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MULTIWAVELENGTH IMAGING AND -~ .
PECTROSCOPIC PHQTOEMT MICROSCOPE SY.
RELATED PATENT

The subject matrer of this patent applii:ation is related to the subject matter disclosed
in U.S. Patent No. 5,302,830 ("the '830 patent”), entitled "Method for Measuring Thermal
Differences In Infrared Emissions From Microdevices" issued to Kandiah Shivanandan on
April 12, 1994. The contents of that patent are incorporated herein by reference.

B GRO F ON
eld of the I ion

The present invention relawes to multiwavéleﬁgth imaging and a spectroscopic
photoemission— microscope system. In pamcular the prcsem invention relates to a
muluwavelengﬂ: imaging and spectroscop:c photoemxssmn nucrosqope system which may
simultaneously provide images in a broad range of the clectromagnetic spectrum, such as
between 200nm - 1000nm (ultravioler and visible light) and 1000nm - 2500nm (infrared
light). The present invention may be used in failure analysis of integrated circuits and in
semiconductor and low temperatore physics.

Discussion of Related -

It is known that certain physical phenomena, occurring within microdevices such as -
semiconductor devices, contribute to degradation of the device’s performance under various
operating conditions. Such phénomena are known to occur, for example, within insulated-
gate fisld-effect transistors (IGFETS), metal-oxide. semiconductor field-effect transistors
(MOSFETs), and virtually all semwonductor devn:es eontammg pn junctions.

One type of phenomena which may conmblm: 10. degradauon in the performance of _

" MOSFETs is the emission of hot electrons from the MOSFET"s silicon substrate into the gate

insulator layer under various bias conditions. See generaily, P. Correll, R. Troutman, and
T. Ning, "Hot-Electron Emission in N-Channel IGFET's", IEEE Traps. on Electron
Devices, Vol. ED-26, pp. 520-33 (1979). It is believed that the resulting substrate current
may, in i, overload the substrate-bias voltage, causing substrate potential fluctuations or |
electron injection into the substrate, inducing snap-back breakdown and CMOS latchup.
Another type of phenomena causing degradation in MOSFET performance is believed to be
caused by electron trapping in the oxide. 4. . .. - . . ——
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It is known that certain physical phenomena contribute to breakdown across a p-n
junction upon the application of a forward or reverse bias. See generally, A. Chynoweth and
K. McKay, "Photon Emission from Avalanche Breakdows in Silicon”, Phys. Rev., Vol.
102, pp. 369-76 (1956). In many cases, such breakdown is undesirable. - |

The occurrence of these and other undesirable physical phenomena within
semiconductor devices are known to be accompanied by. the emission of electromagnetic
radiation. For example, photon emission spectrum characteristics resulting from Jatchup and
hot electrons in n-channel MOSFETS have been measured in the visible spectrum. See, e.g.,
T. Aoki and A. Yoshii, "Analysis of Latchup-Induced Photoemission”, IEDM Technical
Digest 89-281, pp. 281-84 (1989). Moreover, emission spectrum characteristics from
forward and reversed biased p-n junction diodes bave also been measured in the visible
spectrum. See, A. Chynoweth and K. McKay, "Photon. Emission from Avalanche
Breakdown in-Silicon", Phys. Rev., Vol. 102, pp.. 369-76 _(195,6)._- These emissions are
believed to be generated by Bremsstrahlung radiation, i.e, broad, band radistion emission
when an energetic electron is decelerated in an electric field, ... .

It is highly desirable to measure the ..ellectromagne_fic'; radiation emitted from
semiconductors to determine whether the aforementioned and other undesirable phenomena
contributing to degradation of performance .are occumng or_may occur under certain
operating conditions. It is also desirable to locate spatially from thhm the . microdevice. -
where the radiation is emitted. Detections of such radiation emission, by messuring.the -
"thermal signature” of the device, can form the basis for testing failure mechanisms in
semiconductor devices, and can be used to detect defects in individual semiconductors or
locate problems in various manufacturing processcs. Moreover, such measurement can be
utilized to predict failures in semiconductors and to improve overall design,

Most failurcs of semiconductor devices. will be accompanied by abmormal thermat

" signatures, e.g., some devices might become very hot while some might never turn on when

powered up. The change in thermal signature due.to the failure mechanism, however, may
be difficult to view, due to operating temperature, small thermal ,gr_a&_ient, or small device -

In the past, measurements of suchelccuomagncncradlanon emissions from
semiconductors have been performed in the optical spectrum. Thié basic technology has now
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evolved into photoemission microscopy _and' is being used in tndustry -in testing failure

mechamsms in semiconductor devrces

It is desirable, however, to, measure radumon emtsstons m other wavelengths of the

18:57 #4vE P.05/14

electromagnetic spectrum. This provides a more_co;nplete spectrnl analysrs of the emitted

radiation and thermal signamwres in semiconductor devices that result from failure
mechanisms, thus providing additional test data. Moreover, certain undesirable phenomena
produce infrared radiation, but do not generate radiation in the visible spectrum. Therefore,
detection of such phenomcna cannot be accomplished using measurements limited solely to
the visible spectrum.

