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FOREWORD

This report is a summary of work performed on NASA contract

NAS8-30373 during the period 1 November 1973 to 31 October 1974. This

investigation was conducted for the George C. Marshall Space Flight Center,

Huntsville, Alabama. The Contracting Officer's Technical Representative

was Mr. M. J. Berkebile.

The work was performed within the Component Evaluation Department

of Hughes Aircraft Company under the management of Mr. Robert D. Gourlay.

Dr. William G. Brammer was the project engineer with Mr. James J.

Erickson and Dr, Miguel E. Levy as major contributors. Test specimen

examination with the scanning electron microscope was done by Mr. Kim

Sandgren. Programming of the Tektronix S3260 microcircuit tester was done

by Mr. Hiram L. Lodge.
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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 for high

reliability applications has generated the need for electronic components of

unprecedented reliability. In the semiconductor 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 inspection can be

particularly cost-effective by eliminating defective devices before they are

put through expensive electrical tests, burn-ins, or system assembly.

Unfortunately, this critical inspection step is particularly vulnerable to

error since it is performed by human operators applying criteria that are

inevitably subjective. Results of visual inspection are never precisely

repeatable. Moreove.r, 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 supplant
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

responses could also be monitored at internal points of the circuit with a

scanning electron microscope.) A theoretical study of this class of tech-

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
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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 presence 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 a catastrophic failure. Other reliability hazards are detectable by
electrical or other means on simple, discrete devices, but in a microcircuit
their detectability is obscured by the complexity of the circuit. In either
case the result is that microcircuits 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 flaws or
symptoms of flaws to represent the elements of microcircuits. The other
approach was to use "maverick" microcircuits 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 meaningful 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 depen-
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 irradiation 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 a 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 SiO was changed significantly during irradiation. The2
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 SiO2 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 tube. 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

hundreds of kilovolts. In most applications a steady X-ray output is not

necessary, so a high AC voltage 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 second,

each of about 8. 3 msec duration.

The spectral distribution of X-rays from a Coolidge tube consists of

a continuunm 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

2-1



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 Coolidge 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 = AiZV 2

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 aveilable 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.

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

X-rays can interact with solid matter in a variety 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 significant 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 E given by
p

E hv - E ,
p

where v is the X-ray frequency, h is Planck's constant, and E b is essentially

the electron binding energy. Since. hv, the X-ray quantum energy, is of the

order of several kilo-electron-volts while E b can be as low as a few electron

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

E h v..
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 available for electrical conduction

per unit volume is very large: of the same order of magnitude as the num-
23 -3

ber of atoms ( -10 cm ). With available X-ray intensities, a totally
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negligible increase in the conduction electron density results from impact

ionizations 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 be

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 E of theP
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 from the absorption of one X-ray quantum of

energy hv is a random variable. The average value of this number is <n> =

hv/E , where E is a constant that is characteristic of the material. E is0 0

always greater than the forbidden gap E because some of the X-ray quantumg
energy is used up in thermally exciting the crystal lattice (or network, for
glasses). For Si, E = 3. 5 eV, while E = 1. 12 eV. The absorption .of a

0 g 3
single 140 KeY X-ray quantum in Si generates about 40 x 10 electrons (and

an equal number of holes) that are available for electrical conduction.

2-4



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 SiO2 is very low, while the

mobility of electrons is significant. The passage of an electric current

through SiO 2 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 change 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 energetic X-ray quanta, enough

energy may be transferred to the lattice or network of atoms comprising the

solid that atoms are knocked out of their usual sites. Like impact ioniza-
tion, such atomic displacement processes are random, 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
causing further ionization. For Si a rough order-of-magnitude estimate for
the energy of such a photon is hv < E + E = 4.62 eV. This corresponds

0 g
to a wavelength X = 268 nrn, in the near ultraviolet. The lowest energy for

which a photon absorption process can excite a photoelectron in pure Si is
E = 1. 12 eV, for which = 1107 nmrn, 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 absorption 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 t 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 = LI dx ,
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which can be integrated over a distance x to give

I = Io exp - Px)

The ratio of the linear absorption coefficient .L 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

P TOTAL • PL= 1

where Xi is the mass fraction of the i t h element.

The mass absorptioncoefficitent for a pure element is apiece-wise contin-

uous 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
p

by

C4L(E)=_ C Z4
p E 3

The proportionality constant C changes abruptly at each absorption edge.

Now by making use of Lambert's Law, the energy E 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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-1 -1
measured in photons sec sr. per unit energy interval, the power absorbed

in thickness dX is

dP - -Edl = 4EjIdX .

The carrier generation rate dG is

E(E)X
dG F (E) I (E) e dX

E 0o

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

AG per unit length

I •_(E)X
--S=G R(E) 1 (E) e dE

0

00

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 TAG, where t is the carrier lifetime.

Insight into the relative efficiencies of different X-ray energies for

carrier generation can be gained by integrating dG over X for some particu-

lar energy interval dE

LEEX E-I (E) - e L

AG E Io (E) f e dX E 0 ( e
00

2o o-7
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Two extreme cases can be considered:

(a) L >> 1, AG E I (E)
0

as expected since all of the incident power is absorbed.

For

L , -e = 0.982,

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

(b) L << so 1 - e = 4L

Then

AG -I° (E) L .
o

Z 4  Z4L

0

c E 3 , so AG oc 2
E E2

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

L 0.,02
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For typical microcircuits, the active devices are within 10 m of the chip

surface, so the X-ray energies that are efficient in carrier generation are
-1

those for which 4 >> 20 cm-

Figure 2-1 shows the linear absorption coefficient (in units of cm- 1

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 - is particularly noteworthy.

The K absorption edge is the discontinuity at 1. 840 KeV. The figure shows

that 4 > 20 cm - 1 only for E 5 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 SiO 2 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-rectifying mode at

100 KV peak. The data were taken from a published spectrum (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 1 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-3)
(cm3 ) 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 4m 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 this depth. Near the bottom of the substrate (- 200 rm) the generation

rate has decreased by about a factor of 4. For integrated circuits the car-

rier lifetime varies from nanoseconds to microseconds. If T = 10 tsec is

taken as an approximate upper limit, the results in Figure 2-4 show that
12 -3

even with a tube current of 20 mA only excess densities An = Ap 5 10 cm

can be achieved. These values are well below normal doping levels in semi-

conductor devices, so irradiation effects cannot be expected to occur in any

phenomena governed by majority carrier concentrations. Only those phe-

nomena that depend on minority carrier concentrations or occur in depleted

regions will be affected.

2. 3 IRRADIATION EFFECTS ON HETEROGENEOUS INTERFACES -
PHOTOELECTRON 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 fronm one material to the other. The result is thata 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 between

dielectrics and the conductive materials (semiconductors or metals). The

phenomenon of charge injection into or out of dielectrics (specifically

SiO 2 ) 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 SiO2 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 SiO 2 into the Si substrate and the Al 1 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 heterogeneous interface because the material

on either side of the junction is essentially the same. There is no net photo-

electron injection. The features of p-n junctions that can lead to special

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 equilibrium. 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 generation 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 L and L the diffusion lengths for electrons and holes, respectively, the
n p

generated carriers are collected by the built-in field over a width W + L
n

+L
p

If the irradiated junction is not forward-biased and has a low resistance

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. , (In Si, the gene-

ration-recombination component of the reverse saturation current predominates

over the minority carrier diffusion component). For. a planar junction of.

area A the photocurrent will be
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I = A(W+ L + L ) (Z qA G)phsc n p

For a non-planar junction, the factor A(W + L + L ) is replaced by an
n p

effective depleted volume Va.

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

Vphc KT 1i(I + 1)Vphoc = q I

I 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 Vph r < Vphoc. The

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

photocurrent to give

Iphr Iphsc - I exp (. h - 1I

Iphsc varies linearly with AG and hence with absorbed radiation intensity. It

is directly proportional to the effective junction volume. Iph r is also depen-

dent on junction dimensions (area), while Vphoc is not.

For irradiation intensity levels being considered here, the effects on

forward-biased junctions are negligible. In the junction equation

I = I exp qV _ I

o KT '

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 perturbed

significantly by irradiation. However, under forward bias the injection

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, forward-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 depends on -

the magnitude of the separation, on the carrier lifetimes on the intervening,

non-depleted material, and on the presence of built-in drift-field's. 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 dependent 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 cut-off, none of the junctions are

forward-biased, and the expected behavior will be qualitatively similar to

that of the unpowered device. Differences will arise (1) as a result of the

widened depletion regions due to applied voltages; (2) if the number of 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
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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 forward

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 isolation 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

lbcI bc
I (13+ 1) Ih+ It

ph th '

while the contribution to the collector current is

(I +1) 1 (I +I )+ (Ic +I
c  ph th ph th.

P is 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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lic

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 portion of I h+ Ith llb

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

will depend on three device parameters Ih, Ith' and p, on the device and
irradiation dependent responses Iph ph

2. 6 MANIFESTATIONS OF FLAWS IN THE RESPONSES OF

MICROCIRCUIT ELEMENTS TO IRRADIATION

i~b,

b

1 'e

SUBSTRATE

Figure 2-5. Equivalent model of n-p-n junction-"
isolated transistor under irradiation.

When the base circuit is not open, the effects.of I p cand I must be

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

with the transistor in the active region, some po rtion of (I b + I b) w ill be

tural variationshe current gain of the transistor. The magnitude of the effect

will dependence of the ree devsponsice paon structure. The mI anner in which flaws inter- and

bc ( h th -

firradiation dependent response annot be treated quites ads generally, so the circuit is discussed

ph ph

2.6 MANIFESTATIONS OF FLAWS IN THE RESPONSES OF
MICROCIRCUIT ELEMENTS TO IRRADIATION

Flaws in microcircuit elements can affect the irradiation response.,

either because they directly alter structural parameters that determine the

response or because they interfere 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-

f ere with the, response 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 Vd, which can be approximated by A(W + Ln + L ) 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

the 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 = (DT) /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, P 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.
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Unlike the photocurrent, the open circuit photovoltage Vphoc of a p-n

junction is independent of the junction area:

V pc KT o phsc Io
phoc q e IO

so if Iphsc and Io have the same dependence on area, the term in brackets

is independent of area.

I D Dn
Ap o +

Vphoc depends on doping levels and doping profiles through their effects on Io
phoc0

as shown by this expression, and on Iphsc , as discussed above. However,

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 number 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 surface (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 conductivity could be expected to considerably decrease photo-

voltage by its shunting effect. Although the problem was later shown to be

inconsequential for the X-rayintensities 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).
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In addition to affecting recombination rates at the surface, ionized

contaminants 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-

teristic response or "signature" that in principle can contain contributions

from every point onthe chip. However, in practice the signature at the output

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 collects 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 effects. Figure 2-6 is the
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B

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 01 are back-biased. All the 01

base current is directed out the collector into the base of Q2. Both QZ and

03 are turned on and saturated, while 04 is turned off. Theirradiation will

have little effect on saturated transistors, so at the output terminal Y the

irradiation-induced signal will contain contributions from a series-parallel

combination of non-forward-biased junctions: all the junctions of Q4, D, and

the isolating junctions of R2 and R4. The photo current collected by. this com-

bination of junctions is shunted toground through Q3. A portion of it willbe'

detectable onlywith a current amplifier having an input impedance that is'

very small compared to the '!on"T resistance of 03. Alternatively, a voltage

amplifier would have to be able to detect the voltage drop of the. photocurrent

across 03. 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 base current of 01

is directed to the low emitter (A or B). 01, 02, and 03 then are 6ff, and

04 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 03, 02,

R3, R2, and the base-collector junction of 01. Whatever portion of the

collected photocur rent flows through 03 is shunted through 04 and R4 to the

power supply rail. In practice, what would be detected would be the voltage

drop of the photocurrent across R4.
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Figure 2-6. Schematic diagram
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 contributions from a series -parallel

comnbination of non-forward-biased junctions: all the junctions of Q4, D, and

the isolating junctions of R2 and R4. The photocurrent collected by.this'comn-

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 photocurtrent

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, bthe base current of Q1

is directed to the low emitter (A or B). Q1 , QZ, and Q3 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-f orward -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 voltage

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 the photocurrent through R4 would be in the tens of nanoamperes. 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 connected between the power supply and ground terminals. Each

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.
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3. 0 EXPERIMENTAL RESULTS

3.1 INTRODUCTION

The experimental part of this program essentially consisted of

observing the electrical responses of semiconductor devices when irradiated

with X-rays produced by an industrial radiography machine of conventional

design.

