RADC-TR-83-31

Final Technical Report
Fobruary 1983

METAL-INSULATOR-METAL JUNCTIONS AS
SURFACE SOURCES OF INTERMODULATION

Ap|3040]

Georgia Institute of Technology

T. G. Shands and J. A. Woody

ROME AIR DEVELOPMENT CENTER
Air Force Systems Command
Griffiss Air Force Base, NY 13441

DC FiLE copy

83 07 18 0835




This report has been reviewed by the RADC Public Affairs Office (PA) and
18 releasable to the National Techni~al Information Service (NTIS). At NTIS
it will be releasable to the general public, including foreign natioms.

RADC-TR-83-31 has been reviewed and is approved for publication.

APPROVED: E;?-JM/

ROY F. STRATTON
Project Engineer

APPROVED: W 4//74%/4/”/

CBERT W. MCGREGOR
Acting Chief, Reliability & Compatibility Divisinn

FOR THE COMMANDER: 9,&, /< 7{4‘4/

JOHN P, HUSS
Acting Chief, Plans Office

I1f your address has changed or if you wish to be removed from the RADC
mailing list, or if the addressee 1s no longer employed by your organization,
please notify RADC ( RBCT ) Griffiss AFB NY 13441. This will assist us in
maintaining a current mailing list.

Do not return copies of this report unless contractual obligations or notices
on a specific document requires that it be returned.




UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

REPORT DOCUMENTATION PAGE ORE COMPLETING F:
I, REPORT NUMBER 2. GOVT ACCESSION NO.f 3. chswzliss’zs g?rr:‘oi?:::sl‘;olm

RADC-TR-83-31 Ab. A136 S5t

4. TITLE (end Subtitle)

S. TYPEZ OF REPORT & PERIOD COVERED

METAL-INSULATOR-METAL JUNCTIONS AS SURFACE gi“a;'oTernical Report
SOURCES OF INTERMODULATION ep 80 - Nov 82
§. PERFORMING OG. REFPORKT NUMBER
N/A
7. AUTHOA(s) 8. CONTRACT OR GRANT NUMBEN(s)
T. G. Shands
J. A. Woody F30602-81-C-0268
9. PERFORMING CRGANIZATION NAME AND AODARESS 10. PROGRAM ELEMENT, PROJECT, TASK
Georgia Institute of Technology AREA & WORK UMIT NUMBERS
Engineering Experiment Station 62702F
Atlanta GA 30332 23380421
11, CONTROLLING OFFICE NAME AND ADORESS 12. REPORT OATE

Rome Air Development Center (RBCT) ‘fezi:i:irizgzs

Griffiss AFB NY 13441 90

T4, MONITORING AGENCY NAME & ADDRESS(I! dilferent [rom Controlling Ollice) 15, SECURITY CLASS. (of this report)

UNCLASSIFIED

Same

18a. OECLASSIFICATION/ DOWNGRADING
SCHEDULE

N/A

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. OISTRIBUTION STATEMENT (of the abatract entered in Block 20, it dilferent from Report)

Same

18. SUPPLEMENTARY NOTES

RADC Project Engineer: Roy F. Stratton (RBCT)

19. XEY WORDS (Continue on reverse side |/ necessary and identily by block number)
Metal-Insulator-Metal Junctions Interference

Intermodulation Products Electromagnetic Compatibility
Measurement Techniques

i

20, /ABSTRACT (Continue on reverse side Il necessary and identily by bdiock number)

This program was performed to investigate metal-insulator-metal (MIM)
junctions as surface sources of intermodulation (IM) on Command, Control,
Communications, and Intelligence (C3I) aircraft. The IM levels generated
by MIM junctions were evaluated for various material and physical
parameters of the junctions as well as electromagnetic properties of the
applied signals. A total of 57 test samples were fabricated to be
representative of MIM junctions which are found on aircraft., The IM

Nee
UNCLASSIFIED N4

SECURITY CLASSIFICATION OF THIS PAGE (When Dets Entered)

DD ,55n'ss 1473  eoimion oF 1 nov €3 1s ossoLETE




UNCLASSIFIED

SECUMTY CLASSIFICATION OF TWis PAQE(Phan Deta Entered)

levels of these junctions were measured using a previously developed
measurement scheme. Models were developed which describe the IM behavior
as a function of some of the parameters. These parameters include input
power, temperature, pressure, material and construction of the MIM
junction. The changes due to other parameters were smaller than the
variability of the data for @ single test sample. In order to verify the
model, two additional test samples were constructed, measured, and
compared to predicted values.

