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THE USE_OF LASERS TO SIMULATE. RADIATION-INDUCED
TRANSIENTS IN SEMICONDUCTOR DEVICES AND CIRCUITS
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Donald H. Habing

The study of transients induced in semiconductor devices and associated
circuitry when exposed to high levels of ionizing radiation requires simu-
lation of these environments. Pulsed X-ray machines and linear accelerators
are available for this purpose; however, they require relatively large
installations and have a high‘cost of operation. High levels of ionization
can be created in semiconductor devices by irradiating the devices with
short pulses of light. If the light frequency is properly selected, suf-
ficient and uniform energy deposition is obtained which results in ionization
rates orders of magnitude above those presently attainable from other sources.
It is shown that a pulsed infrared laser can be used as a relatively simple,
inexpensive and effective means of simulating the effects caused by.intense
gamma-ray sources on semiconductors.

Calculations.based upon nublished as well as experimental absorption
data for silicon show that energy deposition is very nearly uniform for the
neodyhiun wavelength (1.06 microns - 1.17 ev photons). Dose rates in excess
of 102 rads/sec (silicon) in 40 x 1072 seconds over an area of 50 cn® have
been obtained from a Q-switched 10 megawatt neodﬂﬂium laser. This compares

g rads/sec (silicon) over approximately

favorably to maximum dose rates of lOl
1 cm2 attainable from Linac sources. Ixperimental results presented show
that the transients induced in various types of silicon transistors when
exposed to the laser are essentially identical to those obtained when using
pulses of 25 MeV electrons from a linear accelerator. Good agreement exists
between the peak photocurrents obtained using the two sources over a dose

1 L

range of 10~ to 10 rads.
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In contrast to defocusing a high energy laser beam to cover relatively
large areas, a low energy pulsed laser has been focused through a microscépe
to a spot size of 10 microns and used as a pfobe to genecrate iénization in
selected regions_of semiconductor devices. Data are presented which show
the maghitude of the photécurrent resulting from ionization introduced at
various points in the wafer geometry for a diffused mesa transistor. Also,
sone preiiminary studies of a monolithic circuit indicate that the infrared
probe is a valuable tool in:understanding the responses obtained from'inte-

grated circuitry and developing hardened versions of these circuits.




Introduction

The study of transients induced in oemiconductér devicec which are
cxposed 1o 3cnetrat1 g and ionizing radldtlon such as gamma rays or hlgn
energy electrons is well documentedl 2 ’. Energy is transferred from the
incident photons to the material through several processes and causes ioni-

zation and excitation of electrons with the result that hole.electron pairs

are generated uniformly throughout the material. Some of the carriers gene-

rated near the device junctions will traverse the junction and produce transient

currents at the device terminals. In general, at exposure levels below that

_ required to conductivity modulate the bulk material, only those carriers

generated within the depletion regions and within one diffusion length of the
junction are collected; the other carriers recombine before reaching the
Jjunction aﬁd do not contribute to the transient current. At much higher
exposure levels, the currents resulting from changes in the resitivity of

the bulk materiai must also be considered. If the approximate carrier life-
times, diffusion lengths and geometry are known, mathematical models can be
formulated which predict tﬁe.observed transient.

An important part of radiation effects studies‘is the experimental
determination of the transients produced by ionizing radiation and thus
simulation of the environments is required. Pulsed X-ray machines and linear
accelerators are available for this purpose; however, they require relatively
large installations and have a high cost of operation. High levels of ioni-
zation can be created in semiconductor devices by irradiating the devices
with short pulses of light. If a proper light frequency is selected, sufficient
and reasonably uniform énergy deposition is obtained which results in ionization
rates orders of magnitude above those presently attainable from other sources;

The generation of photocurrents in diodes which are eiﬁosed to radiation
in the form of visible light has been studleA to some extent in conJunctlon
with solid state photodetector de51gn:uwﬁ;/ In general, the mathematical
model becomes more complicated because absorption characteristics of semi-

conductors at optical wavelengths are rapidly varying functions of ffequency.
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_The use of monochromatic light in the infrared alleviates this problem and
at infrared wavelenpgths penetration depths. sufficient to give nearly uniform
energy deposition in typical silicon deViccg can be obtained. A Q-switched
laser is a pafticularly well-suited sourée because‘it_has the»desired.mono—
chromativity, collimated beam, and thé‘ability to-deliver high energies in
z/very short times (typically 20;50 nanoseconds). In addition, through the
use of ordinary optics, it can.be focused or defocused to COver.a desired
area with.varying amounts of energy flux. It is a relatively simple, inex-

pensive and compact laboratory tool, capable of simulating the high ionization

levels in semiconductor devices that are of interest in radiation effects work.