Experiments were also performed with a flash X-ray source to

explore the effects of device flaws on transient X-ray response. The possi-

bility of enhancing detectability of certain types of flaws by combining X-ray

and optical irradiation was also investigated by interposing a fluorescent

screen between the X-ray source and the device under test. The possibility

of using X-rays as a failure-inducing stimulus for thin dielectric was also

explored briefly.

The main X-ray source used for the experiments was a Faxitron

Model 8060 radiography unit manufactured by Field Emission Corporation.

It is equipped with a tungsten anode Coolidge 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 mils) thick beryllium.

The flash X-ray source was Fexitron Model 8030 unit, also manufac-

tured by Field Emission Corporation. It is equipped with a special X-ray

tube that uses multiple pointed cold cathodes operating as field emission

sources. The power supply is a Marx generator that can provide as many

as 100 pulses at 100 KVp or 150 KVp. The X-ray pulse shape has a very

steep rise with an approximately linear decay, so it resembles a time-

reversed sawtooth waveform. Pulse width at half of maximum is -100 ns.
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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 1M2 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. Power transistors

with diffusion flaws or irregularities at the base-emitter junction periphery

were selected by imaging the junction periphery by the Electron Beam Induced

Current (EBIC) mode in a Scanning Electron Microscope (SEM). The tech-

nique is described in detail in Appendix B. Other power transistors 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

3-2



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 signals in the

specimen holder and associated cables, the complete photovoltage measure-

ment instrumentation was tested without a specimen in the specimen 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. With the Pb sheet in place, the signal disappeared.

Although adequate for stopping X-rays, the Pb sheet iwas too small to' effect

any kind of electrical shielding. To avoid having this spurious photoelectric

signal superimposed on the specimen response, a Pb shield with an aperture

was added to the specimen holder to confine the irradiated area to the speci-

men chip and its immediate vicinity. In particular, the device package and

socket were not exposed directly to the X-ray beam.

One unavoidable difficulty involved the low signal levels that had to be

measured. Since a self-rectified X-ray source was used, a-c coupled ampli-

fiers were used, so that drift problems associated with low level d-c ampli-

fiers could be avoided. 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 magnitude.

One order of magnitude increase could be obtained by decreasing the

source to specimen distance from 34.6 cm to -10 cm. Another order'of

magnitude increase would result from increasing the tube input power from

- 300 W to 3 KW - a practical upper limit for conventional, fixed anode X-ray

tubes. Signal levels 100 times larger than those that were recorded in this

program would still 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,

with and without irradiation.

An implicit assumption in the measurement of X-ray responses with

an oscilloscope is that the incident X-ray intensity remains constant. It was

discovered early in the first experimental series that the output intensity of

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

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 out. 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 isolating 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 Suspected Oxide Conductivity Effects

Initial estimates of the photovoltages 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 that would be available to create hole-electron pairs in irradiated

devices. The calculations showed that photovoltages of at least several tens

of millivolts could be anticipated. The measurements performed while

checking out the equipment did not bear this out. Measured photovoltages

were lower than 10 mV, and they varied considerably among nominally iden-

tical devices. In the absence of any other plausible explanation, it was

hypothesized that conductivity induced by, the irradiation in the oxide over-

laying the device was acting as a shunt to reduce the photovoltage. A litera-

ture search was started to see if the conductivity induced in SiO 2 by X-rays

was of the correct order of magnitude to account for the observed results.

Unfortunately, no reports were found on the electrical properties of SiO 2

under irradiation. The reports that were found all dealt with MOS structures.

At first these reports were disregarded because photoelectron injection

phenomena at the metal-oxide interface would make the data inapplicable to

non-metallized SiO 2 . Since the required data was just not available, the

reports on MOS structures were reviewed. For a dose rate, approximately

1/4 of that delivered by the Faxitron 8060 machine, Esteve and Buxo (1971)
-12 -1m .Ti ol

reported an induced conductivity (in SiO 2 ) a- = 0. 499 x 1012 1rn. 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 conduc-

tivity hypothesis was not correct. Photovoltages from the base-emitter and

base-collector junctions of a 2N3810 dual transistor were measured with an

oscilloscope across whose input various shunting resistances were connected.'

If the irradiated junctions did have a conductive glass shunt across them, the

shunts added to the oscilloscope input would have a negligible effect as long

as the net input impedance of the oscilloscope amplifier remained large

compared to the resistance of the conductive glass. A Tectronix 53/54E

oscilloacope amplifier with a 10 MQ input impedance was used for these

experiments, and peak voltages were read directly off the oscilloscope

screen. The results (see Table 3-1) show that any glass shunting resistance

would have to be large compared to 10 MQ. Since oscilloscope plug-ins with

1 MR or 10 MQ input impedances were to be used to measure photovoltages,

irradiation-induced conductivity in the SiO 2 was shown by these experimehts

to be negligible.
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TABLE 3-1. PHOTOVOLTAGE DEPENDENCE ON OSCILLOSCOPE
INPUT IMPEDANCE

1 Transistor A Transistor B

Input Impedance C-B B-E C-B B-E

10 M2 12.8 mV 1.5 mV 8. 3mV 1. 3 mV

4.6 M2 3.7 mV 0. 38 mV 3.4 mV 0. 34 mV

0.91 M 2 0. 9 mV 0. 09 mV 0. 84 mV 0. 08 mV

0. 1 MQ 0. 09 mV 0. 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 -using different chip designs. Not surpris-

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 leakage 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 1A7A high sensitivity plug-in,

which has a 1 M2 input impedance. The results for the preceeding experi-

ment showed that a 1 MQ 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

(my rms) (nA rms)
Fair- E-B C-B
child B-E B-C B-E B-C V V B-E C-B

1 1.48 17.2 0.93 14.2 8.2 110 25 nA 13 nA

2,:  2.88 16.8 1.60 14.6 9. 5 150 20 nA 8 nA

3-: 2.62 18.2 1.66 15.2 9. 4 156 20 nA 9. 5 nA

4* 3.84 21.6 1.78 21. 0 10. 0 130 5.0 nA 6. 0 nA

5 1.96 16.2 1.04 12.0 8. 8 150 27 nA 7. 5 nA

6 1.27 17.2 0.58 13.4 9.0 155 85 nA 16 nA

7* 1.40 15.2 0.54 11.8 9.8 165 370 nA 18 nA

Solitron

8* 17.0 21.8 13.4 27.2 12.1 220 96 pA 0. 26 nA

9_ 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

1~1:-  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 base-

collector leakage was measured with 50 V reverse bias.

For all these measurements, the unused terminal was left unconnected

(i. e., floating).

Comparison of the data for the Fairchild transistors and the Solitron

transistors discloses a few trends. The junctions in the Solitron devices

have significantly higher breakdown voltages than the corresponding junctions

in Fairchild devices; the Solitron devices also have significantly higher photo-

current response from both junctions. If all other parameters (i. e., junction

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

Figure 3-3a. SEM-EBIC image of Figure 3-3b. SEM micrograph of
several flaws in base-emitter junc- flawed area on 2N3767 No. 4, made
tion of transistor 2N3767 No. 4. with base-emitter junction reverse-
Arrows point to junction irregular- biased (magnification: 39ZX).
ities (magnification: 392X).

REPRODUCIBLITY OF THE
QSIGINAL PAGE IS POOR 3
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Figure 3-4a. SEM-EBIC image of Figure 3-4b. SEM micrograph of
irregularities in base-emitter junc- flawed area of 2N3767 No. 7, shown
tion of transistor 2N3767 No. 7. in Figure 3-4a. Micrograph made
Arrow points to most prominent with reverse bias applied to base-
irregularity (magnification: 192X). emitter junction (magnification: 192X).

Figure 3-4c. Higher magnification Figure 3-4d. SEM micrograph of
SEM-EBIC image of flaw (desig- flawed area corresponding to Fig-
nated by arrow) in base-emitter ure 3-4c, made with reverse-biased
junction of transistor 2N3767 No. 7. base-emitter junction (magnification:
This flaw does not appear in Fig- 48 1X).
ure 3-4a. (magnification: 481X).
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IX

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).
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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 2N3767 No. 11. (magnification: 192X).
Arrow points to irregularity (magni-
fication: 19ZX).

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 micrographs of MHT 6424 No. 1.

Figure 3-8a shows the EBIC image of the base-emitter junction, which

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 electron beam can

penetrate through the emitter at the uncovered spots into the depletion layer

of the base-emitter junction. Figures 3-8b and 3-8c are conventional

secondary electron images showing the poorly delineated metallization.

Figure 3-8d shows an irregularity in the base-emitter junction periphery.

Figures 3-8c and 3-8f are conventional scanning electron and optical micro-

graphs, respectively, of cracked glass in the vicinity 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

transient recorder has 1 MO2 input impedance and a maximum sensitivity

setting 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.

The sensitivity was inadequate only for the signal from the base-emitter

junctions of the Fairchild 2N3767 transistors. All of the transient responses

were viewed 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 No. 1)

transistor. The different voltage scales of the two oscillograms should be

noted in making comparisons. From these and similar photographs for the

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

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 3-8c. SEM micrograph of
metallization of MHT 6424 No. 1,
showing poorly delineated metal-
lization (magnification: 141X).
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Figure 3-8d. SEM-EBIC image of
base-emitter junction of MHT 6424
No. 1, showing junction irregularity
designated by arrow (magnification:
14 1X).

Figure 3-8e. SEM micrograph of
cracked glass near base-emitter
junction periphery of MHT 6424 No. 1
(magnification: 340X).

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

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 3-9c. 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. IV/div; Horizontal
scale - 5 ms/div.

Figure 3-10b. Flash X-ray photovoltage
response of base-emitter junction of
flawed (MHT 6424 No. 1) transistor.
Vertical scale - 0. 2 V/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.
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TABLE 3-3. FLASH X-RAY RESPONSES OF 2N3767

AND MHT 6424 TRANSISTORS

MHT6424

Response Response

Max Vph Duration Max Vph Duration

Device B-E B-C B-E B-C B-E B-C B-E B-C

No. V V ms ms V V ms ms

1* 0.105 0.25 2.85 1. 60 0.015 0. 155 3.33 1.50

o 2 0.009 0.165 1. 95 1.85 very 0.085 4.45 1.35

_small

O 3 0. 093 0.281 3. 15 1.42 0.021 0. 158 4. 6 1.36

4* 0.031 0.185 3. 33 1.00 0.003 0. 125 5.0 1.36

2N3767

1 0. 12 1. 0 0.046 0.94

2* 0.13 0.98 0. 065 0. 99

3* 0.14 0.95 0. 0575 0.92

& 4* 0. 158 0.93 0. 0775 0. 99

5 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

8* .0. 053 0. 275 1. 6 0. 73 0.0131 0. 155 2.2 0. 85

o 9* 0. 043 0.288 1..78 0. 88 0.0097 0. 14 2. 6 0. 86

10 . 0.059 0. 281 1.98 0.82 0.0125 0. 158 2.4 0.83

C
oo 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 periphery.