HEY
\

INCIASSIFLED

SECURITY SLASSIFICATICN OF TV'° DAGE(When Date Entered:

.

ol

i

-
i

T




PREFACR

The work described in this report was performed by personnel of the
Electronics and Computer Systems Laboratory (ECSL) of the Georgia Tech
1 Engineering Experiment Station. This program was sponsored by the United
j States Air Force (AFSC), Rome Air Development Center (RADC) as Contract No.
1 F30602-81-C-0268. The program was monitored by Dr. R. Stratton of RADC. The
described work was directed by Mr. J. A, Woody, Project Director, and Mr.
4 T. G. Shands, Assistant Project Director, under the technical supervision of
Mr. H. W. Denny, Chief of the Electromagnetic Compatibility Division. This

report summarizes the objectives, activities, and results of an investigation

SR R

to study and characterize intermodulation products generated in metal-
" insulator-metal junctions.
The authors wish to express their appreciation to Mr. David A. Kaiser for
his dedicated technical efforts toward completing this project.
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1.0 INTRODUCTION

1.1 Background

Intermodulation products (IMPs) are spurious frequency signals gencrated
by nonlinear components and devices, Particularly in wmultiple signal
environments like those encountered on Command, Control, Communications, and
Intelligence (C3I) aircraft, IMPs generated in nonlinearities wmay seriously
degrade system performance. The extent »of system degradation from
nonlinearly-generated spurious signals is rela-ed to the properties of the
nonlinearities, the amplitude of the applied signals, and the relative
susceptibility of potential receptors. The magnitude and frequency of the
IMPs are related to the voltage transfer characteristic of the particular
component and the magnitude aud frequency of the injected signals.

The transfer characteristic between the input wvoltage, ey and the

output voltage, e for a component is typically expressed as:

o
e, = A e+ 2{: AL ein (1)
n=2

where the A's are constants whose values are dependent upon the properties of
the component. The first term of Equation (1) expresses the linear (desired)
transfer function of the component. The subsequent series of terms arise from
nonlinearities in the transfer function. These "nonlinear" terms provide a
measure of the interference-producing properties of the component. They
indicate the degree to which intermodulation and spurious response products
may be produced, the degree to which distortion and saturation may occur, the

degree to which cross modulation may result, etc,
For example, congider the case where the input signal consists of two

frequency components such as:

]

= Vl cos(anlt) + Vv cos(2nf2t) (2)
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From Equation (1), the output signal will be:

e = AV, c08(2ﬂflt) tAY, cos(?.vfzt) + %_5 A“[\i1 cos(znflt)
+ VvV cos(anZt)]n (3)

2
Expansion of the infinite summation term indicates that IMPs are generated at

frequencies descvibed by the IMP equation:

£ =+ mf, + nf2 (4)

where m and n are positive integers which denote the various harmonics of fl
and fz and the sum (m + n) defines the order of the IMP.

Comprehensive research has been conducted on the nonlinear
characteristics of active devices such as transistors, diodes, integrated
circuits, and other semiconductor PN junctions (1], ([ 2]. [3]. For such
devices, it has bcen shown analytically and experimentally that the power
relationship between the level of the extraneous IMPs generalLed and the levels

of the two fundamental input signals 1is:

P =nmP, + nP, - 2(TOI) (5)
mn 1 2
where P1 = power in dBm of the input signal at fl’
P2 = power in dBm of the i1nput si nal at f2
b
P = power in (Bm of the IMP at f  (see Equation (4)), and
an mn
TOL = the third order intercept point in dBm which

remains a constant value for each device.

In operational situations where high power sources coexist with
sensitive receivers, even seemingly inefficilent, i.e., weak, IMP generators
may lead to serious interference problems. In fact, recent evidence indicates
that ''passive' components may be sufficiently unonlinear to produce 1IM
intevference [ 4 - 13]. Examples of passive components that are potential
IMP generators include metal-insulator-umetal (MIM} junctions [14}, [15 ] and

coaxial cables and connectors { 161, [17].