Generation of Carriers in Silicon by Photon Absorption

Consider a flux of monochromatic light, I (watts/cme), impinging upon
the surface (x = o) of a material. If the wavelength of the incident lightls
./ .
is A (cm), ‘the number of photons Q SPhotons cm? sec) striking the surface

will be
. I__)_\_I_

hv he ?/,

Q

& . — 2
where ¢ = vplocity of light (cm}sec)
h

Planck's constant

the frequency of the light..

v
If the reflection coefficient of the surface is R, the flux entering the
surface will be )

F = (1-R)Q /Pﬁotoné/ em®sec.
The photons are absorbed while traveling throughout the material and in
accordance with Lambert's law of absorption, the flux F at a distance x
‘from the surface will be given by '

F =Tog <—:~.-°‘x ' '
where a(A) is the absorption coefficient of the material. If only intrinsic
' absorption.is considered and if the quéntum yieid is m (ratio of the hole
electron pairs produced to the number of photons absorbed) the number of hole
electron pairs per cm3 per second generated in the semiconductor at a distance
x will be

' g = mFoae % pairs/cm3sec

F;gure 1 shows the absorption coefficient of intrinsiec silicon and-its-re-

-ciprocal,’penetrationmdistance—(pointmat,Mhichwintensity-haa_g§g§g§§g@;bx:1/e9,
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0.01 ohm cm at which point free carrier absorption becomes prominent and

the absorption coefficient increases with increasing carrier concentrations.
Ffortunately, expect for the'emitter regions of some transistors, most devices
employ carrier concentrations within the above limits,

Figure 3 shows the percentage of input energy at 1.06 microns deposited
in silicon as a function of wafecr thickness for an average absorption co-
efficient of 40 cm—l. Typical transistorsﬁand integrated circuit wafers thick-
nesses range from several microns to about 100 microns. For ;00 microns, the
uniformity of depbsition obtained throughout the wafer is about 30%" a
?easonable value for simulation of energetic radiation sources,

It is informative to compare the absorption coefficient of silicon at
X-ray wavelengths, shown in Figure I, to the previous results for light. As
indicated on the curvé, the penetratioh distance obtained in silicon with the
ruby and neodynium laser corresponds to the penetration of 2 KeV and 10 KeV
X-rays respectively, and thus the laser’ would accurately'sihulate the‘energy

deposition profile obtained at these energies,



e
plotted as a function of photon energ?i/.ﬁecause the energy band gap (E7)
in silicon at room temperature is approximately 1.08 ev, very few hole °
electron pairs can be generated by photons with energies hv < Eg. In the
region of the absorption edge, vhere photon energies are approximately equal
to Eg’ electrons in the valence band can be excited acro§s the forbidden
gap to the conduction band and consequently the absorption coefficient in-

)2»5~

creases rapidly as (Hﬂ - . The upper limit of usable wavelengths

T

=

for simulation is thus given by A < %E-; the lower limit is determined by '
the energy deposition profile desired® ‘

For optimum uniformity of, energy depositon in silicon, the phoion energy
should be slightly greater than the band gap energy where the absorption co-
efficient has%relatively low value. The degree of uniformity obtainéd will
ve influenced to a great extent by the device dimensions, the radiation dése
levels of interest, and the impurity doping concentration present in the
silicon. Af relatively low doses,.beforé the onset of conductivity modulation,
the active carrier generation depth of a transistor extends'only through the
emitter and base depths plus a diffusion-length into the collector region.

At high ionization levels the péak photocurrent fesponse is determined by the
change in resistivity of ﬁhe bulk material in the collector region and hence
the entire wafer thickness is important. The effect of doping concentration
will be considered later for the ;qser frequency of interest.

Although an ever increasing number of available laser frequencies are
reported in the literature, there are at present only two solid state lasers
available with sufficient energy output for simulating radiation over large
areas: the ruby (wavelength - 0.69h3 microns; pﬁoton energy - 1.8 ev) and
neodynium-doped glass (wavelength - 1.06 microns; photon energy - 1.17 ev).