3-19



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)
C Breakdown Voltages VCE 3.0 V Leakage Currents -Photovoltages Photocurrents

S(50V) (5V) C-B B-E C-B B-E
Array C-E E-B C-B C -Subs cC- EBmVV Ap

JqC-B E-.B mV V nA pA

No. V V V V 10 mA l mrA 100 A nA nA rms rms rms rms

1 01 23 6. 8 59 93 73 81 72 1. 3 0. 37 0. 148 29.2 0. 078 8. 2
S23 6.8 58 89 72 79 69 2. 5 0.38

02 30 6. 6 58 93 70 80 70.5 2.5 0. 79 0. 172 29. 2. 0.088 13.7
32 6.6 58 90 68 78 69 3. 6 0.76

Q3 26 7.0 58 92 77 85 81 1.4 0.22 0.170 26.4 0.089 18.4
26.5 7.0 58 89 76 86 77.5 6.0 0.22

Q4 19 6.8 58 92 72 82 75 2.7 0.19 0.'174 27.6 0.084 15.8
19 6.8 58 89 71 82 73. 5 2. 6 0. 34

2 QI 29 7.2 62 97 70 80 68 0.81 0.40 0.180 33.2 0.094 10.9
33 7.15 60.5 98 70 76 60 0.29 0.05

Q2 28.5 7. 1 61 96 66 80 72 1.8 0.38 0. 192 35.6 0. 102 12.2
29 7.1 61 97 68 79 66 8.0 0.53

Q3 29 7.2 61 95 68 80 69 1.4 0.35 0. 182 10.9 0.082 - 10.6
32 7.15 61 92 69 75 61.5 2.0 0.40

Q4 29 7.2 61 96 72 78 68 1.5 0. 17 0. 198 31. 2 0. 124 29. 6
30 7.1 60.5 92 68 76 62.5 2.2 0 15

'3 01 27 7.0 59 94 81 94 84 1.1 0.26 0. 129 25.8 0.069 11.0
28.5 7.0 59 92 79 88 74 3.9 0.176

02 27 7.0 59 94 84 97 87 2.9 0.23 0.140 12.9 0.073 11.7
28.0 7.0 59 92 82 94 80 2.55 0.27

Q3 26.5 7.0 59 94 84 97 86 2.0 0.17 0.140 11. I 0.074 8.48
28.0 7.0 59 92 81 92 76 6.1 . 1.25

Q4 28.0 7.0 59 94 80 92 80 2.0 0.25 0.160 12.9 0.071 11.2
29.0 7.0 59 93 79 88 72 6.9 0.54

4 Q01 29.0 7.1 61 96 71 79 67 5.5 0.85 0.174 22.0 0.099 8.8
30.0 7.05 60 94 70 76 60 8.2 0.66

Q2 29.5 . 7.1 61 96 68 78 67 4.1 0. 19 0.168 20.4 0.083 8.16
31.0 7.1 61 96 56 76 61 4.2 0.245

0Q3 29.0 7.2 61 96 70 78 67 2.5 0.33 0.166 21.2 0.088 13.2
31.0 7.1 60 94 69 76 59 3.0 0.50

Q4 29.0 6.8 61 96 66 74 64 4.4 1.4 0.186 26.0 0.083 13.6
30.0 6.8 60 94 . 66 72 56 2.25 2. 1

5 01QI 32 6.8 70 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 72 11.50 4.4

Q2 30.5 6.8 52 72 74 88 74 25.5 1.15 0.192 39.2 0.104 17.4
34. 0 6.8 53 76 74 87 73 14. 0 0. 80

Q3 32 6.8 60 92 72 84' 72 11 .0 1. 1 0. 186 16.0 0.097 15.5
33.5 6. 8 60 94 72 82 68 15. 0 1.65

Q4 30 6.8 58 78 76 92 79 11.0 1.0 0. 238 41.6 0. 129 15..3
31 6.8 58 80 76 85. 75.5 15.5 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.

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. (The 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 JV, 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 Z4/E 3

when Z 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 m. Typical metallization thickness is

on the order of 1 4m. )
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Figure 3-12. Responses obtained with
Al, Ni, and Cu filters.
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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

length, for example, the absorption coefficient is -104 cm-1 , so most of the

energy is absorbed on the top 4 im 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 irregularities

in transistors appear to be surface faults, selected specimens of 2N3767

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 (1 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
ON DEVICES WITH SURFACE FLAWS

X-rays and X-rays with- X-raystrans
Light out screen thru screen Light only

Iph Vph Iph Vph Iph Vph Iph Vph
Device No. (nA) (mV) (nA) (mV) (nA) (mV) (nA) (mV)

1 1.46 2.52 0.800 1.26 0.041 0.080 1.38 2.40

3* 0.984 1.74 1.26 1.74 0.034 0.064 0.880 1.65

5 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 material was so long that its light output was unable to

follow the X-ray pulses produced by the self-rectified X-ray tube. Since

a-c -coupled amplification was used to detect electrical responses, the phos-

phor was unfortunately not useful.

3. 2. 7 X-ray Responses of Transistors with Incipient Channels

Discrete transistors with high emitter-to-collector leakage were

irradiated and photovoltage and photocurrent responses from both junctions

were measured. A high emitter-to-collector leakage is indicative of surface

contaminaon 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 collected photocurrents.

Five 2N2222A 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 ICE O '

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 ICBO and IEBO leakage

currents - device No. 1 - also has the highest photocurrent collected 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 "normal" 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

{t11FE hFE hFE hEE

VCE 10V VCE=10V CE- 10V CE 10V ICEO CBO EBO I
PartNo. B3V BVC0 BVE 1 0. 1 A I 1 GnA 1 -10mA I Om 5VV -0~ 5o h h p- phPartNo VEO VBO EBO C 0.CmA I=0mA IC0mA IC-100mA VCE=50V VCB V EB 5.0V B-p B-C B-lE BC

V 108V 7. 2V 120 180 230 310 52 [A 6 A 5 [LA 0. 41mV 1. 23mV 0. 225nA 0. 85nA
25

S 58V 100V 7.8V 108 132 156 260 54 iA 35 nA 2.60nA 0.097mV 1. 58mV 0.125nA 0.79nA
56 99 6.80. 79nA

3 56" 99V 6. 8V 92 122 153 220 62 iA 940 pA 1.20nA 0 104mV 1. 46mV 0. 16nA 0. 75nA

4 56V 96V 7. 4V 106 134 164 225 55 1A 880 pA 760 pA 0. 097mV 1. 49mV 0. 14nA 0. 74nA

5 .64V 122V 8. 5V 93 124 154 175 15 pA 17. 0 nA 340 pA 0. 51mV 1. 83mV 0. 49nA 0.89nA

6 98V 108V 7. 4V 80 112 152 196 0. 5 nA 55 nA 270 pA 0.41mV 2. 26mV 0.45nA 1. 18nA

w 7 84V 103V 7.4V 120 148 180 240 1. 3 nA 1. 7 nA 110 pA 1. 08mV 2. 74mV 0.82nA 1.43nA

8 86V o10V 7.3V 119 140 168 220 2. O0nA -L2 nA 250 pA 0.25mV 2.20mV 0.29nA 1.18nA

9 88V 108V 7. OV 84 109 140 182 0. 4 nA 200 pA 1. 30 nA 0. 35mV 2. 26mV 0.. 38nA 1. 19nA

10 87V 119V 7. 3V 106 124 145 184 1. 2 nA 21 nA 550 pA 0. 18mV 2. 12mV 0. 32nA 1. InA



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 follow s :

VoH tested at all 4 outputs -

0. 129V at pin 14

0. 125V at pin 3

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

0. 129V at pin 8

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
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TABLE 3-7. IRRADIATION EFFECTS ON TTL MICROCIRC-UITS:
PART TYPE DM54LOOF - QUAD TWO INPUT NAND GATE

Parameter Part Number 6 (Normal.)

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
1. 328 low)

V in (0) 1. 252V avg. no change no change
(1. 277 low,
1. 297 high)

I in (1) 1. 17 jA 1. 16 A 1. 16 1 A
at no scope no scope

V in = 2. 4V change change

I in (1) 1. 50 LA no change no change

at
V in = 5. 5V

I in (0) -10.63 iA no change -10.62 pA
at no scope

V in = 0. 3V change

I cc (0) 1. 178 mA no change no change

Icc (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

Parameter Part No. 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

VThres. goes 0. 5 to 9 mA no change no change 0 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

ICC H  10. 12 mA on no change no change 12. 71 mA on no change no changedigital, 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

IH2 0. 00295 mA on no change no change 0. 0115 mA on no change no change
meter, 0. 00298 meter
on digital

IH1 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



TABLE 3-9. IRRADIATION EFFECTS ON TTL MICROCIRCUITS: PART TYPE SN5473 -

MASTER SLAVE J-K FLIP-FLOP

Parameter Part Noo 20 (Maverick) Part No. 43 (Maverick)Parameter__ _ __ _ __ _ _ __ _ _ _ _ _ _

Measured Before During After Before During After

V in (1) 1. 184V 1. 182V 1. 182V voltage not no change no change
noscope no scope recorded
change change

V in (0) 1. 228V no change no change voltage not no change no change
recorded

V1OH Q = 3. 371V at J=1, . no change no change voltage not no change no change
K= 1 recorded

= 3. 367V at J=1, 3. 365V 3. 365V
K=0 no scope no scope

change change

VOL 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

I in (0) J -1. 20 mA no change no change -1. 05 mA no 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

IH2 J 0.0026 mA no change no change 0.0037 mA no change no 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

IHl 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 miA no change rio 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 changeOs .

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 noise. 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 p.V 0. 034 nA 1 26 . 8 p~V 0. 034 nA

56 21. 3 LV 0. 028 nA 4 23. 2 LV 0. 026 nA

93 25. 4 LV 0. 030 nA 6 28. 9 [iV 0. 036 nA

99 25.4 jV 0. 030 nA 12 27. 2 jiV 0. 036 nA

TABLE 3-11. X-RAY RESPONSES OF TTL MICROCIRCUITS:
PART TYPE DM54LOOF

Mavericks Average

No. Vph Iph No. Vph 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 - 9 1. 41 mV 1. 92 nA

125 1. 32 mV 1. 91 nA

41A 1. 40 mV 2. 02 nA

167 - had slightly different metallization pattern.

4 41 - failed functional testing.
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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-

soever that X-ray-induced signals could have been used to detect the deviant

behavior disclosed by the Tektronix 3260 tester. The devices under p0wer

exhibited no response at all to the irradiation. Without power there was a

measurable response. However, the maverick and the normal devices.had

essentially similar responses. The fact that DM 54L00F No. 41, had an X-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 HDIG 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 group.

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 during exposure 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.
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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, BVGS = 120. OV 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 a 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 SiO2 BREAKDOWN EXPERIMENT

Gate-to - Source
Breakdown Voltage (Volts)

Device Vthre shold No During After

No. Volts Radiation Radiation Radiation

0 2.25 106*
1 2.25 100
2 1. 82 shorted

out
3 2. 22 108*-
4 2.58 96
5 2.30 106*-
6 2.15 106*
7 2.11 106
8 2.28 108-1
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
310 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 2.37 100

SThere was no device No. 30.

© * Indicates breakdown was not catastrophic and is repeatable.

SGate damaged before test.
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4.0 SUMMARY AND CONCLUSIONS

The study project described in this 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:

1. 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-
mnent 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 between 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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5. The effects of using metal foils to filter out soft X-rays were
observed. The results were as expected from theoretical
considerations.

6. 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.

7. 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-
gestions of a correlation with high IEBO, but on the basis of a
small sampling the result is not conclusive.

8. Effects of irradiation on measured parameters of powered TTL
microcircuits (two types of NAND gates, one type of flip-flop)
were investigated; during irradiation no effect at all was
detectable with a four-digit DVM on major parameters. No
unusual effects on "maverick" microcircuits were detected.

9. Photovoltage and photocurrents from selected maverick and
normal microcircuits were measured from the power supply
terminal to ground. No 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.

10. 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 SiO 2 . Measurements of gate oxide breakdown on
MOSFET's showed no such decrease; however, the irradiated
devices showed a significant 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 or 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 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 SiO 2 . 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. I 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 exposure 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. Chaniber construc-

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

71

17 

1

ll I I . .

FRONT SECTION SIDE SECTION

Figure A-l. Chamber arrangement of
Faxitron 8060
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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: 200

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 minimum 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
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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 speed

six bit analog-to-digital converter combined with a shift register memory to

capture and hold an analog signal. The signal is outputted through a smooth-

ing network to an oscilloscope or an x,y plotter where the data are recorded.

Refer to Figure A-2.

A. 4 CURRENT AMPLIFIER

The photocurrents 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 LH0032 current amplifier hybrid microcircuit

and an LH0002 line driver with appropriate discrete components. The LH0032

is an FET input, high input impedance, low noise, precision current amplifier

suitable for picoamp measurements. The LH0002 provides the power capa-

bility of driving cables, an oscilloscope, and/or a current meter. The

amplifier circuit was housed in a lead-shielded container to provide for its

use within an X-ray machine.
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Figure A-2. Flow chart of Biomation Model 610 operation.



