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METHOD TO MEASURE THE
CHARACTERISTICS IN AN ELECTRICAL
COMPONENT

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0001] The invention described herein includes contribu-
tions by one or more employees of the Department of the
Navy made in performance of official duties and may be
manufactured, used, licensed by, or for the United States
Government without payment of any royalties thereon.

BACKGROUND AND SUMMARY

[0002] The present disclosure relates generally to compo-
nent lifetime testing. More particularly, the present disclosure
relates to temperature detection of electrical components and
correlating the temperatures to component lifetime. The dis-
closure further discusses detecting material defects in com-
ponents.

[0003] Two conventional, non-contact methods for map-
ping the temperature distribution of a planar electronic device
areinfrared (IR) thermal imaging and micro-Raman spectros-
copy. The micro-Raman spectroscopy approach provides
greater spatial resolution and therefore, increased accuracy.
[0004] According to one aspect of the present disclosure, a
method of detecting temperature in a semiconductor is pro-
vided. The illustrative method includes the steps of: selecting
a semiconductor; obtaining a virtual model of the semicon-
ductor; selecting a material of interest present in the semicon-
ductor; determining a resonance frequency of the material of
interest; providing a laser; tuning the laser to the resonance
frequency; irradiating the material of interest in the semicon-
ductor with the laser; collecting scattered laser light emitted
by the material of interest in the semiconductor; providing a
spectrometer for receiving the collected laser light; and ana-
lyzing the collected laser light to determine the temperature
of the material of interest in the semiconductor.

[0005] According to another aspect of the present disclo-
sure, a method of estimating component lifetime is provided.
The illustrative method includes the steps of: selecting a first
semiconductor; selecting a material of interest present in the
first semiconductor; obtaining a laser tuned to a resonance
frequency of the material of interest; irradiating the first semi-
conductor with the laser; detecting laser light scattering emit-
ted by the first semiconductor; determining a temperature of
a portion of the first semiconductor; and determining a life-
time for the first semiconductor, the lifetime being a function
of'the determined temperature of the portion of the first semi-
conductor.

[0006] According to another aspect of the present disclo-
sure, a method of generating a function that correlates semi-
conductor temperature with semiconductor lifetime is pro-
vided. The illustrative method includes the steps of: selecting
a first semiconductor; determining a point of interest on the
semiconductor; determining a material present at the point of
interest on the first semiconductor; determining a resonance
frequency of the material of interest; obtaining a laser tuned to
the resonance frequency; placing the first semiconductor in
an environment such that the point of interest on the first
semiconductor has a first elevated temperature relative to
normal expected operating conditions of the point of interest
on the first semiconductor; irradiating the point of interest of
the first semiconductor with the laser; detecting laser light
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scattering emitted by the point of interest on the first semi-
conductor; determining a temperature of the point of interest
on the second semiconductor; determining a lifetime for the
first semiconductor by operating the first semiconductor at
the first elevated temperature until failure to generate a first
data point; selecting a second semiconductor, substantially
identical to the first semiconductor; placing the second semi-
conductor in an environment such that a point of interest on
the second semiconductor has a second elevated temperature
relative to normal expected operating conditions of the point
of interest on the second semiconductor; the point of interest
on the second semiconductor being equivalent to the point of
interest on the first semiconductor; irradiating the point of
interest on a second semiconductor with the laser; detecting
laser light scattering emitted by the point of interest on the
second semiconductor; determining a temperature of point of
interest on the second semiconductor; determining a lifetime
for the second semiconductor by operating the second semi-
conductor until failure to generate a second data point; and
conducting a mathematical procedure to generate a best-fit-
ting curve for the set of points containing the first data point
and the second data point.

[0007] According to another aspect of the present disclo-
sure, an illustrative method of detecting defects in a semicon-
ductor includes the steps of: obtaining a semiconductor;
selecting a material of interest present in the semiconductor;
determining a resonance frequency of the material of interest;
obtaining a laser tuned to the resonance frequency; raster
irradiating the semiconductor with the laser; collecting scat-
tered laser light emitted by the material of interest in the
semiconductor; analyzing the collected laser light to deter-
mine an observed temperature map of the semiconductor;
comparing the observed temperature map to an expected tem-
perature profile; and identifying differences between the
observed temperature map and the expected temperature pro-
file and noting the locations of differences as potential defect
locations.