The device described in the ’830 patent is conﬁgured to detect infrared radiation only '

It is desirable, however, to detect srmultaneously a wrde band of electromagnetlc energy
emitted by an IC device in the vxsrble and mfrared sPecna ' .

Therefore, it is an ob]ect of the present mvennon to provtde a spectroscoplc and
photometric imaging photoemtssron mrcroscope whu;h unages y. wrde band of energy
wavelengths, such as the visible spectrum to thc mfmed spectmm '

S YOFT N _
This and other objects of the present invention are provided by a multiwavelength

photometric and spectroscopic imaging photoemission microscope system which may provide -

a wide spectrum of clectromagnetic ermssrons from an IC device.. The system compnses a .-

microscope, a visible/infrared (IR) spectrometer a: vrsrble and anmfrarcd focal plane array,

a filter assembly, and 2 cryogemc vessel to mamtzu,n relevant pornons of the system at a Jow
temperature. '

In a preferred embodiment, the systern mcludes a mlctoscope whrch has a number of
visible and infrared spectra objectrve lenses. nght passmg thmugh the vrsxblc and infrared

" objective lenses is first l:ransrmtted through the spcctrorneter for spcctral measurements with

a series of gratings and order sorting filters in the visible and infrared spectra. The light

then passes to a beam splitter where the visible and infrared wavelengths are transmitted to -

their respective focal plane arrays via selected uncooled visible filters and cooled infrared
filters. The focal plane arrays include an IR photodiode and an optical CCD, respectively,
which convert the visible and infrared light into digitized signals for image display. A liquid

nitrogen dewar is provided © cool the, infrared subcomponents and both the focal plane
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arrays for maximum sensitivity and optimum performance of the system under low infrared
background noise. '

The inventive system allows a device bemg tested to have a broad spectrum of
electromagnetic radiation emissions, such as mfra:ed and -vigible: liglt, imaged
simultaneously. S

BRIEF DES ON O DRA G - o
The present invention is described with reference to the; following figure:
Fig. 1 is a cross-sectional view of a device according to'a-preferred embodiment of the

present invention.

DE D N OF RED OD _

Fig. 1-is a cross-sectional view of a preferred embodiment of an imaging and
photometric spectroscopic photoemission microscope system 100 according to the present
invention. The system 100 comprises a .micros;oﬁq 102, an optical filter assembly 104, a -
spectrometer 106, a beam splitter 108, two focal pl.ané.-arrdj's 116 112 and a cryogenic
vessel, such as a dewar case 160, with two cryogemc contamers 116, 118. Each of these
elements is described below in greater derail.

The Microscope

The microscope 102 mcludes a turret assembly 120 of vxs,lble and infrared objective
lenses 122 and a light source assembly 124, comprising a light source 126, a mirror 128, and-
a half mirror 130. The microscope also includes a tube lens 132 through which light passes
from the objective lens 122 to a prism 134. The light passing through the prism 134 is split
so that part of the light passing through the objective lens continues upward to the rest of the
system 100 and part of the light goes to an eye piece.filter 136.and to an eye piece 138 so

" that the device being tested may be viewed by a user.: ;

Various types of optical lens systems. are; well known 10 those skilled in the art.
Substantial IR background radiation may be gene:ated by the Toom femperature optical
elements themselves. The objective lenses 122 contribute, to IR background noise. This
noise is reduced by the IR filter inside the cooled system desceibed below. Suitable materials
for the lenses include zinc selenide (ZnSe), calciom ﬂuonde (CaF,_), and zinc sulfide (ZnS),
whxch are well known optical materials.
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he cal Filter Assembl

The light passing through the prism is recewed by an optxcal ﬁlter assembly 104 The
optical filter assembly may be mounted onto the objecnve lens- assembly Band pass filters
140A, 140B are preferably coptained in a filter wheel 142, whxch permits selective
positioning of the band pass filters 140A, 140B.

e Spectrometer

The electromagnetic radiation from the device being viewed enters a demountable
grating spectrometer 106. The light entering the grating spectrometer 106 is reflected by a
folding mirror 150 to a spherical mirror 152. The spherical mirror 152 directs the light to
a retractable grating 154 which further scparates the hght according to wavelength. The
separated light is again sent to the spherical muror 152 The sphencal mirror 152 reflects
the light to a mirror 156 which dlrects the separaned wavelengtbs of l;ght out of the
demountable -grating spectrometer 106 towards the beam splmer 108.. = .

