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Correlation Between Measured
and Simulated Parameters of a
Proposed Transfer Standard

ABSTRACT

Total radiated power of a device can be measured us-
ing a mode stirred chamber (MSC). The technique is
briefly outlined with emphasis on the peak and average
error associated with this technique. A transfer stan-
dard, advocated by the IEEE EMCS P482 Working
Group, is used as a noise source for a cable radiation
study which measured and simulated the total radiated
power from a cable-like noise source. Two techniques,
the Finite Difference Time Domain (FDTD) and the
Method of Moments (MOM) were used to predict the
total radiated power. This work represents an initial
step in relating system level emission requirements to
component level electrical parameters such as transfer
impedance.

INTRODUCTION

Numerous electromagnetic simulation software packages are
available. In an effort to compare these packages a standard
electromagnetic compatibility (EMC) problem was selected.
The problem was found to be geometrically simple and have
aspects which were analytically well developed. Yet, it repre-
sents a practical EMC type problem. The device considered in
the problem consists of a commercially available 7 mm airline
with a small hole drilled in the wall. Attached to the airline are
two sections of RG402 semi-rigid which connect the airline to
SMA feed-through connectors. The transmission line structure
is mounted inside a mode stirred chamber (MSC) and can be
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EMCS P482 working group as a transfer standard or shielding
artifact which is intended to be used as a standard device with
known properties for comparison of measurement techniques.
The problem is representative of a broad class of EMC prob-
lems which have a low amplitude noise source which drives
common mode currents down cabling.
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powered by an external source. Figure 1 shows the overall testrigure 1. Test set-up. Top view of the mode stirred chamber.

set up, Figure 2 the detail of the airline and aperture dimen-
sions. This airline with aperture has been adopted by the IEEE

10 ft high, 12 ft wide, 20 ft long.
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Aperture Radius:
0.061654 in
(0.1566 cm)

inner Shell Radlus:
0.1378 In
{0.35cm)

Inner Conductor Radius:
0.0598 Iin
(0.152 cm)

Outer Radlus:
0.187 in
(0.475 cm)

Figure 2. Detailed airline dimensions.

PROPERTIES OF MODE
STIRRED CHAMBERS

The MSC has been the subject of numerous studies and is ex-
tensively used for shielding effectiveness measurements. A
rotating vane distributes the radiated energy inside the chambe
resulting in a relatively constant time averaged power density &
all points in the chamber. The major restriction of the MSC is
that it only exhibits the property of time averaged unity power
gain at frequencies above 4 or 5 times the first cavity resonant

coupler system and is computed as the forward power minus
the reflected power. To verify the assumption of the MSC/
antenna system having a unique insertion loss, five different
source antennas were used to measure the MSC transfer func-
tion. They were a 4-inch diameter loop, a 10-inch diameter
loop, a log periodic, a 10-inch monopole and a log spiral an-
tenna. The amount of variation between the different transfer
functions can be considered to be within the error margin asso-
ciated with the technique. A 12th order polynomial curve fit
was applied to the data to smoothen the curve for ease of use.
The five different transfer functions are plotted in Figure 3, the
average of these five curves in Figure 4, which represents the
composite transfer function of the MSC.
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frequency. This property of time averaged unity gain for any
transmit antenna can be used to measure the total radiated
power from any radiating source. The property of time aver-

Figure 3. Chamber transfer functions using five different

transmit antennas.

aged uniform power density is attractive from a measurement
repeatability standpoint since the transmit and receive antenna
do not have to be in exactly the same location. For the measur
ments performed in this study the antenna factors are not
required. Their contributions are included as part of the
chamber calibration process.

