnmts the 10

col lected ragi at {“Bgn%g?éaﬁtﬁt bon g é' B2 H5 ?§8resé'i EXB scgu]nfngs EEa %kl y

a spectral type an nélu es a mave eng

a nonochromator, and kB a 13 radi.ati on sensitive detector such as a
phot onul ti pl Ber 1m4conjp@ction ywitlat 81 Lows gkt inn (RASHeloRIRGcAEBFEL i c

5 38, which provide controlled positioning of the device
6 under tesi:.

7 Operation of the system involves mounting DUT 22 on
8 holder 34. DUT 22 is positioned and brought into focus
9 of the optical/emission microscope 10, through aperture
10 40 in collector 18. Once the optical image is in focus,
11 an electrical bias is applied to DUT 22 by way of supply
12 24 and interconnection 26. A particular point emission
13 of interest may then be identified through imaging
14 camera 12 of the optical/emission microscope 10. The
15 point emission of interest is then positioned at the
16 focal point 52 of collector 18 to optimize collection
17 efficiency (as described below). Note that the
18 embodiment of Figs. 1 and 2 shows a collector 18 with an
19 aperture 40 for use of an optical/emission microscope

20 while the collector 1is positioned over DUT 22.



15 detector. 16 The high efficiency of the collector design of the
17 present invention allows detection and spectroscopic 18 . mapping
of very weak emi ssions. Em ssion mcroscopes of 19 the prior art coll ect
on the order of 5% of emtted 20 radiation. The design of the present

I nvention captures 13 1 on the
order of 85% of emtted radiation. Thi s h?‘%h 2 efficiency permts nore
preci se and nmuch faster em ssion 3 characterization (e.g., an

em ssion spectrum may be 4 gathered in five mnutes, instead of
several hourd asAlternaiivelyis| ¢ reefleepr wighout an) apertuve way rbe

Is used as the collector, 7 preferably having sem-ellipsoidal
shape with azhi ghsed8 petl 2pt isi pysitidhed wieki gesibighisg! appatotus 20

ef ficiency, 9 as well as conpatibility with |arge sized test devices

10 (fromthe | r ' . AT tage.: s Al ot I gh

ellipticity %f mé’:??%f ggéi %ﬁtﬁ ggra%als Iofﬁﬁgq%v%t%@e%h%gé?ﬁh%ﬁé GQS\HPCh

allows mirror 18 to be inserted nﬁ) ﬁEet ween, . optical/em,ssion m.cropscope
a

10 and DUT 440.M1CHISCRRE| ctnt @ s sFOHLeDFOT 1 Al atfon™OVEGui +REC

t hat
5 position over DUT 22.

6 Once the emission point of interest is positioned
7 beneath collector 18, the collector guides emitted
8 radiation from the point of interest to optical guide 30
9 (preferably an optical fiber) which transmits the
10 collected radiation to radiation analyzer 28. Analyzer
11 28 is usually a spectral type and normally includes a
12 wavelength selector such as a monochromator, and a
13 radiation sensitive detector such as a photomultiplier
14 tube. Alternately, analyzer 28 can be a panchromatic
15 detector.

16 The high efficiency of the collector design of the
17 present invention allows detection and spectroscopic
18 mapping of very weak emissions. Emission microscopes of
19 the prior art collect on the order of 5% of emitted

20 radiation. The design of the present invention captures



15 radiation collected by the mirror be confined within a 16 cone with

an angle less than a critical value. In order 17 to acconplish this,
it has been found that a sem - 18 ellipsoidal mrror of high
ellipticity is preferred. 1In 19 particular, with ellipticity "e"
defined as: 20 e[err] =1 - bl[err]/aferr]

