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FOREWORD

This report is a sumimary of work performed on NASA contract _
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investigation was conducted for the George C, Marshall Space Flight Centér‘,__
HunAtsville, Alabéma. The Contracting Officer's Technical Repreéentativel
was Mr, M, J. Berkebile; | | ' . H

| The work was performed within the Component Evaluation .lDepa.r't'rnent‘
of Hughes Aircraft Company under the management of Mr, Robert D, Gourlay.
Dr. William G, Brammer was the projéct engineer with Mr, James J. .
Erickson and Dr, Miguel E, Levy as major contributors, Test speci.i'n_en-
examination with the scanning electron microscope was dc_)ne' by Mr, Kim’
Sandgren, Programming of the Tektronix $3260 microcircuit tester wlas done
by Mr, Hiram L, Lodge,



ABSTRACT

A theoretical and experimental study has been carried out on the
utility of X -rays as a stimulus for screening high reliability semiconductor
microcircuits, The theory of the interaction of X-rays with semiconductor
materials and devices was considered, Experimental measurements of
photovoltages, photocurrents, and effects on specified parameters were
made on discrete devices and on microcircuits, The test specimens included
discrete devices with certain types of identified flaws and symptoms of flaws,
and microcircuits exhibiting deviant electrical behavior, With a necessarily
limited sample of test specimens, no useful correlation could be found between
the X -ray-induced electrical response and the known or suspected presence of

flaws,
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1.0 INTRODUCTION

The increasing complexity of electronic systems intended Vfdrl hi.gh
reliability applications has generated the need for eleCtronic‘clomponent’s of
unprecedented reliability, In the semiconéuctqr component fabrication and
procurement processes, inspection and screening procedures are used to
assure the required high degree of reliability by the elimination of faults or
errors in materials and processing, The precap visual inspectioﬁ can be
particularly cost-effective by eliminating defective devices befo-ré they are
put through expensive electrical tests, bu’rn-’iné, or system assembly.
Unfortunately, this critical inspection sfep is particularly vulnerablv.e. to
error since it is performed by human 6perators aﬁplying criteria that are
inevitably subjective. Results of visual inspection are never precisely |
repeatable, Moreover, many reliability hazards and flaws are not detectable
either by visual inspection or conventional electrical tests,

Because the need for assuring very high‘reliability cannot be met
economically by conventional testing or screening techniques when they are
applied to complex microcircuits, there is a very strong motivation to
explore unconventional testing techniques that may complement or supp‘lant
present techniques., One class of such innovative techniques would employ
electromagnetic radiation to stimulate the uncapped device while the electri-
cal response would be monitored at the device terminals, (Electrical 7
responses could also be monitored at inte,rna.i points of the circuit with a
scanning electron microscope.) A theoretical study of this class of teéh«»
niques was carried out at Hughes Aircraft Co, for NASA/Marshall SFC in
1972 (Contract No, NAS8-28937). In that study the relative merits of

e
ot
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localized versus flooding excitations were evaluated, and the effectiveness
of different regions of the electromagnetic spectrum was explored,

This report presents the results of a program devoted to the evalu-
ation of the use of X -ray flooding for screening microcircuits, The interac-
tion of X-rays with materials and devices was examined both theoretically
and experimentally to explore the possibility of enhancing detectability of
flaws and reliability hazards, Since the intended application is as an
auxiliary screen to accompany or complement precap visual inspection,
potential or predictable insensitivity to certain types of flaws was not neces-
sarily deemed a drawback,

Any experimental program to evaluate the effectiveness of a screen-
ing procedure for microcircuits must deal with one unavoidable difficulty —
namely, that the présence of important kinds of reliability hazards can be
established only by a destructive analysis. There are two sources for this
problem. Some reliability hazards manifest themselves on finished devices
only by é, catastrophic failure, Other reliability hazards are detectable by
electrical or other means on simple, discrete devices, but in a microcircuit
their detectability is obs n;,ured by the complexity of the circuit. In either
case the result is that mici‘océircuits known to contain identified flaws are
just not available in the non-failed condition required for screen evaluation,

The specimen availability problem was addressed in two ways in this
program. One approach was to use simple devices with identified flawe or
symptoms of flaws to represent the elements of microcircuits, The other
approach was to use ""maverick'' microcircuiis selected by testing the
electrical specifications of a large number of microcircuits on an automated
tester. Specimens believed to be normal or average were used for compari-
son purposes in both instances.

The more fundamental approach of using simple devices with flaws
has the advantage that a méaningful correlation can be attempted between the
established presence of flaws and electrical behavior during irradiation.
Hypotheses based on device physics can be formulated and tested to explain
the effects of different types of flaws on the behavior of the irradiated

device. A disadvantage is that the effect of similar flaws on the behavior of
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a complex microcircuit must remain undetermined. However, this drawback

_ is more a result of the protean nature of the problem rather than of any .- |
inadequacy of the approach, As will be explained further on, an unqualified .
answer simply cannot be given to the question of the applicability of X-ray
irradiation as a microcircuits screen, Electrical responses are too deperi-
dent on the circuit configuration and function, The best that this approach .
can promise is to.yield electrical models of flaws for circuit analysis (for
use with a computer-aided design and analysis program, if need be) to,
evaluate the applicability for a given microcircuit,

The alternate approach of using maverick microcircuits addresses
the goal of the program directly. The apparent effects of irraditation in
enhancing (or suppressing) differences in electrical behavior can be deter-
mined in a straightforward manner, However, the results thus obtained.
must be regarded as tentative, and their interpretation is subject to various
pitfalls. The mere observation of é difference in behavior is not necessarily
indicative of the presence of faults or reliability hazards, The difference |
must be evaluated for each type of chip relative to statistically established
averages and standard deviations valid for normal chips of the same type.
The establishment of statistically significant norms of behavior was beyond
the scope of this program, so the experiments with microcircuits were
confined to the recording of electrical parameters with and without
irradiation,

The difficulty of non-destructively detecting faults that ordinarily
manifest themselves by catastrophic device failure could be circumvented
ideally by making special faulty test devices in a microcircuit processing
facility, For this program that approach was considered impractical, One
important type of fault that did seem amenable to available experimental
methods is abnormally thin dielectric that can fail catastrophically as a
result of an otherwise safe voltage transient, X-ray irradiation could be
useful as an enhancing stress if it could be established that the irradiation
causes a significant decrease in the breakdown voltage of the dielectric,

The irradiation then could be used to induce failure in marginal devices.

Exploratory experiments were conducted to determine whether the dielectric
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breakdown voltage of Si.O2 was changed significantly during irradiation, The
test devices were p~channel MOS transistors having nearly the same thresh-
old voltages and, presumably, the same gate oxide thicknesses, The quanti-
tative applicability of the results to other types of dielectrics is uncertain,
although similar qualitative results may be expected for glasses made by
doping 5'102 during growth,

The theory of the mechanisms by which X-rays are expected to affect
faulty and normal microcircuits is presented in this report in several
stages, First the interaction of X-rays with materials used in microcircuit
manufacture is reviewed. Then the effects of X-rays on subelements or
features of microcircuits are discussed, The treatment is extended to cover
transistors in both operating and inactive states. Finally the expected
behavior of microcircuits is discussed, The theoretical treatment is pref-
aced by a brief review of X-ray sources.

Following the theoretical presentation is a description of the series
of experiments that were performed. Each set of experiments is described
in turn, and relevant conclusions are given, The report ends with conclusions
and recommendations based on an overview of the theoretical and experi-
mental results, Details about the experimental setups and apparatus are

given in appendices,
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2.0 THEORY OF THE EFFECTS OF X-RAYS ON MICROCIRCUITS

2.1 X-RAY SOURCES

Most X-ray sources generate radiation by the impact' of an electron
beam on a target anode, The radiation is generated by the acceleration of
electrons during collisions and by radiative de-excitation of target atoms
excited by electron impacts or by X-ray absorption, |

The most widely used X-ray source, both in medical and industrial |
applications, is the Coolidge tﬁbe. It consists of a heated tungsten filament
as an electron source or cathode, and a metal anode as the electron beam
target, The cathode and the anode are enclosed in a sealed, evacuated
envelope that is usually made of glass, X-rays exit from the tube through
windows near the anode, The window material is selected to either absorb
or transmit low energy X-rays in accordance with the intended application.
For industrial applications requiring low energy X-rays the window is often
made of beryllium,

The Coolidge tube is normally operated with the anode grounded and
the cathode at a large, negative accelerating voltage, typically tens or N
hundreds of kilovolts, In most applications a steady X-ray output is nof
necessary, so a high AC volitage is applied to the tube via a step-up trans-
former, The tube acts as a half-wave rectifier, conducting current only
when the cathode is negative with respect to the anode. A tube operated in
this self-rectifying mode from 60 Hz power emits 60 X-ray pulses per éecond,
each of about 8.3 msec duration, |

The spectral distribution of X-rays from a Coolidge tube consists of
a continuum with superimposed emission lines that are characteristic of the
anode material, The continuum covers a photon energy range that extends

from the maximum electron beam energy (numerically equal in electron-volts
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to the accelerating voltage} to the lowest energy effectively transmitted
by the tube window, The variation in intensity as a function of photon energy
depends in a complicated way on absorption and scattering by the anode
material of X-rays generated deep within the anode; it cannot be expressed
in closed form by a simple, analytical expression. The emission lines
superimposed on the continuum are the result of radiative transitions by
atoms in the anode excited by electron collisions or by X-ray absorption,
They occur at photon energies characteristic of elements in the anode, and
they are labeled by the electron subshell in which a vacancy is filled during
the radiative transition, The usual electric dipole transition selection rules
apply.

Commonly available Coclidge tubes are intended for imaging or for
diffraction, applications which ideally require a point source of radiation,
The small source requirement places an upper limit on power dissipation
beyond which the anode begins to vaporize or melt. In practice, X-ray tubes
that operate at 30-150 KV have electron beam currents in the range of 1 mA
to 15 mA, so that the input power to the tube is about 1.5 KW or less. This
power limit can be raised by about an order of magnitude by the use of a
rotating anode and/or water cooling, In any case, the total X-ray generation
efficiency is less than 1 percent. The total intensity in the X-ray continuum

produced by a tube with an anode made of a single element is given by

I= AiZVZ .

V is the accelerating voltage, i is the tube current, Z is the atomic number
of the anode material, and A is a constant of proportionality., The advantage
of using a refractory heavy metal with high heat conductivity is evident from
these considerations, When an intense X-ray continuum is desired, a tung-
sten anode is commonly used,

Although a small-source X~ray tube is not desirable for flooding
because of power limitations, X-ray tubes with large-area sources are not
readily available because there are so few applications for them. Commer-
cial X-ray sources are therefore not optimum for flooding., Other X-ray

generators that do not have a significant power limit (linear accelerators,
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synchrotrons) are not practical for economic reasons for the purposes of

- this program, o ;

2-2, THE INTERACTION OF X -RAYS WITH SOLID MATTER

X=-rays can interact with solid matter in a ’Var'iety of ways: X-rays
can be scattered, both coherently and incoherently, or they can be absorbed,
The absorption of an X-ray quantum by a solid results in the transfer of the
energy of the quantum to the solid, The processes of interest here are those
that result in a signi.fica,nt energy transfer to the electrons in the solid (i, e, ,
the photoelectric effect), Although certain specific details about the energy
transfer mechanisms are still open-questions, an adequate model for this
discussion is one in which the absorption of an X-ray quantum results in the

excitation of a single electron to a high kinetic energy Ep given by

Ep: hv—Eb,

where v is the X-ray frequency, h is Planck's constant, and Eb is essentially
the electron binding energy. Since hv, the X-ray quantum energy, is of the
order of several kilo-electron-volts while Eb can be as low as a few electron

volts, for an order-of-magnitude estimate it can be assumed that

E =~ hvy,
P

Now, the behavior of the solid under X-ray irradiation depends on the fate of
the energetic primary photoelectron, Unless the photoelectron escapes
beyond the boundaries of the solid, its excess kinetic energy will be dissi-
pated by collisions with atoms and with other electrons, The physical _
phenomena that accompany this de-excitation or energy dissipation depend
largely on the electrical characteristics of the solid,

In a metal the number of electrons availabié for electrical conduction -
per unit volume is very large: of the same order of magnitude as the num-

ber of atoms ( “1023cm-3). With available X -ray intensities, a totally



negligible increase in the conduction electron density results from impact
lonizations that accompany the photoelectron de-excitation,

In a semiconductor or insulator the de-excitation of the primary
photoelectron can have much more dramatic effects, In these materials the
total electron density available for excitation is comparable to that in metals;
however, the number of electrons available for electric conduction can he
many orders of magnitude smaller, Semiconductors and the inorganic
insulators used in microcircuits have a range of energies (the forbidden gap)
that, according to quantum-mechanical principles, are inaccessible to
mobile electrons, At very low temperatures in pure materials the energy
states below the forbidden gap are all occupied, while the states above the
gap are empty, Both semiconductors and insulators then have very low
electrical conductivity, At room temperature (3000K) electrons in semi-
conductors can be thermally excited across the forbidden gap to the con-
duction band, so these materials are somewhat conductive, In insulators,
however, the forbidden gap is so large that electrons cannot be thermally
excited across it to any significant extent, Now, the kinetic energy Ep of the
primary photoelectrons is much greater than the forbidden gap (or binding
energy Eb} in either semiconductors or insulators, so that as the photoelec-~
tron collides with other electrons it excites them across the gap, The
energetic secondary electrons collide with other electrons, which are in
turn excited across the gap. These impact ionization processes continue
until all of the original X-ray quantum energy has been used up, Since the
collisions and ionizations are essentially random, the total number of sec-
ondary electrons resulting {rom the absorption of one X-ray quantum of
energy hv is a random variable, The average value of this number is <n> =
hv/EO, where E_ is a constant that is characteristic of the material. E  is
always greater than the forbidden gap Eg because some of the X -ray quantum
energy is used up in thermally exciting the crystal lattice (or network, for
glasses). For Si, E = 3.5 eV, while Eg = 1,12 eV, The aébsorption of a
single 140 KeV X-ray quantum in Si generates about 40 x 10~ electrons (and

an equal number of holes} that are available for electrical conduction,



The electrical effects of the X -ray-induced. excess density of charge
carriers depends on the carrier mobilities, which are different in different
materials, In particular, the mobility of holes in S'LO2 is vervy low, while the
mobility of electrons is significant., The passage of an electric current
through SiOz during X-ray irradiation can be expected to leave a space charge
of immobile positive charges as a result (Andre et al, 1969), Electrical
effects in Si will depend on the number of carriers already present as a
result of doping and thermal excitation, A given level of incident X-ray
intensity therefore will cause a greater relative éhaﬁge in the conductivity of
lightly doped regions than in that of heavily doped regions. The most impor-
tant effects will occur in depleted regions, which have a negligible back-
ground density of carriers,

During absorption of sufficiently energefic X-ray gquanta, enough
energy may be transferred to the lattice or network of atoms comprising the
solid that atoms are knocked out of tﬁeir usual sites, Like impact ioniza-
tion, such atomic displacei’nent processes are randdm, and the energy

threshold below which they do not occur is not sharp They can be safely
neglected for X-ray energies below 250-300 KeV

At the other end of the energy scale, the absorption of a low energy
photon produces a primary photoelectron that is energetically incapable of '
'caus ing Iurther ionization, For Si a rough order-of-magnitude estimate for
the energy of such a photon is hv < Ejt E = 4,62 eV, This corresponds
to a wavelength A = 268 nm, in the near ultravmlet The lowest energy for
which a photon absorption process can excite a photoelectron in pure Si is
Eg = 1,12 eV, for which X = 1107 nm, in the near infrared, The absorption
of a single light quantum therefore generates a single hole-electron pair.

Up to this point the effects of X-ray ab‘sorpt'ion have been reviewed in
very general terms without consideration of the rate at which the'absorption
processes occur, The rate at which energy is transferred from an incident
X-ray beam to a solid depends on the linear absorption coefficient p and the-
intensity I of the beam. For a frequency interval dv, the spatial rate of

decrease of the X-ray beam intensity is described by Lambert's Law:

-dl = pldx ,



which can be integrated over a distance x to give
- B
I= IO exp( 5 Px) :

The ratio of the linear absorption coefficient p to the density p is known as
the mass absorption coefficient. It is particularly convenient because it is
essentially independent of the state of aggregation or phase (gas, liquid, or

solid) of the element, For a material consisting of n chemical elements:

n
o Sl
P roTAL & P/

1

where Xi is the mass fraction of the ith element,

The mass absorptioncoefficientfor a pure elementis a piece-wise contin-
wous function of energy with discontinuities (called "absorption edges'') at certain
energies that are characteristic of the element, The absorption edges occur
at the threshold energies for the excitation of an electron out of an atomic
core state to the conduction band or continuum of the solid, Between absorp-

tion edges, the dependence of % on energy and atomic number is described
by

The proportionality constant C changes abruptly at each absorption edge.
Now by making use of Lambert's Law, the energy Eo required to produce a
hole-electron pair, and the spectral distribution IO(E) of the X-ray beam, it
is possible to deduce the magnitude and spectral distribution of the excess

carrier density produced by X-ray absorption, For X-ray intensity I(E)
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measured in photons sec—ls r. © per unit énergy interval; the power absorbed

| in thickness d¥X is
dP = -EdI = EuldX ,

The carrier generation rate dG.is .

E _R(E}X

per unit energy range. The integal over energy gives the carrier generation

AG per unit length

S E _R(E)X
AG:_[-E; ME) I (E) e dE .

Both I0 (E) and p(E} are determined experi.'mentallly. The integral over
energy is evaluated numerically for a given experimental geometry and
apparatus, Once AG is known, its effect on conductivities can be computed
by noting that the resulting increases in carrier concentrations An and Ap
are each given by 1AG, ’where T is the carrier lifetime,

Insight into the relative efficiencies of different X ray energies for
carrier generation can be gained by integrating 4G over X for some particu-

lar energy interval dE

E L '.'|"'X" T E ‘ ( 'P’L) o
AG:E;IO(E) e dX:E—OIO(E) 1-e .
9]



Two extreme cases can be considered:

| _E
(a) L > =, AG = "E; I, (E)

as expected since all of the incident power is absorbed.
For

-l
, l1-e ~ 0,982 ,

=
1l
Fl

and less than 2 percent of the incident power is not absorbed,

- L
() L<<—1~, S0 (l—e )=|¢L

Then

B TR, 80 AG o ==5=

Thus for a given element of atomic number Z and specimen thickness L, the
lower energy X-rays are more effective in generating carriers. The value
of L. for which 98 percent of the incident X -ray power is transmitted (and

therefore lost for carrier generation purposes) is
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For typical microcircuits, the active devices are within 10 pm of the chip
surface, s0 the X-ray energies that are efficient in carrier generation are
those for whichp >> 20 cm—l.

Figure 2-1 shows the linear absorption coefficient (in units of cm-l)
for Si over the energy range of 0,5 KeV to 100 KeV, The data were taken
from publications by Henke (1969) and Grodstein {(1957), The large range of
variation — nearly five orders of magnitude — i.s“‘particularly noteworthy,

The K absorption edge is the discontinuity at 1, 840 KeV, The figure shows
thatp > 20 em™! only for E = 16 KeV. Figure 2-2 similarly shows the
absorption spectrum for Al (from the same publications). Except for the
fact that the K absorption edge for Al occurs at 1,559 KeV, it is clear that
the absorption coefficients for Si and .Al are nearly the same, To a very
good degree of approximation, it can be assumed that the effects of absorp-
tion by Al metallization (i, e, , casting ""shadows'" on underlying devices) are
the same as would result from the same thickness of Si, For 8102 the mass
absorption coefficient will be roughly the same as that of Si; since the ratio
of the densities is ~ 0, 945, the linear absorption coefficient also will be
roughly the same, :

Figure 2-3 shows the spectral distribution of a Coolidge tube equipped
with a thick tungsten anode and operated in the self—recfi.fying mode at
100 KV peak, The data were taken from a published spectrﬁm (Storm et al, ,
1971) and are believed to be representative of the output expected from one
of the X-ray sources used for this program, Output intensity is shown nor-
malized to I mA tube current and radiation into 1 steradian, This normal-
ized spectral distribution was experimentally determined (ibid.) to be -
independent of the tube current, as expected on theoretical grounds.