It will be shown that the latter is a reasonable choice for simulation of
penetrating radiation in silicon. _

Because the absorption coefficient in silicon is extremely wavelength-
.dcpchdcnt for photon energies slightly aAreater than Eg, experimental values
were determined at 1.06 microns for P-and N-type sariples with various doping
impurity concentrations. TFigureg 2-and3 showsthe results of these measurements
for phosphorous-doped and boron-doped silicon, respectively. It is seen that

the absorption remains essentially constant from 100 ohm cm to approximateljf



Calculated Enerpy Deposition

In this paper, the radiation exposure is referred to in terms of the dose
or the dose rate depending upon which is appropriate for the discussion.. The
wnit of dose used is the rad and is defined as én absorbed energy of 100 ergs/gm
of the ha;erial. Because a rad is defined by the energy déposited in the
material, it is independent of the radiation spectrum. f;fthermore, for
gamma rays and high energy electrons i§ is assumed that uniform generation
of hole-electron pairs takes place and that the average energy réquired to
create a hole-electron pair:in silicon is approximately 3.6 ev, which cor-

13 pairs/cm3

responds to a generation rate of 4.3 x 10 sec for a dose rate
of one rad/sec.
If a light energy flux of Eo joules/cm2 impinges on a silicon wafer the

energy deposited per unit volume is given by

= (1oR) i o~ Xy 3
By (lAR)aLOe. j/lem”,

For ax:<< 1, the deposition will be nearly uniform and the expression becomes
\

. < 3
By (1 R)aEOJ/cm .
(The assumption of uniform deposition at 1.06 microns for a typical wafer
thickness of 100 microns results in a 30 percent error of calculated dose.)
' . -1 ., 3

At 1.06 microns a = 40 cm ~ and R = 0,32 so that Ed = 2.72 EOJ/Cm or

1.08 x 106_EO rads over an area equal to that of the laser rod. Because

" the quantum efficiency in silicon at optical wavelengths is nearly unity9,

for laser irradiation, one hole-electron pair is created. for every absorbed

photon leading to a generation rate of

_ 3.6 ev 13
€ =117 ev

for an absorbed dose of 1 rad/sec. Thus, when comparing laser-induced transients

b

x 4.3 x 10 pairs/cm3 sec = 1.32 x 10t pairs/cm3 sec

to those obtained using nuclear radiation, the respective doses must be weighted:

acéordihgly.



In a Q-switched laser the gain per unit length of rod, which is propor-
tional tl the exponent of pupulation inversion'achieved, is very hign at the
instant of switching. This causes multimode operétion in which the laser
output will be phase coﬁerent in the direction of propagation but will nq@
be of uniform phase across the wave front. Under these conditions the eﬁérgy
flux emerging from the laser is relatively constant over the cross-sectinn gf
~ the lacer rcd. To check this expérimcntally tﬁe laser Yeam was diverged by
2 short focal iength l;ns gnd flux measurements were made across the bean
front at a point where the beam diameter was a factor of 16 greater than
thé rod diameter. The resulté aré»depicxed.in_Eigure—54and show the uniformity
to be within a factor of two across the diameter. The degfee of uniformiﬁy'
obtained is dependent on the homogeneity of the laser rodvmaterial, the
pumping - configuration and the qﬁality ‘of the other optical components in
the system.. In the experiméntal apparatus used here no attempt was made to
select optimum components and hence it is felt that the above variation in
uniformity could be made considerasly less. Morgover,~E;gﬂre£§:ahowsrth&t
if only the center portion of the laser output is:used,'thus eliminating ﬁhe
nonuniformity at the edges (caused by nonuniform pumping of the .laser rod),
the variance is held to a more reasonable value.

In general, if thellaser output energy is,considered’nearly uniform ovér'
the cross-sectional area of the laser rod, it can be focused or defocused
to give any desired energy flux at the target. The energy that can be
déposited E(rads) over gn arca A is given by
6t

I =1.08 x 100 E —= rads
oA

where A is the area of the laser rod.

L
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For a typical laser rod of 1 cm2 cross-sectional area delivering a one
Jjoule Q-switched output, a dose of 1.08 x lO6 rads can be obtained over 1