APPENDIX B. SCANNING ELECTRON MICROSCOPE ELECTRON
BEAM INDUCED CURRENT TECHNIQUES

The scanning electron microscope (SEM), operated in the electron

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 sample. 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 explained

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 fields, however, the electrons

and holes will be separated, generating an external current. When a junction

is reverse-biased, the depletion regions are areas of high electric field, with

the remainder of the device subjected to comparatively low fields. Thus,

when the electron beam impinges on the sample near a junction, the electron-

hole pairs generated form a current, and when the beam is impinging on 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 only signal to affect the current amplifier.

If a component of the specimen current is produced by some other mechanism,

such as leakage or'lvalanching, this current will also affect the video display.

If one or more areas of the junction breakdown at a lower applied voltage than

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

15. 4 x 14. 5 mils (magnification: 172X)
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TABLE OF ELECTRICAL SPECIFICATIONS (2N3810)

Characteristic Symbol Min Max Unit

Off Characteristics

Collector-Emitter Breakdown BV CEO 60 - Vdc
Voltage (1) (I C = 10 mAdc,

IB = 0)
B

Collector-Base Breakdown BVB O  60 - Vdc
Voltage (IC = 10 LAdc, IE = 0)

Emitter-Base Breakdown BVEB O  5.0 - Vdc
Voltage (IE = 10 4Adc, IC = 0)

Collector Cutoff Current ICBO LAdc

(VCB = 50 Vdc, IE = 0) - 0.01

(V = 50 Vdc, I E = 0, - 10
CBET 150 0 C)A

Emitter Cutoff Current IEB O  nAdc

(VBE(off) = 4. 0 Vdc, IC = 0) - 20

On Characteristics

DC Current Gain (1) hFE0

(IC = 10 Adc, 100 -
V E = 5.0 Vdc)

CE

(I = 100 PAdc, 150 450
V CE= 5. 0 Vdc)

(I = 100 [Adc, 75 -
VCE = 5.0 Vdc, T = 55 0 C)

(I = 500 kAdc, 150 450
VCE = 5.0 Vdc)

(IC = 1.0 mAdc, 150 450
VCE = 5. 0 Vdc)

(IC = 10 mAdc, 125 -
V -= 5. 0 Vdc)VCE

(Continued next page)
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TABLE OF ELECTRICAL SPECIFICATIONS (2N3810) (Continued)

Characteristic Symbol Min Max Unit

On Characteristics

Collector-Emitter Saturation V Vdc
Voltage (1) VCE(sat)

(IC .100 [Adc, - 0.2
IB 10 1 Adc)

(I C = 1. 0 mAdc, - 0.25
I B  100 f.Adc)

Base-Emitter Saturation VBE(sat )  Vdc
Voltage (1)

(IC = 100 iAdc, - 0. 7
IB = 10 [Adc)

(IC= 1. 0 mAdc, - 0.8

I B 100 Adc)

Base-Emitter On Voltage VBE(on) Vdc

(I = 100 p.Adc, - 0. 7
V C = 5.0 Vdc)

CE

Small-Signal Characteristics

Current Gain - Bandwidth fT MHz
Product

(IC - 500 4Adc, 30 -

CV = 5.0 Vdc, f = 30 MHz)CE

(IC = 1. 0 mAdc, 100 500
VCE = 5. 0 Vdc, f = 100 MHz)CE

Small-Signal Current Gain hfe
fe

(I = 1. 0 mAdc, 150 600
CEVCE 10 Vdc, f 1. 0 kHz)

(Continued next page)
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TABLE OF ELECTRICAL SPECIFICATIONS (2N3810) (Concluded)

Characteristic Symbol Min Max Unit

Matching Characteristics

DC Current Gain Ratio ( 2 )  hFE1/hFE2

(I = 100 iAdc, 0.9 1.0
V = 5.0 Vdc)

CE

(IC = 100 pAdc, 0.85 1.0
V CE= 50 Vdc,
TA -55 to +1250C)

Base Voltage Differential VBEI - VBEZ2 mVdc

(I = 10 iAdc to 10 mAdc, - 5.0
VC E = 5.0 Vdc)
CE

(I = 100 iAdc, - 1.5
V CE = 5.0 Vdc)
CE

Base Voltage Differential IAVE1 - mVdc
Gradient BE2Z

(I = 100 iAdc, - 0.4
V C 5. Vdc,
CE

TA -55 to +25 0 C)

(I = 100 ,Adc, - 0.5
VE = 5. 0 Vdc,
TA +25 to +125 0 C)

A

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

Figure C-2. 2N3767 as manufac- Figure C-3. Solitron 2N3767. Die
tured by Fairchild. Die is is 1. 8 x 1. 7 mm (37X).

1. 7 x 1. 7 nmm (37X).

SPECIFICATIONS (2N3767)

Collector Current - Continuous I 4.0 Adc

Peak 4.0

Base Current IB 2.0 Adc

Total Device Dissipation at T C = 250 C PD 20 Watts

Derate above 250C 0. 133 W/oC

Thermal Resistance oJC 7. 5 0 C/W

Operating and Storage Junction T , Tstg -65 to 0175 C
Temperature Range st

Characteristic Symbol Min Max Unit

Off Characteristics

Collector-Emitter Voltage (1) BV CEO Vdc

(IC = 100 mAdc, IB = 0) 80 -

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

Characteristic Symbol Min Max Unit

Off Characteristics

Emitter-Base Cutoff Current IEB O  mAdc

(VEB = 6 Vdc) - 0.76

Collector Cutoff Current ICEX mAdc

(VCE = 100 Vdc, VBE = 1. 5 Vdc) - 0. 1

(V = 70 Vdc, V 1. 5 Vdc, - 1. 0
CE 0 BE

T 150 C) BE
C

Collector-Emitter Cutoff Current ICE O  mAdc

(VCE = 80 Vdc, IB = 0) - 0. 7

Collector-Base Cutoff Current ICBO mAdc

(VCB = 100 Vdc, IE = 0) - 0.1

On Characteristics

DC Current Gain hFE

(IC = 50 mAdc, VCE = 5 Vdc) 30 -

(IC = 600 mAdc, VCE = 5 Vdc) 40 160

(IC = 1. 0 Adc, VCE = 10 Vdc) 20 -

Collector-Emitter Saturation Voltage VCE(sat) Vdc

(IC = 1 Adc, IB = 0. 1 Adc) - 2. 5

(IC = 500 mAdc, IB = 50 mAdc) - 1.0

Base-Emitter Voltage VBE Vdc

(IC = 1. 0 Adc, VCE = 10 Vdc) - 1. 5

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

Characteristic Symbol Min Max Unit

Transient Characteristics

Current-Gain - Bandwidth Product fT MHz

(I = 500 mAdc, VCE, 10 Vdc 10 -

f 10 MHz)

Common-Base Output Capacitance Cob pF

(VCB = 10 Vdc, I C = 0 Adc, - 50
f = 100 kHz)

Small-Signal Current Gain hfe

(I = 100 mAdc, V CE = 100 Vdc, 40 -
f 1 kHz)

( 1)Pulse Test: Pulse Width 300 pLs, 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).
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MAXIMUM RATINGS (MHT 6424)

At At Ambient Temperature

TA = 250C T C = +100 C Range (°C)

hFE

(At
V CE O IC = 1 Adc)CEO CV
(sust) VEBO c Altitude
(Vdc) 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 Symbol Min Max Unit

Breakdown Voltage, IC = 10 pAdc BVCB O  100 - Vdc
Collector to Base IE = 0

Sustaining Voltage, IC = 100 mAdc V CEO t 80 - Vdc
Collector to Emitter, I = 0 sus
Open Base

Breakdown Voltage, IE = 10 iAdc BVEBO 8 - Vdc
Emitter to Base, IC = 0
Open Collector

Emitter-to-Base VEB = 6 Vdc IEB O  1, 0 iAdc
Cutoff Current, IC = 0
Open Collector

Collector-to-Emitter VCE = 30 Vdc ICEX 10 Adc
Cutoff Current, VBE = 0. 3 Vdc CEX
Forward-Biased Base

Collector-to-Emitter See 4. l (c)"
Saturation Voltage

Condition 1 IC = 1. 0 Adc V 0.3 Vdc

IB = 25 mAdc CE(sat)1

B

(Continued next page)
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ELECTRICAL CHARACTERISTICS (MHT 6424) (Concluded)

Limits

Test Conditions Symbol -Min Max Unit

Condition 2 IC = 500 mAdc VCEt - 0.2 Vdc
I = 25 mAdc E(sat)2B

Base-to-Emitter IC = 1. 0 Adc V BE(sat )  - 1. 1 Vdc
Saturation Voltage IB 25 mAdc BE(sat)

See 4. 1(c)

Static Forward-
Current Transfer Ratio

Condition 1 VCE = 2. 0 Vdc hFE 100 350 -

'C 1l00 mAdc 1C1

Condition 2 VCE = 2. 0 Vdc hFE 100 300 -

I =1. O Adc 2

Condition 3 VCE = 0.5 Vdc hFE 75 - -

IC = 25 mAdc 3

Condition 4 VCE = 0. 5 Vdc hFE 85 - -

IC = 100 mAdc 4

Condition 5 VCE = 0. 5 Vdc hFE 70 - -

I C = 500 mAdc 5

Open-Circuit Output VCB = 10 Vdc Cob - 130 pf
Capacitance IE = 0

f = 1 Mc

Small-Signal Short- VCE = 10 Vdc hfe 3 - -
Circuit Forward- C = 1 Adc
Current Transfer f = 10 Mc
Ratio

Pulse Response

Delay Time Plus td + t - 0.3 psec
Rise Time r

Storage Time t +t - 1.8 p.sec
Plus Fall Time
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C-4. HDIG 1030 (REFER TO FIGURE C-5)

Figure C-5. HDIG 1030 chip. Chip
is .64 mm by.51 mm (176X).

ELECTRICAL CHARACTERISTICS (HDIG 1030)

Parameter Symbol Conditions Min. Type. Max. Units

Channel RON VGS = -10 V 250 330 0

Resistance IDS = -1 mA

Threshold V VDS = VGS -0.7 -2.0 -3. 0 V
Voltage TH IDS 10 pAIDS=- 0A

Gate BVGDSB VDSB = 0 ±25 V
Breakdown IDSB = -10 ,A

Drain BV VGS = 0 -15 -25 V
Breakdown BI = 10 uADS B

Source VBSDB VGDB = 0 -15 -25 V
Breakdown ISDB = -10 A

Gate IGD V GDSB = -15V 0. 1 nA
Leakage

(Continued next page)
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ELECTRICAL CHARACTERISTICS (HDIG 1030) (Concluded)

Parameter Symbol Conditions Min. Typ. Max. Units

Drain IDS V DSB -5V -0. 05 -1. 5 nA
Leakage

Source ISD V SDB -5V -0.05 -1. 5 nA
Leakage

Transcon- gm VDSB = -10 V 1.4 mmhos
ductance ID = -1 mA

Drain- CGD f = 1 MHz 2.0 3.0 pf
Source
C apac itanc e

Gate- CGS f = 1 MHz 2.0 3.0 pf
Source
Capacitance

Gate-Drain CDS VDSB = -5V 1. 7 2.0 pf
Capacitance f = 1 MHz

Total Gate CGDSB f = 1 MHz 3.5 4.0 pf
Capacitance

C-5. 2N2222A (REFER TO FIGURES C-6 AND C-7)

Figure C-6. 2N2222A chip, as used in the
control devices and one leaky transistor
(#5). Chip is.52 mm by,52 mm (132X).
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Figure C-7. 2NZ222A chip, as used in
the leaky transistors numbered 1

through 4. Chip is.50 mm
by.50 mm (132X).