[0008] According to another aspect of the present disclo-
sure, a method of detecting temperature in a material is pro-
vided. The illustrative method includes the steps of: selecting
a material; obtaining a virtual model of the material; deter-
mining a resonance frequency of the material; obtaining a
laser tuned to the resonance frequency; irradiating the mate-
rial with the laser; collecting scattered laser light emitted by
the material; and analyzing the collected laser light to deter-
mine the temperature of the material.

[0009] Additional features of the present disclosure will
become apparent to those skilled in the art upon consideration
of the following detailed description of the presently per-
ceived best mode of carrying out the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The detailed description of the drawings particu-
larly refers to the accompanying figures in which:

[0011] FIG.1 is a partial perspective view of an illustrative
arrangement for making micro-Raman scattering measure-
ments;

[0012] FIG. 2 is a schematic side view of the arrangement
of FIG. 1;
[0013] FIG. 3 is a photoluminescence spectra of bulk GaN

which can be used to tune the arrangement of FIG. 1;

[0014] FIG. 4 is a chart of the five lowest energy levels of a
heterostructure which can be used to tune the arrangement of
FIG. 1,
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[0015] FIG. 5 is a photoluminescence spectra of quantum
wells which can be used to tune the arrangement of FIG. 1;
[0016] FIG. 6 is a graph showing expected semiconductor
lifetime at a range of temperatures, three temperatures shown
in this example, that is generated from the testing done with
the arrangement of FIG. 1; and

[0017] FIG. 7 is a flow chart showing the steps of an illus-
trative method for measuring characteristics in an electrical
component that utilizes the arrangement of FIGS. 1 and 2 and
uses the data contained in FIGS. 3-6.

DETAILED DESCRIPTION OF THE DRAWINGS

[0018] FIGS. 1 and 2 show an arrangement for making
micro-Raman scattering measurements on a heterostructure
field-effect transistor (HFET) 1. While various semiconduc-
tors will be discussed herein for illustrative purposes, it
should be appreciated that the various methods and devices
are envisioned to be used with a variety of materials, includ-
ing but not limited to wide band gap semiconductors, hetero-
structures, quantum wells, and HFET’s.

[0019] The arrangement includes laser 23 (that generates
laser beam 13), laser focusing element (lens) 11, beam splitter
25 (that collects scattered light 27), lens 29, base plate 21, and
spectrometer 31. HFET 1 includes source 3, drain 5, gate 7,
and substrate 9. Spectrometers are known instruments used to
measure properties of light, often for identifying materials. In
the illustrative embodiment, spectrometer 31 includes linear
photodetector array 32 and entrance slit 33.

[0020] Atoms of HFET 1 form a lattice with adjacent
atoms. Raman spectroscopy involves irradiating a sample,
such as the shown HFET 1, with laser beam 13 and measuring
the light scattered from the volume illuminated by laser beam
13 (also referred to as Raman scattering). Scattering is the
process whereby the applied light is re-radiated from the
volume of the illuminated material (HFET 1 in this example)
in directions different than the original direction of the illu-
minating light. The irradiated material of HFET 1 is consid-
ered transparent to the laser light in that the laser light is able
to penetrate into the material to a necessary depth and subse-
quently be scattered therefrom. Accordingly, as used herein
“transparent” refers to this quality, and not the traditional use
of “transparent” meaning “able to be seen through without
distortion.”

[0021] The energy of the irradiation couples with the vibra-
tional energy, or energies, of the atoms in the crystal lattice of
HFET 1. This coupling is a non-linear interaction of the laser
light with the lattice vibrations of the sample (periodic oscil-
lations of the atoms about their equilibrium positions) and
causes the generation of sideband frequency emission signals
from inelastic scattering. The sidebands of scattered light are
characteristic of the crystal structure of the sample being
irradiated. The inelastically scattered light having energy
lower than that provided by the laser is called Stokes scatter-
ing. Scattered light having higher energy than the laser is
called anti-Stokes scattering. Both Stokes and anti-Stokes
scattering are examples of a Raman shift.