The spectrometer -divides the hght into ; three specu'al ‘bands, 200nm 600nm
(ultraviolet), 600nm - 1000nm (vxsxblc), and IOOOmn 2500mn (mfrared) The spectrometer
is modular so that the imaging system may be operated ina Photometnc mode independently
of the spectrometer. The order sorting filters (not shown) may be used to select different
orders of gratings to provide different spectral characterizations for the ultraviolet, visible
and infrared light. Also, laser alignment may be provided to align the spectrometer to the.
focal plape arrays. - .

The remaining elements .of the muluwavelength imaging and spectroscopic
photoemission microscope system 100 are contamed in the dewar case 160 and maintained
at a very low temperature in 2 manner descnhe_d.helqw.

" The Beam Splitter -
Electromagnetic radiation exiting the demountable graung spectmm’eter 106 passes

" into the dewar case 160 and- is- directed fo the begm__sphglseg_ ._108._-. The beam splitter is

preferably a dichroic mirror assembly, but may be any suiﬁble dptical splitting device such

as a beam-splitting prism assembly and/or mirrors or combinations of these elements. The

beam splitter splits the light so that IR spectrum light is directed to a first spectrum focal
plane 110 and the optical spectrum light is directed to 2 second spectrum focal plane 112.
Note that the spectrometer 106 may be onntted and the hght may be separated by spectrum

usmg the beam splitter. S
S —
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The beam splitter is maintained at a very cold temperature in order to prevent
background radiation in the IR spectrum. Thus, the beam splitter is located near the
cryogenic container 116 so that heat from the beam spl,i__ﬁer is transferred to liquid nitrogen
(or other cold liquified gas) in the vessel. This reduces i_a.:_’:ckground noise and improves the
signal-to-noise ratio. .

e Inf F Arr SR

Infrared light is directed from the beam splitter. 108 toa plane mirror 171, which
dlrects the IR light to the IR focal plane array 110 thmugh the IR filter assembly 170. To
minimize background radiation from the device being tested aqd. to. improve the signal-to-
noise ratio of radiation emission measurements, the pres,epé iﬁvehtioh_ pi'Gferably includes one

#4925 P.2B/14 -

or more band pass filters to eliminate undesirable electromagnetic energy wavelengths. For

example, a band pass filter eliminating ultraviolet and optical light (200nm - 1000nm) may
be in place so that only infrared light passes the filter. Moreover, background radiation may
be reduced through the band pass filters. Preferably, band pass filters having varying band
pass characteristics are used. The band pass ﬁlmers may be of any weil known type of
narrow-band filter.

The IR filter assembly 170 is preferably located near the cryogemc contajners 116,
118 so that heat from the filters is transferred to. the hqmd mtrogen stored in the cryogenic
containers. This reduces background. radiation and unproves the szgnal—to-no:se ratio..

Infrared light passes through the ﬁker assembly 170 and is received by an IR

photodiode array detector 114A, such as the two dnnem'.xoml array detector described in the

’830 patent. As noted in the '830 patent, several types of eommercxally available array
detectors are kmown and suitable for the present invention. Most preferable is a mercury
cadminm telluride (HgCdTe) photodiode having a 256 X 256 pixel array. The infrared
wavelength light incident on the photodmde 114A is converted into electronic information
and apalyzed in a well know manner by usmg eleelromcs such as an electronic signal
processor 200, described in the "830 patent.

The Visible Focal Plane Array .

Visible light is transmitted through the ﬂlter assembly 104 via the beam splitter 108
and is focused onto a visible focal plane array: 112 Prefemhly, the, Aarray; includes a2 512 x °

512 silicon optical CCD 114B 'ﬂle light mcxdent to opncal CCD 114B may be converted
into electronic information and analyzed '
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e Cryo s

The dewar case 160 houses two cryogemc contamers 116 118 Because mfrared
Thus, it is preferable that elements annlyzmg mframd radxanon be mal:ltamed ata very low
temperature. It is known that any objeet of a temperature greater than 0° Kelvin emits
background radiation. It is believed that 2 eexmconduetor at room temperanue
(approximately 300° Kelvin) emits infrared radiation having a known spectral distribution.
To reduce infrared background noise, it is desirable that the beam splitter 108, IR filter
assembly 170, and both focal plane arrays 110, 112 be operated at a temperature of less than
approximately 77° Kelvin. Thus, the beam splitter 108, IR filter assembly 170, and both
focal planes 110, 112 are mounted msxde the déwar ‘case 160 on the base of the two
cryogenic containers 116, 118 ‘and maintained in a vacuum space below the dewar at a
temperature Of approximately 77°K. STPIRE