14 1 where "a" is the nmgjor sem axi®s and "b" the ninor 2
semaxis of the ellipse, an ellipticity "e" greater than 3 0.8is

preferred. Radiation emtted froma first focal 4 point of the ellipse
is focused by t hennither oxtderheof 85%sedonemittosxd pedmationThe Tiois edtiighn
of radiation from 6 the second focal point is acconplished with

em ssion 72 coklfggbiigRciepRImitBr RbeeaRirtcd skadng! didhd HaEe eFY &hid%iond
an optical fiber leading to a renote enmi ssion anal yzer). 9 The face of

t he em ssioncoll i LS pesiftione 10. t he,_secand facal paint
of the nirroP, gngkgﬁgsggggﬁlﬁﬁ g%é%’tharﬁﬂﬁy%%éi9Qﬁ %ﬂ%ﬁ%ﬁﬁ%sﬁﬁx Be

collection neans is. 12 centered upon and ,substantially perpendicul ar
to the 4 gathered in five minutes, instead of several hours as

5 previously required).

6 A concave mirror 1is used as the collector,
7 preferably having semi-ellipsoidal shape with a high
8 ellipticity. This pr@vides high collection efficiency,
9 as well as compatibility with large sized test devices
10 (from the long cross section). A further advantage of
11 the high ellipticity of mirror 18 is the. resulting low
12 height structure which allows mirror 18 to be inserted
13 between optical/emission wmicroscope 10 and DUT 40.
14 Efficient transmission of radiation ©requires that
15 radiation collected by the mirror be confined within a
16 cone with an angle less than a critical value. In order
17 to accomplish this, it has been found that a semi-
18 ellipsoidal mirror of high ellipticity is preferred. 1In
19 particular, with ellipticity "e" defined as:

20 e = 1 - p¥/a?



13 axis connecting the focal points of the mrror. This 14

advant ageous arrangenent gives the detector both 15 spectroscopic
and inmagi ng capabilities without losing 16 collection and transm ssion
efficiencies. 17 Figure 2 shows further detail of the radiation
18 collection system including concave _collector mrror 19 18,

radi ati on guide 30, and aperture 46. M rror?18 has 20 a hi ghl y
reflective surface 48 preferably of ellipsoidal

15 1 shape, the figure showi ng a | ongitudinal cross section 2 View.
Mrror surfaéde 48hpseprbalrabsy theemajor | pewigxis3 anda "I80[ &he] minor
rotational cross section around axis 50 joining 4 first and second

el l'ipse focak pokeintakZsadd the ellibee, an W1abtistHy- agrSgrehterh@han
mrror is identified by the 6 length "a" and the m nor sem axis of

mrror Qs ed by e an nor
pretorred 8 obpluimetre oyed, LAl byiftes from'4 fhBFe gocal,

appr oxi mat el 13 .)m /th hese dinensions, .  a js .10 conpatible
with |arge a?‘iea BRLRF m&fs '\g\ﬁ @1}]1%% 1 Hé?useél by obf r BdTHOFK i Hg the

di stance of conventional optical and/or 12 em ssion m croscopes. As
an al t er nat eSenbedeondt fadad point. The collection of radiation £from

6 the second focal point is accomplished with emission
7 collection means (preferably a radiation guide such as -
8 an optical fiber leading to a remote emission analyzer).
9 The facé of the emission collection means is positioned
10 at the second focal point of the mirror, and aligned
11 such that the face of the emission collection means is
12 centered upon and substantially perpendicular to the
i3 axis connecting the focal points of the mirror. This
14 advantageous arrangement gives the detector Dboth
15 gspectroscopic and imaging capabilities without losing
16 collection and transmission efficiencies.
17 Figure 2 shows further detail of the radiation
18 collection system, including concave collector mirror
19 18, radiation guide 30, and aperture 46. Mirror 18 has

20 a highly reflective surface 48 preferably of ellipsoidal



13 mrror is also functional if constructed to be |ess than 14 a ful
sem -ellipsoid. For exanple, a quarter ellipsoid 15 including the half
of the sem-ellipsoid on the side of 16 the first focal point 52 in Fig.
2 woul d be functional 17 to focus a |arge percentage of emtted radiation
from 18 the first focal point 52 to the second focal point 54. 19 The
use of less than a full sem-ellipsoid, ho