MEASUREMENT OF THE MSC
TRANSFER FUNCTION

IEC 46A Sec 183 details a technique for measuring the cham-
ber insertion loss, which is the ratio of output power to input
power expressed in dB. The chamber transfer function is sim-
ply the ratio of the time averaged received power to the time
averaged transmitted power, or the reciprocal of the chamber
insertion loss. Time averaged, as used in this context, refers to
the process of summing the measured quantity for each vane
position and dividing the result by the number of vane posi-
tions. The received power is not corrected for receive antenna
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factors. Only cable losses are corrected for. This process treatd
the MSC, the transmit antenna and the receive antenna as a

linear two-port device with a unique insertion loss. The trans-
mitted power is measured with a calibrated dual directional

Figure 4. Composite transfer function.
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Subtracting the averaged transfer function from each of the fivewith a signal generator. Since the radiated levels were quite

smoothed transfer functions yields the average error. It is
shown in Figure 5. Subtracting the averaged transfer function
from the five raw transfer functions yields a measure of the
peak error. The result is shown in Figure 6. An understanding
of the error associated with the measured transfer functions is

low, a 1 watt amplifier was used to increase the signal strength.
The forward and reflected power were measured with the dual
directional coupler. The output of the coaxial radiating structure
was terminated with a 5Q load. Radiated power levels were
recorded at each vane position using the log periodic receive

crucial since this error determines the precision of the measuregitenna. They were added up and the sum divided by the num-

values of total radiated power. Figures 5 and 6 show that the
peak error associated with the MSC transfer functiot i dB
while the average error is 2 dB.
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Figure 5. Average transfer function error.
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Figure 6. Peak transfer function error.

MEASURED PARAMETERS
OF THE TRANSFER STANDARD

To measure the total radiated power emitted by the airline with
aperture and semi-rigid coaxial cable, the structure was driven
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ber of mode tuned positions. This power level was then
normalized to O dB, referenced to 1 mW (dBm) input and the
composite transfer function was applied.

The common mode current on the outside of the semi-rigid
coaxial cable was also measured. It has a high standing wave
ratio (SWR) and is quite position dependant. For repeatabil-
ity, it was measured with the probe placed directly over the
aperture. This placement of the probe was found to have rela-
tively little effect, < 2 dB, on the radiated power spectrum.
From this, it was concluded that the addition of the measure-
ment probe did not alter the current profile by more than about
2 dB. Again, with these types of measurements it is crucial that
the measurement uncertainties be bounded for correlation to
simulated quantities. The measured current at several frequen-
cies of interest is shown in Table 1, the total radiated power in
Figure 7.

Table 1. Measured current profile. The unit dBp.A indicated a
dB value referenced to 1 pA.

Frequency MHz Current dBUA
370 —-22
494 -19
597 —-17
838 —-14
955 -13

Airline Structure 2 inches from Wall

-100

-105

Total Radlated Power (dBm) for 0 dBm Input

Frequency x10°

Figure 7. Measured radiated power from airline.
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MODELING OF THE TRANSFER STANDARD

Method of Moments (MOM) to model the entire wire radiator

The circular aperture in a coaxial structure has been analyzed @°0Ve @ ground plane.

and measured previouslysing the previously derived for-
mulas with the appropriate constants, aperture diameter,

The FDTD technique was a full three dimensional, two port

conductivity, etc., the transfer impedance was calculated and i§i|m(;‘|af[iﬁn' AT7.8 incdh sectionhofhthe original C?b:]e Wazlmod;j
shown, plotted versus frequency in Figure 8. For reference, the€!€d With ABCs used to match the two ports of the cable an
equation for a thin walled, coaxial structure with a small

aperture is:

t

tr S . t '
sin V(g 1+ j))

where

® = 1/\mfuc = skin depth

Ro(1 +))

+ j2miM (in Q)

Rq = 1/2wbot = DC resistance per meter

t = annular wall thickness
b = inner shield radius

a = hole radius

M = 2pNa® 1079%8¥9122 = mutual inductance

N = number of apertures.

The transfer impedance is viewed as a longitudinal voltage

absorb the radiation from the cable. A perfectly conducting
plane was used to model the MSC wall 2 inches away. The
cable was excited inside near the matched origin with the domi-
nant TEM modal field distribution. Two simulations were run,
one with shorting planes at the cable origin and terminus to
model the standing wave pattern in the current distribution and
one without the shorting planes.