With the data in Figures 2-1 and 2-3, the carrier generation rate
(cm—3) was computed for various depths in Si ranging from 1 pm to 200 pm.
An anode-to-specimen distance of 34, 6 cm was assumed. (This was the
distance used in most of the experimental work for this program,) The
results for 1 mA of tube current are shown in Figure 2-4, Taking 10 pum as
typical of the maximum depth for active regions of microcircuits, it is

apparent that the carrier generation rate has about a 30 percent variation
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Figure 2-4, Computed carrier generation rate in silicon, normalized
to 1 mA tube current, and 34, 6 cm anode-to-specimen distance,

over thi's depth. Near the bottorn of the substrate (~ 200 prm) the generafion
rate has decreased by about a factor of 4, For integrated circuits the car-
rier hfetlme varies I1om nancs econds to microseconds, Ifr =~ 10 hsec is
taken as an apprOXLmate upper limit, the results in Flgure 2-4 show that
even with a tube current of 20 mA only excess densities An = Ap = 12 cm
can be achieved. These values are well below normal doping levels in semi-
conductor devices, so 1r1ad1ati.on effects cannot be expected to occur in a.ny _
phenomena governed by majority carrier concentrations, Only those phe-
nomena that depend on minority carrier concentrations or occur in cleplet—ed'

regions will be affected.

2.3 IRRADIATION EFFECTS ON HETEROGENEOUS INTE'RFACES"-
PI"IOTOELECTRQN INJECTION PHENOMENA
When an X -ray absorption event creates an energetic photoelectron -
near an interface between different materials, one possible outcome’'is that
the primary photoelectron and/or energetic secondaries can cross the inter-
face froin one material to the other, The result is'that'a net transfer of

charge takes place. The probability of such an event is governed by, among
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other factors, the energy barrier or work function difference between the
two materials,

The work functions between different materials are never larger than
several electron volts, Compared to the kilo-electron-volt energy of a pri-
mary photoelectron generated by X-rays, the work function is negligible, In
general, then, it can be expected that X-ray irradiation of a materials inter~
face will result in charge transfer (and, hence, an electric current) between
the two materials,

The important heterogeneous interfaces in microcircuits are hetween
dielectrics and the conductive materials (semiconductors or metals). The
phenomenon of charge injection into or out of dielectrics (specifically
SiOz) is particularly significant for this study, both during irradiation and
after, The discussion on bulk effects showed how irradiation of dielectrics
can induce a conductivity enhancement during the irradiation., It was also
mentioned that the passage of an electric current through Si()2 generates a
permanent, positive space charge that has been attributed to the immobility
of holes, Thus in a powered device the irradiation-induced conductivity in
dielectrics (masking and passivating glasses, as well as gate oxides in MOS
devices) can result in a permanently charged dielectric. This charging
effect is complicated by injection effects at interfaces, Experiments with
MOS structures and devices have yielded data that can be explained
(Esteve and Buxo 1970) by a mechanism in which there is a net electron
current injected out of the SiO2 into the Si substrate and the Al electrode,
The net induced space charge depends on the applied fields, so that MOS
transistor threshold voltage shifts are dependent on the gate voltage during
irradiation.

One material interface that was found in the present study to intro-
duce experimental complications is that between metal conductors and the
ambient atmosphere. As will be explained further on, an empty transistor
socket exposed to the X-ray beam was found to produce a detectable photo-
voltage, presumably as a result of photoelectrons emitted from the metal
contact. A similar effect can be expected from the surface of any device
under irradiation, That signal, however, will be characteristic of the
device and not a completely spurious artifact, as is the signal produced by

the device socket,
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2,4 IRRADIATION EFFECTS ON P-N JUNCTIONS

The effect of X-ray-induced carrier generation AG at a p-n junction
is quite unlike what occurs at a heterqgenequs interface b.ec,a.,use‘f;h‘cﬁ ma.terial .
on either side of fhe junction is essentially fhe same, There is no ﬁet photo-
electron injection, The features of p-n junctions . that can lead to special

1

irradiation effects are:
1. The different conductivities and carrier types on each side of
the junction and,

2. The depletion layer and its built-in electric field.

- In the vicinity of the junction (but not in the depletion region) the
semiconductor is essentially in thermal eciuilibrium. Even in an operating
device the non-equilibrium carrier concentrations can be described by intro-
ducing suitable modifications (e. g., substitution of Imrefs for the Fermi
potential) into the theories for thermal equilibrium, The effects of irradiation-
induced carrier genefation AG are then given by An = Ap = TAG as for bulk
material, ‘ _

Within the depletion region, there is an electric field due to the
unshielded dopant ions which is directed from the n side to the p side.
Electron-hole pairs generated within the depletion region are separated by
the field and swept into the non-depleted regions on either side, Electrons
are swept into the n side and holes into the p side, Excess carriers generated
within a diffusion length on either side of the depletion layer will diffuse close
enough to be swept apart by the built-in field, If W is the depletion layer width,
and Ln and L the diffusion lengths for electrons and holes, rés'pe'.j:‘ti‘vely, the
generated carriers are collected by the built-in field over a width ~W + Ln
+ I. .
° If the irradiated junction is not forward-biased and has a low reéistaﬁce
shunt across it, the irradiation-generated carriers swept apart by the junction
field will cause a short-circuit photocurrent Iphsc to flow in the shunt, The '
current through the junction will flow in the reverse direction since it is, in
fact, an X-ray-enhanced generated-recombination current. ({[n Si, the gene-
ration-fecombination component of the reverse saturation current predominates
over the minority carriér cliif_fu‘s;i‘on‘ compqngnt)_., For, a planar junction of

area A .the photocurrent will be
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Lhse = AW+ L+ L) (294 G)

For a non-planar junction, the factor A(W + Ln + Lp) is replaced by an
effective depleted volume V.

If the irradiated junction is not forward-biased and is effectively open-
circuited, the carriers separated by the junction field will set up a voltage
tending to forward bias the junction. The open circuit photovoltage Vphoc is

obtained from the junction equation as

I
v - Bl 4 (-E———hs" + 1) .
phoc q Io

Io is the reverse saturation current for an ideal junction,
If the irradiated junction is shunted by a finite, non-negligible load

resistance, the photovoltage builds up to some value Vphr < The

Vphoc'
forward leakage current due to this voltage will subtract from the short-circuit

photocurrent to give

qV
N _ phr _
Iphr N Iphsc Io exp ( KT ) !

Iphsc varies linearly with AG and hence with absorbed radiation intensity. It
is directly proportional to the effective junction volume, Iphr is also depen-

dent on junction dimensions (area), while V is not,

phoc
For irradiation intensity levels being considered here, the effects on

forward-biased junctions are negligible, In the junction equation

. av .
I = IoeprT 1

fo] H)

the exponential term is the injection current, while the second term corres-

ponds to reverse leakage of minority carriers. The injection term depends

on majority carrier densities and hence is negligibly perturbed by irradiation,
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Reverse leakage depends on minority carrier densities, which are -p'.ertﬁrbed
significantly by irradiation. Howeéver, under forward bias the 'injeétion
current predominates to such an extent that the overall effect of the irradiation

is quite minimal,
-

2.5 EFFECTS OF IRRADIATION ON BIPOLAR TRANSISTORS

. . A convenient model for a bipolar transistor (biased as an amplifier)
is that of a structure in which the reverse saturation current in one p-n
junction (the base_-collector‘junction) is controlled by the current through
another,_forivard-biased junction (the emitter-base junction), ' Within this.
conceptual framework, the above discussion on p-n junctions can be extended
to transistors in a relatively straightforward manner, .
~ When the transistor is not biased, the photovoltage and photocurrents
behave qualitatively as for isolated junctions. However, for a given junction,
the presence of other junctions at a distance smaller than a carrier diffusion
length will cause a decreased response to the X-ray stimulus. In effect, the
junctions (base-~collector, emitter-base, and isolation) compete with each
other for the excess carriers, The outcome of this competition d’epends on .
the magnitude of the separation, on the carrier lifetimes on the intervening,
non-depleted material, and on the presence of built-in drift-fields, Variations
in these and other parameters (e, g., junction areas) therefore will affect the
response level, |
When the transistor is biased, the effects of the irradiation are'very; |
much depéndent on the mode of operation, If the transistor is switched on
and in saturation, both the base-emitter and base-collector junction are
forward-biased, By arguments presented previously, the effects of irradiation
will be very small,
If the transistor is biased into cui':-off,‘ none of the ju_nctioné are
forward-biased, and the expected behavior will be qualitative-ly similar to
that of the unpowered device, Differenc\es will arise (1) as a result of the
widened depletion regions due to applied voltages; (2) if the number 6-f'carriers
generated in the base region is enough to turn the device on; or (3) if a large

number of carriers generated in the base-collector junction is able to initiate



an avalanche, With the carrier densities that can be generated by a conven-
tional X-ray machine, only the depletion widening effect is likely to be
significant,

When the transistor is biased in its active region (emitter-base {orward
biased and base-collector reverse biased), the amplifying properties of the
device come into play., The excess carriers collected by the base-collector
junction then are added to the thermally generated reverse leakage current of
the base-collector junction, In microcircuits with junction isolated devices,
the isclation junction is typically at a distance not much larger (if at all) than
a diffusion length from the base-collector junction., Thus some of the carriers
generated in the undepleted collector region are collected by the isolation
junction,

Figure- 2-5 shows an equivalent model of a junction isolated n-p-n
transistor. The thermal and irradiation-induced currents are represented
by current generators added externally to an ideal transistor and an ideal
isolation junction diode, The maximum effect of the irradiation will occur
with the base open; then the thermal and irradiation-induced contribution to

the emitter current is
_ be bec
I = (p+ 1)(Iph+ Ith) ,
while the contribution to the collector current is

be be Ccs cs

I, = (p+ 1)(1ph+ Ith)+ (Iph+ Ith)

Bis the current gain of the transistor, while the currents I are as defined in
Figure 2-5: the superscript identifies the junction in which the current is
collected, while the subscript denotes the driving force for the carrier

generation,
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Figure 2-5, Equivalent model of n-p-n junction-’
isolated transistor under irradiation, '

When the base circuit is not open, the effects of Iph and Ith must be

analyzed for the circuit configuration of interest. It is clear, however, that

with the transistor in the active region, some portlon of (Ip + 111?;1: will be

amplified by the current gain of the transistor. The magnitude of the effect

will depend on three device parameters (Ith’ Ii(::lf’ and B|, on the device and
irradiation dependent responses Iph and I;If', and on the circuit,

2.6 MAN‘IFESTA TIONS OF FLAWS IN THE RESPONSES QF

MICROCIRCUIT ELEMENTS TO IRRADIATION

Flaws in rrncroc:lrcult elements can affect the 1rradlat10n response,

elther because they d1rect1y alter structural parameters that determlne the
response or because they 1nterfere with the response, The effects of struc-
tural variations caused by flaws can be deduced from an analysis of the
dependence of the response on structure., The manner in which flaws inter-
fere with the re spbnse cannot be treated quite as generally, so it is discussed

here on a case-by-case basis,
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The fundamental responses of unpowered devices are the open circuit
photovoltage Vphoc and the short circuit photocurrent Iphsc‘ At a given,
fixed irradiation intensity the photocurrent is proportional to an effective
depleted volume Vg which can be approximated by A(W + Ln + Lp) for isolated
junctions, Any structural variation or flaw that affects Vd therefore will
affect the photocurrent directly, More subtle effects can be expected in tran-
sistors, where the junctions in effect compete for generated carriers, Varia-
tions in the thickness of the undepleted base region will affect the way in which
irradiation-induced excess carriers are distributed between the base-emitter
and base-collector junctions. Similar effects will arise from variations in
t.he distance from the base-collector junction to the collector-substrate
isolation junction,

Doping levels and doping profiles can affect the magnitude of the photo-
current by affecting the size of the volume over which excess carriers are
collected, The doping levels affect carrier lifetime T, and hence diffusion
length, since L = (D'r)1 2 (D is the diffusion constant), The lifetime T is
especially sensitive to the presence of deep-lying recombination centers,
such as Au, which are intentionally introduced into some devices to lower
lifetime and thereby increase frequency response, Gradients in the densities
of ionized (i. e., shallow) impurities contribute built-in electric fields to the
non-depleted regions of devices, These doping profile-dependent drift-fields
affect the volume over which carriers are collected by either aiding or
hindering diffusion of carriers from non-depleted material towards the
depletion 'layer.

The irradiation-induced response of a powered transistor operating in
its active region is essentially the photocurrent induced in the base collector
junction as amplified by the device, The flaws that affect the photocurrent
may, in addition, affect the small-signal current gain p, so that the detect-
ability of flaws may be enhanced. However, { is a highly variable parameter
that can be affected by numerous factors that cannot be classified as flaws.,
Any enhancement in detectability is obtained at the cost of possibly introducing

irrelevant effects,



Unlike the photocurrent, the open circuit photovoltage Vphoc of a p-n

junction is independent of the junction area:

so if Iphsé and IO have the same dependence on area, the térm-in brackets

is independent of area.

L L

Io Eppno - Dnnpo
A - d b
) n

Vphoc; depends on doping levels and doping profiles through their feffects on I
as shown by this expression, and on Iphsc’ as discussed al?qve. I—Ioweverr,ﬁ
the logarithmic dependence does make Vphoc an insensitive indicator of doping
variations,

The open circuit photovoltage can be expected to be sensitive to inter-
ference from extraneous effects, especially flaws that tend to load the junction
with some sort of shunt conductance. A numbér of important device flaws
fall in that category. Crystal defects, such as dislocations or stacking faults,
that penetrate“through the junction are known to increase leakage currents,
Similarly, an excess of recombination centers, either in the depleted bulk or
at the sur'face (surface contaminants), also will increase leakage., One effect
that was initially believed to be causing experimental difficulties in this pro-
gram was irradiation-induced conductivity in oxide layers overlaying the
junction, Such condructivity could be expected to considerably decrease photo-
voltage by its shunting effect, Although the problem was later shown to be
inconsequential for the X-ray. intensities used for this program, it could turn
out to be significant at much higher intensities. (The shunting conductance
will increase linearly with intensity, while the voltage increases only

logarithmically).



In addition to affecting recombination rates at the surface, ionized
co‘ntaminants on the device surface can modulate the surface conductivity via
the field effect., In extreme cases, the semiconductor type at the surface can
be inverted, so that contaminated bipolar transistors act as if they had a
parasitic MOSFET between the emitter and the collector. This phenomenon,
known as channeling, drastically increases collector-emitter leakage, How-
ever, it also effectively increases the total area of the base-collector and
base-emitter junctions, which increases Iphsc for these junctions, The net
effect on the photocurrent response of an unpowered transistor will be an
increase proportional to the increase in effective junction volume. The effect
on a powered device could be analyzed only on an individual basis. On the
one hand, the depletion layer between the channel and the base region will
collect an additional component of photocurrent that is amplified by the tran-
sistor; on the other hand, the transistor with a channel is so leaky that the

amplified photocurrent may be completely obscured by the leakage current,

2.7 EXPECTED EFFECTS OF X-RAYS ON GOOD AND FLAWED
MICROCIRCUITS
The manner in which various microcircuit elements contribute to the
X-ray-induced response of the entire circuit is completely dependent on the
circuit configuration, For each type of circuit chip there will be a charac-

"signature' that in principle can contain contributions

teristic response or
from every point onthe chip, However, in practice the signature at the ocutput
terminal will contain detectable contributions only from a small number of
microcircuit elements, and also from other sources that are not readily
recognizable as such in circuit schematics. For example, resistors in
microcircuits are often diffused regions isolated from the substrate by a p-n
Junction, Under irradiation it is the effective depleted volume of this junction
that co]lécts generated carriers. As mentioned in the previous section, the
isolating junctions of transistors will play a similar role, Photoelectron
emission from metallization and wire bonds can in principle be expected to
contribute to the signal; quantitatively the contribution is probably negligible,
Because of the widespread use of TTL digital microcircuits, they

will be used here to exemplify the expected eifects, Figure 2-6 is the



TFigure 2-6. Schematic aiagram
of typical NAND gate in a
"TTL microcircuit.

schematic for a typical TTL. NAND gate, When both inputs A and B are at a.
high voltage, the base-emitter junctions of Q1 are back-biased, All the Q1
base current is directed out the collector into the base of Q2. Both Q2 and
Q3 are turned on and saturated, while Q4 is turned off, The irradiation will
have little effect on saturated transistors, so at the output terminal Y the
irradiation-induced signal will contain contribations from a series-parallel
combination of non-forward-biased junctions: all the junctions of Q4, D, and
the iselating juﬁctions of R2 and R4. The photocurrent collected by this com-
bination of junctions is shunted to ground through Q3, A portion of it will be
detectable only with a current amplifier having an input impedance that is
very small compared to the '"on'' resistance of Q3, Alternatively, a voltage
amplifier would have to be able to detect the voltage drop of the photocurrent
“across Q3, Alterations of this signal as a result of flaws would have to be -
quite large to be detectable at all, '

When either input A or B is at a low voltage, the Wase current of Q1
is directed to the low emitter (A or B), Q1, Q2, and Q?: then are off, and
Q4 is turned on. Again a transistor at the output is saturated and hence
unaffected by irradiation, Significant photocurrents are collected only at
non-forward-biased junctions, - In this case they are the junctions of Q3, Q2,
R3, R2, and the base-collector junction of Q1, Whatever portion of the
collected photocurrent flows through Q3 is shunted through Q4 and R4 to the
power supply rail, In practice, what would be detected would be the volta-ge

drop of the photocurrent across R4,
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Estimates of excess carrier generation rates due to X-rays were
~shown in Section 2. 2 to be of the same order of magnitude as thermal genera-
tion rates under the most favorable conditions, Thus a very generous estimate
of thé photocurrent through R4 would be in the tens of nanocamperes, The
voltage drop across R4 would then be on the order of a microvolt, If faults
caused relatively small changes (10 percent) in this irradiation-induced res-
ponse, the ability to make voltage measurements with resolution of tens or
hundreds of nanovolts would be required. The measurements would have to
be insensitive to power supply ripple and noise as well as noise induced by
stray electromagnetic fields,

This brief analysis of a simple, typical microcircuit illustrates two
significant difficulties, One is that signals at internal points of the circuit
can be buffered by the output stage, so that variations in the irradiation-
induced signals that might arise from faults may be externally inaccessible,
The other is that the use of a flooding stimulus causes the effects of faults,
if any, to be diluted in a signal that is a superposition of many effects from
many sources,

The problem of limited access to internal points of the circuit caused
by buffering can be partly circumvented by irradiating unpowered micro-
circuits and detecting induced photovoltages and pHotocurrents from the power
supply terminal to ground, Then the microcircuit can be regarded as a com-
plex network ceonnected between the power supply and ground terminals., Eac
branch of the network will, in general, contain a series combination of non-
forward-biased junctions, Since every active device in the circuit must
ultimately be connected to the power supply, this approach does allow access
(in principle) to all points of the microcircuit, The problem of diluting the

effects of faults, however, does remain.



3,0 EXPERIMENTAL RESULTS

;‘3
3.1 INTRODUCTION

The experimental part of th1s program essentlally conmsted of
observing the electrical responses of semiconductor dev1ces when 1rrad1ated
with X-rays produced by an 1ndustr1a1 radlography machine of conventional
design, ’ o . | . , . “ ,

) Experlments were also perforrned w1th a flash X- ray source to
explore the effects of device flaws on transient X-ray response. The possi-
bl].lty of enhancmg detectablhty of certain types of flaws by combmmg X-ray.
and optlcal irradiation was also investigated by mterposmg a fluorescent _
screen between the X-ray source and the device under test. The posmblhtyv
of usmg X-rays as a failure- 1nduc1ng stlmulus for thm d1e1ectr1c was also
explored briefly, k

The mam X-ray source used for the exper1ments was a Faxitron
Model 8060 radmgraphy unit manufactured by Field Emission Corporatmn
It is equipped with a tungsten anode Coohdge tube operated in the self- ’
rectified mode at up to 110 KV peak and a current_ of 2. 8 mA., The X-ray
window is 0. 635 mm (25 mlls) thick beryllmrn

The flashX ray source was Fex1tron Model 8030 unit, also manufac—
tured by Field Emlssu)n Corporatlon It is equlpped w1th a special X-ray
tube that uses mu1t1p1e pointed cold cathodes operating as field emission
sources, The power supply is a Marx generator that can prov1de as many
as lOO pulses at 100 KVp or 150 KVp. The X - -ray pulse shape has a very
steep rise with an apprOXLmately llnea,r decay, so it resembles a tlrne-. .

reversed eawtooth Waveform Pulse width at half of maxmoum is ~100 ns.