16 1 wll result in a reduction in coIIection ef ficiency 2
(which is critical in the case of weak emissions). Radi ati on

gui de 30 is pref @hapey dhepfiguref |sb@r~1ng4aolow@m@mal beroBEndestiioth a
di aneter of approxi mately 5 3mm The face of guide 30 is | ocated at

focal point 24 viewaf Mirwsr l8urfdde I ik pkefrirabiyt aosdiliFed2 ipgcide
7 Fig. 1) S positioned at focal point 52 of mrror 18. 8 Above focal

poi nt <) (laI ricgd"c%.lqta@}.l ?1?&4 ro‘@é hsectgltthfi %0 %%%lﬁg‘g to

prOV|de optlcal acCcess an op |cag}en155|on

m croscope along line 11 Di aneter is_typically on the order of
inm 12 Dt res .%ndpr%%?% oLl pERee | Sﬁ%ﬂl\APPFrnFFs 5§urarr5%e 4h- The

5 major semi-axis of the mirror is identified by the
6 length "a" and the minor semiaxis of the mirror is
7 identified by the length "b". In the preferred
8 embodiment, a 1s approximately 61 wmm and b is
9 approximately 13 mm. With these dimensions, a is
10 compatible with large area specimens and b fits with the
11 required working distance of conventional optical and/or
12 emission microscopes. As an alternate embodiment, the
13 mirror is also functional if constructed to be less than
14 a full semi-ellipsoid. For example, a quarter ellipsoid
15 including the half of the semi-ellipsocid on the side of
16 the first focal point 52 in Fig. 2 would be functional
17 to focus a large percentage of emitted radiation from
18 the first focal point 52 to the second focal point 54.

19 The use of less than a full semi-ellipsoid, however,



13 line with the axis 50, and below the nirror at an 14 elevation
"c¢c" (typically 1mm. A small portion may be 15 renoved fromthe bottom

of the semellipsoidal mirror 18 16 to obtain elevation "c", required in

order to allow the 17 surface of a DUT 22 to nove along the axis 50. A
relief 18 60 is required at the other end of mrror 42 for 19
radi ati on gui de 44. 16 17 1 As
noted above, the center of the emssion 2 collection neans,
preferably radiation guide 30, is 3 sited on second focal point 54
wi th the col Rect WaAlf atesuld Imbs aﬂredak:tyOperpendcr@m@at:tcmtIeéfa,x:nsncy
connecting focal 5 points 52 and 54. Aperture 46 is centered just

before 6 secondhfiebaispeiritibdl aNdLBET¥SSe lOFf SRBEleilsidhnrea 7 of
enm ssion resulting in spectral analysis with a high 8 degree of spatial

resolution, K oh col | ahighsehlighencyso 9 b ag%gd&y SBEVELTI AL

t he equi val ent nuneri ure or t rror

mat ched to the 11 effe tive gﬁerhcal aperture nunber, of _ the
12 radiatioff gBFdEPtiEalaftdberalERgng: w1t§eﬁe&wet§grspémappf§xmately

(spectral anal yzer). Aperture 46 |limts aberration
5 3mm. The face of guide 30 is located at focal point 54

6 of mirror 18. The point of interest on DUT 22 (see
7 Fig. 1) is positioned at focal point 52 of mirror 18.
8 Above focal point 52, a cflindrical hole 40 with
9 diameter d is opened to provide optical access for
10 viewing with an optical/emission microscope along line
11 56. Diameter d is typically on the order of lmm.
12 DUT 22 is preferably positioned with its surface in
13 line with the axis 50, and below the mirror at an
14 elevation "c¢" (typically lmm). A small portion may be
15 removed from the bottom of the semiellipsoidal mirror 18
16 to obtain elevation "c", required in order to allow the
17 surface of a DUT 22 to move along the axis 50. A relief
18 60 is required at the other end of mwmirror 42 for

19 radiation guide 44.