The generation of IMPs in passive devices arises from the fact that most
metals in air intrinsically possess a thin layer of insulation. This
insulation results from oxidation, from the presence of foreign impurities on
the metal, and from metal treatment processes. When two metallic bodies are
joined (as in the case of metal panels on aircraft surfaces) a metal-
insulator-metal interface is *hus produced. Under the proper set of
conditions, this interface is capable of generating IMPs. It may be expected
that the IMP levels will be influenced by the typec of materials (metals)
involved; the metal's surface state, (e.g., presence of coatings or platings,
roughness, pressure); the type of junctica (e.g., riveted, bolted, welded,
etc.), which will affect the contacting area and pressure; environmental
factors (temperature and humidity); applied power level {(as illustrated by
Equation (5)); and frequency.

The IMP levels and their relation to various causative parameters have
recently been determined for typical coaxial cable-connector combinations
employed on C3I aircraft [18]. However, these levels and relationships for
representative MIM junctions on aircraft have not been previously
investigated. On all aircraft, there exist numerous MIM junctions due to the
interfaces between the various metal panels which form the exterior surfaces
of the aircraft. As more and more sensitive receivers and high power
transmitters are placed on the same C3I platforms, the potential for nonlinear
interference becomes more pronounced and harder to avoid. Therefore, to
permit prediction and aualysis of IMPs resulting from nonlinearities in MIM
junctions on C3I aircraft, more accurate definitions of the potential IMP
levels and their relation to the various junction parameters are required.

his program was conducted to investigate these relationships.

1.2 Program Scope and Objectives

The scope of this program involved the investigation of passive MIM
junction sources of IMPs which cause, or are likely to cause, interference to
actual Air Force airborne C3I systems., Of specific concern were any MIM
junction IMP sources (except for antennas) which receive their energy from
electromagnetic radiation and which in turn reradiate the IMP energy.

The objective of this effort was to study and characterize the possible

MIM junction IMP sources which affect the reception of weak signals by



P

aircraft ,31 aystems in the frequency range of 3 MHz to 10 GHz. The
characterization of the IMP source should define the IM? signal as a function

of the input signals and the physical specifications of the MIM junction.

1.3 Program Approasch

To accomplish the above objective, a l12-month analysis and measurement
program wds conducted. Initially, the approach was to devzlop a model based on
quantum electron tunaneling theory to characterize possible MIM junction IUP
sources, After an in-depth literatu-e review and a detailed analysis, it was
concluded, however, that an .mpirical approach was necessary, and the best
method, for achieving the stated program objective. Thus, a number of typical
MIM junction test samples were fabricated and their IMP levels were measured.
The resulting data were analyzed and a mndel was developed to characterize MIM
junction IM? sources.

Finally, two test samples were selected, fabricated, and measured to

assess the resulting wmodel.
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2.C THEORETICAL APPROACH

2.1 Electron Tunneling Model Analysis

1n order to predict the IMP levels generated by MIM junctions on board
CBI aircraft, an analytical model based on quantum electron tunneling theory
was investigatea. This thecry states that electrons can "tunnel" through a
classicrlly forbidden region such as a thin aluminum oxide insulating layer
between two aluminum conducrors. The current across this insulator, however,
has a nonlinear relationship to the applied voltage. It is this nonlinear
current-voltage {(I-V) relationship that results in the IMP.

Many theoretical investigations have been conducted to derive a
nonlinear I1-V relationship from electron tunneling theory [19 - 26). The
theory states that the wave function of an electron traveling through a MIM
junction matches at the junction boundaries, as incdicated in Figure 1. In the
turneling (irsulating) region the wave function decreases exponentially, but
remaina relatively large if the insulator is thin enough. Therefore, in the
second condurting region there 1s a probability for an electron to have
"tunneled" through the insulator from the first conducting region.

The WKB approximation [27]) can be used to calculate the probability of an
electron tunneling through the trapezoidal potential barrier shown in Figure
1. Neglecting temperature effects and the image force potential, the equation

describing the tunneling current density J for the trapezoidal potential can

be shown to be [21]:

J = -2€ v EFl_evex 8o (E + ¢+ eV #'”)3/2
7 | € PO eV v fo ey ores
PR ¢
0
3/2 Fr, s
- (E + ;0) dE + U/‘ (EF1 - Edexp % (eV "y ¢>
E_. - eV
F
3/2 3/2 1
[(E v, toevs ¥ - (E + ¢0) st (6)
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Figure 1. Electron Tunncling through the Potential Barrier of
an Insulating Film between two Conductors.
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where m = mass of an electron,
e = charge of an electron,
¥ = Planck's constant divided by 2m,
V = applied potential between 2 conductors,

E, = Fermi level in conductor 1,

A¢ = the difference in interface potentials,

E = energy of electron perpendicular to the interface,

¢0 = height of the potential barrier, and

S = thickness of the potential barrier.