ELECTRICAL CHARACTERISTICS (2NZ222A)

Limits at Temperature

TA T
A  TA

Test Conditions -55
° 

C +250 C +1500 C Units

BVCB O  
I C = 10 pA, I E = 0: Cond D 75 min V

BVEBO E = 10 PA, I C = 0; Cond D 6 min V

BVCEO IC = 10 mA pulsed, IB = 0; Cond D 50 min V

ICBO VCB = 60 V, IE = 0; Cond D 0.01 max 10 max A

IEB O  
VEB = 4 V, IC = 0: Cond D 10 max nA

VBE(sat) I C = 150 mA, I = 15 mA pulsed: Cond A 1.2 max V

VBE(sat)z2  
C = 500 mA, IB 50 mA pulsed; Cond A 2.0 max V

VCE(sat) 1  
C = 150 rnA, IB = 150 mA pulsed 0.3 max V

VCE(sat) 2  
C = 500 mA, IB = 50 mA pulsed 1, 0 max V

hFE1  
VCE = 10 V, I = 0. 1 mA 50 min --

hFE 2  VCE = 10 V, IC 

= 
.0 mA 75 min --

hFE3 VCE = 10 V. IC  1 0 mA pulsed 35 min 100 min --

hFE4  
VCE = 0 V, IC 

= 
150 mA pulsed 100/300 min/max

hFE 5  
VCE 0 V, IC = 500 mA pulsed 30 min

hfe VCE = 10 V, IC = .0 mA f = I kHz 50 in--

hliel VCE = z0 V, I C = 20 mA, f = 100 MHz 2. 5 min--

Cibo VEB = 0.5 V, IC = 0; 0. lll MHz 25 max pf

Cobo VCB = 10 V, I E = 0; 0. 15f1 MHz 8 max pf

o n  
35max sec

tof f  
300 max nsec
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C-6. CA3018A (REFER TO FIGURE C-8) UCIB II P AOG '

Figure C-8. CA3018A chip. Chip size
is 106 mm x 1.06 mm (61X). (The
transistor numbers appearing in
Table IIIB-4 are as shown on the

picture of the chip.)

ELECTRICAL CHARACTERISTICS (CA3018A)

Electrical CA3018A Limits

Characteristics
at TA = 25

0
C Symbols Special Test Conditions Min Typ. Max. Units

Static Characteristics

Collector-Cutoff Current ICBO VCB = 10 V, IE = 0- 0.002 40 nA

Collector-Cutoff Current ICEO VCE = 10 V, IB = 0 - 0. 5 A

Collector-Cutoff Current ICEOD VCE = 10 V, IB = 0 - - 5 A
Darlington Pair

Collector-to-Emitter V(BR)CEO IC = 1 mA, I B = 0 15 24 - V
Breakdown Voltage

Collector-to-Base V(BR)CBO I C = 10 IA, I E = 0 30 60 - V

Breakdown Voltage

Emitter-to-Base V(BR)EB O  I E = 10 A, I C = 0 5 7 - V
Breakdown Voltage (BR)EBO

Collector-to-Substrate V(BR)CI O  C = 10 A, ICI = 0 40 60 - V
Breakdown Voltage

Collector-to-Emitter VCES I B = 1 mA, I C = 10 mA - 0. 23 0, 5 V
Saturation Voltage

Static Forward Current IC = 10 mA 50 100 -

Transfer Ratio hFE VCE = 3 V, IC = 1 mA 60 100
IC = 10 A 30 54

(Continued next page)
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ELECTRICAL CHARACTERISTICS (CA3018A) (Concluded)

El ectrical 1CA3018A Limits

Characteristics
at T - 25

0
C Symbols Special Test Conditions Min. Typex.

Static Characteristics

Magnitude of Static-Beta VCE 3V, ICl -C2 0.9 0. 97 -

Ratio (Isolated Transistors 1 mA

QI and Q2)

Static Forward Current IC 1 mA 2000 5400

Transfer Ratio Darlington hFEi) VCE 3V 100 A
Pair (Q 3 and Q4) C 100 A

V 3 vie I mA 0.600 0. 715 0. 800
Base-to-Emitter Voltage V VCE 3 IVE  10 mA 0.800 0.900 V

V I
Input Offset Voltage VCE 3 V, IE  1 mA - 0.48 2 mV

- I V B "
BC

Temperaturec Coefficient: IAV 3EI mV
Base-to-Emnitter Voltage AT VCE 3 V, I - I mA - 1.9 oc
Q] - Q2I

Base (Q3)-to-Emitter VBED E 10 mA - 1.46 1.60
(Q 4 ) 

V aoltage- ir ) CE 3 
1  mA 1. 10 1. 32 1. 50

Darlington Pair (V 9 1 ) IF A1

Dynamic Characteristics

Iow Frequency Noise 1 NF f 1 KIz, VCE 3 V, - 3. 25 - dB

Fi"u re 1I 100 A
C

Source resistance tN.-

Low-Frequency, Small
Signal Equivalent-
Circuit Characteristics:

Forward Current- hfe - 110 - -

Transfer Ratio

Short-Circuit Input hie - 3.5 - K

Impedanc e
f I liz, VC 3 V,

Open-Circuit Output 11h f I 1 rIA C- 15. 6 - mho

Impedance I ImA

Open-Cir-cuit Reverse re 1 8 x 0
- 4

Voltage-Transfer Ratio

Admittance
Characteristics:

Forward T ransfer Yfe 31 - jl.5 - m o

Admittance

Input Admittance Yie f= I Mliz, V 3 V, - 0. 3 1 j0. 04 - .nmo

Outpu Atriittnce I I iA' C E _____
Output Admittance Y C 1 m 0.001 + j0. 03 - milbho

Rvoers Transfer 11111110
Admittance

Gain -Bandlwidthl Product fT 'CE 3 V, IC 3 mA 300 500 - N11 z

E'mittcr-to-J3ase CE 3 VEI 3 V, I 0 - 0.6 - pF
Capacitance E I

Collector-to-Base CCB3 V, IC 0 - 0.58 - pF
Capacitance CB CB C

Collector-to-Substrate CCI VCI 3 V, I 0 - 2.8 - pF
Capacitance CCI CI
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C-7. DM54LOO (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 1.10 mm by

.95 mm (70X).
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Figure C-10. DM54LOO device No. 67
chip. (The metallization on this

device was slightly different
from the metallization on the
other DM54LOO chips.) Chip

size is 1.10 mm x.95 mm
(70X).

RECOMMENDED OPERATING CONDITIONS

Power Supply Voltage 4. 5V to 5. 5V

Operating Temperature -550C to 1250

Absolute Maximum Ratings

Power Supply Voltage 8. OV

Input Voltage 5. 5V

Fan Out Logic "1" 20

Logic "0" 10
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DC ELECTRICAL CHARACTERISTICS (DM54L00)

Typ.

Symbol Parameter Conditions Min (Note 1) Max Units

VIN(1 )  Logical "1" Input Voltage VCC = MIN 2 1. 3 0. 7 VIN (1) C CVI

VIN(0) Logical "0" Input Voltage VCC = MIN 1.3 0.,7 V

Logical "1" Output

V Voltage (Except VC = MIN, IOU T = -200 A, 24 2.8 V
OUT(1) DM54L01 DM74L01, VIN 0.7V, Other Inputs V ,4 2. 8

DM54L03 DM74L03) IN

Output Current VIN = 0. 3 V, VCC = MIN. 50 A
DM54L01 DM74L03 VOUT = 5 5V

PM54 
OUT

IOUT(1) DM54L01 DM54LO3 VIN = 0. 6V, VCC = MIN, 200 A
VOUT = 5.5V

DM74L01 DM74L03 VIN = 0.7V, VCC = MIN, z00 A
VOU T = 5.5V

VOUT(0) Logical "0" Output Voltage VCC = MIN, IOUT = Z mA, 0. 15 0.3 VVIN (All Inputs) = 2V

VCC = MAX, VIN = 2.4V <1 10 iA

IIN(1 )  Logical "1" Input Current Other Inputs = OV

VCC = MAX, VIN = 5. V 100 p.A

IIN(0 )  Logical "0" Input Current V C = MAX, VIN = 0. 3V, -120 -180 iAOther Inputs = 4. 5V

Ios Logical "1" Output VCC = MAX, VIN OV, -3 -8 -15 mA
Short-Circuit Current VOUT + 0V IN

ICC(1 )  Logical "I" State VCC = MAX, 120 200 A
Power Supply Current VIN (All Inputs) = OV,
(Per Gate) IOUT = 0

ICC(0) Logical "0" State . VCC = MAX, 300 510 A
Power Supply Current VIN (All Inputs) 5V,
(Per Gate) IOUT =0

Note 1: All typicals at T = 25
0

C
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AC ELECTRICAL CHARACTERISTICS (DM54L00)

Symbol Parameter Conditions Min Typ Max Units

t dO Propagation Delay to a VCC = 5V, CL = 50 pF 30 60 ns
Logical '0" (Except TA = 25 C
DM54L01 DM74L01
DM54L03 DM74L03) 60 100 ns

DM54L30 DM74L30

t dl Propagation Delay to a VCC = 5V, C = 50 pF Z5 60 ns

Logical "1" (Except T A = 250C
DM54L01 DM74L01
DM54L03 DM74L03)

t dO Propagation Delay to a VCC = 5V, RL = 4k Z5 60 ns
t0 Logical "0" C L 

= 15 pF, T A = 250C
DM54L01 DM74L01
DM54L03 DM74L03

t dl Propagation Delay to a VCC = 5V, RL = 4k 40 90 ns

Logical "1" C = 15 pF, T A = 250C

DM54L01 DM74LO L 01
DM54L03 DM74L03

C-8. RSN54HOO (REFER TO FIGURE C-11)

Figure C-11. RSN54HOO chip. Chip
size is 1.65 mm x 1.55 nmm (44X).
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RECOMMENDED OPERATING CHARACTERISTICS

Min _Nom Max Unit

Supply voltage, V C C  4. 5 5 5.5 V

Normalized fan-out from each gate, N 10

High-level output current, IOH -500 A

Low-leveloutput current, IOL 20 mA

Operating free-air temperature, TA -55 125

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

Parameter Test Conditions Min Max Unit

VIH High-level input voltage 2 v

VIL Low-level input voltage 0.8 V

VOH High-level output voltage VCC =MIN, VIL = 0.8 V, 2.4 V

IOH =MAX

VOL Low-level output voltage VCC = MIN, VIH = 2 V, 0.4 V

IOL =MAX

I Input current at maximum input voltage VCC = MAX, V = 5.5 V 1 mA
I cc I

IIH High-level input current VCC =MAX, VI = 2.4 V 50 iA

IIL Low-level input current VCC = MAX, VI = 0.4 V -2 mA

IOS Short-circuit output current* VCC = MAX -40 -120 mA

ICCH Supply current, high-level output VCC = MAX, v = 0 2. 5 mA
(average per gate)

ICCL Supply current, low-level output VCC = MAX, V = 4.5 V 10.8 mA
(average per gate)

*Not more than one output should be shorted at a time, 9nd the duration of the short-circuit test
should not exceed one second.

EPRODtUCIBILfTY OF THE
ORIGINAL . GE IS POOR
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SWITCHING CHARACTERISTICS, VCC = 5 V, TA = 25 0 C, N = 10

Test Conditions Min Max Unit

tPLH Propagation delay time, C L = 50 pF 12 ns
low-to-high-level output

tPHL Propagation delay time, C L = 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 1.90 mm (42X).
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RECOMMENDED OPERATING CONDITIONS

Min Nom Max Unit

Supply voltage VCC 4.5 5 5.5 V

Normalized fan-out from each output, N 10

Width of clock pulse, tp(clock) (See Figure 69) Z0 .O ns

Width of clear pulse, tp(clear) (See Figure 70) 25 ns

Input setup time, tsetup (See Figure 69) tp(clock)

Input hold time, thold 0

Operating free-air temperature range, TA -55 25 125 oC

ELECTRICAL CHARACTERISTICS

Parameter , Test Conditions Min Typ Max Unit

Vin(1)  Input voltage required to 2 V
ensure logical I at any
input terminal

Vin(0)  Input voltage required to 0.8 V
ensure logical 0 at any
input terminal

Vout(1) Logical 1 output voltage VCC = MIN, Iload = -400 A 2.4 3. 5 V

Vout(0) Logical 0 output voltage VCC = MIN, Isink = 16 mA 0.22 0.4 V

lin(0) Logical 0 level input current VCC = MAX, Vin = 0.4 V -1.6 mA
at J or K

Iin(0) Logical 0 level input current VCC = MAX, Vin = 0.4 V -3. Z mA
at clear or clock

Iin(l )  Logical I level input current VCC = MAX, Vin = 2.4 V 40 A
at J or K

VCC = MAX, Vin = 5. 5 V I mA

Iin(l )  Logical 1 level input current VCC = MAX, Vin = 2. 4 V 80 A
at clear or clock

VCC = MAX, Vin = 5, 5 V 1 mA

IOS Short-circuit output current VCC= MAX, Vin = 0 SN5473, SN54107 -20 ,57 mA

SN,7473, SN74107 -18 -57 mA

ICC Supply current VCC = MAX- 20 40 mA

All typical values are at VCC = 5 V, T = 25 0
C.