14 effects at the second focal point 54 due to off focus 15 em ssion
fromnear first focal point 52 of the mrror 16 18. Wen a point of

em ssion is away fromfirst focal 17 point 52, there is a nmuch
| arger deviation of the 18 reflected radiation fromsecond focal point
54. If an 19 aperture 46 such as in, ,Fig. 3 wth an appropriate

20 dianeter 51 is placed in front of radiagﬁon gui de 30

18 1 withits center 57 aligned with second focal point 54, 2 only
radi ation froman em ssion point close to the first 3 focal point 52

wi Il be detedted whil 8ot RAtestf aBeYR, Eheeniceniters | beep| eaegion
The size of the required 5 opening 59 of an aperture 46 is significantly
| ar ger 6 tLhancbhdeenisoni omeansa bpreferaisb) verhdiadiomt herideor ds, 18
even if a big spot or area is emtting radiation, it can 8 be resolved

spatially t t e . i : di | Z€e t he
aperture 46 gnd %%gﬁpngﬁwspééo{%ﬁs%ﬁl. ct%llnlt 4 dﬁp%uggg\/\%g%&%?ﬁ%éé S%Etes

radiation at firgtLegatiailf pB2hOha?Zu1il®el2eha! bR SohBhbeThe? ehts

5 points 52 and 54. Aperture 46 is centered just before
6 second focal point 54, and serves t§ select out an area
7 of emission resulting in spectral analysis with a high
8 degree of s;ﬁatial resolution. High collection efficiency
9 is achieved by ensuring that the equivalent numerical
10 aperture or the F number of mirror 18 is matched to the
11 effective numerical aperture or F number of the
12 radiation guide 30 and wavelength selector system
13 (spectral analyzer). Aperture 46 limits aberration
14 effects at the second focal point 54 due to off focus
15 emission from near first focal point 52 of the mirror
16 18. When a point of emission is away from £irst focal
17 point 52, there is a wmuch larger deviation of the
18 reflected radiation from second focal point 54. If an
19 aperture 46 such as in Fig. 3 with an appropriate

20 diameter 51 is placed in front of radiation guide 30



13 48 to second focal point 54. Aperture 46 spatially 14 restricts
the radi ation reaching radiation guide 30. 15 Use of the aperture and

hi gh resolution scanning stage 16 36 -permt hi gh spati al resol ution
selected area 17 spectroscopic anal ysis, panchromatic | magi ng, and
18 spectroscopic mapping of the emtted radiation fromDUT 19 22.

19 1 An alternate embodi nent  #8r acconplishing a 2
measur enent of total emtted | i ght (panchromati c 3 imging) is

achi eved by sinply repIaC|ng radi ati on gui de 4 30 and spectral analyzer
28 with a radiat Wehhsdis tganter 557 dallégned with smaomdl foeml ppbnnt 5454.

The collected 6 radiation in. such a case wll be higher than
in 7 spectrosoapicradabysbs sirameahhemﬁetsabnrgdhﬁtiemofséom: tBe &hlkst
det ect abl e wavel engths will be neasured. Fig. 4 illustrates the

characteristigc SESESﬁ.aﬂo?.rnt 39 43 ?&é;mdégg&tg&gdwﬁggé cltﬁetz];at%%f” focus

mechani sns. appar ent e ab

characterize an 12 em ssiaon._spectr y. per a failure nmechanismtq be
13 identifidd SMEREEORSCHIdonPrf MEAGKER | s ,81%R PE the required

5 opening 59 of an aperture 46 is significantly 1.arger
6 than the emission area being resolved. In other words,
7 even if a big spot or area is emitting radiation, it can
8 be resolved spatially to the required resolution,
9 depending on the size of the aperture 46 and opening 59
10 used.