Since the trapezoidal potential is the simplest approximation to the
actual potential barrier shape and since temperature and image forces are
ignored, Equation (6) is the simplest equation for calculating the I-V
relationship. However, even this equation is difficult to solve exactly.
Therefore, several methods have been used to approximate its solution.
Forlani and Minnaja [ 21 ] expanded the argument of the exponential about the
average of the Fermi levels, while Stratton [ 22] expanded this argument about
the higher Fermi level. Still others have used different approximations, all
of which resulted in different forms of the I-V relationship.

Even if a "best" solution were found for Equation (6) there are other
limitations to the theory. The equation is derived, and the results are only
valid, for a constant potential. No consideration is given to the effects of
an alternating potential with a frequency in the 3 MHz to 10 GHz range.
Questions also exist as to the applicability of using such macroscopic
parameters as the dielectric constant for an insulator that is only a few
angstroms thick. Surface roughness, pressure variations, contaminants, and
even shorts through the insulator surely have a large effect on the amplitude
of tiie generated IMP levels. 1In order to consider the effects of these
parameters, an equation for tunneling current density would have to be derived
us’.3 a three-dimensional model instead of the one-dimensional model of
Figure 1. Obviously, the complexity of the problem increases rapidly when the
carameters and characteristics of realistic MIM junctions 1in actual

environments are considered.
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Much experimental research has also been done [ 28 - 34 ] to measure the

R

nonlinear I-V relationship and the IMP levels generated in MIM junctions. The

MIM junctions constructed for this research, however, have all been highly

[T ——

4 idealized. Each parameter has been accurately deterwined using standsrd
metal evaporatiou and controlled oxidation techniques. These junctions bear

as little resemblance to real MIM junctions found on an aircraft as Equation

(6) bears to a realistic I-V equation. Yet, even the experimental results
from these idealized junctions are not accurately predicted by the electron
tunneling models. The measured I-V curves at dc are only approximately
similar to those predicted. Also, using the measured 1-V curve to calculate k
IMP levels gives results which can be orders of magnitude different from the .
measured IMP levels [ 28], '1

One must conclude, and most researchers agree, that contemporary B
electran tunneling theory cannot realistically predict IMP levels produced by 17
MIM junctions on aircraft in actual working conditions. At best a model might

be developed which predicts IMP levels on idealized MIM junctions.

2.2 Conclusions

As a result of the in-depth literature review and the preceding analysis
of electron tunneling theory, it was concluded that a MIM junction model based

on this theory would be inadequate for the following reasons:

o Much research has already been done in this area with large
disagreements as to the correzt form of the tunneling equations.

o Current state-of-the-art tunneling theory can only predict 1-V
curves at dc with no frequency dependence.

o Measured 1I-V curves on carefully contreclled idealized MIM
junctions, even at dec, are not accurately represented by
contemporary electron tunneling models.

o Due to the large number of variables in typical (real-world) MIM
junctions and to the inherent instability of the phenomenon, it is
the opinion of most researchers that an electron tunneling model

cannot predict IMP leveis on C3I platforums.
o If an electron tunneling model were developed, it would at best

predict IMP levels only for idealized MIM junctions where each
parameter was carefully controlled and measured.




3.0 MEASUREMENT APPROACH

3.1 Ilaotroduction

Based on the conclusions in the previous section, a measurement approach
to MiM junction modeling was pursued. It was decidei that such an approach
would provide a higher probability of developing an accurate model and also
establish a data base for future efforts. Therefore, model development

efforts were directed to the following rasks:

o Construct a variety of MIM junctions which <closely resemble
aircraft panels, parallel industrial construction techniques, and
include different junction parameters. These parameters are the
number of rivets, types of rivets, typer of metal, thicknesses of
metal, chemical treatments, paint primers, and sealants.

o Perform measurements on the test samples to determine the effects
of the different junction parameters on IMP generation.

o Perform measurementa on a gelected number of test sawples to
determine the effects of such external parameters as vibration,
temperature, pressure, input power, and frequency on IM?

generation.

o Measure the IMP levels on at least one panel removed from an
aircraft to provide a comparison with test sample data.

o Within existing program constraints, model as many reliable

relationships between weasured IMP levels and the selected
parametei1s as possible,

3.2 Tesat Samples

In order to design the test samples, an aircraft company, Lockheeud-
Georgia, was consulted to define typical aircraft construction practices and
materials. It quickly became apparent that an extremely large number of
juncticns with ditferent parameters exist on an aircraft. Furthermore, the
construction techniques and the materials vary between different companies
and even between different aircrafts manufactured by the same company. In
order to establish a realistic bound on the number of junctions to be
constructed and tested, test samples were selected to represent typical MIM
junctions on the surfaces of aircraft fuselage and wings (these junctions are
congidered to be the most probable sources of IMP generation on aircraft

structures). The test samples were constructed with variatiens in those
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junction parameters considered to be of major concern in IMP generation.