P
cm2. This corresponds to an equivalent gamma dose of approximately 3 x 10°

rads and compares favorably to the maximum attainabie dose of about 2 x 103
rads(silicon) over 1 cm2 available from a linear accelerator. Plotted in
Figure 6 arec curves of the equivalent gamma dosé%%gat can be delivered over
various areas as a functién of lase? output power. The range of powver out~
puts considered is representative of standard 1aborato;y—type‘lasers that

are currently available. ?he curves point out the fact that entire circuits
can be irradiated at subétahtial dose levels with relativé ease in the
labvoratory. |

| There_ére, of course, certain inherent drawbacks in‘the use of lasef
.é££25££€;8; techniques. Metai vaefings are opaque,igfoptical waveiengths
and hence containers mugﬁ be removed to expose the silicon wafer itself to
the light. For transistors and integrated circuité, this poses no great
problem; the containers can be easily removed and operation of £he device

is not impaired. The.construction techniques used in making diodes does nbt
.iq geheral lend itself to easily exposin; the semiconductor material; however;
with proper teéhniques it can be done. The percentage of area occluded on
the wafer by metallic contacts énd stripes causesshadowing of certain regions
in the device leading to unit-to-unit variation of effeétive dqsé receiyed;
hence knowledge of wafér geometry is necessary for accurate predicsion of the
abso;bed dose in a given type device. This effect will be considered in

A}

more detail in the experimental discussion.
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Exverimental Results

. To experimentally determine the effectiveness of infra-zed laser radiation
in simulating high ionization rates caused by energetic gamma rays or electrons,
the time responses of the transient emitter currents induced in three types of

double diffused mesa silicon transistors vhen exposed to pulses of 25 lieV
’ ’
Aﬂéﬂﬁﬁ/--"

4

electrons and to a pulsed laser were measured over a dose range ézoremciy'froml
0.1 rad to 2 x 103 rads. The devices were operated in the common collector
configur&tion (shown in.Figure 7) with constant current base drive. This
copfiguration eliminates from the measurements the secondary electron current
arising from electron bombafdment of the traﬁsistor header and container.
Becaﬁse geomefrical considérations are important at optical wavelengths,

scale drawings of the wafers are shown in Figures$8 thrdug% 10, to indicate

the percentage of pase area coverecd by metallic stripé!ana contacts. This

percentage varies from 25 percent for the 2N1051 to 75 percent for the 2N1675.
Figures:; andig{which depict the transient emitter current waveform

obtained with the t;o sources at a low dose and high dose for the 2N1051
demonstrate the similarity in response for comparable peak éurrents. The
faster risetiﬁé noted with laser irradiation is believed due to slightly
greater absprption in the base and emitter regions of the device. The
initial peak ig the nigh dosé waveform due to conductivity modulation of

the collector region demonstrates that the lager is eff;cﬁive in peqetratihg
the eﬁtire depth of the%wafer. Figuresiﬁfand,ibiwhich.iészvsimilar waveforms
for the 2N1675, indicatg}that ihak the percentage of occluded'area has little
effect on the device time response, except—to-lower—the-saturation—eurrent
-denotcd_byuthe~flat—portion_Qﬁ_thewwaveformwiﬁmediafely~after~the"initia1
-peak _in_the high dose.results.-—This-is-to-be—expected-since-there-is—con-
-siderable shadowing of “the “collector-region-and-hence~the-effective~area.in,

—thewexﬁreséion~R~=5g%"ismdecreased~leadingwto—highenwv&luevofwcollector

_resistance.
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Plots of peak collachor current versus dose, shown in Figures €, 11 and
1.7 e e e . e

x2 for two of each of the three types of transistors, indicate good agreement
for doses extending over four decades. To account for the unit-to-unit
variation in dose due to occluded areas the dose in each case was decreased
by the ratio of occluded base area to the total base area. Also, for purposes
of comparison, the calculated laser dose was increased by an amount equal to
the ratio of carrier generation rates obtained with the two sources so that

"
the abscissa represents the equivalent gamma-ray dose delivered by the laser.

A diagram of the experimental apparatus used to expose the transistor to
short pulses of 1.06 micrén.light is schematically.showp in Figureféé?.} g'
The laser used in the experiment employed a 6" x 1/2" neodynium-doped glass
rod which was Q-switched by.a rotating prisg rotatiﬁg at 800 rps to obtain
30 nanosecond pulses. The laser output was monitored By PDl’ an IT&T planar
photodiode which had previously beeh calibrated to a TRG Model 401 éalorimeter.
A 5 cm focal length_lené was used to diverge tﬁe beam to a lower energy density
at which poiﬁt gelatinéjfilters were used to véry the dose to the target in |

discrete steps. PD, serves as the relative dosimeter by measuring the energy

2
density immediately preceding the target.
Laser Probe

Geometrical studies of transistor and monolithic circuits can be facilitated
by the use of narrow beams of penetrating ionization to isolate the effects
caused by various-componeﬁts or regions of a semiéonductor wafer. Extremely
narrow collimated radiation sources are nonexistent and present design of
X-ray & machines does not produce beams with.the consistancy and directivity -

necessary .for collimating to very small diameters externally. Shielding of

oS
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areas on a wafer where ionization is unwarranted is extremely difficult because

. of the small dimensions involved.