REPRODUCIBILITY OF TiE

QRIGINAL PAGE IS POOR
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SWITCHING CHARACTERISTICS, VC = 5 V, TA = 25 0 C, N = 10

Parameter Test Conditions Min Typ Max Unit

fmax Maximum clock frequency CL = 15 pF, RL = 400S 15 20 MHz

pd Propagation delay time to logical 1 CL = 15 pF, RL = 4002 16 25 ns
tpdl level from clear to output

tdO Propagation delay time to logical 0 CL = 15 pF, R L = 400U 25 40 ns
level from clear to output

tpd 1  Propagation delay time to logical 1 CL = 15 pF, RL = 400 10 16 25 ns
level from clock to output

tpdO Propagation delay time to logical 0 CL = 15 pF, R = 400Q 10 25 40 ns
level from clock to output

C-10. RESULTS OF MICROCIRCUIT TESTS ON TEKTRONIX S3260
IC TESTER

Test data for all Maverick devices and representative data for normal

devices are shown.
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SPECIMEN # 6 (NORMAL)

********** QM54LOO ********

PASS FUNCTIONAL TEST

OUTPUT CHARACTERISTICS

SVOM VOL 103S

1 3.335 V 160,0 MV 8.250 MA
2 3.320 V 155.0 MV .- 8.250 MA
3 3.310 V 165.~ MV n8.100 MA
a 3.320 V 165.0 MV -8.100 MA

INPUT CHARACTERISTICS

A IlL IIHI IIH2 THRESHOLD

1 -40.00 UA 545.0 NA 750.0 NA 1.306 V
2 -44.50 UA 510.0 NA 700,0 NA 1.306 V
3 -47,.00 UA 420,0 NA 550,0 NA 1,306 V

S-47.50 UA 420.0 NA 550,0 NA 1,306 V

b IIL IIHI IIMH2 THRESHOLD

1 -41.50 UA 570.0 NA 750.0 NA 1.306 V
2 -54.,50 UA 505,0 NA 700.0 NA 1.306 V
3 -43,50 UA 430,0 NA 650,0 NA 1,306 V
4 -48.00 UA 435.0 NA 600,0 NA 1,306 V

ICCM H 395,0 UA ICCL 5 1.135 MA

SWITCHING TIME CHARACTERISTICS

Y TPOL TPOH TR TF

1 46,70 NS 19,30 NS 28,30 N8 14*65 NS
S46.20 N3 19,60 NS 20.60 N8 11.40 NA
3 46,10 NS 20,05 NB 19,90 NS 12.55 N8
4 46.90 NS 19.45 NA 20.60 NS 12.5 N3

REPRODUCIB1LITY OF THE
ORIGINAL PAGE IS POOR
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SPECIMEN # (NORMAL)

*********. DM54LOW *********

PASS FUNCTIONAL TEST

OUTPUT CHARACTERISTICS

Y VOH VOL 103

1 3,340 V 165.0 MV -8,300 MA
e 3.320 V 155.0 MV -8.300 MA
3 3.315 V 160.0 MV -7.950 MA
4 3,310 V 165,0 MV 7?,950 MA

INPUT CHARACTERISTICS

A IlL IIHI II2 THRESHOLD

1 -42.50 UA 630.0 NA 850,0 NA 1.306 V
2 P45,50 UA 610.0 NA 800.0 NA 1,306 V
3 "49.50 UA 510.0 NA 700,0 NA 1,306 V
4 -49,50 UA 465,0 NA 650,0 NA 1,306 V

SiL IINH IH2 THRESHOLD

1 "42.00 UA 620.0 NA 850.0 NA 1,306 V
2 -55.00 UA 590,0 NA 800,0 NA 1.306 V
3 -44,00 UA 500.0 NA 700,0 NA 1,306 V

-51,00 UA 490,0 NA 650.0 NA 1.306 V

ICCh 395,0 UA ICCL * 1,155 MA

SWITCHING TIME CHARACTERISTICS

TPDL TPDH TR TF

1 46,80 NS 19.00 NB 27.90 NS 15,30 NS
46,30 NS 19.85 NS 20.65 NS 11.30 NA

3 45.65 NS 20.40 NS 20.40 NS 12,50 NS
4 46.00 NS 19.30 N$ 20,90 NS 12.65 N$
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SPECIMEN 0 9 (NORMAL)

****..w*** DM54L00 ********a

PASS FUNCTIONAL TEST

UUTPUT CHARACTERISTICS

y VOM VOL 10S

1 3,325 V 155,0 MV w8.250 MA
3,325 V 150.0 MV w8.350 MA

3 3,320 V 155.0 MV -8,050 MA
4 3,340 V 155.0 MV *7,850 MA

INPUT CHARACTERISTICS

A IIL IIH lImH THRESHOLD

1 w38.50 UA 645.0 NA 900.0 NA 1.306 V
2 -43,00 UA 655,0 NA 900*0 NA 1,306 V
3 w46,00 UA 600'0 NA 85060 NA 1,306 V
4 w46.00 UA 550,0 NA 750,0 NA 1.306 V

B IIL I IIMI H2 THRESO.D

1 -36.50 UA 620,0 NA 850.0 NA 1,306 V
2 -5,4.50 UA 670,0 NA 950,0 NA 1.306 V
3 -41.00 UA 585.0 NA 800.0 NA 1.306 V
4 -46,00 UA 57090 NA 800,0 NA 10306 V

ICCM H 375.0 UA ICCL P 1.075 MA

SWITCHING TIME CHARACTERISTICS

Y TPDL TPOHDM TR TF

1 47,40 NS 19.85 NS 28.50 NS 14,25 NS
2 44.10 N3 19.95 NB 20.50 NS 10.80 N3
3 44.70 NS 20,90 NS 20.40 NS 11,80 NS
4 46.05 NS 20.30 NS 21.60 NS 11.75 NS

POPRoDbUcm 0,Ty OF

PAC-c5
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$PECIMEN # 41 (MAVERICK)

u*.*...w.* VM54LOO ********

FAIL FUNCTIONAL TEST ****

OU!PUT CHARACTERISTICS

Y VOH VOL 1OS

1 -14.0 MV* 4.975 V* -100,0 UA*
_ _ -500,0 MV* 4,975 V* 00 A*
3 W90,00 MV* 4,980 V* -200.0 UA*
4 -230,0 MV* 4,975 V* -50,.00 UA*

INPU CHARACTERISTICS

A IIL IIM IIH2 THRESHOLD

1 -1,024 MA* 10.23 UA* 102.3 UA* 618.7 MV
2 500.0 NA* 0,0 A 0,0 A 2,193 V
3 0.W A -5.000 NA* 0.,0 A 2,193 V
4 -1.02" MA* 10.23 UA* 102.3 UA* 2.193 V

B IlL IIH1 IIH2 THRESHOLD

S0,.0 A -5.001 NA* 0.0 A 24193 V
2 -1.024 MA* 10.23 UA* 102.3 UA* 2.193 V
3 -1.024 MA* 10.23 UA* 102.3 UA* 2.193 V
4 $00,0 NAw -5,000 NA* 0,0 A 2.193 V

ICCM 3 L..3 MA* ICAL w 10,23 MA*

SWITCHING TIME CHARACTERISTICS

Y TPDL TPDH TR TF

1 1.000 8 -1.400 NS 1.000 8 1,000 8
S.000 S 550.0 PS 0.0 3 w400.0 PS

3 1,000 3 1.250 NS 0.0 $ 1,000 S
1.000 S P2,600 NS 0.0 $ .400,0 PS

* O0ES NOT MEET 6PECIFIEU LIMITS
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SPECIMEN # 67 (MAVERICK)

********** UM54L00 *********

PASS FUNCTIUNAL TEST

OUTPUT CHARACTERISTICS

V VoH VOL 108

1 3.255 V 175,0 MV -9.950 MA
3 . 60 V 175.0 YMV -9.950 MA

3 3.270 V 175.0 MV "9.550 MA
4 3~.240 V 190..0 MV 96S0 MA

INPUIT CHLARACTERISTICS

A IIL IIMI IIH2 THRE8MOLD

-1.0b UA 265,0 NA 350.0 NA 1,293 V
2 -71.00 UA 225.0 NA 300.0 NA 1,218 V
3 -76,00 WA 45L, NA - 000 NA 1,293 V
4 -79.00 UA 9,00 NA 150.0 NA 1.256 V

6 IIL IIHI IIH2 THRESMHOLO

1 -9,50 UA 255.0 NA 350.0 NA 1.293 V
2 -91.0o UA 230.0 NA 300,0 NA 1.243 V
3 -68.00 UA 140.0 NA 200 0 NA 1.218 V
4 -7,50 UA 85.00 NA 10010 NA 1.256 V

ICCH = b45,0 UA ICCL 1,815 MA

SWITCHING TIME CHARACTERISTICS

Y TPDL TPDH TR TF

1 43.60 NS 15.40 NS 21.20 NS 18b.65 NS
2 44,00 NS 15 0 NS 16.95 NS 14,3 N3
3 44.60 NS 16,b5 NS 16,95 NS 13,76 NS
4 49.40 NS 15.40 NS 16.95 NS 15.75 NS
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SPECIMEN # 116 (MAVERICK)

DM54L0 *****o****

PASS FUNCTIONAL TEST

OUTPUT CMARACTERISTICS

Y VOH VOL 10S

1 3.365 V 135.0 MV .9.250 MA
2 3.345 V 130.0 MV -9.250 MA
3 3.370 V 130.0 MV -9.050 MA
4 3j345 V 135,0 MV -8mg,950 MA

INPUT CMARACTERISTICS

A XI IIHI -IIm THRESHOLD

1 -53.00 UA 1.405 UA 2.100 UA 1.3 06 V
2 -b6,00 UA 1.265 UA 1,900 UA 1.306 V
3 -b62.00 QA 1,210 UA 1.850 UA 1.306 V
4 -60,00 UA 1.170 UA 1.750 UA 1.306 V

IIL IIHI IIM2 THRESHOLD

1 -53.00 UA 1mAI5 UA 2.150 UA 1.386 V
2 -70.00 UA 1,245 UA 1,900 UA 1.306 V
3 -54.,00 UA 1:170 UA 1,750 UA 11306 V
4 -64.00 UA 1.205 UA 1.850 UA 1,306 V

ICCH x 475.0 UA ICCL * 1,315 MA

SWITCHING tIME CHARACTERISTICS

Y TPVL TPDH TR TF

1 39,10 NS 18980 NS 26.55 NS 13.05 NB
2 38,85 NS 19.05 NS 19.65 NS 10.50 N8
3 38,70 NS 19.50 NS 19.00 NS 11,25 N8
4 39,40 NS 19,30 NS 20.35 NO 11,30 N8
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SPECIMEN 123 (MAVERICK)

********** OM54LOO **********

PASS FUNCTIONAL TEST

OUTPUT CHARACTERISTICS

Y VQHM VOL 108

1 3.355 V 145.0 MV -9.450 MA
2 3,345 V 45.0 MV w9.500 MA
3 3.345 V 145.0 MV -9.250 MA
4 3,345 V 150.0 MV -98200 MA

INPUT CHARACTERISTICS

A IlL IIMH1 IIH2 THRESHOLD

1 -62.00 JA 1.160 UA 1.750 UA 1.306 V
2 -65.00 UA 1.095 UA 1.650 UA 1.218 V
3 .69,50 UA 875,0 NA 1.300 UA 1.306 V
4 m69.50 UA 915.0 NA 1.350 UA 1.306 V