[0022] Quantized lattice vibrations are called Phonons. In
Stokes scattering, a phonon is generated, and in anti-Stokes
scattering, a phonon is annihilated. Depending on the crystal
structure of the sample, there can be one or several character-
istic phonons. Raman scattering permits two methods of mea-
suring the temperature of a semiconductor: phonon shifts due
to thermal expansion and intensity ratio of Stokes and anti-
Stokes scattering.
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[0023] Micro-Raman spectroscopy uses a microscope to
focus the laser onto the sample and collect the scattered light.
The use of laser 23 and lens 11 allows a small spot size and
therefore a resolution of 1 micro-meter. HFET 1 is placed on
temperature-controlled base plate 21. The laser beam spot is
rastered over the surface of HFET 1. Raster Scanning, by
which HFET 1 is “rastered” is a method of scanning in which
the scanning spot moves along a network of parallel lines,
either from side to side or top to bottom to effectively cover
the entire area being examined. One analog to raster scanning
is the way in which one reads written English, by moving
from left to right across a line, and then moving down to the
next line and repeating the process.

[0024] As the laser beam spot is rastered across HFET 1,
the material of HFET 1 inelastically scatters some of the light
back within the acceptance cone of lens 11. Scattered light 27
is collected and collimated by lens 11, reflected by beam
splitter 25 onto lens 29 which directs scattered light 27 onto
entrance slit 33 of spectrometer 31. Spectrometer 31 dis-
perses the spectrum of scattered light 27 onto linear photo-
detector array 32. Linear photodetector array 32 detects
wavelength-dependent intensity of scattered light 27. The
detected wavelength intensity is subsequently processed to
produce a spectrum of light intensity as a function of wave-
length or wave number.

[0025] Micro-Raman spectrometer 31 collects a spectrum
and determines the Raman shift for the spectral features
observed by either a phonon shift method or an intensity ratio
method. Using a phonon shift method, the experimentally-
measured Raman shift as a function of temperature is fit into
the equation:

A

o(T) = wo = BT _ 1’

where wy, is the phonon frequency at very low temperatures, #
is Planck’s constant divided by 27, k is Boltzmann’s constant,
T is the absolute temperature, and A and B are material-
dependent parameters.

[0026] Using the intensity ratio method for a particular
phonon, the intensity of anti-Stokes scattering divided by the
intensity of Stokes scattering is given by:

Iastwg) _ R T,
Is(ey)

where I, (w,) is the intensity of the anti-Stokes scattering
involving the k-th phonon having frequency w,, and I(w,) is
the intensity of the Stokes scattering for the same phonon. By
so fitting according to one of the above methods (i.e., phonon
shift or intensity ratio), a processor 35, maps the temperature
of'the various parts of HFET 1. Accordingly, the temperature
determination is dependent upon accurate measuring of the
phonon frequency shift or the presence and accurate measur-
ing of the anti-Stokes and Stokes scattering.

[0027] By so fitting according to one of the above methods
(i.e., phonon shift or intensity ratio), the temperature of the
various parts of HFET 1 can be mapped. Accordingly, the
temperature determination is dependent upon accurate mea-
suring of the phonon frequency shift or the presence and
accurate measuring of the anti-Stokes and Stokes scattering.
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[0028] By choosing the frequency of applied laser 23 to be
a resonant frequency of the material being observed (HFET
1), a greater intensity response can be generated for both the
anti-Stokes and Stokes scattering relative to a similarly sup-
plied laser intensity at a non-resonant frequency.

[0029] The resonant frequencies can be located various
ways. One such way is via photoluminescence (PL). PL
involves irradiating a sample with light having energy greater
than the band gap of the semiconductor material and observ-
ing the photons emitted therefrom. As an example, FIG. 3
shows the PL spectra of bulk GaN at a Temperature of S0K.
Emission from free exciton (FE) and bound exciton (BE)
states near the band gap occurs near ~3.48 eV. PL peaks also
occur at multiple phonon energies (92 meV, or 742 cm™.)
below the near-band-edge emission. While the energy levels
for an AlGaN/GaN/AlGaN quantum well (QW) are not
exactly the same as that for the triangular quantum well of an
AlGaN/GaN heterojunction, they are similar. FIG. 4 shows
the energy levels for an Al |,Ga, 3;N/GaN MQW hetero-
structure. PL. emission for a single quantum well (SQW) and
the multiple quantum wells (MQWs) of the structure shown
in FIG. 4 is shown in FIG. 5. Peaks in photon emission, having
greater intensity, are seen at the resonant frequencies.
[0030] When the laser energy in a micro-Raman measure-
ment is coincident in energy with these peaks in PL. emission,
greater scattering signal results. Thus resonant excitation
allows for measuring the scattering intensity with improved
signal-to-noise ratios and thus permitting a better estimate of
the temperatures present in HFET 1.