Irradiation-induced responses were measured using mostly
‘conventional instrumentation, which is described individually for each set of
experiments. A current-to-voltage converter with a 1M Q transfer resistance
was assembled with a FET-input I, C, operational amplifier; it was used for
all short circuit photocurrent measurements. For the flash x-ray experi-
ments, a Biomation Model 610 digital transient recorder was used to circum-
vent difficulties imposed by the short duty cycle {1 -minute cool down for each
25 pulse train) of the flash X-ray source. (Further details on the X-ray
sources and unconventional instrumentation are given in Appendix A, )

The measured responses included photovoltages and photocurrents
from separate junctions in unpowered, discrete devices, and selected,
specified parameters for powered microcircuits.

Specimens were selected by various conventional and unconventional
techniques. Leaky transistors believed to have incipient channels were
discovered and made available as a result of electrical tests alternated with
HTRB (High Temperature Reverse Bias) treatments, Fower transistors
with diffusion flaws or irregularities at the base-emitter junétion periphery
were selected by imaging the junction periphery by the Electron Beam Induced
Current (EBIC) mode in a Scanning Electron Microscope (SEM). The tech-
nigue is described in detail in Appendix B, Other power transiators used
for the initial experiments were examined after the fact by this technique,
and junction irregularities were also found in some of them. ''Normal' and
"maverick” microcircuits were selected by testing a large number of micro-
circuits for their specified parameters with a Tektronix S3260 IC tester.
Only a small number of maverick or deviant microcircuits was found, so it
was not practical to impose a rigid criterion based on standard deviations to
define abnormal behavior. The selection of mavericks was carried out
simply by looking for devices whose parameters were noticeably different
from the majority in the tester print-out. Abridged specifications and other
detailed information on all test specimen types are given in Appendix C.

A few experimental problems had to be resolved before meaningful
data could be taken. A sample holder was constructed to hold the specimens

at a well-defined, repeatable distance from the X-ray source., Subminiature



coax cable was used to conduct the photovoltages and photocurrents to the
instrumentation outside the X- ray 'machine chamber, Since it was anticipated
that the X-ray machine power supply could induce undesired s1gnals in the
specimen holder and assocxated cables, the complete photovoltage measure-
ment instrumentation was tested without a spec1men in the specunen holder
A signal voltage was detected when the X-ray source was turned on, The
fact that this spurious signal voltage was directly induced in the specimen
holder by the X-rays was verified by placing a small sheet of lead (Pb) over
the empty device socket, Wlth the Pb sheet in place, the 51gna1 dlsappeared.
Although adequate for stoppmg X-rays, the Pb sheet was too small to effect
any kind of electrical shleldmg To avo1d having this spurious photoelectrlc
s1gna]. superlmposed on the. spec1men response, a Pb shield with an aperture"
was added to the specimen holder to confine the irradiated area to the speci-
men ch1p and its Lrnrnedla.te v1c1n1ty In partlcular the dev1ce package and
socket were not exposed directly to the X- ray beam.

One unavmdable difficulty anolved the low signal levels that had to be
measured. Since a self-rectified X-ray source was used, a-c coupled ampll-
fiers were used, so that drift problems associated with low level d-c ampll— ‘
fiers could be avmded As explained in the section on X-ray interactions '
with solid matter, the X- -ray intensity, and hence the response, could not
have been increased by more than a couple of orders of magn1tude

One order of magn1tude increase could be obtained by decreasmg the
source to specimen distance from 34, 6 cm to ~10 cm. Another order of
magnitude increase would result from 1ncreasmg the tube input power from
~300 W to 3 KW - a practical upper limit for conventional, fixed anode X- ray
tubes, Slgnal levels 100 times larger than those that were recorded in this
program would stlll present practical measurement problems. For devices
irradiated and measured under power, the residual noise and ripple in power
supplies would have to be accounted for by making comparative measurements,
w1th and without 1rrad1atlon | .

An implicit assumptlon in the measurement of X ray responses w1th
an oscnlloscope is that the incident X~ -ray mtenSLty rémains constant. It was
discovered early in the first exper1menta]. series that the output intensity of

the self-rectified source (Faxitron 8060) had an oscillating 10 percent



variation at a frequency of ~4 Hz super-imposed on the normal, half-wave
rectified sine waveform, The cause for this unexpected variation is unknown,
A true RMS voltmeter with a long time constant was therefore used to average
out the variations and yield a steady reading, The RMS readings that were
recorded are directly proportional to the average peak amplitude., (The

constant of proportionality is 0,5,)

3.2 X-RAY INDUCED RESPONSES IN UNPOWERED TRANSISTORS

These experiments were performed with unpowered transistors in an
attempt to correlate photovoltages and photocurrents with measured leakage
currents, Some of the devices were known to have diffusion flaws or irreg-
ularities along the base-emitter junction periphery. Others were examined
after irradiation, and some of them were also found to have similar junct‘ion
irregularities. The experiments involved power transistors and individual
transistors in monolithic transistor arrays. The power transistors were
used for the initial experiments when the X-«ray sources and other instru-
mentation were being checked ocut, The large area junctions in these devices
were helpful in minimizing anticipated difficulties caused by low signal levels.
Moreover, devices with identified flaws were available, The transistors in
the monolithic transistor arrays were then measured to establish the signal
amplitudes that could be expected from devices having the dimensions and
electrical characteristics of microcircuit elements. Unlike the power tran-
sistors, the transistors in the monolithic arrays are junction-isolated, so
any anomalous effects that might be due to the isclating junction were looked
for. {(None were found. )

Each series of experiments was undertaken with a specific goal in
mind, so the motivation and interpretation are discussed in the individual

descriptions of the experiments.

3. 2.1 BSuspected Oxide Conductivity Effects

Initial estimates of the photoveltages and photocurrents that could be
expected from discrete transistors were made by rough calculations based

on the input power delivered to the X-ray tube and on the fraction of that
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power th'a_t would be available't‘o creéte hole-electron pairs in irradiated
devices, The calculations showed that photovoltages of at least several tens
“of millivolts could be antici-pated. P'I‘h'e measurements performed while
checking out the equipment did not bear this out.. Measured photovoltages
were lower than 10 mV, and they varied c;onsiderably améng no-rninally'ideln—
tical devices. In the'absenée of any other plausible explé.nation, it was
hypothesized that conductivity induced by the irradiation in the oxide over-
laying the device was acting as a shunt to réduc_e the photovoltage., A litera-
ture search was started to see if the conductivity induced in 5i0, by X-rays
was of the correct order of magnitude to account for the observed results.
Unfortunately, no reports were found on the electrical-propérties‘of"'Sin
under irradiation. The reports that were found all dealt with MOS si:rlictures.
At first these reports were disregarded because photoelectron ln_]ectmn
phenomena at the metal-oxide interface would make the data mapphcable to
non-metallized Si0,. Since the required data was just not available, the
reports on MOS structures were reviewed, For a dose rate, approxu'nately
1/4 of that delivered by the Faxitron 8060 machine, Esteve and Buxo (1971)
reported an induced coﬁductivity (in SiOZ) o= 0.499 x 10_12 -l ml This would
" give an equivalent shunting resistance in the hundreds of megohms for the
micron-thick oxide layers on devices. | '

An experiment then was performed to verify that the induced 'conclluc.— |
tivity hypothesis was not correct. Photovoltages from the base-emitter and
base-collector junctions of a 2N3810 dual tranéistor were measured with an
osc1lloscope across whose input various shunting resistances were connected.
If the irradiated junctions did have a conductive glass shunt acréss them, the’
shunts added to the oscilloscope input would have a negligible effect as 1ong'.
as the net input impedance of the oscilloscope amplifier remained large
compared to the resistance of the conductive glass A Tectronix 53/54E
oscilloscope amplifier with a 10 MQ input unpedance was used for these
experiments, and peak voltages were read directly off the osc1lloscope
screen, The results (see Table SQI) show that any glass shunting resistance
would.have to be large compared to 10 MS2, Since oscilloscope plug-ins with
1 MQ or 10 M@ input impedances were to be used to measure phot0v01tage5,
irradiation-induced conductivity in the SlO2 was shown by these experiments

to be negligible,
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TABLE 3-). PHOTOVOLTAGE DEPENDENCE ON OSCILLOSCOPE
INPUT IMPEDANCE

_ Transistor A Transistor B
Input Impedance C-B B-E C-B - B-E
10 M 12, 8 mV 1.5 mVv 8,3mV 1.3 mV
4,6 MQ 3.7TmV 0.38 mV 3.4 mV 0.34 mV
0.91 MS 0.9 mV .09 mV 0.84 mV 0.08 mV
0.1 M2 0.09 mV .02 mV 0. 08 mV 0,02 mV

3.2.2 X-ray Responses of Power Transistors with Junction
Irregularities

Photovoltages and photocurrents were measured in the base-emitter
and base-collector junctions of two different kinds of Planar n-p-n power
transistors., Although these two kindsof transistors were electrically equiv-
alent and of the same type (2N3767), they were made by different manufac-
turers — Solitron and Fairchild — usi;ng different chip designs. Not surf)ris-
ingly, both the X-ray responses and the junction characteristics (leakage
currents and breakdown voltages) were very different.

The Solitron chips were of a conventional interdigitated design, The
Fairchild chips utilized a multiple emitter structure with integral, ballasting
emitter resistors. Further details are given in Appendix C,

The photovoltages, photocurrents, junction breakdown voltages
and 1eakage currents were measured for a total of eleven transistors; the
results are shown in Table 3-2. Photovoltages were measured with an RMS
voltmeter in conjunction with a Tektronix 1ATA high sensiti{rity plug-in,
which has a 1 MQ input impedance. The results for the preceeding experi-
ment showed that a 1 M load caused a significant decrease in the photovol-
tage, so the photovoltages measured in this way are not open circuit voltages.'
Photocurrents were measured with a FET-input operational amplifier current-
to-voltage converter connected between the device and the 1A7A plug-in, All
measurements were done with the Faxitron 8060 X-ray machine operated at
110 KVp with the device at a distance of 34.6 cm from the device. Breakdown

voltages were measured conventionally on a Tektronix 576 curve tracer; the
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TABLE 3-2, X-RAY RESPONSES OF 2N3767 TRANSISTORS

Breakdown Leakage
2N3767 Vph Iph Voltages Currents
(mv rms) (mA rms)
FFair - E-B C-B
child B-E B-C B-E B-C A% v B-E C-B
1 1.48 17.2 0.93 i4.2 .2 110 25 nA 13 nA
2% Z. 88 16. 8 1.60 14,6 .5 150 20 nA 8 nA
3 2.62 18,2 1.66 15.2 .4 ] 156 20 nA 9.5 nA
4 3. 84 21,6 1,78 21.0 | 10,0 | 130 5.0nA | 6,0 nA
5 1.96 16. 2 1.04 | 12.0 8.8 | 150 27 nA 7.5 nA
6 127 | 17.2 | 0.58 | 13.4 0| 155 | 85na |16 nA
7 1.40 15.2 0.54 11.8 9.8 | 165 | 370 nA 18 nA
.Solitron
SRS 17.0 21,8 13,4 27.2 12,1 220 96 pA 0. 26 na
PR 16.0 19.6 | 14.6 23.2 |11.4 205 92 pA 0,72 nA
10 15,0 21.6 | 12.8 29.6 [12.0 230 44 pA 0.82 nA
11% 15. 2 21.0 13,6 26.4 11,0 175 | 160 pA 0. 30 nA
*Device with irregularities in the base-emitter junction periphery.

base-emitter leakage was measured with 6 V reverse bias, while the: Baééf ‘
collector leakage was measured with 50 V reverse bias.
N For all these measurements, the unused terminal was left unconnected
(i e., fl'oating). ' ‘ -
"Comparison of the data for the Fairchild transistors and the 'Solitlron‘ A
transistors“discloses a few trends, The junctions in the Solitron devicesl
have significantly higher breakdown voltages than the'éorreslﬁonding junctions
in Fairchild devices; the Solitron devices also have siéniﬁcanﬂy higher photo-
current response from both junctions. ' If all other parameters (i. e.. R juhctien
areas) were the same, the junctions with higher breakdown voltages (which
indicate lower doping levels), would be expected to have the higher photo-
current response. (Junctions with lower doping levels also would have
‘wider depletion layers and, possibly, longer carrier diffusion lengths, The

effective volume for carrier collection then would be larger. )



Unfortunately, within each group of transistors made by the same
manufacturer, there appears to be no correlation among measurements that
can be shown to have a counterpart in the other group of transistors., For
example, device No, 10 has the lowest base-emitter leakage of the Solitron
transistors, and it also has the lowest base-emitter junction photovoltage and
photocurrents. However, for the Fairchild transistors, the device with the
lowest base-emitter leakage (No, 4) also has the highest X-ray responses
for that junction,

Devices shown to have base-emitter junction irregularities are
indicated in Table 3-2 by an asterisk, EBIC images of the flawed junctions
and conventional secondary electron images of the regions around the flaws
are shown in Figures 3-1 through 3-7, The presence of this type of flaw was
recently shown by a Hughes Aircraft Co. IR&D study to be well correlated
with the appearance of localized hot spots in power transistors, The junction
irregularities are therefore indicators of real flaws and not just cosmetic
defects. However, the X-ray response data clearly show that there is no

correlation between the magnitudes of the responses and the presence of

junction irregularities,

Figure 3-1a. SEM-EBIC image of Figure 3-1b. SEM micrograph of
flaw in base-emitter junction of flawed area on 2N3767 No, 2, made
transistor 2ZN3767 No, 2, Arrow with base-emitter junction reverse-
points to junction irregularity biased (magnification: 392X),

(magnification: 392X),
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Figure 3-2a. SEM-EBIC image of
flaw in base-emitter junction of
transistor 2N3767 No. 3. Arrow
points to junction irregularity
(magnification: 392X),

Figure 3-3a,
several flaws in base-emitter junc-
tion of transistor 2N3767 No. 4.
Arrows point to junction irregular-
ities (magnification: 392X),

SEM-EBIC image of
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Figure 3-2b. SEM micrograph of
flawed area on 2N3767 No. 3, made
with base-emitter junction reverse-
biased (magnification: 392X),

Figure 3-3h.
flawed area on 2N3767 No. 4, made
with base-emitter junction reverse-

SEM micrograph of

biased (magnification: 392X),



Figure 3-4a, SEM-EBIC image of
irregularities in base-emitter junc-
tion of transistor 2N3767 No, 7.
Arrow points to most prominent
irregularity (magnification: 192X).

Figure 3-4c. Higher magnification
SEM-EBIC image of flaw (desig-
nated by arrow) in base-emitter
junction of transistor 2N3767 No. 7,
This flaw does not appear in Fig-
ure 3-4a, (magnification: 481X),

Figure 3-4b, SEM micrograph of
flawed area of 2N3767 No, 7, shown
in Figure 3-4a, Micrograph made
with reverse bias applied to base-

emitter junction (magnification: 192X).

Figure 3-4d. SEM micrograph of
flawed area corresponding to Fig-
ure 3-4c, made with reverse-biased
base-emitter junction (magnification:
481X),
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Figure 3-5a. SEM-EBIC image of Figure 3-5b. High magnification

base-emitter junction of transistor (503X) SEM micrograph of flawed

2N3767 No. 8. Arrow points to area shown in Figure 3-5a. Micro-

flaw (magnification: 50X), graph made with reverse bias
applied.

Figure 3-6. SEM-EBIC image of large
irregularity in base-emitter junction
of transistor 2N3767 No. 9 (magnifica-
tion: 195X),



Figure 3-7a. SEM-EBIC image of Figure 3-7b. SEM micrograph of
junction irregularity in base-emitter flawed area of 2N3767 No. 11.
junction of transistor 2ZN3767 No. 11. (magnification: 192X),

Arrow points to irregularity (magni-

fication: 192X),

3.2.3 Transient Photovoltage Responses of Power Transistors
with Junction Irregularities

A problem that has been anticipated with a flooding approach, as
opposed to a localized stimulus, is that the signals originating from flaws

are superimposed on signals originating from normal, unflawed regions of

the specimen. One way that this difficulty might be avoided is to spread out

the various signals in time: if the transient response of a flawed region to
a brief radiation pulse differs from that of normal regions, the net effect
may be to alter the decay time of the overall X-ray response.

In order to check this hypothesis, the photovoltage response of the
2N3767 transistors to short duration X-ray pulses (produced by the
Fexitron 8030 flash X-ray source) was measured with the goal of finding

decay time differences that could be correlated to the presence of detected

flaws. Four additional transistors of a different type — Solitron MHT 6424 —
were added to the test group. Two of these transistors were known to have

junction irregularities, and one of these flawed transistors (MHT 6424 No. 1)

also had numerous other defects, including cracked dielectric, poorly
delineated metallization and incomplete coverage of the emitter contact

windows,
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Figures 3-8a through 3-8f are m1cr0graphs of MHT 6424 No, I,
Figure 3-8a shows the EBIC image of the base- emitter Junctlon Whlch
appears as a nearly continuous curve, Following the contours of this curve:
is another image made up of spots. These spots are parts of the emitter
contact window left uncovered by the metallization. The clectron beam can
penetrate through the emitter at the uncovered spots into the_depletmn layer
of the base-emitter junction. Figures 3-8b and 3-8c are conventional
secondary electronimages showing the poorly c_le'lineat.ed met’allizatibh.
Fi_gure'3-8d shows an irregularity in the base-emitter jﬁnctionl.periphe'ry.'
Figurés 3-8c and 3-8f are conventional scanning electron and optical micro-
graphs, respectively, of cracked glass in the viciﬁity of the base-emitter
junction. Figure 3-9a shows an EBIC image of an irregularity in the base-
emitter junction of MHT 6424 No, 4, Figures 3-9b and 3-9c are scanning

electron and optical micrographs, respectively, of the flawed region,
| The devices were irradiated with 150 KV and 100 KV X-ray flashes,
~and the photovoltages from the base-emitter and base-collector junctions
were recorded with a Biomation Model 610 digital transient recorder. The
1‘:ra‘.nsiqnt recorder has 1 MQ input impedance and a maximum sensitivity
se.t‘tin-g of 50 mV full scale. Resolution is 6 bits, and the 10 MHz word con-
_version rate was more than ample for the decay times that were observed.
- Thé sensitivity was inadequate only for the signal from the base-emitter ’
' junctions of the Fairchild 2N3767 transistors. ALl of the transient responses
were ‘;riewed and photographed on an oscilloscope,

Figures 3-10a and 3-10b show the photovoltage responses of the base-
emitter junction of a normal (MHT 6424 No. 3) and a flawed (MHT 6424 I\!Io.i. 1)
transistor. The different voltage scales of the two oscillograms. shdulci be
noted in making comparisons., From these and -similar photographs for fheU
other transistors, the response duration time, defined as the decay time to
10 percent of the peak value, was obtained. (See Figure 3-11 for a graphic
. definition of the response duration time.) The peak photovoltage and response

duration times for all the transistors are listed in Table 3-3,



Figure 3-8b. Overall SEM micrograph
of MHT 6424 No. 1 die, correspond-

ing to EBIC image in Figure 3-8a.
Note ragged metallization edges
(magnification: 38X),

Figure 3-8a. SEM-EBIC image of
base-emitter junction of transistor
MHT 6424 No. 1 (magnification:
38X).

Figure 3-8c. SEM micrograph of
metallization of MHT 6424 No. 1,
showing poorly delineated metal=-
lization (magnification: 141X),
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Figure 3-8e. SEM micrograph of
cracked glass near base-emitter
junction periphery of MHT 6424 No. 1
(magnification: 340X).