Those parameters are as follows:

o] rivet patterns {(number and location)
o rivet type

o metal type (alloy type)

o metal thickness

o chemical treatment
o} metal primer

fo} sealant

A total of 57 test samples as identified in Appendix A were chosen to be
evaluated.

The construction of the test samples paralleled closely that of
industry. First, the surfaces of the aluminum alloys were cleaned. The metal
was then treated with a chemical process that placed a coating or an oxidation
layer on the surface. Next, the metal was sprayed with a paint primer.
Finally, the rivet holes were drilled, a sealant was spread over the surfaces,
and the panels were riveted together. Some test samples were more idealized
in that they did not contain one or more of the above steps or parameters or
were constructed in a special manner. This made it possible to determine the
effect of some parameters in the absence of others. For example, some panels
were riveted togethe: without a sealant, one was cut from a KC-i35 aircraft
panel, and others were solid pieces of metal without a junction.

The test samples were usually constructed from three pieces of metal: two
of which are 4.75 inches long by 1.5 inches wide while the third is $.25
inches long by 1.5 inches wide. The twc shorter pieces were placed end to end
with the longer one overlapping and forming the junction as shown in Figure 2.
The test sample was then piaced inside a shielded box (test jig). The test
sample was positioned the correct distance above a ground plane to insure a

. . *
characterigtic 50-ohm impedance. The ends of the test sample were soldered

* Measurements indicate that the test sample/test jig combination must match
the 50-ohm characteristic impedance of the remainder of the test setup or the
measured data will be inaccurate. A VSWR of 1.5:] can change the measured IMP
level by as much as 10 dB compared to a VSWR of approximately 1:1.

10
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with an ultrasonic soldering iron to two Type N connectors mounted on the test
jig. The ultrasonic soldering iron removes the oxide layers from the surfaces

so that the sg}det can bond the test sample to the connector without forming a
MIM junction.

3.3 1M Measurements

The general block diagram for the measurement test setup is shown in

Figure 3 (further details are given in Appendix B). As shown in this figure,

two fundamental signals, one at 375 MHz and the other at 400 MHz, are combined
such that an input power level™ of +44 dBm is applied to the test sample. The
signals then pass through the test sample and are terminated in a 50-ohm load.
Signals from the test sample are coupled off at a reduced level and examined
with a spectrum analyzer for third order IMPs at 350 MHz.

This measurement scheme was developed and evaluated on a recent RADC
sponsored research effort to measure the levels of IMPs generated in coaxial
cables and connectors [ 18]. A measure of the repeatability of the test setup
at that time showed that over 90%Z of the IMP measurements were repeatable
within 3 dB, over 80% within 2 dB, and over half within 1 dB. The
repeatability of the test setup was re-evaluated for the current program with
test samples from the previous progrem. The results were the same.

The reliability of the test setup n measuring the actual IMP levels was
also determined. The test setup was caret-lly calibrated and its semsitivity
and inherent (residual) IMP levels measured.\?he sensitivity, which is simply
the noise floor or the minimum measurable signel, was -126 dBm.*** Since the
test setup consists of many metal components conn~cted together, it contains a
large collection of MIM junctions similar to the te:t sample. Therefore, the

inherent IMY level is the level produced by the test :etup when no test sample

*The solder used with the ultrasonic soldering iron was proprietary. It is
stock number S-100A-XX, manufactured by Fibra Sonics, In-,

**The input power level is defined as the linear sum of -he power levels of
the two equal amplitude fundamental signals at the input »f the test sample
(e.g., an input power of +44 dBm implies that P1 = P2 = +4 dBm).

The power levels given in this report for sensitivity .nd IMPs are the
values at the output of the test sample.

