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Comparison of Failure Mode Criteria in
Electromagnetic Environments

JOSEPH D. MISLAN

Abstract—Open field/ground plane test methods are generally used
to evaluate the performance of equipment in electromagnetic environ-
ments. Laboratory enclosures with controlled environments in the form
of transverse electromagnetic (TEM) cells, reverberation chambers, and
anechoic chambers can overcome the disadvantages of remote outdoor
test facilities.

I. INTRODUCTION

HE PURPOSE of this paper is to develop a procedure,

using a simple probe, for comparing various methods
of testing for Electromagnetic Susceptibility (EMS). The
object is to qualify laboratory-closed chamber devices for
EMS testing.

Open field/ground plane methods used as industry stan-
dards have inherent encumberances that equipment man-
ufacturers find difficult to use in order to verify compli-
ance with standards of performance for their end product.
The necessity of having a remote location for open field/
ground plane installations immediately makes the test site
less accessible. Being out-of-doors the test site use and the
test results are subject to seasonal variations and atmo-
spheric conditions.

Testing is further complicated by the requirement for an
assortment of antennas which need considerable care in
their application. Determining antenna factors and mis-
match loss or developing impedance matching for each
setup can be problematic. Test site requirements and test
procedures for ground plane testing are further discussed
in [1], [2].

Although effective in making measurements of radiated
field strength, ground plane installations are not com-
monly owned by equipment manufacturers and the testing
requires special supporting equipment including high-
powered transmitters. Furthermore, the levels of radiation
could be injurious to operating personnel, unless they are
housed a reasonable distance from the transmitting an-
tenna.

II. LaBORATORY TEST CHAMBERS

As quoted in [3], “Transverse electromagnetic (TEM)
cells have shown great potential for performing electro-
magneticinterference/electromagnetic compatibility (EMI/
EMC) measurements with substantially improved ease,
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Fig. 1. Transverse electromagnetic (TEM) cell.

versatility, and accuracy.” A sketch of a typical TEM cell
is shown in Fig. 1. For small equipment requiring testing
in the frequency range of 2-50 MHz the TEM cell pro-
vides a controlled atmosphere and laboratory-oriented
method. Field strengths of up to 100 V/m can be produced
using 10 W RF sources instead of the high-powered equip-
ment typically required in open site/ground plane meth-
ods. Testing is manageable by one or two people. Radia-
tion is confined to the inside of the cabinet. A typical test
arrangement is shown in Fig. 2.

Conventional shielded enclosures used for EMI/EMC
testing yield results that are dependent on the room’s
physical characteristics and the location of equipment and
personnel in the room. Reverberation chambers (stirred
mode) offer a considerable advancement over screen-room
testing, providing consistent and reliable results. The ad-
vantages of reverberation chambers are discussed in [4].
Room size chambers (as an example, 2.74 X 3.05 x 4.57
m and larger) suitable for testing large equipment are
available. A testing frequency range of 0.2-18 GHz is re-
alized at levels of 100 V/m. As with the TEM cell, radia-
tion is contained within the chamber presenting no hazard
to personnel. Atmospheric conditions are not a factor in
the testing. Tests may be conducted by one or two people.
A typical test arrangement is shown in Fig. 3.

Anechoic chambers provide an alternate to the rever-
beration chamber for testing large equipment in the high-
frequency ranges. The anechoic chamber has the same
advantages of in-door testing as the TEM Cell and the
reverberation chamber.
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III. EMS TESTING OF PROXIMITY SWITCHES TEM cell for frequencies in the 0.2-33 MHz range and a

reverberation chamber for frequencies in the 2-18 GHz

EMS testing of proximity switches was performed at range. Fig. 2 and 3, show test arrangements for each of
the National Bureau of Standards (NBS) at Boulder, CO, the procedures. Instrumentation and test programming for
in February 1984 [5]. Testing was performed using the the TEM cell testing were computer controlled using the
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Fig. 4. TEM cell test.
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Fig. 5. TEM cell test.

Hewlett Packard (HP) 9836. Instrumentation and control,
although planned as computer controlled, were manual for
the reverberation chamber.

Results of the tests revealed that certain properties of
the proximity switches informed the observer about the
cell or chamber in addition to the performarce of the
switch. Induced voltages through connecting cables caused
a change in the output mode in predictable patterns. This
defined *‘failure mode” although not necessarily implying
an equipment failure was kept within narrow bounds to
enable recognition of susceptibility of the unit under test
by the computer system. Induced voltage on the switch
leads was calculated and plotted against frequency. Of the
various tests performed typical patterns of response are
shown in Figs. 4, 5, 6, and 7. Fig. 8 shows the perfor-
mance of a proximity switch in the reverberation chamber
with changing field strength.