B IlL IIMH IIM2 THRESHOLD

1 * 62.50 UA 1,180 UA 1.750 UA 1.306 V
2 -60.00 UA 1.070 UA 1.600 UA 1.306 V
3 -b5.50 UA 915.0 NA 1.350 UA 1.306 V
4 .-76.50 UA 980.0 NA 1,500 UA 1.306 V

ICCM * 550,0 UA ICCL u 14515 MA

SWITCHING TIME DMARACTERISTICS

Y TPDL TPDH TR TF

1 32.75 NS 14.75 NS 23.35 N8 1t.30 NS
2 32.70 N8 15.00 NS 17,55 Ng 9,300 NS
3 32,15 NS 16.o05 NS 16,95 N3 9.956 NS
4 31,65 NS 15,10 NS 17.70 NA 10,22 NA
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SPECIMEN # 125 (MAVERICK)

*,******** DMS'4LO **********

PASS FUNCTIONAL TEST

WUTPUT CMAkACTERISILCS

Y VoH VOL zOS

1 3.305 V 175.0 MV -7,950 MA
2 3.85 V 17.L0 MV L8,00 MA
3 3,3R5 V 175.0 MV -7.300 MA
4 3.315 V 170.0 MV 7,450 MA

INPUT CMARACTERISTICS

A IIL 11I1 IH2 THRESHOLD

I -A,00- UA 730.0 NA 1,350 UA 1.206 V
2 -35,00 UA 625,0 NA 1.150 UA 1.206 V
3 -37.50 UA 20.9_ _NA 9_ONO NA 1,206 V
4 -37.00 UA 530.0 NA 950,0 NA 1.206 V

SIlL IIMI 1H2 THRESHOLD

1 -34.00 UA 725,0 NA 1,350 UA 1.206 V
2 -43,00 UA b615.0 NA 1.150 UA 1.206 V
3 -34.50 UA 345.0 NA 950.0 NA 1,206 V
4 -40,50 UA 570,0 NA 1,050 UA 1,206 V

iCCH £ 275 UA ICCL a 8350 UA

SWITCHING TIME CHARACTERISTICS

Y TPOL TPOH TR TF

1 49,40 N$ 22.00 NS 30.85 NS 14.85 NS
; - 49,55 Ns 2.30 9 N 22.75 NS 11.85 NS
3 48.20 NS 22,5O NS 23.20 NS 12.50 NS
'4 8.80 NS 22.40 N§ 24.20 NS 12.70 NS
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SPECIMEN # 1 (NORMAL)

*#******* RSNS400 ****ant

PASS FUNCTIONAL TEST

OUTPUT CNARACTERISTICS

Y VOH VOL iOS

1 '4.370 V 260,0 MV -51,40 MA
2 4.3b60 V 260,0 MV *51,40 MA
3 4.375 V 270,0 MV "50,90 MA
4 4.365 V 270.0 MV -51.20 MA

INPUT CHARACTERISTICS

A IIL IIMI IIH2 THRESHOLD

1 -590.0 UA 1,350 UA 1.500 UA L 406 ...
e -b05.0 UA 1,550 WA 2,000 UA 1,418 V
3 -675.0 UA A,350 JA 1,500 UA 1.406 V
4 -115,0 UA 1,600 UA 2.000 UA 1,418 V

SIL IIM IIH. THRESHOLD

1 -620.0 UA 1.400 UA 2.000 UA _,418 V
-155.W UA 1,450 UA 2,000 UA 1,418 V

3 -o60,0 uA 1,450 UA 2,000 UA 1,406 V
4 -685.0 UA 1.550 UA 2.000 UA 10418 V

-ICCM = 4,900 MA ICCL ' 16.60 MA

SWITCHING TIME CHARACTERISTICS

Y TPOL TPDH TR TF

1 15.95 NS 5,950 NS 1,250 NS 7.950 NS
2 16.50 NS S N00 P 6.000 N S
3 16,60 NS 7.100 NS 50.00 P8 6.300 NS
4 14,90 NS 6,950 NS 2,450 NS 7,250 NS
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SPECIMEN # 4 (NORMAL)

*****.**** RSN5400 *****twee

PASS FUNCTIONAL TST

OUTPUT CHARACTERISTICS

Y VUM VOL I0S

1 4,440 V 265.0 MV S52.20 MA
2 4,425 V 265,0 MV -52,65 MA
3 4.425 V 275.0 MV "51.80 MA
4 4,425 V P80,0 MV -52.05 MA

INPUT CHAAATRISTICS

A Il6 IIHI IIH2 THRESHOLD

1 -b05.O UA 1.250 UA 1.500 UA 1,418 V
2 -595.0 UA 1,400 UA 2,000 UA 1,406 V
3 - 75 UA 1.250 UA 1,500 A .1,4 18 V
4 -730.0 UA 1.250 UA 1.500 UA 1.418 V

li. IIMI IIMH THRESHOLD

1 -6b5.0 UA 1.250 UA 1.500 UA 1.431 V
2 -730.0 UA 1,300 UA 1.500 UA 1,418 V
3 -635.0 UA 1.300 UA 1,500 UA 1,418 V
4 -670,0 UA 1.150 UA 1,500 UA 1,418 V

ICCH u 4.900 MA ICCL U 16.60 MA

SWITCMHIN TIME CHARACTERISTICS

Y TPDL TPDH TR TF

1 15.40 NS 5.750 NS 1,000 NS 7,500 NS
2 15.80 NS 6.000 NS 100.0 PS 5,800 NS
3 15,50 N$ b6.750 NS 0.0 S 6.000 NS
4 13.65 NS 6.550 NS 1.850 NS 7-000 NS
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SPECIMEN # 6 (NORMAL)

********** RSN5400 **********

PASS FUNCTIONAL TEST

QUTPUT CHARACTERISTICS

Y VOM VOL 108

1 '4.385 V 250.0 MV -53,15 MA
2 4.355 V 245.0 MV -53.35 MA
3 4,360 V 250.0 MV w52.80 MA
4 4.340 V 26010 MV -52.60 MA

INPUT CMARACTERISTICS

A IiL ZIHI 11HR THRESHOLD

1 -635.0 UA 1,050 UA 1.500 UA 1,418 V
2 -645.0 UA 1,000 UA 1.500 UA 1.406 V
3 -72V00 UA 1.000 UA 1.500 A 1,431 V
4 -760,0 UA 950,0 NA 1,500 UA 1,418 V

SIlL IIHL IIM2 THRESHOLD

1 m640.0 UA 1.050 UA 1.500 UA 1,431 V
2 w805,0 UA 950,0 NA 1.500 UA 1,418 V
3 -690.0 UA 1.050 UA 1.500 UA 1.418 V
4 -720.0 UA 900,0 NA 1.500 UA 1,418 V

ICCM H 5.100 MA ICCL U 15s75 MA

SWITCHIN6 TIME CMARACTERISTICS

Y TPUL TPDH TR TF

1 15.20 NS 5.500 NS 7.00,0 PS 7,950 NS
2 15,55 NS 5.950 NS 100.0 PS 5-900 NS
3 15,45 NS 6,550 NS 0.0 8 6,000 NS
4 14.05 NS 6.450 NS 1.800 NS 7.050 NS
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SPECIMEN# _ I (NORMAL) .

________*** 5N40 ********** SNMj___ ___ ___

PAS3 FUN4CTIONAL TeST

UUTPUT CHAATLRISTICS

Y Vuht VOL 103

1 4.465 V 270,0 MV -51.65 MA
2 ,5 v 9 65.0 -MV -51_&_4 -j MA

3 4,455 V 270.0 MV -51.40 MA
4 4,455 V 280.0 MV 51.40 MA

INPUT CHARACTERISTILS

,IT L - v IIHI I ._ e _ . . . . . . . .

Sr -580, u. U A _ U_,50 A. 1 _4 V
2 -59 .Z LUA 1,356 UA ~2.,000 UA 1.406 V
3 . .U.A . 1,15 UA ,50 UA 1,18 _ _ V

- -i20.0 UA 1,200 UA 1.500 UA 1.418 V

SIIL 1IHI I 2 THRESHOLD.

1 -615 ~0UA j,25J UA 15_0 UA 1,418 V
2 :110.0 UA 1.250 UA 1.500 UA 1,418 V
3 - 45,0 UA s, 50 UA A 500 UA 1,418 V
.4 -8o.o uA 1.150 UA 1.500 UA 1,418 V

ICCH a 4, 9W MA ICCL * 1 MA

vilTCHING, TIilt CMARALTERISTICS

Y TPi)L TPOH TR TF

1 15,60 NS 5,700 NS 1,000 NS 7,850 NS
2 _.635 N.S_, A....~ 100. .P8__ 5.8 -NS

3 15,80 NS 6,9v0 NS 0.0 8 6.050 NS
4 14.0 , 6.650 NS 1.950 NS 7.000 NS
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SPECIMEN # - 5 - (MAVERICK)

********* *RSNS400 *******

PASS FUNCTIONAL TEST

OUTPUT CHARACTERISTILS

V VOH VOL IOs

1 3.820 V 225,0 MV -51.45 MA
2 3,815 V 220. MV -51.30 MA
3 3.840 V 215.0 MV -50.70 MA
4 3.835 V 240.0 MV -51,20 MA

INPUT CHARACTERISTICS

A IIL IIHI IIH2 TMRESHOLD

1 -530,0 UA 1,750 UA 2.500 UA 1,393 V
2' -b45,~ UA 1.850 UA 2*.500 UA 1.393 V
3 -b1~,~ LA 1k 50 UA 2.000 UA 1,406 V
4 -640b'. UA 1.800 UA 2.500 UA 1.406 V

b iL IIHI IIMH2 THRESHOLD

1 -565,0 LA 1,900 UA 2.500 UA 1,418 V
2 -670.0 UA 1.700 UA 2.00w UA 1.418 V
3 -80. UA 1,750 UA . 2L500 UA 1.393 V
4 -625,0 UA 1.700 UA 2.000 UA 1,406 V

IGCH a ,300 MA ICCLa 14,70 MA

SWITCHIN TIME CHARACTERISTICS

Y TPOL TPOH TR TF

1 15,25 NS 5.500 NS 900.0 PS 7.050 NS
2 15,35 NS~ 5,90 NS 100-0 PS 5.550 NS
3 14.75 NS 6,650 NS 0.0 S 5,450 NS
4 13.1b NS 1,45N 1.650 NS 6.700 NS

REPRODUCIBIITy OF THE
RGMAJAL PAGE e POOR
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SPECIMEN # 56 (MAVERICK)

*****.****_ RSv5400 **********

PASS FUNCTIONAL TEST

OuTPUT CARA CTERISTICS

SVOH VOL lOS

1 4,25 V e35,0 MV -5.,00 MA
4,795 V 235, _MV -51 60 MA

3 4,790 V 240.0 MV -51,05 MA
__ _4 4,795 V 240,0 MV -51.75 MA

INPUT CHARACTERISTICS

A IIL IIlI 11M2 THRESHOLD

-575,0 UA 4,100 UA 5,500 UA 13 9 3 V
2 -565.0 UA 4,300 UA _5_500 UA 1.393 V
3 -650,0 UA 4 000 UA 5 00i UA 1.418 V
4 -690.0 UA 4.200 UA 5.500 UA 1.393 V

S11iL . II IIH2 THRESHOLD

1 -595,0 UA 4,350 UA 5.500 UA 1 4 18 V
2 -710.0 UA 4.100 UA 5,500 UA 1.418 V
3 -630,0 UA 4.250 UA 5.500 A 1 .406 V

--660,0 UA 3.950 WA .0 U- 1 .1418 V

ICCH = 4,900 MA ICCL S 15,15 MA

SwITCMHING TIME CHAALTER9ISTICS

Y TPUL TPDH TR TF

1 14.30 NS 5.600 NS 1,050 NS 6,400 NS
R 14. NS 6,000 NS 500.i P 5,450 Ns
3 14.60 NS 7,150 NS 50,00 PS 4,950 NS
4 12.50 NS 6,750 NS 1.750 NS 6.600 NS
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SPECIMEN 93 (MAVERICK)