12
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is present. This level was reduced to -104 dBm using previously identified

techniques and precautions [18]. Such precautions include cleaning the
mating surfaces of coaxial connectors and coating them with a conductive
grease, carefully threading the connectors and tightening them with hand
tools, and rigidly mounting the equipment to reduce vibrations. Finally, a
measurement was defined to be valid only if it was > 3 dB above the larger of
the sensitivity or inherent IMP levels, i.e., > ~-101 dBm.

All 57 test samples were then measured with the test setup (using the
procedures described in Appendix C) to determine the effects of junction
parameters on IMP generation. Next, the effects of the external parameters
were determined. Vibration was applied by simply shaking the test sample.
This was done for every test sample and is included in the measurement
procedures. Several of the more stable test samples were then selected as
controls to determine the effects of the remaining external parameters. The
first such parameter was temperature. The temperature of the test sample was
increased (or decreased) to a desired level and allowed to return to ambient
temperature. The junction temperature was changed by heating with a 200 W
soldering iron (or by cooling with a circuit coolant spray). The temperature
was monitored with a laboratory grade thermometer. At different temperatures
between 9° C and 100° C, the IMP levels were recorded.

The effect of applying an external pressure to the test sample was next
determined by monitoring the IMP levels as the test sample was squeezed
between two 0.75-inch diameter teflon rods. One rod was placed between the
test sample and the ground plane to maintain the correct spacing while a force
was applied to the junction with the second rod. The magnitude of the
external pressure was varied from 0 to 5 PSI* and measured with a spring
scale. To determine the effect of power, the power level of one or both
fundamental frequencies was then varied from +26 dBm (.4 watts) to +49.5 dBm
(89 watts) as the resulting IMP levels were recorded.

The final external parameter evaluated was frequency. Three test
samples were measured at six IMP frequencies between 22 MHz and 1117 MHz.

These IMP frequencies and the associated frequencies of the fundamental input

* A maximum external force of 39 lbs was applied to the junction which had a

cross sectional area of 7.88 inz.
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signals are given in Table 1. Each time frequency was changed, the test setup
had to be changed. Details of the test setup for each frequency are discussed
in Appendix B. Each test setup was evaluated with respect to repeatability
and religbility as described for the basic test setup at 350 MHz. The
repeatability results were the same as stated previously. The wminimum
measurable IMP levels that are valid along with the sensitivity and inherent

IMP levels are given in Table 2,

3.4 Data Analysis

1.4.1 Junction Parameters

The measured IMP levels for all of the 57 test samples with a total input
power of +44 dBm and a frequency of 350 MHz are recorded in Appendix D and
shown graphically in Figure 4. Each "x'" in this figure indicates an IMP level
which remained stable or constant during ite measurement. Each solid line
represeats an IMF level which was uustablc* and varied continuously over a
wide range of values during its measurement.

It is clear from Figure 4 that:

o Typical aircraft MIM junctions do produce third-order IMPs which
can be relatively large. The IMP levels for the MIM junction test
samples ranged over more than 70 dB. (The highest values are as much
as 30 1B higher than the highest IMF measured in cables and
connectors at the same frequency and input power [ 18].) The high IMP
levels are =2specially significant when compared with predictions
from electro. tunneling theory. Most of the surfaces of the metals
used to construct test samples were treated chemically and sprayed
with a primer so that there is an insulating layer on the order of
one mil thick. This 1s approximately 5000 times too thick for
electrons to "tunnel"” through [32]. Therefore, according to
electron tunneling theory, there should be no measurable IMPs.

*Unetable IMP levels could usually be associated with the vibrations applied
to the test sample either on purpose or accidentally. In many cases, very
small accidental vibraticns caused large variations in the IMP levels., When
vibrations ceased, the IMP levels temporarily stabilized at some random level
between the extreme values for the range. Stat’e IMP levels, on the other
hand, remained constant even when large vibrations were applied to the test
sample. However, measured values of stable IMP levels were not necessarily
repeatable.

15
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TABLE 1

IMP TEST FT.QUENCIES

IMP Frequency Fundamental Signal Fiequencies

Fm £y £y
(z) T (MAz) T (MHz)
21.9% 19.89% 17.88%

200 250 225

275 250 128

350 400 375

425 400 375
1117.09* 1036,28% 955.47%

*These specific frequencies were selected because of the availability of
filterc. The IMP frequencies of 21.9 Miz and 1117.09 MHz sre referred to
in this report by their nominal values of 22 MHz and 1117 MHz, respectively.
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TABLE 2

SENSITIVITY LEVELS, INHERENT IMP LEVELS, AND MINIMUM
VALID IMP LEVELS OF TV¥ST SETUPS

Nominal Irherent Valid
IMP Sensitivity IMP IMP
Frequenc Level Level Level
T (MHz) T UdBmy {dBm) TdBm)
22 -87 -80 ~ =77 ,
260 -126 -104 >-101
275 -126 -99 > =96 3
350* -126 -104 ~-101 i
350%* -126 -66 > -63
425 -126 -70 > =07 :
1117 -100 -78 > =75

*These levels are included again for completecness.