[0031] Through increased accuracy in temperature deter-
mination, this more reliable data is used in calculations used
to determine reliability of HFET 1. Additionally, scanning at
resonant frequencies is used for increased accuracy photolu-
minescence mapping of a device to determine such param-
eters as alloy composition, quantum well and impurity level
energies, impurity distribution, doping levels, and point and
line defect existence and concentrations. Furthermore, scan-
ning at resonant frequencies can be used in micro-Raman
temperature mapping of a device to determine strain from
heterostructures or crystal lattice structure defects. Where the
micro-Raman mapping provides a temperature map of the
device that differs substantially from the expected tempera-
ture map, as determined from a finite element model, dis-
cussed below, such differences are investigated as potential
defect locations. Defects at these locations may be the cause
of subsequent device failure.

[0032] Additionally, mapping allows the temperatures of
the various parts of HFET 1 to be observed and relationships
defined for the temperatures of the parts of HFET 1. For
example, mapping HFET 1 allows a relationship to be deter-
mined for the temperatures of channel 100 and base plate 21.
Thus, by knowing this relationship and knowing the tempera-
ture of base plate 21, the temperature of channel 100 can be
determined without having to actually measure the tempera-
ture of channel 100.

[0033] For any semiconductor being examined, such as
HFET 1, a finite element model (computerized virtual model)
or other means of determining a failure point such as observ-
ing failure points may be utilized. To create this model, design
and materials information is provided to a modeling program.
Such suitable modeling programs include but are not limited
to ANSYS and COSMOL Multiphysics. Once the relevant
data is assembled, the performance of the semiconductor can
be modeled. Various environmental conditions in which the
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semiconductor operates can be input into the modeling pro-
gram to output a temperature map or other report indicative of
semiconductor operation for the given environmental condi-
tions. Such a temperature map shows the expected tempera-
tures of the parts of the semiconductor for the given input
conditions (semiconductor design as well as applied voltages
and ambient conditions). The temperature map shows the
layout of the semiconductor and shows the temperatures of
the various parts thereof.

[0034] Once the failure point is determined by the use of the
model or otherwise, this point then becomes a point of interest
in a lifetime analysis. In HFET 1, point of interest 100, FIG.
1, is at the channel proximate gate 7. A first HFET 1 is
operated at a first elevated temperature until failure. A second
HFET 1 is then operated at a second elevated temperature
until failure. A third HFET 1 is then operated at a third
elevated temperature until failure. If desired, further elevated
temperature testing to failure is conducted. Before or during
each of the failure tests, the above-described micro-Raman
mapping is performed to gain accurate readings of the tem-
perature at point of interest 100. With the temperatures and
lifetime data, a least squared fit approximation is applied to
the data points to achieve a function that approximates the
observed data and to achieve a graph showing expected semi-
conductor lifetime at a range of temperatures, as shown in
FIG. 6. It should be appreciated that an actual graph need not
be created, but rather a function can be generated from the
data points to yield a functional relationship between operat-
ing temperature at point 100 and expected lifetime. It should
be appreciated that while the first HFET 1, second HFET 1,
and third HFET 1 are all discussed above as being singular
HFET’s 1, it is common that first, second, and third HFET’s 1
are actually large numbers of HFET’s 1. In such embodi-
ments, many HFET’s 1 are run to failure at each of the
elevated temperatures. The time to failure that is used is the
time that it takes 50% of the samples being tested to fail or
degrade to a specified level this time is denoted as t_ (hours).
[0035] A working HFET 1, not a HFET 1 operated to fail-
ure, is then placed in an environment designed to approximate
the environment where HFET 1 will be expected to operate.
Micro-Raman mapping is applied to HFET 1 to obtain a
temperature at point of interest 100 in the expected operating
environment. The temperature of point 100 is then compared
to the created graph, FIG. 6, such that an expected lifetime is
determined. It should be appreciated that the HFET’s 1 or
other semiconductors used in the testing are all substantially
identical to each other. In other words, the semiconductors are
identical except for any manufacturing defects or variances.
[0036] Thus, an illustrative process for using resonant
micro-Raman scattering for temperature measurement for
component lifetime determination includes the following
steps outlined in FIG. 7.

[0037] Step 101: Construct a device model of the compo-
nent, such as HFET 1 of FIG. 1. Illustrative items included in
the model are the following:

[0038] a.Materials (i.e., GaAs, AlGaAs, GaN, AlGaN, SiC,
metals, insulators, protective coatings, adhesives, etc.).
[0039] b. Thermal properties (thermal conductivity, inter-
face thermal conductances).