A relativgly low power continuous-wave laser can be used in conjunction
with a microscope to c;natc ionization in minute regions of semiconductors.
Because a laser is a well-collimated ané coherent light source, it can be
focused to a spot sime determined by the diffraction limit of the optical

system.  With some choice of operating'freqhencies available, the penetration

depth of the ilonizing radiation can also be chosen to allow energy deposition

[ S DA pre Tk

in thin layers of a dgvice or in a nearly uniform manner.” If anlébticai.
shutter such as a Kerr cel} is used to modulate the laser output, any desired
pulse width can be sirm selécted and at a repetition rate limited qnly'by the
characteristics of the shutter, tyﬁically 60 pulses per second.

The approximate expression for the minimum diameter to which light with
a uniphase wave front cin be focused in a given optical:system is_‘

1.2 Af

.D=d' , .

-

when A = wévelength of light, f = focal length of the lens, and d = digmeter
of lzser beam (this assumes that the diametef of the laser beaﬁ is smaller
that the lens aperture). For a typical/ﬂgliumjﬂéon/Gésfﬂéser (63284°) with
a beam diameter qf ceveral millimeters and focused through a relatively low
power microscope objective (l6i), the theoretical spot size would be about
one micron. This is difficult to achieve in pracfice because éf imperfections
in the optical components and a certain amount of laser beam divergence; however,
a épot size of 10 microns can be obtained with reiﬁtive ease,

- The absorption coefficient in silicon for 63284° is 5 x lO-? cm, equivalént
to a penétration distance of 2 ﬁicrons. In this distanée, over & diameter of
10 microns, a 3 mw laser will produce a dose rate 6f approximately

E = 101? rads/sec.




At these extremeiy'high ionization rates created nonuniformly in very small
difficult

volumes it is &&F0—winr to predict precisely the movement of all the carriers
genefated. Lifetimes of the carrier-definitely will be reduced and surface
combinationgvmill take place with the result that a quantiﬁétive analysis
of resulting transient currents % the device terminals would be impractical.
However, a visible wavelength laser D]ObL can be uaed in a qualitative manner
to determine geometrical charaeteristics of devices. The measurement of
effective lifetime in regions of a device is possible since a penctration
depth & of 2 microns allows carrier generation only in volumes 1mmpd1ately
adjacent to the surface of the wafer. In particular, effective base lifetime
in a transistor can be obtained from the decay of the collector current respomse
when the bfobe energy is deposited in the base region of the device.

The study of integrated‘circuitfy requires the ability to deliver unifornly
deposited doses of ionizing radiation to individual components of the wafer
and thus an infra-red probe must be used. It is desirable to focus a continuous
_wave-laser rather than a Qigwitched laser through'a microscope to facilitate
the alignment problem at the invisible wavelengths. With a comtinuous ouﬁput,
1nfra—red film can be used to record the position of the eﬁposed wafer portlon.

shent
oiinDH are much too low to record shot

Infra-red film sensitivitiesuwiy”.7T

pulses of light and the. repeultlon rate of a Q-switched laser is limited to
pulses.

the extent that it is not: practlcal to expose the film to a traln of proisiiz,
The expression developed for the 1nfrared laser dose calculations shows

'thae to obtain a dose rate of 108 rads/sec an incident light_qux (at 1.06

microns) of about 100 watts/cm2 is required. Typical areas of individual

laser
monollthlc components are about 0.0h mm2 yielding a &z:z output power of




“Tio millivé;té if the system losses are neglected.< There is about a 60

percent loss associated with the Kerr cell shutter (polarization losses)

fos2t

and another 50 percent Zowi associated with the internal optics of the

microscope so that the total laser output of 130 millivolts is required to
. e s f . .

procduce an ionization rate of 10 rads/sec. The largest continuous wave

infrared gas lasers have output powers of only 25 mw. There is, however,

a continuous wave solid state material, such. as- neodynium-doped ittrium

iron garrate, presently capable of producing up to 500 mw at 1.06 microns.
oo ? . R : .

LR S
oyt

In general;'tﬂey-do not hayqiuniphase wave front:/and.thus cannot be focuséd
m.into the diffraction limit.of an optical system but spot sizes sufficiently
small for'irradiation of monolithic components éan be obta}ned.