**The test setup was changed in order to accommodate input power levels
highetr than +44 dBm.

u

:;\




T T T, T ) T g NP 1, T T i 1 e

CO3INNT LNODD>
*SIIdKWYS LS3L LS 17V ¥MOd4 ST3A3TT dW1 U3ENSY3N "¢y 3uNJI1d

# 3NdWVS 1S3l

ANNNNNNDNOAN= = = 0 2 o b 0o po s
DNOURIGDUDN-BOONOOUAGSWONEBO0ONBIASSON»
L4 L4 4 v v L4 v v L L s 4 Fr—TT——re— Yy - re v v OQNﬂI
X ‘211~
— -
_ i  "eB1-
X | . || — 28
- t o ]
[ (1 T :
! . “ge- z
1w P _ x
X m
1
§x ‘88— ~
X X ! o
- 85— e
X v
X

YHWN BSE = AININD3dA
WIP y¥e = UIN0d LNANI
# 3F7dNVYS 1LS3IL “*~ 13IAITT dWI A3HNSV3N




i

Ty 1) T . 3 ST T s T 1o 1 - .d
%
¢

*SIATIdWVS LS3L L& TV 04 S1IAIT dWI OJWNSYIWN "y NJIA &

3WdHWHVYS 1S3l
[ =
[

rs
€S
e
11

11e
1@
1e2

& b |
@ s wWN Q

1ee
1e€
1€
1s€
1sE
{1ve
1€ee
12e

‘Bci-

‘a1t~

x_| w
T

‘a8
-

19

~t X —* ‘88—

Ve-

]
N
|
CWEP> T3A3T dWI

"3 4ol

s

‘B~

*HW BSE = AJN3NDI os- %
wg@P ¥¥e+ = HNIMNOd 1NdNI b
# 3dWYS 1S3L “®A 3AIT dWI OIUNSVIN g




The IMPs produced in a typical aircraft MIM junction are usually
very unstable with a wide range of possible values. Of the 57 test
samples measured, 40 produced unstable IMP levels with variations
as high as 60 dB. Even measurement data on stable IMP levels could
generally not be repeated. For example, Test Sample #4 produced
50 dB differences between its minimum and maximum stable levels.
Furthermore, some,junctions which produced statle levels during one
measurement produced unstable levels during another as shown by the
data on Test Samples #4, #5, and #7. Yet, others were extremely
repeatable such as Test Sample #30 which had 14 measurements

falling within + 3 dB*.

The specific physical characteristics of each of the samples represented
in Figure 4 are listed in Appendix A. An examination of this listing allows
the data of Figure 4 to be evaluated for those factors which may be
contributing to either the magnitude or the behavior of the IMP characteristic
of a particular MIM junction. Individual causative factors can not be
identified from Figure 4 alone. However, Appendix A lists the samples
according to commonalities in material types, metal thickness, surface
treatments, etc. Thus, through a cross matching between the IMP levels of
Figure 4 and the junction characteristics of Appendix.A, correlations may be

attempted.