Figure 3-8d. SEM-EBIC image of
base-emitter junction of MHT 6424
No. 1, showing junction irregularity
designated by arrow (magnification:
141X),

Figure 3-8f. Optical micrograph of
cracked glass. Same flaw shown
in Figure 3-8e, but image is
rotated counter-clockwise
90 degrees (magnification: 241X),



Figure 3-9b. SEM micrograph of
flawed area in MHT 6424 No. 4.
Arrow points to barely discern-
ible surface feature coincident with
junction flaw shown in Figure 3-9a
(magnification: 148X),

Figure 3-9a. SEM=-EBIC image of
irregularity (designated by arrow)
in base-emitter junction of transis-
tor MHT 6424 No. 4 (magnification:
148X),

Figure 3-9c. Optical micrograph of
surface feature associated with
junction flaw in MHT 6424 No. 4
(magnification: 219X),
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Figure 3-10a. Flash X-ray photovoltage
response of base-emitter junction of
normal (MHT 6424 No. 3) transistor.
Vertical scale - 0. 1V/div; Horizontal
scale - 5 ms/div.

g

Figure 3-10b., Flash X-ray photovoltage
response of base-emitter junction of
flawed (MHT 6424 No. 1) transistor.
Vertical scale - 0. 2V/div: Horizon-
tal scale - 5 ms/div.
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Figure 3-11. Definition of response duration for transient
photovoltage response to X-ray flashes.



TABLE 3-3. FLASH X-RAY RESPONSES OF 2N3767

AND MHT 6424 TRANSISTORS

, -
MHT6424 |
Response AR : Response
Max Vph Duration . Max Vph Duration
Device | B-E | B-G | B-E | 'B-€ | B-E B-C | B-E | B-C
Nao: A% V. | ms ms. v v . ms ms
1% o.105 1 0.25 | 2.85 | 1.60 | 0.015 | 0.155 | 3.33 | 1.50
g1 2 0.009 | 0.165 | 1.95 | 1.85 | very 0.085 | 4.45 | 1.35.
*2’ . T small . ) ]
° 0.093 | 0.281 | 3.18 | 1.42 | 0.021 | o0.158 | 4. S 1.36
4% 0.031 | 0.185 | 3,33 1.00 | 0.003 | 0.125 1.36
: . 2N3767
1 0.12 1. 0 0. 046 0.94
* 0.13 0.98 0. 065 0.99
o : ' . :
L 0.14 0. 95 0. 0575 0.92
bl 4% 0.158 0.93 0.0775 | 0.99 "
Sos 0.115 0.98 0. 046 1,06
6 0.12 0.89 0. 055 0.96
7% 0.93 0.84 0, 043 0. 89
g 0. 053! 0.275+ 1.6 .1 0.73 | 0.0131]0.155 | 2.2 | 0.85
Sl 9% | 0.043 | 0.288 | 1.78 |. 0.88 | 0.0097 | 0.14 2.6 0. 86
L5 .
=] 10 0.059 | 0.281 | 1.98 | 0.82 | 0.0125 | 0.158 | 2.4 0.83
@| 11% | 0,041 | 0.244 | 2.5 0.52 | 0.0119 | 0.145 | 3.15. | 0.615
-~ 150 KV - | - 100 KV -

*Device with irregularities in the base-emitter junction pe'ri.phery,




One particularly important feature of the response duration data is
the relatively narrow spread in values for transistors of the same type. As
a parameter to characterize the junctions, the response duration does not
seem to be any more sensitive to structural variations than the more
commonly measured parameters,

Another noteworthy result is the fact that response duration data
does not appear to reflect in any way the presence of junction irregularities,
Although the absence of data for the base-emitter junction response of Fair-
child 2N3767's does minimize the data base for base-emitter junctions (i, e, ,
the function directly affected by the observed flaws}, there is no evidence
of a significantly different response that could be a useful, reliable indicator
of the presence of faults, Only the reduced response of the base-emitter
junction of MHT 6424 No, 2 can be said to be significantly different, and that

could not be attributed to or correlated with the presence or absence of flaws.

3.2.4 X-ray Responses of Transistors in Monolithic Arrays

The photocurrent and photovoltage responses were measured for the
base-emitter and base-collector junctions of transistors in RCA CA3018A
monolithic transistor arrays, Unlike discrete devices used in this study to
represent microcircuit elements, the transistors in these arrays have
dimensions and electrical characteristics that are typical of microcircuit
elements. The X-ray responses obtained, therefore, are of the same order of
magnitude that can be induced in individual microcircuit transistors. Since
no faulty devices had been identified, the breakdown voltages, leakage
currents, and current gains for the transistors were measured in an attempt
to find faulty devices. Measurements of these parameters were made both
before and after irradiation to monitor radiation damage effects, if any.

The results of electrical characterization and of X-ray response
measurements are listed in Table 3-4, (The two values listed for each elec-
trical characteristic were measured before and after irradiation. )

Particularly striking in the listing of electrical parameters was the
very narrow spreads, both within a chip and from chip to chip. Only the
leakage currents show a moderate degree of variability. Except for the

leakage currents, the electrical parameters are also essentially unchanged
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TABLE 3-4. X-RAY RESPONSES OF TRANSISTORS IN CA3018A MONOLITHIC ARRAYS

{Two sets of measurements are

shown, which were taken before and after irradiation,

respectively. }

Gain (hfe}

: Ereakdown Voltages VCE B .3‘ oV Leakage Currents -Photovoltages Photocurrents
1. (50V) {5V) G-B B-E c-B B-E
Array C-E E-B C-B C-Subs c C-B E-B mv 1Ay na pa
Mo, v v v v 10 mA 1 mA 100 A~ nA nA rms rms rms rms
1 0l i3 6.8 59 93 73 81 72 1.3 0, 37 0. 148 29,2 0,078 8.2
23 6,8 58 89 72 79 49 2.5 0,38
na 30 6. & 58 93 T4 80 78,5 2,5 0,79 0,172 29,2 0, D88 13.7
3z 6, 6 58 90 468 78 49 3.6 0,76
n3 24 7.0 58 92 77 85 81 1.4 0,22 4.170 26, 4 0. 08% 18, 4
26,5 7.0 58 89 76 86 .5 6.0 0, 22
R4 19 6.8 58 nz s 82 75 2.7 5. 19 0. ET74 27. 6 0, 054 15.8
19 b, 8 58 59 o B2 73,5 2.6 0. 34
I Ql 29 7.2 62, 97 0 80 %] 0, 81 0, 40 0, 180 33,2 0. 094 10,9
33 7,15 60,5 98 70 76 40 9,29 0. 05 .
Q2 28.5 7.1 B 9t 66 80 72 1,8 0, 38 0. 192 35, 6 0,102 12, 2
. 29 .1 61 97 68 T4 66 8.0 0.53
03 29 7.2 61 95 68 80 69 1.4 0, 38 0, 182 10.9 0. 082 10. 6
. 3z 1. 15 61 92 69 75 61,5 2,0 0. 40 .
Q4 29 7.2 61 ab 72 73 68 1.5 G417 0, 198 31, 2 D, 124 29, 6
30 7.1 60,5 92 68 76 62,5 2,2 618 .
3 Ql 27 7.0 59 94 81 94 84 1.1 0, 2é 0, iZ‘? 25,8 0. 069 11,0
28, % T.0 54 92 74 88 14 3, 9/ 0,176
Q2 - 27 7.0 59 94 B4 97 B7 2.9 g, 23 0, 140 12,9 0. 073 11, 7
28,0 7.0 59 92 82 a4 - 80 255 g, 27
Q23 26,5 1.0 5% 94 B4 97 86 2, D a,17% 0. 140 11,1 0. D74 8, 48
) 28.0 7.0 59 92 g1 92 74 6.1 i, 25 ) )
Q4 28.0 7.0 59 04 BQ - 92 B0 2.0 9,25 - 0, 160 12, 9 0,071 11,2
29.0 7.Q 59 93 79 83 72 £ 9 G, 54 . :
4 Ql 29,0 7.1 61 a6 71 79 . 67 5.5 0, 85 0.174 22,0 0, 099 8.8
30,0 7. 05 &0 94 70 76 0 B. 2 0. 66 .
Qz 29,5 7.1 51 96 68 78 67 4,1 0. 19 0. 168 20, 4 0, 083 8. 16
31,0 7.1 b1 26 56 76 6} 4, 2 0. 245 ’
‘g3 29,0 7.2 61 4 70 78 67 2.5 0. 33 0. tet 21.2 0. 038 13,2
- 3.0 7.1 &3 94 69 76 59 . LD 0.50
4 29,0 6. 8 61 G4 66 T4 &4 4. 4 1.4 0. 186 26,0 0, 083 13, &
30,0 6, R 60 94 66 b T2 56 Z, 25 2,1
5 Q1 32 6, 8 0 93 73 86 75.5 27,0 0,73 0,176 38,0 0,97 15, 6
' 32.5 6.8 63 98 73 84 T2 11,50 4,4 . .
Q2 30.5 6,8 52 72 74 88 T4 25,5 L. 15 0,192 . 39,2 0, 104 17,4
34,0 6.8 53 76 74 87 73 14,0 &, 80 E
Q3 32 6.8 &0 92 72 84 iz 11,0 L1 N, 186 16. & 0097 15.5
33,5 6,8 40 94 72 a2 68 15.0 1. 65 ) ) -
Q4 30 [ 58 78 16 32 79 11,0 Lo 0. 238 41, & Q0,129 15..3
31 6.8 58 80 16 &5 5.5 J?.S T 1,41




by the irradiation. There is a trend for leakage currents to increase
following irradiation, although counter examples can be found in the tabulation,
The leakage current changes cannot be ascribed to irradiation with certainty:
such changes can be caused by exposure of the uncapped device to the ambient
atmosphere. '

l The measured responses to irradiation show a degree of variability
comparable to that of the leakage currents. However, there is no significant
correlation between leakage currents and X-ray responses. (lThe X-ray
responses are also uncorrelated with the other electrical parameters.) The
magnitude of the responses are, as expected, much lower than for larger,
discrete devices. The photovoltages fall in the range of ~10-20 'V, while
photocurrents vary from ~ 8-130 pA.

3,2.5 Effects of Selective Filtering on X-ray Response

The photovoltage induced in the base emitter junction of a 2N3767
transistor (specimen No, 8) was measured with different thicknesses of
different metal foils interposed between the X-ray source and the device.

As discussed in Section 2, 2, the absorption coefficient varies as 2.4/E3,

when 72 is the atomic number of the absorber and E the X-ray photon energy.
The use of filter foils of successively higher atomic numbers therefore
selectively removes a greater proportion of the softer, lower energy X-rays,
The discussion in Section 2, 2 showed that it is these lower energy photons that
are effective in stimulating the devices. Accordingly the rate of decrease of
response ‘should be steeper for the higher atomic number filters,

Figure 3-12 shows the responses obtained with Al (Z = 13),

Ni (Z = 28), and Cu (Z = 29) filters. The data was obtained with the
Tektronix 1A7A plug-in, which has 1 M ohm input impedance. (Since they
are not open-circuit photovoltages, they do not vary logarithmically with
effective intensity, which is why the figures are not straight lines. The data
nevertheless are a valid representation of the decreased X-ray responses. )
The fact that the X-ray response decreased slowly with Al filters shows that
shadowing effects due to Al metallization in devices are negligible, (Each Al
filter foil thickness used was 30, 48 pm. Typical metallization thickness is

on the order of 1 pm, }
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Al, Ni, and Cu filters.



The data indicates no advantage to the use of filtering to remove lower

energy X-rays, as it aggravates a low signal level problem.

3.2.6 Effects of Combined X-ray and Light Excitation

As discussed in Section 2.2, the effects of light and X-rays in
generating hole-electron pairs in Si are qualitatively similar, They differ
mainly in the number of hole-electron pairs created per absorbed photon and
in the magnitude of the absorption coefficient. For light of 550 nm wave

1, so most of the

length, for example, the absorption coefficient is ~10% em=
energy is absorbed on the top 4 um of a Si specimen, A comparison of X-ray
response versus combined X-ray and light response for a device therefore
might disclose the presence of surface faults, Since junction irregularifies
in transistors appear to be surface faults, selected specimens of 2ZN3767
transistors, with and without faults, were used as test devices. The photo-
voltages and photocurrents from the base-emitter junctions were measured.

The light was produced by a fluorescent screen placed between the
device and the X-ray source. Since the 11.4 x 15,2 cm screen intercepts a
large amount of X-ray radiation that would not normally be available for
stimulating the device, the low conversion efficiency of the fluorescent
material was partially offset. Measurements were made with the light
emissions alone by placing a small (I x 1 cm) Pb shield on the screen to
cast an X-ray shadow on the device. The signal level produced by the light
alone was comparable to that produced by X-rays.

The data obtained in this experiment are listed in Table 3-5, The
screen absorbs a fixed amount of X-ray intensity, so the behavior of interest
is the change in radiation response with and without the fluorescent screen,
It is evident from the tables that this change is quite variable from one device
to another, However, there is no internal consistency with either the flawed
device group (No. 3 and 9) or within the control group (No. 1, 5, and 10),
Two chip types are represented here. Within the Fairchild group (1, 3,5) the
flawed device showed behavior opposite to that of the control group., Within
the Solitron group (9, 10), this behavior pattern did not appear. The differ-
ent behavior of the flawed Fairchild device could be due to causes unrelated

to the presence of junction irregularities,
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TABLE 3.5, EFFECTS OF COMBINED X—RAY AND LIGHT STIMULUS
‘ o ON DEVICES WITH SURFACE FLAWS'

X-rays and | X-rayswith-| X-raystrans :
Light out screen thru screen Light only
Iph  Vph | Iph  Vph | Iph  Vph | Iph  Vph
Device No, | (nA) (mV)| @A) ~ (mV) | mA). (mV) | mA)  (mV)
| 1.46 2,52 |0.800 1.26 |0,041 0,080 [1.38 2,40
g 0.984 1.74 (1.26 1.74.{0.034 0.064 |0.880 1.65
0.968 1,94 | 0. 768 3.86 |0.033 0,062 0,708 1,82
9% 1.31 1.44|3.24 3.60 [0.036 0.070 | 0,670 1.28
10 2.00 2.14|4.92 4.64 |0.037 0,082 | 0,820 1.92
*Devices with junction irregularities,

The fluorescent screen that was employed was made with .a ZnS-CdS. .
phosphor.. Attempts were made to use a higher efficiency material —a
commercial scintillation phosphor called Pilot B, which has a.proprietary
composition that its manufacturer will not disclose. (Pilot B is manufactured
by Nuclear Enterprises of San Carlos, CA,) Unfortunately, the radiative,
decay time of this méterial was so long that its light output was unable to
follow the X-ray pulses pi‘oduced by'—the self-rectified X'-r"ay' tube. Since
a-c-coupled amplification was used to detect electrical responses, the.phos-

phor was unfortunately not useful.

3.2.7 X-rray Responses of Transistors with Incipient Channels

Discrete transistors with high emitter-to-collector leakage wef.e
irradiated and photovoltage and photocurrent responses from both junctions
were measured. A high emitter-to-collector leakage is indicative of surface
contamination causing an incipient channel by inversion of the base region.
Since the inverted material and the adjacent depleted region increase the
effective depleted volumes for carrier collection of both the base-emitter
and the base-collector junctions, the presence of a channel may cause an-
appreciable increase in the ceollected photocurrents.

Five ZN2222A leaky transistors and five control specimens were

irradiated and measured. Both sets of transistors were manufactured by
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Motorola. Unfortunately, when the control transistors were uncapped and
examined, it was found that they were made with a chip design that was

quite different from that of most of the leaky transistors., Only one leaky
device, No, 5, had the same chip design. Since matching control specimens
could not be located, the specimens on hand were irradiated and measured in
an attempt to find a self-consistent correlation between some electrical
parameter and the X-ray responses,

The measured electrical parameters and X-ray responses for the two
groups of transistors are shown in Table 3-6, Transistors 1 through 5 are
the leaky devices, as can be determined from the measurement of ICEO'
Transistors 6 through 10 are the control specimens. Only transistor 5, of
the leaky devices, has the same type of chip as the control specimens.

The only positive observation that can be made concerning these

measurements is that the device with the highest Ieso and I leakage

currents — device No, 1 = also has the highest photocurrent cchiSacted in the
base-emitter junction. However, for the other devices these measurements
are not correlated. On the basis of this isolated data point, the hoped-for
correlation between leakage and collected photocurrents cannot be said to

exist,

3.3 IRRADIATION EFFECTS ON TTL MICROCIRCUIT

As explained in the introduction, the difficulty of obtaining microcir-
cuits with identified faults in a non-failed state makes it necessary to use
microcircuits in which the presence of faults is suspected, but cannot be
verified, For this study, three different types of TTL microcircuits were
irradiated, both under power and unpowered. The test specimens were
selected by testing a large number of circuits of each type and picking out
those that appeared to have deviant behavior. A set of '"mormal' control
specimens were tested along with the ""mavericks'., While the specimens
were under power, certain specified electrical parameters were tested with
and without irradiation in an attempt to see a change, Specified voltages
were measured with a 4 digit DVM in order to insure high sensitivity to small,

irradiation-induced changes.
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TABLE 3-6. ELECTRICAL CHARACTERISTICS AND X-RAY RESPONSES OF
LEAKY TRANSISTORS
55 :
£o
&g ~
- [ g heg bpg Bp )
PN & Yo 10V | V=10 | Ve e lovf v oy | 1y 'cko | lemo Vono | Ve " ”
gj} E Part Nu. | BVopg | BVepg | BV ppe| 1 0- 1ma L OmATTE220mA T 100 mA | Vi =50V VCB=50v-yEBi5. L R BG bB-E B.C
‘a '-Nj 1 57V logv | 7.zv 120 180 230 310 52 uA & pA 5pA 10 4lmV | 1.23mV | 0.225nA] 0, #5na
"'85 % 2 38V Looy | 7.8v 108 132 156 260 54 A 3504 | 2,60nA | 0.097mV| 1, 58mV | ¢. 12504 0. 790
& E 3 56V 99V | 0.8V na 122 153 220 62 uA 940 pA | Lo20nA |0, 104mV ] 1 46mV { 0. 16nA | 6. 7584
1 56V s6v [ 7.4V 106 134 164 225 55 uA [ BBOPA | 760 pA 1 0.09TmV| 1.49mV | 0.14na | 0.74na
5 bV 12zv | 8.5V 93 124 | 154 175 15 pA 17.6nA | 330 pA  {0.51mV | 1.83ImV | 0, 4908 | 0, 89na |
I ! : : )
b G8Y 108V | 7.4V #0 iz | 152 196 | ©.5nA I 55nA | 270pA | 0.41mV |2, 26mV | 0.45nA | 1, 18nA
w S— - - H - ‘ N
I 7. B4V 103V | 7.4V 120 148 180 240 L3nA | 1.%nA | 110pA 11.G8mV |2 74mV | 0.82n4 | 1,43nA
v . : .
.‘J N
8 8OV 11ov | 7.3V g 140 168 220 2.0nA | L2nA | 250pA | 0.25mV |2.20mV { 0.29nA | 1. 1884
9 BHY 108V | 7oy 84 109 140 182 0.4nA | 200pA | 1,30 nA | 0.35mY [ 2. 26mV | 0. 3%nA | 1.19nA
Lo a1V 119v | 7.3V L1a6 124 145 184 1.2 nA 21nA | 550 pA | 0.18mV (2, 22mY | 03204 | 1. 1InA




All parameters measured before irradiation were also measured
after irradiation in an attempt to detect possible radiation damage effects,

Since the brief analysis of a TTL NAND gate and its expected
behavior under irradiation (presented in Section 2, 7} indicated that irradia-
tion effects might be undetectable, measurements of photovoltages and
photocurrents were also made at the power (VCC) and ground terminals,

The microcircuits tested were: DM 54L00F Quad Two-input-NAND
gate, manufactured by National (a total of 150 tested); RSN 5400H radiation-
hardened quad two-input NAND gate, manufactured by TI (a total of 100
tested}; SN 5473W dual J-K master-~-slave flipflop, manufactured by TI (a
total of 50 tested}), Device specification sheets, as well as test results for
the "maverick'' and typical "normal” microcircuits, are shown in Appendix C,

One of the DM 54L00F gates, part No. 41, failed to pass its functional
test on the automatic IC tester, so the procedure used to test it manually
under irradiation differed from that for other parts of the same type.