11 Thus, when DUT 22 emits radiation at £first focal
12 point 52, the radiation is reflected from mirror surface
13 48 to second focal point 54. Aperture 46 spatially
14 restricts the radiation re_achi-ng radiation guide 30.
15 Use of the aperture and high resolution scanning stage
ie 36 permit high spatial resolution selected area
17 spectroscopic analysis, panchromatic imagir:;g , and
18 spectroscopic mapping of the emitted radiation from bUT

19 22.



14 manufacturing process can be nodified to elimnate the 15 failure.
Fig. 5 is an emssion spectrum from an 16 em ssion spot of a
failed 1C device obtained with the 17 system of the present invention.
The emi ssion spectrum 18 indicates hot electron effects (conpare
Fig. 5 wth 19 Curve Aof Fig. 4).

20 1 Mrror 18 has successfully béen fabricat ed by the 2
procedure descri bed bel ow. Plastic polyners are well - 3 suited because
they are easily nolded. Exanples of such 4 polyners are

pol ynet hyl - et hacryl &% altpkmafe mpbodimenty al fpre. adqeempdishingan abe
fabricated using a plastic 6 nolding technique. A convex nold of the
required sers - medsutldmepsoi dof  tsdigle  iemitgaahi nBdghtisi n@arﬁ:hz@ﬂ@tlifcer -
8 controlled I|athe. The nold is then polished to mrror finish so

that no further jpaldislyng d %crzawe@%g %rp]]@? ér?gtaé?.y‘gf %%u%fug%bg% ave

mrror m)lded out I'n This way I n nol
is used to cast u

t ) s
concave 1% 96 §p?ﬁ€ﬁa?m6‘8a XFFEC%%\/éM&% e@aﬁ@g]é?‘f:bﬁnoﬁeé‘st%ll’{ e

5 detector at second focal point 54. The collected

6 radiation in such a case will be higher than in

7 spectroscopic analysis since the total radiation from

8 all detectable wavelengths will be measured.

9 Fig. 4 illustrates the characteristic spectra for
10 various semiconductor IC failure mechanisms. As is
11 apparent from Fig. 4, the ability to characterize an
i2 emission spectrum may permit a failure mechanism to be
13 identified.. Once such identification is made, the IC
14 manufacturing process can be modified to eliminate the
15 failure. Fig. 5 1is an emission spectrum £from an
16 emission spot of a failed IC device obtained with the
17 system of the present invention. The emission spectrum
18 indicates hot electron effects (compare Fig. 5 with

19 Curve A of Fig. 4).



14 layer of a highly reflective material, such as alum num 15
Al t hough the present invention has been described 16 above in terns of

a specific enbodinent, it is 17 anticipated that alterations and
nodi fications thereof 18 wll no doubt becone apparent to those skilled
inthe 19 art. It is therefore intended that the followng clains 20
be interpreted as covering all such aRPerations and

22 CLAI V5 1 1. An em ssi on

m croscope systemfor collecting and analyzing 2 light emtted froman

em ssion poi mt of intMiesbronsa hkevi secceSsfuhlier beeat fabaripaitedndy tHhe
(a) a concave ellipsoidal mrror with an ellipticity 5 greater

than 0.8, the nhipeialayi Blsbitpbaa >ond ] yifaliat S -
(b) neans for g%sitioﬁ?%g tﬁe e%%gs?%ﬁ§§gintpggg?%fegggi 8E%ﬁetﬁ%1%irst

focal point;_and_ .9 9 m ssion _collecti ang. |l ocated at the
second Tocai 2 10°UbERA bFaLRE HRRY cRrSoshat bg heliedn nEsRESREs: i G0
collection 11 face centered upon and substantially perpendicular to the
axi s 4 polymers are polymethyl-methacrylate (PMMA) and
5 Araldite. The mirror can be fabricated using a plastic
6 molding technique. A convex mqld of the required semi-
7 ellipsoidal shape 1s machined wusing a computer-
8 controlled lathe. The mold is then polished to mirror
9 finish so that no further polishing is required for the
10 surface of the concave mirror molded out in this way. A
11 plastic material in moldable form is used to cast out
12 the desired substance from the mold. | The concave
13 surface is then made reflective by evaporation of a thin
14 layer of a highly reflective material, such as aiuminum.
15 Although the present invention has been described
16 above in terms of a specific embodiment, it is
17 anticipated that alterations and modifications thereof
18 will no doubt become apparent to those skilled in the