[0040] c. Electrical properties (electrical conductivity, car-
rier type and concentrations).

[0041] d. Dimensions (layer thicknesses, lateral dimen-
sions).
[0042] e. Interdependencies of items a-d in the model.
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[0043] Step 102: Determine the region of the device whose
local temperature affects component lifetime (failure point).
In an HFET, the relevant region is illustratively channel 100,
thus channel temperature T, ., is the relevant temperature.
In a bipolar device, the relevant region is illustratively the
junction, thus junction temperature T, ., is the relevant
temperature.

[0044] Step 103: Using the device model, simulate the tem-
perature distribution within the various regions of the com-
ponent for given base plate temperatures under given operat-
ing conditions. A finite element model is often used to
accomplish this simulation. Since the gate lengths of micro-
wave semiconductor devices are often only a fraction of a
micrometer (10~° m), the spatial resolution of the model for
temperature near the gate is chosen to be able to accurately
model the gate.

[0045] Step 104: Measure the temperature distribution
within several components under identical operating condi-
tions, such as bias conditions and signal input power levels.
For sub-micrometer gate lengths, the spatial resolution to
which the temperature near the gate can be determined is
chosen with the knowledge of the gate size and the resolution
needed to achieve accuracy. The method of this disclosure is
used to make accurate measurements of this temperature
distribution.

[0046] Step 105: Correlate the measured temperature dis-
tribution with simulated temperature distribution.

[0047] Step 106: Extract the relationship between base
plate 21 temperature (T, ...) and the relevant temperature
(such as T_,,,...;) for all operating conditions of interest.
Operating conditions, such as applied bias voltages and cur-
rents, are accounted for in the relationship between relevant
temperature and base plate 21 temperature, due to possible
self-heating effects.

[0048] Step 107: Operate multiple components at elevated
base plate temperatures until performance degrades to a
specified level. lllustratively, in FIG. 6, three elevated base
plate temperatures are used. The number of components oper-
ated at each elevated temperature is determined by the
expected lifetime.

[0049] Step 108: Perform a statistical determination of the
lifetime. The accuracy of the lifetime estimate is greater when
a larger number of components are tested. One typical life-
time parameter is the time for half of the components to have
degraded to the specified level; this time is denoted tg,
(hours).

[0050] Step 109: Plot the logarithm of the lifetime tg,
(hours) for the multiple elevated temperature conditions as a
function of reciprocal critical temperature (i.e., T ;.07 AL
example of'this plot is shown in FIG. 6. Since the relationship
between t5, and T, ; 1s given by:

channe.

ts OzterA/kT Cchanmel

the data will fall on a straight line, given by the relation:

lnl‘so = (%) +1nl‘0,

Tehannet

using either graphical or least-squares methods, a value for
activation energy E , can be determined.

[0051] Step 110: From the activation energy E, and the
relationship between T, .., 7. and T, estimates of com-
ponent lifetime can be made.

channel>
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[0052] Component lifetime estimates can then be used to
qualify component for various uses. More specifically, a cir-
cuit designer can specify a required component lifetime based
on the use in which the circuit will be employed. By perform-
ing the above steps, components generally, and components
of a particular production run can be tested and qualified for
specific uses.

[0053] Although the disclosure has been described in detail
with reference to certain preferred embodiments, variations
and modifications exist within the spirit and scope of the
disclosure as described and defined in the following claims.

1-16. (canceled)

17. A method of estimating component lifetime including
the steps of:

selecting a first semiconductor;

selecting a material of interest present in the first semicon-

ductor;

obtaining a laser tuned to a resonance frequency of the

material of interest;

irradiating the first semiconductor with the laser;

detecting laser light scattering emitted by the first semicon-

ductor;

determining a temperature of a portion of the first semi-

conductor; and

determining a lifetime for the first semiconductor, the life-

time being a function of the determined temperature of
the portion of the first semiconductor.

18. The method of claim 17, wherein the step of irradiating
the first semiconductor includes rastering across the semicon-
ductor.

19. The method of claim 18, wherein the step of determin-
ing a temperature includes generating a temperature map.

20. The method of claim 19, wherein the step of determin-
ing a lifetime includes determining the point on the tempera-
ture map that is most likely to induce failure.