Tables 3-7 through 3-9 list the results of measurements on powered
devices. The results on the non-functional part (DM 54L00F No, 41) are
as follows:

VoH tested at all 4 ocutputs —

. 129V at pin 14

125V at pin 3

. 128V - 0,129V at pin 5 No change detected under irradiation
. 129V at pin 8

o o O O

Icc (0) = 1.129 mA, changes to 1. 128 — 1,129 mA under irradiation.
Icc (1) = 0,402 — 0,403 mA; no change detectable under irradiation,

The other parameters were monitored on an x-y oscilloscope with
60 Hz a-c connected to the horizontal amplifier and with the appropriate pin
on the microcircuit connected to the vertical amplifier, Since the X-ray
machine operates the tube in the self-rectifying mode, the X-ray source
emittted radiation during half of the horizontal sweep time., It was expected
that a parameter change caused by the irradiation would appear as an oscil-

loscope trace with a non-zero slope, In practice, a complicated Lissajous



TABLE 3-7. IRRADIATION EFFECTS ON TTL MICROCIRCUITS:
" PART TYPE DM54L00F — QUAD TWO INPUT NAND GATE

Part Number ¢ (Normal)

Parameter’ :
Tested Before During After
V out (0) 0,123V avg. for no change no change
each output
V out (1) not tested
V in (1) 1. 330V avg. no change no change
{1.335 high '
i.328 low)
V in (0) 1,252V avg. no change no chan'gé.
(1. 277 low,
1. 297 high)
Iin (1) 1.17 pA 1,16 pA 1.16 pA
at no scope no scope
Vin= 2,4V change change .
Iin {1) 1.50 pa no change no change
at :
Vin= 5 5V
Iin (0) -10. 63'|~LA no change - -10.62 pA
at ' no scope
Vin= 0,3V change
I ce (Q) 1.178 mA no change no change
Ice (1)

not tested
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TABLE 3-8. IRRADIATION EFFECTS ON RADIATION-HARDENED TTL MICROCIRCUITS:
PART TYPE RSN5400H — QUAD TWO INPUT NAND GATE
Parametor Part Neo, 4 (Normal) Part No. 56 {Maverick)
Measured Before During After Before During After
VOH 2,993V to 2.994V | no scope 2.995V 2.989V to 2,992V | no scope same
change change fluctuation
in meter
VoL 0.271V no change no change 0. 239V no change no change
Vrhres goes 0.5 to 9 mA no change | no change ¢ to 7 mA at no change no change
) at 1, 300V, 9 mA 1.294V, 7 to
to 16 mA at 16 mA at 1,50V
1,684V
lecn 10.12 mA on no change no change 12,71 mA on no change no change
dipgital, 10,5 mA digital, 13.1 mA
on meter on meter
ICCL 12,93 mA on no change no change 16.0 mA on no change no change
digital, 13.4 mA meter, 13.52 mA
on meter on digital
I, 0.00295 mA on no change no change 0.0115 mA on no change no change
H2
meter, 0, 00298 meter
on digital
IHl 0. 00245 mA on no change no change no change no change
ammeter,
0, 00238 mA on
digital
IIL 1. 08 mA on no change no change 1. 05 mA no change no change

ammeter,
1,100 mA on
digital
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TABLE 3-9, IRRADIATICN EFFECTS ON TTL MICROCIRCUITS: PART TYPE SN5473 —

MASTER SLAVE T-K FLIP-FLOP

a

Par: Part No. 20 (Maverick) Fart No., 43 (Maverick)
arameter : i
Measured Before During After Before During After
Voin (1) . 184V 1,182V 1,182V voltage not | no change no change
no’scope no scope recorded -
change change
V in (0} 1. 228V no change no change voltage not no change no change
' recorded
v Q =3,371V at J=1, | no change ne change voltage not no change no change
OH S - ;
K=1 recorded
G =3.367VatJ-1, | 3 365V 3,365V
K-0 no scope no scope
change change
v Q - 0,256V at J=1, | no change no change voltage not no change | no change:
K=1 recorded
Q= 0,098V at J=1, [ no change no change .
K=0
1in (0) J -1. 20 mA no change | no change -1. 0% mA ro change | no change -
K -1. 20 mA no change no change -1. 05 mA no change no change
clear -1. 20 mA no change no change -1. 05 mA no change no change
clock -2, 20 mA no change no change -1. 95 mA no change no change
II—IZ J 0. 0026 mA na change no change 00,0037 mA no change ne change.
K ‘0, 0016 mA no change no change 0.0021 mA no change no change .
clear 0, 0295 ma no change no change 0.032 mA no change no change;
clock 0. 0048 mA no change no change 0. 0062 mA no change | no change
IH-1 J 0.0019 mA no change no change 0, 0026 mA no change no change
K 0.0012 mA no change no change 0.0015 mA - no change no change .
clear 0,22 mA no change no change 0. 0225 mA no change no change
clock no data no data no data no data no data no data-
I -5.5 mA no change no change -5.0 mA ‘no change no change -

no change - no change on scope, ammeter, or digital VOM; no meter change, no digital change,

no scope change - refer to individual pieces of equipment,




figure was observed because of strong a-c néise. However, the figure
~remained completely unchanged when the X-ray source was turned on and off,
The measurements of photovoltages and photocurrents from unpowered
devices were performed from the power supply terminal to ground. The
results for the radiation hardened NAND gates are shown in Table 3-10,
while results for the regular NAND gates appear in Table 3-11.

TABLE 3-10. X-RAY RESPONSES OF RADIATION-HARDENED TTL
PART TYPE RSN5400H

Mavericks Average
- No, Vph Iph No, Vph Iph
5 30,4 pVv 0.034 nA 1 26, 8 pV 0.034 nA
56 21,3 pV 0.028 nA 4 23,2 pV 0. 026 nA
93 25,4 pV 0.030 nA 6 28.9 pVv 0. 036 nA
99 25.4pV 0.030 nA 12 27.2 uV 0.036 nA
TABLE 3-11, X-RAY RESPONSES OF TTL MICROCIRCUITS:
PART TYPE DM54L00F
Mavericks Average
No., Voh Ioh No. Voh Iph
67 % 1.20 mV 3,22 nA 6 1.32 mV 1.79 nA
116 1,40 mV 2.09 nA 8 1.27 mV 1.71 nA
123 1.38 mV - 1. 41 mV 1.92 nA
125 1.32mV 1.91 nA
414 1.40 mV 2,02 nA
7 - had slightly different metallization pattern.
4 41 - failed functional testing,




The results-in Tables 3-10 and 3-11 show that the radiation-hardened
devices have X-ray responses that are nearly two orders of magnitude lower -
than for conventional devices. ' ' : |

Device No. 67 in Table 3-11 had a slightly different metallization
pattern from the rest of the same type number. The photocurrent response -
from this device is somewhat higher than from the others. -

The results listed in Tables 3-7 through 3-11 give no indication what-
sdever that X-ray-induced 'signals'could have been used to detect the deviant
behavior disclosed by the Tektronix 3260 tester. - The devices under power
exhibited no response at all to the irradiation. Without poweér there wasa '
measurable response. However, the mavéri'ck and the normial devices -had
essentially similar responses. The fact that DM 54L00F No, 41, had anX-ray
response that was very similar to that of No. 9 is particularly significant:

No, 41 failed functional tests when tested manually and with the automatic ' -

tester, while:No. 9 was one of the "normal' devices from the control group, -

3.4 EFFECT OF IRRADIATION ON DIELECTRIC BREAKDOWN

This experiment was designed to look at the effects of irradiation on '
the dielectric breakdown strength of thin oxides, The experiment consisted |
of taking thirty-two HD1G 1030 insulated gate MOSFET devices in three
groups and measuring the dielectric breakdown strength of a group either
before, during, or after irradiation, The HD1G 1030 was chosen because
-of the controlled thickness of the gate oxide. Threshold voltages were mea-
sured to verify that the devices had similar gate oxides. The groups were
chosen such that the mean and standard deviation of the threshold voltages
would be similar in each gfoup.

It was hoped that a decrease in dielectric breakdown under irradiation
would be observed., If so, devices with thin or weak oxides could be screened
out by applying a predetermined voltage stress dur inglexpo sure to radiation.
Good devices would be unaffected, others would be destroyed. The applica-
tion of this effect could be extended to any device with metal stripes separated
from other circuit components by a dielectric glass. Unfortunately, the

results were negative,



Results of this experiment are tabulated in Table 3-12. Note that in
several devices tested during or after irradiation non-destructive breakdown
occurred, while in the control samples all devices broke down catastroph-
ically, This indicates that irradiation produces irreversible changes in MOS
devices and possibly should not be considered further. Means and standard
deviations were calculated for the gate-to-source breakdown voltage of each
group of devices, |

For the control group, ﬁrGS = 120, 0V with a large standard deviation
of 20, 76V, For the devices broken down during irradiation, the values were
104, 9V and 3, 9V respectively. For the devices tested after radiation expo- -
sure, the values were 103, 9V and 6. 01V, Note that the values obtained after
‘irradiation are very similar to those obtained during irradiation. Also note
that change caused by irradiation is less than one standard deviation of the
control group. This indicates that such 2 screen would be inconclusive even
if it worked in principle, because the changes effected by irradiation are
smaller than the normal device tolerances.

In summary, then, a number of MOSFET devices were tested to
determine the effect of irradiation on dielectric breakdown. It was found
that while irradiation adversely affects device characteristics, the desirable

changes are not large enough to be useful.
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TABLE 3-12.

RESULTS OF SiO

BREAKDOWN EXPERIMENT

2
Gate-to-Source
Breakdown Voltage (Volts)
Device N No During After ~
- No, thﬁ-gﬁhs‘ﬂd Radiation Radiation Radiation
0 2,25 106+
1 2,25 100
2 1.82 shorted @
, out
3 2.22 - 108
4 2.58 36
5 2,30 106
6 2.15 106 *
7 2.11 106
8 2. 28 108
9 2.68 108
10 2.08 104
13 2. 50 126
14 . 2.00 107
- 18 2. 32 78
19 2,28 120
21 2. 38 128
22 1. 94 144
23 2. 30 138
26 © 2,30 132
28 2.00 148
31D 2,24 95 -
11 1. 90 100+@
12 2, 20 112 )
15 1.73 106
16 2,28 88
17 2. 70 104
20 2. 30 105
24 2,20 106 %
25 2.26° 108=
27 2,25 106
29 2.28 108%*
32 C 2. 37 100
(D) There was no device No. 30, :
@ % Indicates breakdown was not catastrophic and is repeatable.

(3 Gate damaged before test,




4.0 SUMMARY AND CONCLUSIONS

The study project described inthis report investigated the possibility
of using X-rays as a stimulus for screening microcircuits during precap visual
inspection. The tasks that were performed and results that were obtained

are as follows;

I. A theoretical analysis and a literature search were carried out
on the subject of X-ray interactions with semiconductor materials
and devices., Calculations showed that X-ray-induced carrier
generation rates are limited to being no greater than thermal
generation rates for conventional X-ray machines. It was also
determined that certain types of flaws could alter the X-ray
response of microcircuit elements, although no dramatic enhance-
ment of flaw detectability by the irradiation could be predicted.
The possibility of radiation damage to dielectrics was investigated,
but the sparse literature on the subject yielded few qualitative
results,

2., The X-ray-induced photovoltages and photocurrents from both
junctions of 2N3767 power transistors were measured., Some of
the test devices were known to have irregularities in the base-
emitter junctions. No correlation was found bhetween the presence
of flaws and the X- ray responses.

3, The flash X-ray- -induced transient photovoltages from the same
transistors, plus four other transistors of a different type, were
measured. No correlation could be found between response decay
time and the presence of flaws.,

4, Photovoltages and photocurrents were measured in transistors in
CA3018A monolithic transistor arrays. In three devices, com-
parable to microcircuit elements, photovoltages were measured
in the range of tens of hundreds of microvolts; photocurrents
were in the range of about ten to one hundred picoamperes. No
correlations with electrical parameter variations were found,
and no anomalies or faults were indicated by unusual X-ray
responses. Breakdown voltages, leakages, and current-gain
measured before and after irradiation showed little or no damage
attributable to the irradiation.
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The ecffects of using metal foils to {ilter out soft X-rays were
observed, The results were as expected from theoretical
considerations.

The effects of combining a fluorescent screen with X-ray stimu-
lus were studied. Since irregularities in the base-emitter junc-
tion periphery occur at the surface (where light is strongly
absorbed), the possibility of enhancing their detectability by this
technique was explored; the results of the experiment were
negative.,

X-ray responses of transistors with incipient channels were mea-
sured to see if channels would affect (i, e. , increase) the amount
of collected carriers. The results for the base-collector junc-
tion were negative; for the base-emitter junction there were sug-
pestions of a correlation with high Ippn, but on the basis of a
small sampling the result is not conclusive,

Effects of irradiation on measured parameters of powered TTL
microcircuits (two types of NAND gates, one type of flip-flop}
were investigated; daring irradiation no effect at all was
detecctable with a four~digit DVM on major parameters. No
anusual effects on "maverick' microcircuits were detected.

Photovoltage and photocurrents irom selected maverick and
normal microcircuits were measured from the power supply
terminal to ground., Ne correlation with deviant performance
was found, In particular, a device that had failed functional test-
ing was not detected by an unusual X-ray response,

The possibility of using X-rays as a failure-inducing stress for
thin dielectrics was explored briefly. It was hoped that the
irradiation would cause a significant decrease in the breakdown
voltage of SiOp. Measurements of gate oxide breakdown on
MOSFET's showed no such decrease; however, the irradiated
devices showed a sipgnificant tendency to break down reversibly,
Non-irradiated devices failed catastrophically.

In summary, the theoretical and experimental results of this project

do not indicate that X-rays can be used to enhance in any practical way the
detectability of flaws in semiconductor devices, Moreover, X-rays are par-
ticularly difficult to handle experimentally, They cannot be focused (either
by reflection or refraction), produced efficiently in intense beams, polarized,

reflected or refracted, scanned ovr otherwise localized, or monochromatized,
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They are also a potential health hazard., In view of these drawbacks
~and the negative results obtained in this study, it cannot be recommended that
work on the use of X-rays as a microcircuit screen be continued. However,
the theoretical phase of this study has indicated that the energy range between
1.1 ev and 4.0 ev (11,000 to 3100 Angstroms) does have potential as a micro-
circuit screen. The low energy end of this region is established by the need
to exceed the bandgap energy of silicon, while the upper limit avoids undesir-
able photoemission charging of SiOZ. An effort to apply this portion of the
EM spectrum as a low cost screen to augment present visual and electrical

Processes is recommended,
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APPENDIX A, EQUIPMENT DESCRIPTIONS

A, FAXITRON 8060

One of the X-ray sources used in this work, the one used for most
of the photocurrent and photovoltage measurements, was the Faxitron
Model 8060, The Model 8060 is a continuous cxposure X-ray system employ-
ing a self rectifying X-ray tube. The tube uses a tungsten filament and a
tungsten target, The inherent filtration of the system is due to a beryllium
window, The machine generates X-rays of up to 110 kV, A source-to-target
distance of 34,6 cnm‘ was used for most measurements. Chamber construc-

tion prevented the use of shorter working distances, Refer to Figure A-1.

=ik Feiis

FRONT SECTION SIDE SECTION

Figure A-1, Chamber arrangement of
' Faxitron 8060



Specifications of the Faxitron Model 8060

Power Input Requirements: Voltage: 110-120 V ac
(230 V ac optional)

Frequency: 60 (50 Hz optional)
Power Output to X-ray Tube: Voltage: 10-110 kV peak
Current: 3 mA at 110 kVP

Duty Cycle {Expose on Time}: Continuous

X-ray System Type: Self rectified.

Spot Size: 0.5 mm (as measured by Fed. Std.
No., 83),

Target Angle: 20°

Beam Half Angle: 15, +1-1/2 degrees

Inherent Filtration: 0.635 mm Beryllium max. — pro-

visions in exposure chamber for
slide-in filter.

Penetration: A minimuam of 6,25 mm steel or
51 mm aluminum w/type M film,

Film-to-Source Distance: 610 mm with exposure shelf in
place. 650 mm maximum. Dual
cabinet configuration allows
1,260 m FTSD.

Beam Size at Floor: 340 mm diameter.

A,2 FEXITRON 8030

The use of a pulsed X-ray system was explored, For this experi-
mental work a Fexitron Model 8030 was used. The Model 8030 produces a
train of high energy, high intensity X-ray pulses of 60 nanoseconds duration,
Up to ninety-nine pulses may be produced in a single pulse train. The unit
uses a Fexitron Model 532 cold cathode X-ray tube with an effective spot size
of 1.8 mm.

Specifications of the Fexitron 8030

X-ray tube voltage 150 kv
100 kv
Effective MAS/pulse 0.06 MAS at 150 kv
0.03 MAS at 100 kv
MAS/99 pulse train 6 MAS at 150 kv

3 MAS at 100 kv



Pulse duration 60 nanoseconds

Pulse rate (at nominal 14 per second at 100 kv

120 VAC or 240 VAC input) 7 per second at 150 kv

Pulse number selection 1 to 99 pulses

Effective X-ray source size | 1,8 mm diameter

Inherent filtration exceeds 2.5 mm aluminum equivalent

A.3 BIOMATION TRANSIENT RECORDER

The Biomation Model 610 Transient Recorder was used to digitize
and store data from the pulsed X-ray experiments until the data could be
recorded on an oscilloscope. The Model 610 Recorder utilizes a high épeed
six bit analog-to-digital converter combined with a shift register memeory to
capture and hold an analdg signal, The signal is outputfed through a smooth-
ing network to an oscilloscope or an %,y plotter where the data are recorded,

" Refer to Figure A-2.

A.4 CURRENT AMPLIFIER

The photocurfents expected in the experiments were smaller than
could be accurately be observed with available equipment. In order to facili-
tate measurement a current amplifier suitable for this work was constructed.,
The amplifier consists of an LHO032 current amplifier hybrid microcircuit
and an LHO0002 line driver with appropriate discrete components., The LHO0032
is an FET input, high input impedance, low noise, precision current amplifier
suitable for picoamp measurements, The LF0002 provides the power capa-
bility of driving cables, an oscilloscope, and/or a current meter. The
~amplifier cireuit was housed in a lead-shielded container to provide for its

use within an X-ray machine.
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APPENDIX B. SCANNING ELECTRON MICROSCOPE ELECTRON
BEAM INDUCED CURRENT TECHNIQUES

The scanning electron microscope (SEM), operated in the electrqn
beam induced current (EBIC} mode, was utilized during the course of the
experiments to detect certain junction flaws and to simulate localized high
doses of X-rays. In the SEM a high energy electron beam impinges on the
test device. The electrons in this beam are very similar to the primary
photoelectrons produced by X-ray photons absorbed by a sé.mple. They pro-
duce electron-hole pairs by collisions until the energy of the initial electrons
has been dissipated as phonons, photons, electrons and holes, as explaihed
in Section 2.2 of this report.

The EBIC mode makes use of the electron-hole pairs generated by
the beam. In areas of low electric field most of the electron-hole pairs’
will recombine. In areas of higher electric fieldé, however, the electrons
and holes will be separated, generating an external current, When a jﬁnction
is reverse-biased, the depletion regions are areas of high electric field, with
the remainder of the device subjected to corﬂparativel*j’ low fields, Thus,
when the electron beam impinges on the sample near a junction, the électron—
hole pairs generated form a current, and when the beam is impinging 'oﬁ the
sample away from a junction, the carriers recombine before being collected
as a current, This electron-beam-induced current that appears at junctions
is passed through a specimen current amplifier and used as Z-modulation
on a video display. Junction areas appear white, other areas appear dark.