19 art. It is therefore intended that the following claims

20 be interpreted as covering all such alterations and



12 connecting the first and second focal points, whereby em ssions 13
fromthe em ssion point of interest are focused to the second 14 focal
poi nt and col |l ected by said collection neans. 1 2. The system of
claim 1, wherein the <collection neans 2 conprises a radiation guide
which collects emssions at the 3 second focal point and transmts

the emissions to rempte 4 detection nmedhs. 1 3. The system of
claim2, wherein the renote detection neans 2 conprises wavel ength
sel ection neans and a radiation sensitive 3 detector 1 4. The

system of cl & m @pdificabeongompr ifsilly wirthiipether érue spirit and scope

23 1 located adjacent to the collection face of the collection neans, 2
said apertureg cepterrd upeEneiensubstantially perpendicular to 3 the axis
connecting the first and second focal points, whereby 4 said aperture

bl ocks of f fgqcus em s§gj o the first 5 focal point before it
reaches saidgcolIecti@%gga%é.gigfﬁéd5ﬂg' The system of claim1l, wherein
said mrror is a sem - '



2 ellipsoid. The _system .of <claim 5, wherein the
col l ection neans 2 conprlses a radiation guide which coll'ects em ssions

at the 3 second fo Wf’&nsmts the emissions to “
det ecti on neans. temof claimé6, wherein t unmuﬂ“ l“""l"""
det ecti on neans ngth sel ection neans and a*rafliaticdh 3
sensitive 3 detector The systéfof claim 7, further
conprising an aperture 2 Iocated-adjacent to the collection face of the
collection nmeans, 3 said aperture centered upon and substantially
perpendicular to 4 the axis connecting the fiQIAIM8d second focal points,
whereby 5 said aperture bl ocks off focus em ssion fromnear the first 6
focal point before it reaches said collection face. 1 9. An

integrated emi ssion nicroscope systemfor collecting and 2 analyzing

light em ttefi frf-m anASme% Oélo%m Hicgéscgfsere tst%% 4 or collecting and

2 analyzing 1light emitted from an emission point of
3 interest on a device under test, comprising:

4 (a) a concave ellipsoidal mirror with an
5 ellipticity greater than 0.8, the mirror having £first
6 and second focal poihts;

7 (b) means for positioning the emission point of
8 interest at the first focal point; and

9 (c) emission collection means 1located at the
10 second focal point of the mirror, whereby emissions from
11 the emission point of interest are focused to the second

12 focal point and collected by said collection means.

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

4 first and second focal points.



24 3 device under-tests-—conprisingt 4 (a) afirst-stage
optical / eni ssion ni-grQscops pusteameior 5 positioning i dent i f

concave. 6111 psoi d|m|}|]ﬂ|m M !6 i elli Bt“f’ﬁfttye“s great i'l[lﬂ ﬂlﬂ"llll“lll
the mrror having fi

focal 9 points; (¢) " meand
for positioning the enmission point of intergst 11 at the first focal
point of the mrror; and 12 (d) emssion collection neans |ocated

at the second focal 13 point of the mrror, said collection neans having
a collectiont 143.f actheesystead apoclain 3ubshendiml tlye peohbeck Don atedms t he
axis 15 connecting the first and second focal points, whereby em ssions

16 fromthegeni é&hﬁ@f&é@é Ny ohaiBtebRSHuake mﬁ%e(wlqé&% S&ﬁ%&oﬁg at
focal point and collected by said collection neans. . The system

of claim 9 e IIectlo rlses ra.dlatlon
gui de whi ch coI | €C GE éec ﬁsés]?fooncsa at thbeoni‘st %@%o %anﬁ%%;%) t}b%l?‘f? SSafgs
transmts the em SSI ons to renote 4 detection neans. 1 11. The
system of cl4i mAgMotthdaliartion mMedSe detection neans 2 conpri ses
wavel ength sel ection neans and a radiation sensitive

1 4. The system of claim 3, wherein the remote detection
2 means comprises wav_elength selection means and a

3 radiation sensitive detector.