The method used to compute the total radiated power from the
structure was to calculate the Poynting vector at the airline
aperture, which was modeled with two grid cells in the axial

and four cells in the azimuthal direction as shown in Figure 9.
This was found to be effective in predicting the average power
level as shown in Figure 10 but was not accurate enough to
predict the peaks due to cable resonance in the radiated spectra
shown in Figure 7. The reason for this lack of fine detail is
centered on the necessity to truncate the original cable length of
8 ft 3inch to a 7.8 inch because of computer memory limita-
tions. Since the peaks in the radiated spectra occur at the cable

source which drives a common mode current on the exterior ofresonances, they are highly influenced by the cable length.

the semi-rigid coaxial cable. The coaxial cable is then the

dominant radiating structure as is typical of most EMC

problems.
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Figure 8. Transfer impedance of airline with aperture.

For the computer simulation of this problem two different

techniques were selected. The first of them was the Finite
Difference Time Domain (FDTD) approach with absorbing

Hence, the much shorter cable was insufficient for modeling
them. Figure 10 shows the results of the FDTD analysis for the
two cases with and without the shorting planes at the cable
ends. Due to the short cable length, the presence of the shorting
planes perturbed the radiated power only slightly, whereas the
actual measured data showed clearly identifiable peaks.

/— Electric Fields

Magnectic Fields

o o \ \Shleld
Aperture

Figure 9. FDTD mesh in region of aperture.

A more direct approach was also used to simulate the shield
current with the FDTD method which relied on the placement
of ABCs on the outer transmission line. After computing the
current for the 7.8-inch model of the cable with ABC termina-

boundary conditions (ABCs) and/or shorting planes to truncatetions, the current was extrapolated to {8t 3 inch-cable and
the problem domain to a manageable size. The second was theloubled to approximate its value in the actual problem. Since
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Figure 10. FDTD-simulated radiated power from airline struc-

ture.

the actual problem has the outer transmission line short cir-

cuited to a ground plane, the simulated current results,

extrapolated from the FDTD analysis, had to be doubled as
predicted by transmission line theory. The advantage of this
procedure is that the 7.8-inch FDTD cable model can be used

to approximate the current on tf&ft 3 inch-cable. This ap-

proach was tested at a single frequency and was found to be

accurate within 3 dB at 597 MHz.

The problem was also simulated by MOM using a software

package available in commerce. In this approach the

{8 ft 3 inch-long coaxial, radiating structure was divided into
33 wire segments. The current distribution on each segment
was modelled as a third order polynomial. The structure was
excited with an aperture voltage of unity. Current and total
radiated power were scaled to correspond to the measured
current values. This approach relies for normalization on a
previously measured value of current. The measured values
of total radiated power are compared to the simulated values

in Table 2.

Table 2. Comparison of measured and calculated values of
the total radiated power. Calculations used MOM simulation.
P, = power received.

Frequency MHz P, Measured dBm R calculated dBm
370 -93 -104

494 —-92 —99.6

560 -107 -107

597 —86 —-95

838 -84 —-88

880 —-95 -93

955 -82 —-86
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CONCLUSION

Atechnique to measure the total radiated power from a radiat-
ing structure has been presented and the error margin has been
experimentally bounded. A typical cable-connector EMC prob-
lem has been studied. This problem represents a standard EMC
modeling problem commonly found in interconnect systems.
Validity of computer programs commonly used to simulate this
problem was verified on classic analytic type problems, such as
a dipole in free space, etc. However, when applied to a reason-
ably complex geometry the programs were found to produce
errors as much as 10 dB.

This work represents an initial step related to studies in the area
of cable connector EMC type problems, which are among the
most typical types of problems encountered in practice. Inter-
face standards which attempt to define interconnecting
hardware electrical requirements for the purpose of system
level EMC compliance would benefit from further development
of analytical EMC techniques.
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