********** RSN5400 **********

PASS FUNCTIONAL TEST

OUTPUT CHARACTERISTICS

V VOH VOL lOS

1 4, 625 V 470,0 MV -54.75 MA
2 4'.600 V 265.0 MV -54.75MA
3 4,615 V 270,0 MV -53,90 MA
4 4.660 V 27010 MV -54.00 MA

INPUT CHARACTERISTICS

A IL ... IH IM2 TMRESHOLD

1 -620.0 UA 1.850 UA 2.500 UA 1.418 V-
2 -720.0 UA 2.450 UA 3.000 UA 1.,48 V
3 700.0 1UA . 1,900 UA 2.500 UA 41 18 V
4 -825.I0 UA 650.0 NA 1.000 UA 1,368 V

SIlL IIMHI IIH2 THRESHOLD

1 -730.0 UA 2.300 UA 3,000 UA 1.,43 V
2 -780,0 UA 1.900 UA 2,500 UA 1,431 V
3 -760b,0 UA 2,300 UA 3,000 UA 1,418 V

-4 720.10 UA 550.0 NA 1,000 UA 1.368 V

ICCH a 5,100 MA ICCL * 19,60 MA

SWITCHING TIME CHAkACTERISTICS

Y TPOL TPDH TR TF

1 13.15 NS 5.200 NS '400.0 PS 6,450 NS
2 13,30 NS 5,600 NS 100.0 PS 5.400 NS
3 13,35 NS 6.500 NS 0.0 S 3.800 NS
4 11.80 NS 6,400 NS 1.300 NS 6.000 NS
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5.E_CI MEN_ .__ _.99 . (MAVERICK)

* *** ***! KRNE5Ai~±** * ***** _____________

PASS FUNCTIONAL TEST

OUITPUT CHARACTERISTICS

Y VOm VOL IOS

1 3.995 V 270.0 MV -55,75 MA
2 3.980 V 275,0 MYV -55.75 MA
3 4,005 V 2685,0 MV 55.15 MA
4 3,930 V 285,0 MV 54g90 MA

INPUT CHARACTERISTICS

A IlL IIHI IIH2 TMRESHOLO

I -650.0 UA 135V UA jJ000 LA A.4I8 V
2 -t60,0 UA 1,500 UA 2.000 UA 1,393 V
3 "40UA 1,400 WA _ 2.000 UA I 418 V
4 -190.0 UA 500.0 NA 1.,000 UA 1.381 V

b IlL IIHt IIH2 THRESHOLD

I -850 UA 450 UA 2A 000 UA 1 ,431 V
-*10,0 UA 1,400 UA 2,000 UA 1.431 V

3 -710.0 UA 1150 UA 2 ,00 UA 1,418 V
4 -73o,0 UA 450 ., NA I.o00 UA 1 .406 V

ICCH a 5,100 MA JCCjL * 19.0 M A

SWITCHING TIME CHARACTERISTICS

Y TPOL TPDH TR TF

1 14.75 NS 5.350 NS 550,0 PS 7.400 NS
2 15.20 NS 5 8~0 NS 1f0Ly0 Ps 5 _80 NS

3 15.30 rNS 6.550 NS 0.0 3 5,950 NS
4 13.30 NS 6.350 NS 1.550 N3 6.850 NS
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SPECIMEN # 7 (NORMAL)

********* SN5473w*******

PASS FUNCTIONAL TEST

MINIMUM CLOCK PULSE WIDTH FOR PROPER OPERATION

CLOCK 1 13,00 NS AT 2,0V 12,00 NS AT 4,SV

CLOCK 2 12,00 NS AT 2.0V 11,00 NS AT 4.5V

UUTPUT CHARACTERISTICS

OUTPUT VUH VOL lOS

w1 3.580 V 271.0 MV -19.75 MA*
ONI 3,580 V 277.5 MV -23,00 MA
02 3.580 V 280.5 MV -19,30 MA*
QNa 3,575 V 289.5 MV -24,40 MA

INPUT CHARACTERISTICS

INPUT IlL IIHI 1H2 THRESHOLD

CLOCK 1 -1,740 MA w270,5 UA 4.135 UA 1,387 V

CLOCK 2 -1,725 MA -271,5 UA 3,955 UA 1,387 V

Jil -927.0 UA 1.015 UA 1.405 UA 1.387 V
KI -957.5 UA 1,655 UA 2,265 UA 1,437 V

J2 w932,0 UA 1,b35 UA 2.265 UA 1,387 V

K2 -948,0 UA 1.015 UA 1.400 UA 1,412 V

CLEAR I P932.0 UA lb,00 UA 21.90 UA 1,387 V

CLEAR 2 -923,0 UA 15.50 UA 20,90 UA 1,362 V

SWITCHING TIME CHARACTERISTICS

IN TO OUT TPDL TPDM TR TF

SPEC LIMIT 40NS 25NS

CLEAR TO 01 25,00 NS ----
CLEAR TO QNI ---- .1,60 NS
CLEAR TO Q2 2,25 NS ....
CLEAR TO UN2 .... 12,40 NS
CLOCK TO 01 2e.15 NS 13,65 NS 15,35 NS 7.700 NS

CLOCK TO ON1 2..70 NS 15.30 NS 11,40 NS 5sb650 NS

CLOCK TO 02 26,15 NS 14,35 NS 11,90 NS 5,S650 NS

CLOCK TO QN2 25,00 NS 15.95 NS 11,30 NS 5,750 NS

POWER SUPPLY CURRENT I 25,25 MA
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SPECIMEN # 10 (NORMAL)

SN5473W

PASS FUNCTIONAL TEST

MINIMUM CLOCK PULSE WIUTH FOR PROPER OPERATION

CLOCK I 135,00 NS AT 2.0V 12,00 NS AT 4,5V
CLOCK 2 12.00 NS AT 2,OV 11,00 NS AT 4,5V

OUTPUT CHAkACTERISTICS

OUTPUT VOH VOL I0S

01 5,615 V 255,5 MV -20,55 MA
QNI 3,615 V 263,5 MV -24.10 MA
02 3,615 V 265.0 MV -20.10 MA
QN? 3,615 V V75.5 MV -25,45 MA

INPUT CHARACTERISTICS

INPUT IIL IIMI IIM2 THRESHOLD

CLOCK 1 -1.900 MA -301,.0 UA 4.410 UA 1.162 V
CLOCK 2 -1.900 MA -306,0 UA 4,250 UA 1.212 V

Ji -1.000 MA 1,040 UA 1.390 UA 1.337 V
K- l1.010 MA 2,060 UA 2,735 UA 1.362 V
J. -1.000 MA 2.190 UA 2.925 UA 1,337 V
K2 -1.010 MA 1,035 UA 1,375 UA 1.362 V

CLEAR I -1.000 MA 19,00 UA 25,20 UA 1,362 V
CLEAR 2 0989,5 UA 19.50 UA 25,55 UA 1.337 V

SwITCHIN5 TIME CHARACTERISTICS

IN 10 OUT TPDL TPDH TR TF

SPEC LIMIT 40NS S25NS

CLEAR TO S01 2~2.25 NS --- N
CLEAk TO ON1 .... 10,90 NS
CLEAR TO 02 22,55 NS -
CLEAR TO UN2 =-a 11,60 NS
CLOCK TO 01 22 .05 Nb 12.00 NS 13.00 NS 7,100 NS
CLOCK TO ON1 20b.65 NS 12,85 NS 10.20 N8 5,0350 N$
CLOCK TO Q2 22,40 NS 12.55 NS 10,40 NS 5.166 NS
CLOCK TO QN2 21,80 NS 13.80 NS 90850 N8 5.350 N$

POWER SUPPLY CURRENT * 28,00 MA
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SPECIMEN 4 20 (MAVERICK)

********** )NS473w ********

PASS UNCtIIlNAL TtST

MINIMUM CLOCK PULSE WID7H FOR PROPER OPERATION

CLUOCK 1 13,00 NS AT 2.iV 12,00 NS AT 4,5V
CLOCK 2 11,00 NS AT 2.0V 11,00 N5 AT 4.5V

UUTPUT LHAkACTLRISTICS

OUTPUI VUH VOL lOS

i 3,b15 V e43,5 MV -20,60 MA
QN1 3,bl15 V 251.0 MV -24,05 MA
Q2 3,b15 V 253.5 MV -20.10 MA
QN2 3,615 V 63.5 MV -25,15 MA

INPUT LHARACILEISTICb

INPUT JIL IIMI IIH2 THRESMOLD

CLOCK 1 -1.M70 MA -291,5 UA 4,645 UA 1.162 V
CLOCK 2 -1.870 MA -302,0 UA 4.335 UA 1.212 V

Ji1 -917.0 UA 1.190 UA 1.605 UA 1.312 V
KI -1,000 MA 1,750 UA 2,325 UA 1.362 V
J2 P990,0 UA 1.770 UA 2.370 UA 1.312 V
K2 -1.006 MA 1.100 UA 1,480 UA 1,362 V

CLEAR I -981,i0 UA 0,00 UA 26,60 UA 1.362 V
CLEAR 2 -978,0 UA 20,00 UA 26,25 UA 1,337 V

SWITCHING TIME CMARACTERISTICS

IN TO OUT TPDL TPDH TR TF

SPEC LIMIT 40NS 25NS

CLEAR TO Q1 2d,45 NS .
CLEAk TO QNI . 10,90 NS
CLEAk TO 02 22,60 NS .
CLEArk TO QN2 7:.. 11,50 NS
CLOCK TO 01 22.20 NS 11,85 NS 13.20 NS 7.000 NS
CLOCK TO ON1 20.65 NS 12.85 NS 10,30 NS 5.050 NS
CLOCK TO 02 22.40 NS 12,45 NS 10,50 NS 5.100 N3
CLOCK TU UN2 21.75 Nb 13,75 NS 10,00 NS 5.250 NS

POWER SUPPLY CURRENT a 28,05 MA
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SPECIMEN # 43 (MAVERICK)

******** SN5473W *********

PASS FUNCTIONAL TEST

MINIMUM CLOCK PULSE WIDTH FOR PROPER OPERATION

CLOCK I 13.00 NS AT 2.0V 12,00 NS AT 4.5V
CLOGK 2 11.00 NS AT 2.0V 11.00 NS AT 4,5V

OUTPUT CHARACTERISTICS

OUTPUT VUM VOL 105

Ql 2,845 V 241.0 MV -20.30 MA
QN1 3,575 V 247,0 MV "23,b60 MA
Q2 3.590 V 250,0 MV -19,80 MA*
QN2 2,850 V 257,5 MV "24.50 MA

INPUT CHARACTERISTICS

INPUT I1L IIMI IIH2 THRESHOLD

CLOCK 1 "1,750 MA -255,0 UA 5.725 UA 2.187 V
CLOCK 2 P1,125 MA -257,5 UA 5,460 UA 2.187 V

Ji -948,0 UA 1,340 UA 1,880 UA 2,187 V
KI -952.5 UA 2.20 UA 3,235 UA 2.187 V
J2 -927.0 UA 2.315 UA 3.250 UA 2,187 V
K2 -953, UA . ,355 UA 1.890 UA 2,187 V

CLEAR 1 -946.5 UA 25,50 UA 35.40 UA 1.362 V
CLEA 2 912,0 UA 20,00 UA 27, UA 24187 V

SWITCHING TIME CHARACTERISTICS

IN TO OUT IPUL TPUH TR TF

SPEC LIMIT 40NS 25NS

CLEAR TU u1 24.40 NS .
CLEAR TO QN1 .... 11.30 NS
CLEAR TO 02 24,30 NS .
CLEAR TO UN2 .... 12.20 NS
CLOCK TO 01 25.;5 NS 12,80 NS 14.,5 NS 7.500 NS
CLOCK TO ONI 22.20 NS 14,65 NS 11.30 NS .299.9 PS
CLOCK TU 02 24.85 NS 13,80 NS 11b.60 NS 5.450 NS
CLOCK TO GN2 23.75 NS 15.30 NS 11.10 NS 5b.650 NS

POWER SUPPLY CURRENT = 2595t MA
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