1 5. The system of c¢laim 3, further comprising an
2 aper.ture located adjacent to the collection face of the
3 collection means, said aperture centered upon and
4 substantially perpendicular to the axis connecting the
5 first and second focal points, whereby said aperture
6 blocks off focus emission from near the first focal

7 point before it reaches said collection face.

1 6. The system of claim 1, wherein said mirror is a

2 semi-ellipsoid.



3 detector. 1 —12—The—system of-claim 10, further conprising an
aperture 2 |ocat egyagiaGfNEeeh Rediddgy Ol I ection face of the collection

ggﬁ?z’red upon and sut{mﬁﬂmmu”ﬂ | pendi cul ar to 425t hg aimmﬁm“ﬁm!“‘!“

the first and second whereby 5 said aperture bl otks of*f
focus enmission fromnear the first 6 focaf*point before it reaches said
col l ection face. 1 13. The system of claim9, wherein said mrror is
asem- 2 ellipsoid. 1 14. The system of <claim 13, wherein the
coll ection hears. 2 Theonpystes of rciddimt ibon wheingd mwhileh el leattioremfasd ons
at the 3 second focal point and transmts the emssions to renote

4 detectiommeags. said 15.collribi eddng! ai g 1éenvBeea Nuled reymi e
detection neans 2 conprises wavel ength sel ection neans and a radiation

sensitive 3 substantially perpendicular to the axis connecting the

4 first and second focal points.

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

4 remote detection means.

1 9. The system of claim 8, wherein the remote detection
2 means comprises waveiength selection means and a

3 radiation sensitive detector.

1 10. The system of claim 8, further comprising an
2 aperture located adjacent.to the collection face of the
3 collection means, said aperture centered upon and
4 substantially perpendigular to the axis connecting the

5 first and second focal points, whereby said aperture



3 detector. __The systemof claim 14, further conprisimg—an ——  ——

aperture 2 Iocated adjacent to the collection face of the c
means, 3 said apef lacgdon and substantially perp mnﬂfumn”mﬂ”“m
4 the axi s connecti H nd second focal points,

aperture bl ocks off fron1near the first 6 focal poi nt

before it reaches said coIIectlon face. 25 6 bl ocks off
focus em ssion fromnear the first focal 7 poi nt before it reaches said

coll ection face. 1 11. An integrated em ssion mcroscope system

for 2 col éecthhockad ofifal forng | éndesiom t tfedmf roeaan tthe sfiost Bocabi nt

of interest on a device under test, conprising: 4 (a) a first

stage optical/ epbest efdis DS cRched saS)E oniket ipasichani ng i denti fying
an em ssion point of 6 interest on a device under test; 7 (b) a
concave ellipsoidal mrror with an 8 ellipticity greater than 0.8,
the mrror having first 9 and second focal points;

1 11. An integrated emission microscope system for
2 collecting and analyzing light-emitted from an emission
3 point of interest on a deViée under test, comprising:

4 (a) a first stage optical/emission wmicroscope
5 system for positioning identifying an emission point of
6 interest on a device under test;

7 (b) a concave ellipsoidal mirror with an
8 ellipticity greater than 0.8, the mirror having first
9 and second focal points;

10 (c) means for positioning the emission point of
11 interest at the first focal point of the mirror; and
12 (d) emission collection means located at the
13 second focal point of the mirror, whereby emissions from
14 the emission point of interest are focused to the second

15 focal point and collected by said collection means.