1f highcr ibnization rates are desired there exists the possibility of

operating an ittrium iron garrate laser rod in a dual purpose cavity where

43
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Q-switched or continuous operation ecould-besused. This configuration would
e ' . e . .

allow positioning of the beam as well as tnemhlggﬁpeak powers obtained in

the Q-switched mode. Advances in the laser state of art are numerous so

that in the near future many of. the present limitations will be nonexistent.



Exverimental Probe Results

A 6328A° gas laser'wés used in conjunction with a microscope to determine
the ﬁagnitude of photocurrents resulting from ionization produced at various
points on the wafer of a 2N1051 diffused mesa type transistor. The laser
beanm, gated‘with a Kerr cell to give 100 nanosecond pulses,was focused to a
spot size of approximately 10 microns at the sur face of the wafer and the
collector current response qgasured when ionization was produced at 7O points
on the wafer,

Figure Lﬁ shows a cross seétional sketch of the double diffused mesa
transistor. Because the base depth is 5.8 microns, essentialiy no penetration’
of the collector region occurs. This is evidenced in the collector current
~ response obtgined whenrthe trailing ‘edge decoy time constant is that of the
base 1layer lifetime, about 100 nanoseconds for- the 2W1051. A plot of the
veak collector current obtained as a function of the point éf energy degposition
in the wafer is shown in Figure§§£? The cﬁrrent is zero everywhere except in
the base mesé wﬁere it remains relqtively constaﬁt, This is essentially a
meésure of the active voiume which must be used in mathematical predicti&ns
.of the transient response of transistors to ionizing radia£ion. If only the
effective base layer thickness and emitter junction areas were known, it might
be assumed that the base\layer carriers which are effective in producing a
response are generated in a volume equivalent to the product of the emitté?
collector spacing and the area of the base collector junction. The above
measurements show that the total base volume mgst be used and substantiate the
results obtained‘in computer predictions2 of the photécurrents in the above
transistor where it was found that a factor of 3 errorg in the base layer

) E 20
component of primary photocurrent resulte& if the smaller volume was used.



" The large currents obtained when ionization is introduced in the emitter
region do not agree with the normal assumption made in transient effects pre-
dictions that the emitter region lifetime is very short and hence carriers
generated there have a negligible effect on the total photocurrents. Indi-

. _are . : . , .. . A
catlonis that carriers generated in the emitter region are as e ffective as those
in the base region and consequently the emitter lifetime is much lonzer than

believed, More sophisticuted measurements could possibly lead to a value for

this lifetime.

More u;eful measurements could be
or a lower noise system where primary photocurrent measurements could be made.
The experimental apparatuS'uséd was limited iﬁ sensitivity due to electrical
noise generated by the high voltaée switching (50KV) necessary to generate

the Kerr cell shuttle¢n



Conclusion

Because the study of transient radiation effects in electronic'syste@s
involves primarily silicon devices, the laser could be a valuable asset to
the many who must concern themselves with radiation effects and yet have no
large testing facility of their. own. Much preliminary testing could be done
with a laser to eliminate the many wasted hours at testing facilitigs and in.
thé field because of'improper‘adﬁance experimental planning. If the user
fully realizes the limitations of laser simulation techniques, it is a
relatively inexpensive and.éffective means of obtﬁining high ionizafion
levels in silicon devices. The ability to focus or defocus the laser beam
makes possible the irradiation of entire circuits or the smallest component
of a monolithic integrated circuit wafer. The added.flexibility of varying
penetration depths pfovides the user ﬁith an excellent tool for studying
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device characteristics)such as surface phenomena, shock and thermal damage,

"and localized ionization effects.

Althougﬁ lasers can be a helpful and poverful laboratory tool in the-é;;:
Lulation of rediation effecis to semiconductors, they certainly cannot replace
X-ray machines or particle generators. Lagers are light sources and as such
cannot penetrate or ionize most materials in a manner similar to that obtained
with gamma rays or high energy particies. There are many iﬁstance§)especiélly
at high dose levels)whefe\the effects on components otner than semiconductors,
"such as capacitors and resistorg,must be considered, The laser offers no
help in this area. The most serious drawback of lésef simulation in silicon
devices is the dependence of the gbsorption coefficient on the impurity doping
concentfation. " This is felt most severely in high frequency, low voltage'
breakdown devices ﬁhere doping concentration; are usually very high. Some

caution musl be exercised when considering the simulation effectiveness

in such devices.
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