The dewar case 160 meludes an outer cryogeme vessel 118 havmg a ﬁll port 180 and
an inner cryogenic vessel 116 havmg a ﬁll port 182 The ﬁll ports 180 182 provide the
introduction of liquid nitrogen-or other very cold hqmﬁed ‘gas, mto the cryogemc vessels.
A cold surface 190 is provided at the bottom of the dewar case 160 t6 aid in transferring heat
from the vacuum space to the dewar.

is o) Fr Focal Plane Ar

The information from the IR photodiode 114A and optical CCD array 114B are
provided to an clectronic signal processor 200.- Such a signal mdcessor is fully disclosed in
the *830 patent and is not described in detail here. The electronic signal processor 200 may,
for example, amplify the information provided. from. the photodiode and CCD array and
convert the sxgnal from an analog to a digital t‘ormat and then muluplex the data using, for
example, a time division multiplexer. The: mllnplexed dara may be sent toa computer 202
or otherwise processed as digital mformanon e U ERN

Conclusion SO ' e oS

A device is disclosed for provxdmg i broad wavelength eleclromagnene radiation
imaging of a device. Preferably, the wavelengths include the infrared and visible light
spectra. This device preferably provides simultaneous imaging of both infrared and visible -
light emissions of an object being tested, such as a semiconductor. The present invention
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may be used in failure apalysis of integrated circuits and in semnconductor and low
temperature physics.

It is apparent to those skilled in the art that various modifications and variations can
be made in the practice of the method or in the implementation of the system of the present
invention without departing from the scope or spmt of the mvenuon For example, it is
apparent to those skilled in the art that a closed cycle cooler can be substituted for the dewar
and liquid nitrogen. FunhermOtc the plesem invention can be used generally to detect
defects in any type of microdevice that emits detectable electromagnenc radiation.

The above described embodiments of the mvenuon are mtended to be ﬂlusmmve only.
Numemus alternative embodiments may be devzsed by thosc shlled in the art without
depan.mg from the spirit and scope of the followmg c!a:ms o
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I claim: : . _
1. A multiwavelength i unagmg system, compnsmg _

a. a microscope configured to view elecmmmgnenc radlanon emitted from an
object;

b. a beam sphtter conﬁgured to receive the electromagnenc radumon vu:wed by
the microscope and to direct mfrared spectrum light'to an infrared focal plane
array and visible spectrum light to a visible focal plane array;

c. the infrared focal plape array configured to receive infrared light from the

 beam splitter and to convert the infrared light into electronic information; and

d. the visible focal plane array configured to receive visible light from the beam
splitter and to convert the visible light into electronic information.

2. The system of claim 1, furthcr compusmg a cryogemc vessel conﬁgured to maintain
the beam splitter and the mfrared focal plane array- at a vety low tempetamre

3. The system of claim 1, further compnsmg a spectrometer ber.ween the tmcroscope and
the beam splitter and conﬁgured o receive the eleetromagnettc radlauon viewed by the
microscope, to separate the received electromagnctxc radlanon according to wavelength, and
to direct the separated electromagnetic radiation to the beam - splitter.

4. The system of claim 1, further comprising a visible light band pass filter between the .
microscope and the beam splitter and conﬁgu:ed: to filter the electromagnetic radiation
viewed by the microscope and direct the filtered lxght _to_;h_e beam splitter.

5. The system of claim 1, ﬁuther compnsmg an mfrared llght band pass filter between
the beam splitter and the infrared focal plane array and conﬂgured to filter the infrared light
from the beam splitter and to duect the ﬁltercd hght 10 themfrared hght focal planc urray.

6.  The system of claim 2, further c;,mpﬁs‘ag anmfrared light band pass filter between
the beam splitter and the infrared focal plane -array and configured to filter the infrared light
from the beam splitter and to direct the filtered light to the infrared focul plane array and the
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cryogenic vessel is configured to maintain the int‘rared light band pass filter at a very low
temperature,
7. A method for simultaneously obtaining images of a wide spectrum of clectromagnetic

radiation emitted by an object, the method comprising the steps of:
receiving elecn_'omagnetic radiation emitted fromthe object;

b. separating the received radiation into infrared light and visible light;

c. directing the infrared light to-an infrared: focal plane array;

d. directing the visible light to a vis_ible.'.:foc_a:l plane array; and

e. electronically processing outputs of the. visible infrared focai plane arrays.
8.  The method of claim 7, further comprising the step of maintaining the infrared focal

plane array at a very low temperature.

9. The method of claim 7, wherein the step of separating further comprises the step of
using a spectrometer for separating the clectromagnetic energy.

10.  The method of claim 7, wherein the step of separating further comprises the step of
using a beam splitter for separaﬁng;d:e.electronmgné;ic_- energy. . .. -
—
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