The EBIC signal is not the'onljr signal to affect the current ampi-iﬁer.
If a component of the specimen current is prodﬁced by some other mechanism,
such as leakage or dvalanching, this current will also affect the video display;
If one or more aréas of the junction breakdown at a lower applied voltage than

the remainder of the junction and this area avalanches, such areas will appear

B-1



in the video display as a bright dot or a flare located on the junction perimeter.
It is these localized breakdown spots for which the devices were examined.
Such spots are associated with device flaws which one would like to screen

out. A comparison between anomalies located in this manner and anomalous

device behavior during X-ray flooding was attempted.
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APPENDIX C, TEST DEVICE DESCRIPTIONS

This appendix contains photographs, chip dimensions and abridged

data sheets for each device type tested during the course of these

investigations,

C.1 2N3810 (REFER TO FIGURE C-1)

Figure C-1. Photograph of one die in a 2N3810, Both dies
are of this configuration; die size is 390 x 370 pm,

15,4 x 14,5 mils (magnification:

172X%)



TABLE OF ELECVTRICAL SPECIFICATIONS (2N3810)

Characteristic

Symbol

Min Max Unit ]

Off Characteristics

Collector-Emitter Breakdown
Voltage {1} {I. = 10 mAdc,

1= 0) C

B

Collector-Base Breakdown
Voltage (IC = 10 pAde, IE =

Emitter -Base Breakdown
Voltage (IE = 10 pAdc, IC

Collector Cutoff Current

0)

= 0)

= 50 Vdc, I = 0)

Ven
(v
T

= 50 Vde, I
150°C)

CB 0,

A
Emitter Cutoff Current

E

= 4,0 Vde, 1, = 0)

V B (off) c

BVero

BVepo

BVEro

CBO

EBO

60 - Vdc

60 - Vde

5,0 - Vdec

pAdc

- 0.01

nAde

On Characteristics

DC Current Gain (1)

(I = 10 pAdc,
Vig = 5.0 Vace)
= 100 pAdc,

(I
C =50 vde)

Ver

(I~ =100 pAde,

VC =5.0Vde, T

CE

= 500 pAde,
= 5,0 Vdc)

_ ppO
AT 55°C)
e

CE
(IC = 1.0 mAdec,
VCE = 5,0 Vde)

(IC = 10 mAdc,
VCE = 5.0 Vdc)

heg

100 -

150 450

75 -

150 450

150 450

125 -

(Continued next page)



TABLE OF ELECTRICAL SPECIFICATIONS (2N3810) (Continued)

Characteristic -

Symbel

Min’ Max

Unit

On Ch

aracteristics

Collector-Emitter Saturation
Voltage (1)

(1
Iy

= 100 pAdc,
= 10 pAdce)

C
(IC = 1.0 mAdc,

1= 100 wAdc)

VeE(sat)

Vde

- 0. 25

Base-Emitter Saturation
Voltage (1)

(I = 100 pAde,

Ip'= 10 pAdc)

(IC.= 1.0 mAdc,
I, = 100 pAde)

VBE(sat)

Vde

Base-Emitter On Voltage

= 100 pAde,

(1
C =50 Vde)

Ver

VBE(on)

Vde

Small-Signal Characteristics

Current Gain - Bandwidth
Product

(I = 500 pAde, '
VCE = 5,0 Vde, f =30 MHz)
= 1.0 mAdc,

= 5,0 Vde, £ =100 MHz)

(1

VC

CE

i

MHz
30 -

100 500

Small-5Signal Current Gain

= 1,0 mAdc,

VCE =10 Vde, £=1.0 kHz)I

fe_

150 600

{Continued next page).



TABLE OF ELECTRICAL SPECIFICATIONS (2N3810) (Concluded)

Characteristic

Symbol

Min

Max

Unit

Matching

Characteristics

DC Current Gain Ratio(z)

(I. = 100 pAde,
v E - 5.0 Vde)

= 100 pAde,
E - 50 Vdc,
% .55 to +125°C)

(I
v
T

200 00

/n

hFEl FEZ

0.9

0. 85

1.0

1.0

Base Voltage Differential

= 10 pAdc to 10 mAdec,

(1
C =50 Vde)

Ver

(L. = 100 pAdc,

vC _ < 5.0 vde)

CE

Vee1l - VBE2

5.0

1.5

mVdc

Base Voltage Differential
Gradient

= 100 pAdc,
= 5,0 Vde,
% _55 to +25°C)

QA
ca »0Q
o

17

100 wAdc,
= 5.0 vde,
+25 to +125°C)

{1

Vig
T =

>

LfVBE1 -
BE2|

0.4

mVde

*#Indicates JEDEC Registered Data,
(1) Pulse Test: Pulse Width 300 ps, Duty Cycle 2, 0%.
{2) The lowest hFE reading is taken as hFEl for this ratio.
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C-2.

Figure C-2,

2N3767 as manufac -
tured by Fairchild, Die is
L. T =57 mom. (B3TX).

2N3767 (REFER TO FIGURES C-2 AND C-3)

Figure C-3,

SPECIFICATIONS (2N3767)

Solitron 2N3767, Die
is 1,8 x 1,7 mm (37X).

Collector Current - Continuous Ic 4,0 Adc
Peak 4,0
Base Current IB 2.0 Adc
Total Device Dissipation at TC = 25°C PD 20 Watts
Derate above 25°C 0. 133 w/°c
Thermal Resistance 61c 7.5 °c/w
(;perating and Storage Junction T Tstg -65 to °175 “6
emperature Range
Characteristic Symbol Min Max Unit
Off Characteristics
Collector-Emitter Voltage (1) BVero Vde
(Ic = 100 mAdec, IB = D) 80 -

(Continued next page)




SPECIFICATIONS (2N3767) {(Continued)

B Characteristic Symbol Min Max Unit
Off Characteristics
Emitter -Base Cutoff Current IEBO maAdc
(Vppg = 6 Vde) - 0.76
Collector Cutoff Current ICEX mAde
(VCE: 100 vdc, VBE= 1.5 Vdc) - 0.1
(TVCCI—:: I:SBQCV;dc, VBE = 1,5 Vde, - 1.0
Collector-Emitter Cutoff Current ICEO maAdc
(VCE = 80 Vde, IB = 0} - 0.7
Collector-Base Cutoff. Current ICBO mAdc
(VCB: 100 vde, IE= 0) - 0.1
On Characteristics
DC Current Gain hFE -
(IC = 50 mAdc, VCE = B Vde) 30 -
(IC = 600 mAdc, VCE =5 Vdc) 40 160
(IC = 1.0 Ade, VCE = 10 Vdc) 20 -
Collector-Emitter Saturation Voltage VGE(sat) Vde n
(IC: 1 Ade, IBZO.IAdc) - 2.5
(IC = 500 mAdec, IB = 50 mAdc) - 1.0
Base-Emitter Voltage VBE Vde
(Ic = 1,0 Ade, VCE: 10 Vde) - 1.5

C-6

(Continued next page)
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SPECIFICATIONS (2N3767) (Concluded)

Characteristic Symbol Min Max Unit
Transient Characteristics
Current-Gain — Bandwidth Product fT MHz
(I~ =500mAdc, V s 10 Vde 10 -
£ €10 MHz) GE
Common-Base QOutput Capacitance Cob pF
(Vcr = 10 Vde, IC = 0 Adc, - 50
f =100 kHz)
Small-Signal Current Gain hfe -
(I« = 100 mAde, V = 100 Vde, 40 -
£ €1 ki) Gk

(I)Pulse Test: Pulse Width 300 ps, Duty Cycle =2, 0%,

C-3. MHT 6424 (REFER TO FIGURE C-4)

Figure C-4, Die of MHT 6424, Chip size
is 2,2 x 1, 95 mm (44X).

Cc-7




MAXIMUM RATINGS (MHT 6424)

At At Ambient Temperature
T, = 25°C Ty = +100°C Range (°C)
brE
(At
VCEO Ic =1 Ade) v P
(sust) EBO @ c Altitude
{(Vde) | Min [ Max { (Vdc) (W) Operating Storage (feet)
80 100 | 300 8.0 30 -65 to +175 | -65 to +200 (Unlimited
ELECTRICAL CHARACTERISTICS (MHT 6424)
Limits
Test Conditions Syrnbol Min Max | Unit
Breakdown Voltage, I =10 pAdc BV 100 - Vdc
- CBO
Collector to Base I, = 0
Sustaining Voltage, I. =100 mAdc v 80 - Vde
Collector to Emitter, I(]; =0 CEO(sust)
Open Base
Breakdown Voltage, Ig = 10 pAdce BVEBO 8 - Vde
Emitter to Base, IC =0
Open Collector
Emitter-to-Base VE_B = 6 Vdc IEBO - 1,0 |pAdc
Cutoff Current, IC =0
QOpen Collector
Collector-to-Emitter v = 30 Vdc I - 10 | pAdc
Cutoff Current, V%g = 0,3 vde CEX
Forward-Biased Base
Collector-to-Emitter See 4, 1(c)*
Saturation Voltage
Condition 1 I = 1.0 Adc v - 0,3 | Vde
I, = 25 mAde CE(sat)

{Continued next page)




ELECTRICAL CHARACTERISTICS {(MHT 6424) (Concluded)

Limits
- |
Test _Conditlons Symbol -Min | Max | Unit
Condition2 ~ | I =500mAde | V - 0.2 | Vde
I = 25 mAdc CE(sat),
Base-to-Emitter. | I = 1, 0 Adc V BE(sat) - 1.1 | vde
Saturation Voltage - Ig =25 mAdec &
o See 4, 1{c)
Statie Forwardi_ _
Current Transfer Ratio |
' Condition 1- Vi = 2,0 Vde h: 0100 | 350 | -
1. 9F 100" made FE
| o - |
Condition 2 V = 2,0 Vde h 100 300 -
11,0 8ac | FE, N
- C . L
Condition 3 Vegr = 008 Vde h 75 - -
| Ic'= 25 mAdc Fig
- Condition 4 Ve = 0,5 Vde h 85 - -
ce 0
I = 100 made FEy
Condition 5 Veg = 0.5 Ve | h 70 - -
' I.'= 500 mAdc FEg
L : |
Open-Circuit Output Vep = 10 Vdce Cob - 130 | pf
Capacitance ' I-.=0 '
=1 Me
Small-Signal Short- Veg = 10 Vde hfe 3 - -
Circuit Forward- Ic =1 Ade
Current Transfer f=10 Mc
Ratio
Pulse Response
Delay Time Plus by Tt - 0.3 |psec
Rise Time '
Storage Time t, ttg - 1.8 |usec
- Plus Fall Time - '




C-4. HDIG 1030 (REFER TO FIGURE C-5)

Figure C-5,
is 64 mm by .51 mm (176X),

HDIG 1030 chip. Chip

ELECTRICAL CHARACTERISTICS (HDIG 1030)

Parameter| Symbol Conditions Min, Type. Mazx, Units
R T | e
:\I‘r};;-tzsg};old VTH FDDSS—_ —\{g‘,iA -0.7 -2,0 -3.0 |V
giiikdown BVGDSB ;TDDSSBB—_ 010 A s i
Breskdown | | SPB | yGDBT G, . | TR ® !
E:;iage IGDSB VGDSB -15V 0.1 nA
(Continued next page)
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ELECTRICAL CHARACTERISTICS (HDIG 1030) (Concluded)

Parameter | Symbol Conditions Min. Typ. Max, Units
Drain i A% = -5V -0. 05 -1.5 | nA
Leakage DSB DSB
Source ISDB VSDB = -5V -0. 05 -1.5 | nA
Leakage
Transcon- |g Vpsp = -10V 1.4 mmhos
ductance L = -1 mA

DS

Drain- CGD f=1MHz 2.0 340 pf
Source
Capacitance
Gate - CGS f =1 MHz 2.1 3.0 pf
Source
Capacitance
Gate—I.)rain CDS VDSB = . -BN\ 1. 7 2, 0 Pf
Capacitance f=1 MHz
gotal .Gate CGDSB f=1MH= 3.5 4,0 pf

apacitance
C-5. 2ZN2222A (REFER TO FIGURES C-6 AND C-T7)

Figure C-6,

2ZN2222A chip, asused in the

control devices and one leaky transistor
(#5). Chip is.52 mm by.52 mm (132X).

C-11




Figure C-7,

through 4,

2ZN2222A chip, as used in
the leaky transistors numbered 1

Chip is.50 mm

by.50 mm (132X),

ELECTRICAL CHARACTERISTICS (2N2222A)

Limits at Temperature l
Lx o 2 Ta
Test Conditions -55°C +25% G +150° € Units

BVCE{) ]c =10 pA, [E = 0; Cond D i . 75 min v
BVFJBO IE = 10 pa, [C = 0; Cond D 6 min v
BVepo 1. = 10 mA pulsed, I = 0: Cond D 50 min v
ICBO VC:B:ﬁﬂ v, IF‘.: 0; Cond D 0.0]1 max 10 max A
Iemo VER T 4'¥; e = 0: Cond D 10 max nA
VBE(satll lC = 150 mA, IB = 15 mA pulsed; Cond A 1.2 max v
VBE(satlz IC = SDﬂ‘mA, ‘l.! = 50 mA pulsed; Cond A 2.0 max v
VCE(sat]] IC = 150 mA, ]B = 150 mA pulsed 0.3 max v

; VCE(Bal]z IC = 500 mA, ;B = 50 mA pulsed 1. 0 max v

| hFE] VCE =10V, Ic =0.1mA 50 min -
hFEz VCE: 10 v, IC = 1.0 maA 75 min | --
hFE3 VCE =10V, IC = 10 mA pulsed 35 min 100 min -
hFE4 VCE =10V, IC = 150 mA pulsed 100/300 min/max

FE, Veg = 10V, I = 500 mA pulsed 30 min s

h:'e VCE=10 2 [c=3.0m!\f=]kHz 50 min -
| hrel Veg =20V, I =20 maA, f= 100 MHz 2. slmm --
cibo VEB =05V, 1C =0; 0, 1=f51 MH=z 25 max pf
cobo VCB =10V, IF. = 0; 0. 15fs]l MHz 8 max pf
an 35max nsec
toﬁ 300 max nsec

Cc-12
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C-6.

Figure C-8,
is L06 mm x L06 mm (61X).
transistor numbers appearing in
Table III B-4 are as shown on the

picture of the chip.)

CA3018A (REFER TO FIGURE C-8)

(The

CA3018A chip, Chip size

ELECTRICAL CHARACTERISTICS (CA3018A)

Electrical ; CA3018A Limits
Characteristics
at 'IA = 25°%C Symbols Special Test Conditions Min. Typ. Max. Units
Static Characteristics

Collector-Cutoff Current ICBO Vep =© 10 v, Ip = 0 - 0. 002 40 nA

Collector-Cutoff Current ICEO Ven = 10\_, I_B - O- - 0.5 [TY.)

Collector -Cutoff Current & Vo =10V, I, =10 - - 5 rA

Darlington Pair EHOD cH 2

Collector -to-Emitter v I. =1lmA, T.=0 15 24 - v

Breakdown Voltage ({BRIGED C B

Collector -to-Base v I .=10pA,1.=0 30 60 - v

Breakdown Voltage (BRIG B € B |

Emitter-to-Base v I_.=10uA, I =0 5 i) - v

Breakdown Voltage (BR)EBO 2 c

Collector-to-Substrate v I.=10pA, I 0 40 60 - v

Breakdown Voltage (BRIGIO S €l

Collector -to-Emitter v I.. #il-wnk, .= LA = 0, 23 0.5 v

Saturation Voltage SAES B <

Static Forward Current Ig = 10 mA 50 | 100 - -

Transfer Ratio hpg Veg = 3v, lic : iomlj\ gg ]520 . -
L H - -

(Continued next page)
Cc-13



ELECTRICAL CHARACTERISTICS (CA3018A) (Concluded)

Electrical CA3018A Limits T
Charactleristics : )
at T, - 250C Symbaols Special Test Conditions Min. Type Max, Linits
Magnitude ol Static-Beota C Vean a3V, 1L -1 0.9 0, 97 - -
Rulio {Isolated Transislors . CE . I ma ¢ cZ
Ql and QZ) :
Statie Farward Current J'C 1 maA 2000 5400
Transfer Ratie Darlinglon b v RN L 100 - -
Pair (Q, and Q) FED CE Ig = 100 pa
o .  jlg - I mA B O T 0. FDD
Basc -to-[Emiller Vollage VBF} VCE =3 V{ I]E C 10 mA " g #00 . 900 vV
ViE,
Inpt Qffset Voltage '\IBF Vep - 3 V. Ip 1ma - 0. 48 2 mVy
Ty ) -
Temperature Coefficient: [aY | My
Basc-tao-Emitter Valtage ———t \’CE = 3V, IF‘ - mA - 1.9 - =
Q, -, al - : c
I .
;”C'}“)"\SS]'{L';:‘EI“i"‘”' VRED v gy E toma " L 46 1,60 Y
4 ge - : ’ . . . . 50
Darlingtan Pair (VC)-I) CE ip I ma 1.10 .3z ]
Dynamic Characteristics
Low Frequency Noise NI T 1Kis, Y. 3V, - 3,25 - an
Fiaure Tc. -1po A B
. Sdurce resistance 1Kg
lLow - Frequency, Small
Signal Equivalent-
Circuil Characleristics;
Farward Current- hfc - 110 - -
Transfer Ratio
Shoert-Circuit Input h.e - 3.5 - K
Impedance !
fe —_— S —_ . N . _
Open-Circuit Outpnt b, Pl :‘LEZA Ver 2V - 15,6 - ashe
Impedance C
Open-Cirruit Reverse hr - 1.8 = !Om4 - -
Voltage-Transfer Ratio @
Admittance F
Characieristics: S JU—
Favrward Transfcr Y - 3l - jL.5 - mmhao
Admittance fe
Input Admittance Yi(‘ fe1 Mz, v Sy - 0.3+ jo. 04 - mnihn
————— .. i ——— -— - N i 1 (‘l; '
Output Admittance ae IC L ma - 0. 001 + 0. 03 - nmnihe
Reverse Transfer Y., minho
Ardmittance e
Gain-Bandwidth Procduct {T VCE 3V, IC 3 ma 300 500 - KTz
Emilter-lto-Base Lo v 3V, I 0 - U - pF
Capacitance EDL EB 2
Collector-to- - - I
C;;:::;{;::c:‘ Base CCB VCB v, I 0 0,58 n
Collvctor-to-Sibsirate / - - ¥
C;p;(::_itr;incr: Suhstrate CC[ it cl 3 v, J.C 0 2.8 P J

C-14
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C-7. DM54L00 (REFER TO FIGURES C-9 AND C-10)

Figure C-9. DM54L00 chip. (The
metallization on device No. 67 in
Table 3-11 was slightly different

as shown in Figure C-10.)
Chip size is 110 mm by
95 mm (70X).



Figure C-10. DM54L00 device No. 67
chip. (The metallization on this
device was slightly different
from the metallization on the
other DM54L.00 chips. ) Chip
size is 110 mm x 95 mm

(70X).

RECOMMENDED OPERATING CONDITIONS

Power Supply Voltage
Operating Temperature
Absolute Maximum Ratings
Power Supply Voltage
Input Voltage
Fan Out Logic "1"

Logic "O"

C-16

4,5V to 5.5V

-55°C to 125°C

8.0V
5.5V
20
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DC ELECTRICAL CHARACTERISTICS (DM54L'OQ)

Typ.