21. The method of claim 19, wherein the temperature map
provides for the establishing of temperature relationships
between a point of interest in the first semiconductor and a
base plate in contact with the first semiconductor.

22. The method of claim 17, wherein the step of determin-
ing a lifetime includes comparing the determined temperature
to a graph that relates operating temperature to lifetime.

23. The method of claim 22, further including the step of
creating a temperature-to-lifetime graph, the creating step
including the steps of:

placing a second semiconductor in an environment such

that a point of interest on the second semiconductor has
an elevated temperature relative to normal expected
operating conditions; the second semiconductor being
similarly constructed as the first semiconductor;
irradiating a second semiconductor with the laser;
detecting laser light scattering emitted by the second semi-
conductor;

determining a temperature of a portion of the second semi-

conductor; and

determining a lifetime for the second semiconductor by

operating the second semiconductor until failure.

24. The method of claim 17, further including the step of
determining a resonance frequency of the material of interest.

25. A method of generating a function that correlates semi-
conductor temperature with semiconductor lifetime, the
method including the steps of:
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selecting a first semiconductor;

determining a point of interest on the semiconductor;

determining a material present at the point of interest on the
first semiconductor;

determining a resonance frequency of the material of inter-
est;

obtaining a laser tuned to the resonance frequency;

placing the first semiconductor in an environment such that
the point of interest on the first semiconductor has a first
elevated temperature relative to normal expected oper-
ating conditions of the point of interest on the first semi-
conductor;

irradiating the point of interest of the first semiconductor
with the laser;

detecting laser light scattering emitted by the point of inter-
est on the first semiconductor;

determining a temperature of the point of interest on the
first semiconductor;

determining a lifetime for the first semiconductor by oper-
ating the first semiconductor at the first elevated tem-
perature until failure to generate a first data point;

selecting a second semiconductor, substantially identical
to the first semiconductor;

placing the second semiconductor in an environment such
that a point of interest on the second semiconductor has
a second elevated temperature relative to normal
expected operating conditions of the point of interest on
the second semiconductor; the point of interest on the
second semiconductor being equivalent to the point of
interest on the first semiconductor;

irradiating the point of interest on a second semiconductor
with the laser;

detecting laser light scattering emitted by the point of inter-
est on the second semiconductor;

determining a temperature of the point of interest on the
second semiconductor;

determining a lifetime for the second semiconductor by
operating the second semiconductor until failure to gen-
erate a second data point; and

conducting a mathematical procedure to generate a best-
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operating conditions of the point of interest on the third
semiconductor; the point of interest on the third semi-
conductor being equivalent to the point of interest on the
first semiconductor;

irradiating the point of interest on a third semiconductor
with the laser;

detecting laser light scattering emitted by the point of inter-
est on the third semiconductor;

determining a temperature of point of interest on the third
semiconductor;

determining a lifetime for the third semiconductor by oper-
ating the third semiconductor until failure to generate a
third data point; and

the step of conducting a mathematical procedure includes
finding the best-fitting curve to the set of points contain-
ing the first data point, the second data point, and the
third data point.

27. The method of claim 25, wherein the first elevated

temperature is different from the second elevated tempera-
ture.

28. The method of claim 25, further including the steps of:

selecting a fourth semiconductor, substantially identical to
the first semiconductor;

placing the fourth semiconductor in an environment such
that a point of interest on the fourth semiconductor expe-
riences an environment equivalent to its normal
expected operating conditions; the point of interest on
the fourth semiconductor being equivalent to the point of
interest on the first semiconductor;

irradiating the point of interest on the fourth semiconductor
with the laser;

detecting laser light scattering emitted by the point of inter-
est on the fourth semiconductor;

determining a temperature of the point of interest on the
fourth semiconductor;

determining a lifetime for the fourth semiconductor by
comparing the temperature of the point of interest on the
fourth semiconductor to the best-fitting curve generated
from the set of points.

29. The method of claim 25, wherein the step of determin-

fitting curve for the set of points containing the first data
point and the second data point.

26. The method of claim 25, further including the steps of:

selecting a third semiconductor, substantially identical to
the first semiconductor;

placing the third semiconductor in an environment such
that a point of interest on the third semiconductor has a
third elevated temperature relative to normal expected ok ow R

ing the temperature of a point of interest on the first semicon-
ductor includes obtaining a temperature map that provides for
the establishing of temperature relationships between the
point of interest in the first semiconductor and a base plate in
contact with the first semiconductor.

30-46. (canceled)