It is interesting to note that unique patterns had devel-
oped for the various switches and that shifts in output,
outside the defined “failure level,” occurred within cer-
tain frequency ranges and often coincided with peaks in
the induced voltages. Fig. 4 and 7 show results of TEM
cell tests using the same switch, but with different exposed
cable lengths. The length of exposed cable was 38 cm in
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Fig. 6. TEM cell test.
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Fig. 7. TEM cell test.

Fig. 4 (Test #6) and 114 cm in Fig. 7 (Test #7). It is sig-
nificant that the increase in exposed cable caused a change
in the pattern of response and induced ““failure modes” in
the switch not experienced in tests with the shorter ex-
posed cable.

Fig. 8, showing a pen recording of the output voltage of
a switch, gives ample evidence of a “‘failure mode”” as the
field strength was increased from 25.5 to 53.5 to 105
V/m. The recording was made while the unit was in the
reverberation chamber and exposed to a frequency of 225
MHz.

IV. THE NATURE AND PROPERTIES OF PROXIMITY
SwitcH CIrcuITS

How the offset in output voltage of the proximity switch
occurs is important in understanding how to use the phe-
nomenon when comparing various test methods. Prox-
imity circuits consist of semiconductor devices which are
prone to produce ‘‘spurious” responses when exposed to
an RF environment. As shown above (Tests 6 and 17) volt-
age is induced in the cable and is conducted into the in-
ternal circuits. As quoted in (6), “The RF voltages are
rectified by the semiconductor devices, and offset voltages
and currents are produced to upset the operation of the
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Fig. 8. Reverberation chamber test.
electronic circuits,”” This relationship of connecting ca- REFERENCES

bles and circuitry is further discussed in [7]-[12]. Detec-
tor action in proximity switches is predictable and the ef-
fects on output voltage are repeatable.

V. CONCLUSIONS

By using a known device such as a proximity switch,
acting as a detector, information regarding the device’s
performance in various environments can be compared to
determine the equivalence of the test environments. It has
been shown that proximity switches have useful properties
that can be used to inform the observer about the RF en-
vironment to which it is exposed. The change in output
mode is a simple method of ““fingerprinting’’ that environ-
ment.

By performing the same tests with a proximity switch
using various laboratory chambers and using an outdoor/
ground plane test site, the test results can be compared to
determine the equivalence of the methods.

ACKNOWLEDGMENT

M. Crawford set up and ran the tests. With his TEM
cells and his guidance, he provided a unique opportunity
for testing the proximity switches. G. Koepke wrote the
Software for data acquisition. It was a pleasure being a
part of their working group.

[1] D. M., Hanttula, Ed., Practical EMI Design and Measurement,
Antonio, TX, IEEE Seminar Course Study Booklet, 1984.

[2] U.S. Government, Electromagnetic Interference Characteristics,
Measurement of. Government Printing Office, 1971.

[3] M. L. Crawford and J. L. Workman, “Using a TEM cell for EMC
measurements of electronic equipment,” TN1013 National Bureau of
Standards, Boulder, CO, 1981.

[4] M. L. Crawford and G. H. Koepke, ‘‘Operational considerations of a
reverberation chamber for EMC immunity measurement—some ex-
perimental results,” IEEE National Symposium, San Antonio, TX,
1984.

[5] J. D. Mislan, “Report of EMS testing of proximity switches,” Navsses
Letter, Philadelphia, PA, May 4, 1984.

[6] J. G. Tront, J. J. Whalen, C. E. Larson, and J. M. Roe, “Computer-
Aided Analysis of RFI Effects in Operational Amplifiers,” presented
at IEEE Symp., Rotterdam: The Netherlands, 1979.

[71 V. G. Puglielli, “Current Status of RFI Predictions in Electronic Sys-
tems Containing Semiconductor Devices,” presented at IEEE Symp.,
Rotterdam, The Netherlands, May 1979.

[8] V. G. Puglielli, and J. M. Roe, ‘“Using the Integrated Circuit Elec-
tromagnetic Susceptibility Handbook to Assess the Susceptibility of
Electronic Systems,” presented at [EEE Symp., Rotterdam, The
Netherlands, May 1979.

[9] V. G. Puglielli, R. E. Richardson, and R. A. Amador, ‘“Microwave
Interference Effect in Bipolar Transistors,” presented at I[EEE Symp. ,
USA, Nov. 1975.

[10] J. M. Roe, Study Manager, Integrated Circuit Electromagnetic Sus-
ceptibility Investigation—Phase 111. St. Louis, MO: McDonnell
Douglas Astronautics Company, Jan. 1979.

[11] R. A. Amadori, V. G. Puglielli and R. E. Richardson, *Prediction
methods for the susceptibility of solid state devices to interference and
degradation from microwave energy,” presented at 1973 EMC IEEE
Symp., USA.

[12] C. E. Larson and J. M. Roe, “A modified EBRS-MOLL transistor
model for RF interference analysis,” presented at 1979 EMC IEEE
Symp., Rotterdam, The Netherlands.

San