10 (c) neans_for positioning the en155|on p0|nt of 11__LnLerest at
the first focal point of the mrror; (d)

collection neans Thi nRe alﬁmi 13 second f ocal p0| nt o IIII Mm ull””"l
wher eby em ssions fj E SSIOH poi nt of interest ar

the second 15 foc Iected b sald col I ecti on neans.

2 6 12. The systenlof cIa|n111 wher e?® the collection face 2 of

sai d col l ection neans centered upon and 3 substantially

per pendi cular to the axis connectlng the 4 first and second focal points.
1 13. The 1sysi2m oFhe| aystal, of whdadtmnlihewheréint tha c8lleetion face
conprises a radiation guide which collects 3 emssions at the second
focal point 2andoftragsdits ddELedtidill SELANS 1 Qsl EFANR eFREC LIS MRS

1 14. The system of <claim 13, wherein the renote 2 detection

Teans comprises Yowel 5ot 5P BELHORATERNE- MG che 2akdd ABILATHY e

det ect or.

4 first and second focal points.

1 13. The system of c¢laim 12, wherein the collection
2 means comprises a radiation guide which collects
3 emissions at the second focal point and transmits the

4 emissions to remote detection means.

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

3 a radiation sensitive detector.

1 15. The system of c¢laim 13, further comprising an
2 aperture loceted'adjacent to the collection face of the
3 collection fmeans,. said aperture centered wupon and
4 substantially perpendicular to the axis connecting the

5 first and second focal points, whereby said aperture



1 15. The system—eof—el-at-m—13;-+ further conprising aDU_Z__apELLULﬁ______
| ocat ed adj acent lsgge%“%gblae & %gdface of the 3 collection neans, said

aperture centere ' H n;u}?gzgrt:og! L%’Sp_eraﬁgf'egsl ‘;‘Jllﬂljﬂwjmﬂw“m

connecting the 5
n fromnear the first focal 7 point

27 6 bl ocks off
before it reaches said collection face. 47 16. The system of claim11,
wherein said mrror is a 2 sem-ellipsoid. 1 17. The systemof claim
16, wherein the collection face 2 of said collection nmeans is
centered upon kimtks ofidfbsfanusalemigmiipendironl anean tthe afirstonfweal ng
the 4 first and second focal points. 1 18. The systemof claim 17,

wher ei n the ol lgsintObefbrd BN reatWdd 5988 callbadishi pacegui de which
collects 3 enmssions at the second focal point and transmts the
1 16. The system of claim 11, wherein said mirror is a

2 semi-ellipsoid.

1 17. The system of claim 16, wherein the collection face
2 of said collection means is centered upon and
3 substantially perpendicular to the axis connecting the

4 first and second focal points.

1 18. The system of c¢laim 17, wherein the collection
2 means comprises a radiation guide which collects
3 emissions at the second focal point and transmits the

4 emissions to remote detection means.

1 19. The system of claim 18, wherein the remote
2 detection means comprises wavelength selection means and

3 a radiation sensitive detector.



4 em ssions to Tenpte detection wEans. 1 19. The system—of —claim__
18, wherein theqh,gg;,ggmgsBegnR Rte@Cti on neans conprises wav

e R Tl

28 1 20. The

aperture |l ocated a col l ection face of the coIIectlon
nmeans, said aperture centered upon and® 4 substantrally per pendi cul ar
to the axis connecting the 5 first and second focal points, whereby said
aperture 6 blocks off focus em ssion fromnear the first focal 7 point

before it rdach@®.sailecolsysgemonofacelaim 18, further comprising an

2 aperture located adjacent to the collection face of the
3 collection means, said aperture centered upon and
4 substantially perpendicular to the axis connecting the
5 first and seeond focal points, whereby said aperture
6 blocks off focus emission from near the first focal

7 point before it reaches said collection face.

TN