*One possible explanation for the observed instabilities is as follows: In
constructing the test samples, the rivet holes were drilled after all of the
surface treatments except sealant were applied. The rivet holes, therefore,
penetrated the insulating layers of chemical treatments and primers that are
teo thick for electrons to '"tunnel"” through. A sealant was next applied, and
rivets were inserted and 'riveted'". The sealant, however, is a viscous
material that can flow between the rivet walls and the rivet, producing an
insulating layer that is likely to be nonuniform. In some places the sealant
may be thin enough for electron tunneling whereas in others much too thick.
Therefore, chance differences in constructing two test samples could have
significant effects on IMP generation even though identical materials were
used. Some rivets could have a more uniform coating of sealant and produce
stable IMPs while others with nonuniform coatings could produce unstable
IMPs. Vibration could possibly squeeze the sealant and increase or decrease
this nonuniform insulating barrier, resulting in unstable IMP levels. Test
samples without sealant, however, would have a very uniform aluminum oxide
layer between the rivet walls and the rivet, resulting in relatively stable
IMP levels.
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For example, Appendix A shows that Samples 1-8 are 2024-T3-A aluminum
alloy. All of the samples are 63 mils thick but are subjected to different
chemical treatments, metal primers, use of sealants, and number of rivets.
Thus, the differences in IMP levels and their relative stabilities may be
attributable to these different parameters. For example, Samples 1-3 have no
surface treatments and Samples 1 and 2 show widely varying and generally
unstable IMP levels, while Sample 3 exhibits repeatable levels. Samples 1 and
2 have a sealant applied and are constructed with single rivets while 3 has no
sealant and uses 4 rivets. (No. 3 was also exposed to weathering effects.)
Samples 4-8 all use sealant and are constructed with one rivet on each side of
the joint. Differing surface treatments are used and the IM levels show even
greater variations in behavior than do Samples 1-3. Thus, the results on
these eight samples tend to point toward either the sealant or number of
rivets as the primary contributors to the IMP 1level and behavior
characteristics of the junction. Unfortunately, they do not permit the
causative parameters to be quantified.

Note, that Samples 40-45 are also 2024~T3-A aluminum alloy and are 63
mils thick; they have no surface treatments, do not contain sealants, and are
constructed with different numbers of rivets. Figure 4 shows that the
measured IMP levels still exhibit mixed characteristics of stable and
unstable levels, although the levels are generally lower than those of Samples
1-8. These comparisons tend to suggest that surface treatments are more
important than rivets to the junction's IMP behavior.

Samples 15-33 are constructed with single rivets on each side of the
joint. Various combinations of surface treatments and use of sealants are
represented in these samples. Both stable and unstable product levels are
evident in the data. It is difficult to discern which of the surface
treatments are responsible for the product characteristics. For example,
Sample No. 19 and Sample No. 30 are similarly constructed with a sulfuric acid
treatment and both have epoxy polyamide primers, yet the IMP levels are
different by 40 dB. No. 23 utilizes a clear conversion coating and epoxy
polyamide primer and exhibits a stable IMP level that is about 60 dB less than
No. 30. Thus, for similar surface treatments and primers, a wide range in
behavior of IMP levels and their stabilities is evident -- some levels are

low, some are high, some are stable, and some are unstable.
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The type of metal forming the junction is important.

For example,
consider Samples 50-55.

These are non-aluminum samples with no surface

treatments and in general, the IMP levels generated by these samples are
relatively low and stable.

The examination of the measured IMP behavior in this manner indicates
that certain parameters of the junction, namely surface treatments and
sealants, exert a stronger influence on the level and stabilities of the
products than do other parameters, e.g., rivets. However, it does not permit
the influence of a particular parameter to be quantified.

A further evaluation of possible relationships between junction
parameters and IMP levels can be done by grouping the various junctions
together so as to allow direct comparison of results produced by junctions
having only individual differences in their construction. Table 3 represents
one such grouping. Tnis arrangement permits the effects of individual
parameters to be observed independent of the effects of other parameters. For
example, to determine the effects of rivet patterns and numbers on IMP levels,
Group #29 (test samples #3, #40, #41, #42, #43, and #44) would be selected.

" From an initial review and analysis of the Table 3 data, it is clear
that, because of the large variations in unstable IMP levels, it is difficult
to identify significant data trends or characteristics from unstable IMP
data. For instance, note from Figure 4 that the IMP levels for the test
samples in Group #29 have variations between 10 dB and 40 dB. Therefore, the

*
effect of rivet patterns on IMP levels can hardly be determined unless it

*The column “Rivet Type" in Table 3 compares test samples constructed with
different types of rivets as well as test samples constructed from a solid
piece of metal with no rivets or junctions. In the test samples with
junctions there are two possible sources of IMPs. One is the test junction to
be measured and the other is the solder junction between the test sample and
the test jig. In the test samples without junctions, the only possible source
of IMPs is the solder junction. In every case the test samples with no
junctions produced lower IMP levels than those with junctions. For example,
Test Sample #50 in Group 31 was constructed from a solid piece of copper while
Test Sample #51 was constructed from three pieces of copper which were riveted
together. Test Sample #50 had an average IMP level which was 5 dB lower than
Test Sample #51. Thus, it 1is concluded that the major source of IMP
generation is indeed the test junction and not the solder junction.
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