Symbol Parameter Conditiona Min (Note 1} Max Units
VIN(I) Logical "1" Input Voltage Ve © MIN 2 1,3 0. v
VIND) Logical 70" Input Voltage Vg = MIN L3 Q. v
Logical "1" Dutput
Voltage (Except Voo = MIN, T = =200 A, :
Vout(y | DMSaLol DM74LO1, Vi = 0.7V, Bthir Inputs = 2V 2.4 & v
DM541,03 DM 74L.03)
Qutput Current Viy = 0.3V, ¥ = MIN,
DM54L01 DM74L03 Vour ® 55V ©F 3¢ kA
IOUT([) DM541.01 DM541.03 :;IN = P.Sﬁ\g,v Ve = MIN, 200 LA
ouT ~ 7
DM741,01 DM74L.03 t:IN = 70.57\;;] Voo = MIN, 200 LA
_ ouT ~ .
\ Logical "0" Cutput Voltage Voo = MIN, IqyT = 2 ma,
CuT(0} Vi (A1l Inputs) = 2V 0- 1,5 . Y
VCC = MAX, VIN = 2,4V <1 10, Iy
iIN[l] Logical "'1" Input Current Other Inputs = 0V
Voo T MAX, Vi = 5.5V 100 LA
I . Logical ""0" Input Current v = MAX, Vg = 0.3y,
IN(0) Ogjcer Inputs = 4, 5V -120 -180 rA
L Logical "1 Output Voo = MAX, v = OV, -3 -8 -15 mA
0s Short-Cireuit Current VOUT +0V N
Iean Logical ""1'' State Vego = MAX, 120 200 pA
Power Supply Current VIn [A1]1 Inputs) = OV, ’
{FPer Gate) IOUT =
I Logical 0" State . Voo = MAX, 300 514 [T
cc@ Power Supply Gurrent VIN (All Inputs) = 5V,
{Per Gate) IOUT =0

Note 1: All typicals at T, = 25%




AC ELECTRICAL CHARACTERISTICS (DM54100)

Symbol Parameter Conditions Min Typ Max Units
t Propagation Delay to a v =5¥; €, = 50pF 30 60 ns
pd0 Logical "0" (Except Ticr 25 C =

DM541.01 DM74L01

DM541.03 DMT74L03) 60 100 ns

DM54130 DM74L30
tpdl lfé-oPagaI:‘io'? Delay to a VCC‘_ =5V, C; =50pF 25 60 ns

gical "1" (Except Ty = 259¢

DM54L01 DM741.01

DM541.03 DM741.03)
t Propagation Delay to a Voo =5V, RL = 4k 25 60 ns
pd0 Logi ngn = - 250

ogical "0 CL-IS PF, TA—ZSC

DM541.01 DM74L.01

DM54L03 DM74L.03
t Propagation Delay to a v =5V, Ry =4k 40 90 ns
pdl Logical "1" cic= 15 pF, %‘A - 25°C

DM541.01 DM74L01

DM541.03 DM74L.03

C-8. RSN54H00 (REFER TO FIGURE C-11)

Figure C-11, RSN54HO00 chip. Chip
size is 165 mm x 155 mm (44X),
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RECOMMENDED OPERATING CHARACTERISTICS

- Min Nom - Max Unit
Supply voltage, VCC 4.5 5 5.5 V.
Normalized fan-out from each gate, N 10
High-level output current, IOH -500 A
Low-level putput current, IOL 20 mA
Operating free-air temperature, T, -55 125

ELECTRICAL CHARACTERISTICS OVER RECOMMENDED OPERATING
FREE-AIR TEMPERATURE RANGE (UNLESS OTHERWISE NOTED])

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR
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Parameter Test Conditions ’ Min Max Unit
VIH High-level input voltage 2 v
v Low-~level input valtage 0.8 v
iL ——
VOII High-level output voltage VCC = MIN, VIL =08V, 2.'4 v
IOH = MAX , ,
VOL Low-level gutput voltage VGC = MIN, VIH =2V, 0. 4 v
I ) Iop = MAX o IR
I_I Input current at maximum input voltage VGC = MAX, VI =55V 1 mA
- . —_

IIH High-level input current Ve T MAX, V;= 2.4V & 50 pA
I[L. Low-level input current ] VCC = MAX, VI =04V l -2 maA
—ci i * = - -

HIOS Short-circuit output current VCC MAX 40 1240 maA

i - P -

ICCH Supply current, high-level output VCC = MAX, VI =0 2,5 ma
(average per gate) ‘

ecw Supply current, low-level cutput VCC = MAX, V=4, 5V 10,8 | ma
(average per gate)

#Not more than anc output should be shorted at a tithe, dnd the duration of the short-circuit test

should not exceed one second,




SWITCHING CHARACTERISTICS, VCC =5V, T, = 25°c, N =10
Test Conditions Min Max Unit
o e | .
tpEr, Propagation delay time, CL = 50 pF 12 ns

high-to-low-level output

C-9. SN5473 (REFER TO FIGURE C-12)

Figure C-12, SN5473 chip. Chip size
is 234 mm x 190 mm (42X).
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 RECOMMENDED OPERATING CONDITIONS

Min Nom | Max |Unit
Supply voltage V 4.5 5 5.5 V
ccC
Normalized fan-out from each output, N 16
Width of clock pulse, t See Figure 69 20 ns
' . P ’ p(ClOCk) ( ) g ) i
Width of clear pulse, t See Figure 70 25 ns
B ’ p(clear)‘( g k)
Input setup time, t See Figure 69 t '
P P ' “setup ( gy ) plclock)
Input hold time 0
pu ' Yhold -
. . . . ; o
Operating free-~air temperature range, TA -55 25 1125 C-
ELECTRICAIL CHARACTERISTICS
Parameter ;1.-.65': Conditions Min Typ Max Unit
v, (1 Input voltage required to 2 v
m ensure logical I at any
input te rminal
' {0} Input voltage required io ( 0.8 v
1n ensurve logical 0 at any .
input ferminal
Vout(l) Liogical 1 output valtage VCC = MIN, Iload = 400 A 2.4 L5 7 v
Vout(ﬁ] Logical 0 output voltage Vag = MIN, I, = 16 maA ‘n.22 0,4 AU
- Logical 0 level input current v = MAX, V, =04V -1.6 ma
n{0} at J or K ce n .
1 Logical 0 level input current v =MAX, V, =0,.4V -3.2 mA
in9) at ¢lear or clock oo m
Lm(l] Logical I level input current VCC “ MAX, Vlu =24V 40 A
at J or K
Vee = MAX, V=66V l 1 mA
Ii.n(l) Logical 1 level input current VCC = MAX, V, =2.4V a0 A
at clear or eleck
VCC = MAX, Vin =55V 1 mA
IOS Short-circuit output current VCC': MAX, V.m =0 Sl\f5473, SN54107 =20 57 ma
SN\'?-;?S, SWT4107 IR =57 ma
I " Supply current \'1 = MAX - 20 40 mA
CC cC
SR |
All typical values are at VCC =B, TA = 25°g,

REPRODUCIBILITY OF THE
QRIGINAL PAGE IS POOR
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SWITGHING CHARACTERISTICS, Vi =5V, T, =25°C, N =10
Parameter Test Conditions Min Typ Max Unit

fmax Maximum clock frequency:ﬁ .___GL = 15 pF, RL = 4000 15 20 Mtz
toa1 Fropagation delay time to logical 1 CL = 15 pF, RL = 40080 16 25 ns
P tevel from cledr to output
1 10 Propagation delay time ta logical © CL = 15 pF, RL. = 40052 25 40 ns
Be level from clear to output :
ton Propapgalion delay time to logiczl 1 CI = 15 pF, RL = 4008 10 16 25 ne
P level from clock to output -
t Propagation delay time {o logical O G =15 pF, R, = 4000 10 25 40 ns
pd0 L L

level from clock to output

C-10. RESULTS OF MICROCIRCUIT TESTS ON TEKTRONIX 53260
IC TESTER

Test data for all Maverick devices and representative data for normal

devices are shown.



SPECIMEN # & (NORMAL)
ARk kRN NE OMSULOAY WAKRAERK NN
PASS FUNCTIUNAL TEST
TOUTPUT CHARACTERISTICS

Y VoM VOL I08

1 3,338 V 160,28 MV ~8,250 MA

2 3,320 v 185,08 My 28,250 MA

3 3,310 ¥ 165,04 MV «8,100 MA

“ 3,320V 168, My 8,100 MA

INPUT CHARACTERISTICS

A 114 1IR3 11H2 THRESHOLD

2 =44,50 UA  S10,0 NA  T@0,8 NA 1,306 V

3 ~47,00 UA  420,@ NA 550,80 NA 1,306 V

u “47,50 UM 420.0 NA  S550,8 NA 1,326 V

B 11L 1IH4 1Im2 THRESHOLD

) ~41,50 UA  S7@,@ NA _ 75P,@ NA 4,386 V

2 “54,50 UA 585,08 NA 720,88 NA 1,386 V

3 w83,52 WA 430,08 NA  650,2 NA 4,306 V

4 «48,00 UA 455,08 NA 600,28 NA 1,306 V

1CCH & 395,0 UA ICCL ® 1,135 MA
SWITCHING TIME CHARACTERISTICS

Y TPOL TPOH TR TF

: 46,70 NS 19,30 NS 28,30 NS 14,65 NS
2 46,20 NS 19,60 NS b

3 46,10 NS 20,05 N8 19,90 N8 12,55 N8
s 46,99 NS 19,4% NS 20,60 N8 12,50 NS

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR
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SPECIMEN #

8 {NORMAL }

AL

PaSS FUNCTIONAL TEST

OUTPUY CHARACTERISTICS

Y VOH VoL 108
1 3,349 Vv 165,0 MV w8,300 MA
2 3.320 v 155,88 My »8 . 308 MA
3 3,315 v 16D, My »7.950 MA
4 3,310 v 168,08 My 7,992 MA
INPUT CHARACTERISTICS
A 11t TIM 1IKM2 THRESHOLD
1 2 S8 YA 630,08 NA 3 y
2 45,50 uA 610,20 NA 800,90 NA 1,306 V
3 49,58 UA 510,02 NA 100,08 NA 1,306 Vv
4 “49,50 UA 465,80 NA 650.0 NA 1.306 V
B 11 IInd [1m2 THRESHOLD
1 42,00 UA 20,0 NA 850,82 NA 1.306 ¥
z =55,.22 UA 590,80 NA B00.0 NA 1,306 V
3 il 00 UA 500,0 NA 720,2 NA 1,326 V¥
4 51,80 UA 49Q,@ NA 650,00 NA 1,306 V
. IcCh = 395,88 UA 1CCL & 1,15% MA
~ SWITCHING TIME CHARACTERISTICS
Y TPDL TPDR TR TF
1 46,80 NS 19,02 NS 27.92 NS 15,30 NS
Z 46,30 NS 19,85 NS 22,65 N§ 11,30 N§
3 45,65 N§ 20,42 NS 20,40 NB 12,5¢ N8
4 46,08 NS 19,32 NS 20,90 NS 12,65 NS




SFECIMEN # 9 {NORMAL)

AL LLER LY DHSQLBB EAKR AR AuR

PASS FUNCTIONAL TEST

UUTPUT CHARACTERISTICS

Y VOH vOL Ios
1 3,325 155,0 My «8,250 MA
2 . 3,325 150,08 MV «8,350 MA
3 3,320 V 155,00 MV -8,050 MA
4 3,340V 155,02 MY w7,850 MA
INPUT CHARACTERISTICS
A 1L 11H1 11H2 THRESHOLD
1 [ ] N 9 6 ¥
F) “43,00 UA 655, NA 902,0 NA 1,306 V
3 wi6,00 YA 60P,0 NA _ BSZ,.0 NA 1,386V
[ wib 00 LA 590,08 NA T52,0 NA 1.306 V
B 114 111 11x2 THRESHOLD -
1 w36,50 LA 620,28 NA 850,080 NA 1,306 v
2 “54,50 UA 670,80 N& 950,08 NA 1,306 V
3 -41,00 UA 585,8 NA 880,080 NA 1,306 Y
4 46,00 UA 570,2 NA 80D,0 NA 1,306 Vv
JCCH = 375,08 UA I1CCL " 1,873 MA
SWITCHING TIME CHARACTERISTICS
Ty TPOL TPDH R TF
1 47,40 NS 19,85 NS 28,50 NS 14,25 N§
2 84,10 NS 19,98 N§ 20.50 NS 10,80 NS
3 44,70 NS 20,52 NS 20,40 N8 11,82 NS
4 46 .05 NB 20,30 NS 21.60 NS 15.75 NS
REPRODUCIBILITY |
OBIG +X OF THg
OBIGINAL PAGE 1§ pogy



SPECIMEN # 41 (MAVERICK}

Rerwknenhnr OMSALAD swwmdwnnww

/
FAIL FUNCTIONAL TEST T

QUIPUT CHARACTERISTICS

Y VOH yoL 108

| mids , A MVw 4,975 Vx wi30,8 UAw

¢ «500,8 MVx 4,978 VY 2,0 An
w9, 00 MVn 4,980 V= =200,8 UAw

6 n230,8 MVx 4,975 Vw =S50,00 UAw

INPUT CHARACTERISTICS

A TIL 11K} 1In2 THRESHOLD

1 i 24 Mhw 10,23 Udw 192,35 UAw 618,7 My
2 SPE.0 NAw B.0 A Q.0 A 2,193 vy

b @.(ﬂ A '5.330 NA* Q.g A 2.193 v

4 wl, D24 MAW 10,23 UAhw 102,53 UAw 2,193 ¥
B I1i J1IHY :IHQ THRESHOLD

1 el A ~3,000 NAw e,a A 22193 ¥

g w] 024 MAx 10.23 UAw 1202,3 LAw 2,193 v
& SP2.8 NAwm =S, 000 NAW 2,0 A 2,193 v

e ICCH ® 12,23 MAw 1CCL = 10,23 MAw

SWITCHMING TIME CHARACTERISTICS

Y TPOL TPOH TR TF
- 1 1,008 3 -1,40@ NS 1,000 8 1,020 8
2 1,009 § -552,2 P§ 2.2 ) «400,2 PS
3 1,000 § 1,250 NS 2,0 ) 1,008 8
4 1,008 8 -2,6008 NS 2.0 8 ~402,08 PS

*

DOES NOT MEET SPECIFIED LIMITS
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SPECIMEN # 67 (MAVERICK)

Ankwwenkkd UMSLALAD wudwwmanwwn

PAS3 FUNCTIONAL TEST

OUTPUT CHARACTERISTICS

¥ V0N VoL 108
i 3,255 v 175,08 My =9,939 MA
2 5,669 V 175,48 My =5,938 MA
32 3,278 V 175,80 My »9.,5528 MA
4 3,240 ¥ 19¢,@ MV =3, 650 MA
INPUT CHARACTERISYILS
A 1IL 1IHY 1IH2 THRESMOLD
2 “T],08 UA 22%9.0 NA 302,00 NA 1,218 V
3 76,00 UA 145,8 NA 20P,0 NA 1,253 ¥
4 =79 .04 LA 0,28 NA 150,00 NA 1.256 V-
B LIt 1IHY 11H2 THRESHQLD
1 69,52 yUa 255.0 NA 350,@ NA 1,293 v
2 =91,80 UA €33.8 NA 300,80 Na 1.243 ¥
4 77,58 UA 85,00 NA 190,@ NA - 1,29 V
1CCH =  ©45,8 Ua ICClL 8 1,815 MA
SWITCHING TIME CnARACTERISTICS
Y TPOL TPDH TR TF
i 43,68 NS 15,40 NS 21,20 N8 18,65 N§
2 44,20 NS 15,62 NS 16,95 NS 14,39 NS
3 44,68 N3 164,65 NS 16,95 NS 13,79 NS
4 49,40 NS§ 19,42 NS 16,95 NS 15,75 N§
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SPECIMEN # 146  {(MAVERICK)

Wnkknmwnkw OMOSALOL whuwhdwawnw

PASS FUNCTIONAL TEST ¢

QUTPUT CHARACTERISTICS

¥ vOH VOi. 10§
b J.365 ¥ 135,20 MV m3,250 MA
2 3.34% ¥ 13,0 My - 9,250 MA
3 35,378 130,80 MY =9,25@ MA
4 5,345 ¥ 135,08 My =8,950 MA
INPUT CHARACTERISTICS
A 11t I1IH]} iIH? YHRESHOLD
X 55,00 UA 1,485 UA 2,100 UA = 1.3P6 ¥
2 =586 ,00 JA 1,265 UA 1.9280 UA 1,386 V
3 whe A UA 1,212 UA 1,858 U4 1,306 ¥V
4 =50, 30 YA 1.170 JA 1,758 UA 1.306 ¥
B TIC 1IHY JIKHE THRESHOLD
e »T,00 UA 1.245 UA 1|%§E UA f.306 V
3 =54,00 UA 1,172 UA 1,750 UA 1,386 Vv
) wﬁa.@a UA 1-2@5 WA 1.85ﬂ Ua 113”6 )
ICCH = 475,20 YA ICCL = 1,315 Ma
SWITCHING TIME CHARACTERISTICS
Y TPOL TPDH TR TF
1 39,12 NS 18,80 NS 26,55 N§ 13.2% N8
e 38,85 NS 19,025 N§ 19,65 N§ 10,52 NS
3 8,73 N3 19,50 N§ 19.20 NS 11,25 N8
4 39,42 NS 19,38 NS 28,35 N8 11,30 N§




SPECIMEN # 123  (MAVERICK)
whkawkekir OMSYL @ wwwadnxhnn
PASS FUNCTIONAL TEST

OUTPUT CHARACTERISTICS
Y VQH VOoL 103
1 3.358 vy 145,90 My 5,450 MA

2 3,345 v 14%.,0 MY =9,509
3 3.345 ¥ 145,80 My =5,252 MA
4 3,345 ¥ 150,08 My 9,200 MA
INPUT CHARACTERISTICS
4 [IL TIrnt IIHe THRESHOLD
1 who (8 LA 1,160 UA 1750 Uk 1.306 Y
2 &5, 08 UA 1,095 UA 1.652 UA 1,218 ¥

3 wh9 50 UA 875,08 NA 1.308 UA 1,306 V

1) 59,50 LA 915,20 NA 1.358 UA 1.506 v

B 110 I1IH IIHE THRESHOLD
i =62, 50 A 1.18D UA 1.750 UA 1,306 v

2 ~b@,00U UA 1,870 UA 1,600 UA 1,306 Vv
3 wb5,.50 UA 815,00 NA 1.,3%2 Ua 1,306 ¥
# »75,50 UA 80,0 NA 1.500 VA 1,506 v
ICCH &= SSp.0 UA_ ICCL » 1,545 MA

SWITCHING TIME OHARACTERISTICS
Y TPOL TROH TR TF
1 32,75 NS 14,75 N8 23,35 N8 11,38 N§
-4 32,70 NS 15,88 N ' ‘
3 X2,15 NS 16,05 NS 16,95 NS 9.952 N§
4 31,65 NS 15,10 NS  17.7@ NS 10,208 N3




SPECIMEN # 12% (MAVERICK) .
whkamnkkkn DMOUL AP whkdrnkdnw
PASS FUNCTIONAL TEST

OGUTPUT CrAKALCTERISIICS

Y VQH VoL 10S

i 3.5 vy 175,28 My 7,952 MA

e 3,89 Vv 178,86 MV -8,00@ MA

3 3,325 Vv 175,8 My 7,300 MA

4 3.315 ¥y 17,2 My wl 450 MA

~INPUT CHARACTERISTICS

[ IIL 11k I1IH2 THRESHQALD

i 34,00 UA 730,80 NA 12356 UA 1,206 ¥

2 - SO0 U 25,2 NA 1,152 WA 1.206 V

3 =37 ,506 UA 220,80 NA 97,8 NA - 1.8086 V¥

4 =37 .03 LA 530,080 NA 952,08 MA 1.206 V

o 11t IIng 1IH2 THRESHOLD

1 =34,00 LA 725,28 NA 1,359 uUaA 1,206 ¥

Z =43 By QA bi1S,0 NA 1,1%0 UA 1,288 ¥

3 «24,52 UA 925,00 NA 950,88 NA 1.°Pe ¥

4 “4B,50 UA 572,80 NA 1,050 UA 1,206 V

ilCh » 275, P& ICCL = B3IS. 2 A

7 SWITCRING TIME CHARACTERISTICS -

Y TPRL TPOr TR TF

i 49,40 NS 22,00 NS 30.85 NS 14,85 NS
¢ 49,55 NS 22,30 NS . 22.75 NS 11,85 NS
3 48,20 NS 22,52 NS 23.20 N§ 12.5@ NS
4 48 B NS 22,40 NS 24,20 NS 12,73 NS




SPECIMEN # 1 (NORMAL)  __

AkAmhkwukr RENSUOY wawrmwwpwp

PASS FUNCTIONAL TESY

QUTPUT CMARACTERISTICS

[

Y vOH | VOL : 10S

| 4376 Y 262,20 MV 51,40 MA
2 4,360 ¥ 260,08 My w51,40 MA
3 44375 v 272,00 MV 50,90 MA
4 4,365 vV . 273.,8 MY = wS51.20 MA

INRUT CHARACTERISTICS

A IIL -~ 1lmng _ 4,1 THRESKHOLD

1 2590,9 YA 1,350 UA @ 1,900 UA 1,496 V.
2 =bl5,0 uh 1.550 JA 2,080 VA 1,418 v

3 ~575,8 UA 1.350 YA 1,500 UA 1,406 ¥

4 715,00 WA 1,600 UA 2.00@ Ua 1,418 ¥

-] 1IL 114] I1IHE THRESHOLD =
e =1535,0 ua 1,850 JA 2,000 UA 1,418 V¥

3 ~ebd, 8 UA 1450 UA 2,000 UA 1,406 V

i =635,2 UA 1.550 WA 2.000 UA 1.418 ¥

ICCH = 4,930 MA ICCL,!_ 16,68 MA

SWITCHING TIME CHARACTERISTICS

Y TPOL TPOUH TR TF

| 15,9% NS 5,950 N§ 1.290-NS 7.95@ NS
2 16,58 N 6,350 NS 192, FPS - 6,002 N8
3 le.0d N§ T.100 N§ 50,00 P8 6,300 N&
i

14,99 NS 6,950 N§ 2,450 NS T.259 NS




SPECIMEN # 4

ARk nkekk RENSGUAD wwmnmannw

(NORMAL )

PASS FUNCTIONAL TEST

UUTPUT CHARACTER1STICS

Y VUM voL 108
1 4,440 v 265,38 My =52,.20 MA
2 4,425 V¥ 265,08 My n52,65 MA
i dod2% V¥ 28D.0 MV 52,05 MA
INPUT CHARACTERISTICS
Lk I11H} 1ine THRESHOLD

i ~bP5,9 UA 1,250 UA 1.500 U4 1,418 ¥
4 =395,0 UA 1.400 UA 2,000 UA 1,406 V
4 730,080 ilA 1.250 UA 1.500 UA 1,418 V¥

5 11t I1Ivl 1ine YHRESHOLD
i wb@35,0 LA 1,250 WA 1,509 UA 1,431 ¥
2 =731,2 UA 1.300 UA " 1,500 UA 1,418 ¥
3 »635,0 LA 1.389 UA 1.589 UA f.4t8 Y
4 ~aT70,0 UA 1,150 UA 1,500 UA 1,418 ¥
ICCH » 4,900 MA ICCL 8 46,60 HA

SWITCHING TIME CHARACTERISTICS
Y TPOL TPUM TR TF
i 15.40 M§ 5.750 NS 1,220 N8 T.508 NS

e 00 1S.BU NS @ 6.PPO NS 1@

3 15,50 N§ 6,750 NS 0.2 § 6,000 N8
4 13,65 NS 5,550 N§ = 1,850 N§ = 7.P008 NS




SPECIMEN W 6 (NORMAL)
wkinwawwkk RSNSIPED wankkwawww
PASS FUNCTIONAL TEST

UUTPUT CHARACTERISTYICS

Y " VOH voL I108

i 4,385 ¥ - 250.8 My =S53,15 MA

4 4,355 ¥ 245,0 MY w53,35 MA

3 4,360 v 250.¢ My »52,80 MA

4 -1 . 260,@ MV =52,60 MA

INPUY CHARACTERISYICS

A IIL 11H1 11H2 THRESHOLD

1 woiS. 0 Lid 1,950 UA 1.5 y

e wb{S .8 UA 1,800 UA 1.500 UA 1,406 V

3 w72¢,0 LA 1,200 UA 1,30@ UA {.431 ¥

4 =16¢.2 UA 95¢,P NA 1.500 UA 1,418 V

] 110 IIHY. I1lng THRESHOLD

i ~bAdp .0 LA 1.059 VA 1.500 UA 1,431 ¥

F -805,0 UA 95040 NA 1.5002 LA 1.418 ¥

3 _=b97,0 UA 1.250 UA 1,520 UA 1,418 ¥

4 wT20.0 UA 980.& NA 1,500 UA 1,418 v

ICCh m 5,100 MA ICCL ®» (5,75 MA
SWITCHING TIME CHARACTERISTICS

Y TPEL TPDH TR TF

! 15,8€ NS 5.5€@ NS - Teo,0 PS T,95¢ NS
2 15,55 NS§ 5.95@ NS 100.0 P§ 5.92@ NS
3 15,45 NS 6,550 N§ 2,0 8 6,000 NS
4 14,05 NS b, 450 NS 1,800 NS 7.052 NS§
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SPECIMEN # 12 {NORMAL)

Ewkkwkhkhn RONSAQYE wawwkhwwuw

PAS3 FuUnNLCTIOMNAL TEST

UUTPUT CHANALTERLSTICS T N o
Y “von Tven 108 -
_2 _Ma465 ¥V 885,80 My =S51.45 MA_
3 4,455 v 270.2 My w51a40 MA
4 40459 vV 28R,B MV =51,40 MA e
INPUTY CHARACTERIST IS
) A ot oo LIWY 0 IIH2  THRESHOLD
1 =980, ¢ LA 1,200 UA 1,509 UA 1,418 ¥
3 mbbE,D uA 1,150 UA 1,500 DA L.418 VO
" iU UA 1,200 UA 1.50@ UA 1,418
2] IIL 11414 Ilne THRESHOLD
) 615,@ UA 1,858 UA 1.50@ UA 1,418 Vv
2 «/10.2 UA 1.250 UA 1,500 UA 1,418
3 “BH3,0 UA . 1,250 WA 1,508 04 1,418 V o
a 680,02 UA 1,150 UA 1,500 UA 1,418 Vv
L ALCH B 4,998 MA JICCL & 15,32 MA
SWITCHING TIME CHARAGCTERISTICS o
¥ TR, TPUH TR TF
1 15,68 NS 5,708 NS 1,002 NS 7.85@ N§
2 16,35 NS 6,100 NS 10,2 PS  5,85@ NS
3 15,80 NS 6,900 NS e.0 8 5,050 NS
q 14,00 NS 6,650 NS 1,958 NS 7,800 NS
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SPECIMEN # 5 (MAVERICK)
Aok wwnn RSNSOGID whnndpphpep
PASS FUNCTIONAL TEST
DUTPUT CHARACTERISTICS
y VK VOL 108
1 3,820 V 225,08 My 51,45 MA
2 3,81% V. 22@,4 MY =51,32 MA
3 3,640 ¥ 215,080 My mwS5@,7¢ MA
4 5,835 ¥ 26au,.@ My 51,20 MA
INPUT CHARACTERISTIES
“ TIL 11H1 1IM2 THRESHOLD
1  wS3RL, 6 A 1,750 UA 2,588 A 1,393 ¥
2 \f§f?fﬁﬁTﬁr 1,850 YA 2,500 UA 1,393 V
3 ‘ bl LA _1_135_@“__(!_»'5 228 UA 1,406 V
4 ~bliol LA 1. 600 UA 2,502 UA 1,406, V
B Lil 1IM1 IIng THRESHOLD
1 565,86 LA - 1,900 UA_ 2,588 UA 1,418 v
2 ~670,0 LA 1.700 UA 2,000 UA 1,418 Vv
3 “SBU. 0 LA 1,758 UA 2,500 UA 1,393 v
4 -825,9 LA 1,700 UA 2.000 UA 1,406
ICCH = 4,380 MA ICCL & 14,70 MA L
SWITCHING TIME CHARACLTERISTICS
Y TPUL TPOH TR TF
1 15,25 NS 5,500 NS 900,p PS 7.052 NS§
2 15,35 N§ $,992 NS 1p2,.@ PS8 550 NS
3 14.75 NS 6,658 N§ 2,0 5,450 N§
4 13,15 NS 6,450 N§ 1,650 N§ 6,720 NS

REPRODUCIBILITY OF THE
ORIGINAL PAGE I8 POOR



SPECIMEN # 86 (MAVERICK) )
~ whkwhwkwwkx RENSLUD mwuwxwhnunn o
PASS FUNCTIONAL TEST
QUTPUT CHARACTERISTICS T
Y VOH VoL 108 i
I 4,825 v 35,0 MV 52,00 MA
¢ 4,798 ¥ 23%5,¥ My oomBl,60 MA
3 4,790 v 240,00 MV *51,05 MA
Q 4,195 v RGT .G MY "51,75 MA -
InPUT CHARACTERISTICS - B
It . 1In} . ilne  THRESHOLLD
) =-575%,8 UA 4,100 UA S ,.%C0 UA 1,393y
2 565,06 UA 4,300 UA 1?f§5ﬁ'ﬁr' 1,593 v
3 _»b50,% LA 4,000 UA  S,00p LA @ 1,418 V
A -6GR0 LA 4,209 UA 5,500 UA 1,393 V
8 1IL T1H1 11k2 THRESHALD
) “595.0 LA #,35¢ UA 5,508 UA 3,418V
3 710,00 UA “,100 UA 5,500 UA 1,418 V
..} -630,2 UA 4,250 WA~ 5,50€ UA 1,486 vV
a ~660,0 UA 3,950 UA 5,000 UA 1,418 V
B ICCH = 4,908 M4 ICCL ® 15,15 MA B e
SWITCHING TIME CHANALTERISTICS o o I
¥ TPDL TPOH TR TF
i 14,30 NS S.608 NS 1,459 NS 6,408 NS
e 14,60 WS 6,009 NS 100,82 PS8 5,458 NS
3 14,60 NS 7.158 NS S0.00 PS 4,958 NS
4 12,50 NS 6,750 NS 1,750 NS 6,600 N§




SPECIMEN ¢ 93 (MAVERICK)

Rpxnkwnuwn RENBYOE whwwkwwenp

PASS FUNCTIONAL TEST

OUTPUT CHARALTERISTICS

¥ . VOH VoL 108§

2 4,600V 265,00 My 54,75 MA

3 4,615 Vv 270,08 MV 53,90 MA

“ 4,660 V eTi,0 My «54,00 MA

INPUT CHARACTERISTICS

A 1iL IIHY I1H2 THRESHOLD

1 -bPE, 0 UA 1,850 WA 2,500 Uh 1,418 ¥

2 722,06 LA 2,450 UA 3,008 UA 1,418 ¥

3 =T,k UA 1,900 UA 2,500 UA 1,448 v

G 625,80 UA 650,08 NA 1,000 UA 1,368 V

B TIL IIHY 1IK2 THRESHOLD

{ 730,06 UA 2,300 UA 3,000 UA 1443 Y

2 780,08 UA 1,900 UA 2,500 UA 1,431 V

3 w760,0 LA 2,300 UA 3,000 UA 1,418

4 720,80 UA SS@.0 MNA 1,000 UA 1,368 V

ICCH ®»  S,18¢ MA ICCL ® 19,60 MA
SWITCHING TIME CHARACTERISTICS

Y TPDL, TPOH TR TF

1 13.15 NS 5,200 NS 402,@ PS 6,450 NS
g 13,30 NS 5,600 N§ 100,90 PS S, 400 NS
3 13,35 NS 6,50@0 NS B0 S 3,800 NS
4 11,68 NS 6,600 N$ 1,320 NS 6,000 .N§

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR C-37



SPECIMEN # 99  (MAVERICK)

Aprrwkknwn RSNSLGAP wwwnkwwwnk

PASS FUNCTIONAL TEST

UUTPUT CHARACTERISTICS

Y VOM VoL 108
1 T,995 v 270,08 MY ~55,75 MA T

2 3_98p V 275,08 My 55,75 MA

3 “, 005 v eE5,2 My 55,15 MA

4 3,938V 285,80 MV 54,90 MA

INPUT CHARACTERISTICS

A 1IL 1IHY I1IH2 THRESHOLD L
1 wbSB, 2 LA 1,550 UA 2,000 YA 1,418 v

2 nbbO,0 UA 1,506 WA 2.000 UA 1,393 v

3 =l40,0 UA 1,400 LA 2,000 UA 1,418 VvV
4 «792,2 Uk 500,28 NA 1.082 UA 1,381 V

B 1IL IIr} I1H2 THRESHOLD

1 wbB5 @ yA 1,452 UA 2,088 UA 1,431 ¥ )
F3 eB102,0 LA 1,400 UA 2,020 UA 1,431 V

3 wflP.2 LA 1.5900 UA 2,000 UA 1,418 v

4 735,08 UA 450.8 NA 1,000 UA 1,406 V

ICCH a 5,100 MA ICCL 8 19,89 MA o o
SWITCHING TIME CHARACTERISTICS )
" TPEL TPUH TR TF

$ 14,75 N§ 5,350 NS " 55¢,@ PS 7.490 NS
? 15,29 NS  5,80@ N8 100,08 PS 5,808 NS

3 15,32 NS 6.550 NS 2,0 5,950 NS

4 13,39 NS 0,358 NS 1,550 N8 5,858 NS




WEPRODUC
ORIGINA

AL PAGE

PaS8 FUNCTIONAL TEST

SPECIMEN # 7

wrwewkwnkn SNOUTIW waamwwhan

(NORMAL)

MINIMUM CLOCK PULSE WIDTH FOR PROPER OPERATION

CLOCK
CLOCK

1 £3,00 N§ AT 2,QV
2 12,00 NS AT 2,8V

WUTPUT CHARACTERISTICS

OUTPLT VUM
U1 3,580
OGN 3,588
Qe 3,580
QNe 3,575

INPUT

CLOCK
CLOCK
Ji
Kl
Je
Ke
CLEAR
CLEAR

IN
SPEC

CLEAR
CLEAR
CLEAK
CLEAR
CLOoCK
CLOCK
CLOGK
CLOGK

BILITY

N

L

INPUT CHARACTERISTICS

I1L

i w1 748
c -1.785
=927 ,@
=957,5
932,02
«948 0
i «932,3
e =923,0

MA
MA
UA
UA
Ua
YA
UA
Ua

SWITCHING TIME

TC QUT
LIMIY

al
Qng
Q2
WNE
01
Ghl
Ge
QNe

T0
T0
TO
T0
Y0
T0
TG
TQ

CTPRL
48NS

25,280
25,25
26,15
25,170
26,15
25.00

12,08 NS AT 4,S5Y
11,800 NS AT 4,3V

viu
ET1.0 MV -]
277'5 MV -E
289.5 My "'E
1IMY

w2T,5 UA

“2T1,5 UA

1.015 WA

1,655 UA

1.635 UA

1,015 Ua

16,08 UA

19,50 uA
CHARACTERISTICS

TPDH

2SS

NS -
11,60 N8

Ns - ..y
12,49 N§
NS 13,65 NS
NS 15.30 NS
NS 14,35 NS
NS 15,95 NS§

108
G,7S Min
3,00 MA
9,30 Maxw
4,40 MA
IIHe THRESHOLD
4,135 DA 1,387
3.995 UA 1.387
1,405 UA 1,387
2,265 UA 1,437
2.265 UA 1,387
1,482 uA 1,412
21,90 Ua 1,387
20,92 UA 1.362
TR
15,35 NS 14
11,42 NS 9
11,98 NS s
11.30 NS %

PUWER SUPPLY CURRENT = QS.ES MA

OF THE
POOR

Lk b G A -

TF

708
530
659
o750



SPECIMEN #

knnkkmnkkk SNESTIW mrewwthnwwe

FASS FUNCTIONAL TEST

1@

(NORMAL )

MINEMUM CLOCK PULSE WIDTH FOR PROPER QPERATION

CLOCK

1

CLOCK 2

15,00 N8 AT 2,0V
11,00 NS AT 2,8V

OUTPUT CHARACTERISTILS

QuTPUT

a1
anNg
we
ane

VOH

5,615
3,615
31,615

< o

3,615

INPUT CHARACTERISTICS

IIL

=1, 900
=] Y0
=1 ,000
w), 1@
{008
1,010
«!,n80
989 .9

MA
Ma
MA
Ma
Ha
MA
HA
Ua

SWITCHING TIME

iN

10 QuY

SPEC LIMIT

CLEAR
CLEAR
CLEAK
CLEAR
CLOCK
CLOCK
CLOCK
CLOCK

POWER SUPPLY CURRENT =

TQ
TO
10
TO
0
TO
TG
TO

Q!
@N1
Qe
GNe
Qi
QN1
Ge
QN2

TPDL
4@NS

22,25
22,55
ez.@es
20,65
22,42
21,80

12,08
11,00
vulL 1as
255,% MV =20,55
263,5 My 24,10
ebS, 4 My 20,18
275,5 MV 25,45
1Ing I1In
~301,0 UA 4,410
=306, ud 4,250
1,040 UA 1,392
2,060 UA 2,738
2.,1%0 UA 2,385
1,235 UA 1.375
19.@22 U4 25,22
19.50 LA 25,55
CHARACTERISTICS
TPDH
£5NS
NS -
18,90 ~8
NS meuma
11,60 N3
Na 12,88 N§
NS 12,85 NS
NS 12,85 NS
NS 13,80 NS
28,08 MA

C-40

NS AT 4,5v
NS AT 4,5v
LT
MA
MA
MA
2 THRESHOLD

UA 1,162 ¥

ua 1,212 ¥

UA 1,337 ¥

UA 1,362 ¥

ud 1,337 v

UA 1,362 V

Ui 1,362 V

UA 1,337 ¥

TR ¥
13,20 NS 7.1@2 NS
10,20 N8 5,059 NS
12,40 NS 5,102 NS
9,850 NS £,352 NS



ddk koW Rk kAW

SFECIMEN &

ONSUT3w wrarakanwenw

PASS RUMCTIUNAL TEST

20

{MAVERICK)

MIMIMUM CLDCK PULSE WIDTH FOR PROPER CPERATION

CLOaCk
CLOCk

1
e

15,80 NS AT 2.4V
11,20 NS AT 2,0V

UUTPUT LRANKACTERISTILS

QUTPUT

gl
Nl
Qe
ane

VUH

3,615
3.b15
3,515
3,615

Lo

INPUT CHARACTYERISYICS

INPUT

CLOCHK

CLOCK
Ji
L}
Je

CLEAK
CLEAR

114

'1.3795
wl,874
w917,.0
~1,000
992, 4
=] ,A06
-qa] .iﬂ
-5378,0

M A
MA
Ua
MA
Ua
MA
Ua
Uk

SWITCHING TIME

IN T

g

QuT

SPEC LIMIT

CLEAR
CLEAK
CLEAR
CLEAK
CLOCK
CLOCK
CLDOCK

CLOCK °

POWER SUPPLY CURRENT =

at
ONY
na
N2
g1
N1
Q2
LANg

TPDL
4PNS

2,45
e, 60
22,20
2d,65
22,40
21.75

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR

ie,0d
11,48
VUL 108
243,5 My ~20,60
€51, My ~24,d5
253,595 Mv =2d,.,10
£b3,5 My -25,15
1inml Il
-291,5 UA 4,645
=302,0 UA 4,335
14190 QA 1.685%
1,750 UA 2,325
1.770 UA 2,370
1.1090 UA 1,480
2,680 LA 26,60
£2.00 LA 26,25
CHARACTERISTICS
TPDH
25NS
NS -
12,92 NS§
NS LT ]
11,52 NS
NS 11,85 N§
NS 12,85 NS§
NS 12,4% N§
NS 13,75 NS
28,05 MaA

C-41

NE AT 4,5V
NG AT 4,5V

MA

MA

Ma

Ma

2 THRESKOLD

Ua 1,162 V¥

UA - tl.2i2 V.

LA 1,312 v

LA 1.362 ¥

Ua 12312 ¥

Ua 1,302 V

VA 1.337 v

TR TF

13,20 N3 7.822 N3
12,32 N3 5,052 N§
12,53 NS 5,102 N§
12,00 NS 9,290 N§



SPECIMEN # 43 (MAVERICK)

cxkwnderks SNSYT7TIN wmsmmwwkn

PASS FUNCTIONAL TEST

MINIMUM CLOCK PULSE WIDTH FOR PROPER ODPERATION

CLoCK § 13,080 NS AT 2,0V 12,02 NS AT 4,5y
CLOCK 2 11,82 NS AT 2,0V 11,02 NS AT 4,5V

DUTPUT CHARACTERISTILS

QUTPUT Y UH

31 2,845 v
gnt 3,575
ge  3.598 v
aN2 2,858 v

VoL 108
241 .2 MV “2@,30 MA
247,38 MV =23,60 Mi
25,8 MV =19,80 MAw
257,% MY w24,50 MA

INPUT CHARACTERISTICS

INPUT TIL
CLOCK | »1,750 mA
CLOCR 2  =1,725 MA
Ji -948,2 UA
K1 -952,5 LA
Je ~927,0 UA
Ke ~95%,5 UA
CLEAR |  =94B,5 UA
CLEAR 2 w512, UA

SWITCHING TIME
IN TO oQurv TPQIL
SPEC LIMIT 49NS

CLEAR TU Wi 24,40

- CLEAR TO gNt -

CLEAR TO Ge 24,90
CLEAR TO QN2 -
CLOCK TO Qi 25,35
CLOCK TU QMY 22,24
CLOCK Tu pe 24,85
CLOCK Ty GNe 23,75

IIH1 [In2 THRESHOD

255,80 UA 5,725 UA 2,187

»257,5 UA S,460 UA _2.187

1,340 UA 1,880 UA 2,187
2.528 UA 3,235 UA 2,187
2.315 UA 3,250 UA 2,187

25,50 UA 35,40 UA 1,382
A N AL Sal L]
Ed o8 UA 27,75 Ua 2,187

CHARACTERISTICS

TPOM TR

25N5
NS swma

11,30 NS
NS -—nmw

12.286 NS ’
NS 12,80 NS 14,45 NS
NS 14,65 N§ 11.30 N8
NS 13,80 nS§ 11,68 N3
NS 19,30 NS 11,18 N§

POWER SUPPLY CURRENT & 25,%% MA

C-42

14355 UA 1.89@ ua 2,187

LD

<<lecec<ic<

TF

7,528 NS
w299,9 PS§
526459 NS
5,650 NS





