Stripline for Electromagnetic Susceptibility
Testing — Input Impedance Matching

Zdenek Kubik, Jifi Skala
Department of Applied Electronics and Telecommunications
Faculty of Electrical Engineering, University of West Bohemia
Pilsen, Czech Republic
zdekubik@kae.zcu.cz, skalaj@kae.zcu.cz

Abstract — This paper is focused on input impedance
optimization of a stripline. The stripline for electro-
magnetic susceptibility testing represents a radiating
structure which is composed of one active and one or
more grounded conductors. The characteristic
impedance of the stripline is given by the dimension and
the material between conductors. If the characteristic
impedance does not match to the output impedance of
the RF amplifier, the impedance mismatch occurs and
output circuits of the amplifier could be destroyed. The
impedance matching circuit is necessary to be used in
this situation. The impedance matching of the stripline
using attenuators is shown in this paper; simulation
results of S—parameters for different attenuator types
were discussed.
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L INTRODUCTION

Today, all electronic devices are influenced by
electromagnetic fields. The intensity of this interfering
signal is dependent on the location of the device due to
the distance from an interfering signal source. In some
application, the devices could by exposed to the large
intensity electromagnetic field — especially in the
automotive industry. In order to avoid influencing of
devices, there are a lot of EMC standards. All
electronic devices placed on the market must meet the
EMC standards.

Striplines are used for susceptibility testing of
electronic devices to the electromagnetic field. The
advantage of the striplines compared to the
conventional method (a radiated field from a receiving
antenna which is generated by an RF amplifier) is a
relatively high intensity of the electromagnetic field.
Striplines could be used for testing and measurement
in a wide range of areas — in the automotive industry
for vehicle components testing [1-4], consumers
electronics (immunity testing of Sound and television
broadcast receivers and associated equipment) [5, 6],
integrated circuits immunity testing [7, 8] and radiated
emission measurement [9] or gain measurement of the
miniaturized antenna [10].

The impedance matching between the stripline and
the high power RF amplifier is the most important part
for a proper operation during the test — the unmatched
stripline could cause the damage on the output stage of

the amplifier. The impedance of the stripline depends
on dimensions and material between conductors (air is
considered for immunity testing). If the impedance
does not meet the output impedance of the amplifier,
an impedance matching unit should be used.
Attenuators could be one of effective possibilities.

II.  STRIPLINE

The characteristic impedance Z of the stripline
with the width of active conductor # in meters and
height # which is the height of the active conductor
above a ground plane in meters is [11]:
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The intensity of electric field between the stripline
conductors is given by the equation [1]:
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where P represents the input power to the stripline in
watts, Z characteristic impedance of the stripline in
ohms and /4 is the height of the active conductor above
ground plane in meters.

III.  ATTENUATORS

A passive attenuator represents a two port device;
it is usually composed of resistive elements. The
attenuator is connected between a source of the signal
and a load (in our case the source represents a high
power RF amplifier and the load represents the
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stripline) and reduce an output power by their
attenuation. There are two basic connections of
attenuator pad with the fixed attenuation, the first is
the T pad and the second is the Pi pad attenuator.
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Figure 1. T pad attenuator connection

The connection of the T pad attenuator is shown in
the box in Figure 1, where is placed the input voltage
source with the impedance Z0 and the load with the
same impedance Z0. Values of the resistor R1 T and
R2 T are calculated by equations [12]:
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where ATT represents the value of the attenuation of
the T pad attenuator.
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Figure 2. Pi pad attenuator connection

Figure 2 shows connection of the Pi pad attenuator,
equations for resistors calculating are [12]:

ATT

20
Rl_pr=z020" *11 g %
102 -1

ATT
rRe =210 -l @
2 102

IV. IMPEDANCE MATCHING

The input parameters of the stripline could be
described by the complex S—parameter S11. The
VSWR (voltage standing wave ratio) is derived from
S11:
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where |Su| represents the magnitude of Sii (also
known as the reflection coefficient 7).

The return loss RL can be calculated by the equation:

RL=-20-log,,(S,,|)[dB]. (10)

If the stripline is connected directly to the
RF amplifier (the ideal connection is considered) the
reflected power can be calculated:

Pref = Puu“ + RL [dBm]’ (1 1)

where P, is the output power of the amplifier in dBm.

Now the attenuator with the fixed attenuation ATT
is connected between the stripline and the amplifier.
The return loss of the system composed of the stripline
and the attenuator is:

RL,, =RL-2-ATT [dB], (12)

and a new value of |Su| with the attenuator is:

RL 477
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The new value of VSWR with the attenuator:
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VSWR,,, =M -1, (14)
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and a new reflected power of the system is:
an’fATT =P, +RL,, [dBm]. (15)

From these equations — in term of the power
amplifier — the impedance matching of the system with
an attenuator is more beneficial than a system without
the attenuator — there are lower values of the return
loss as well as the reflected power. Of course, this
solution has one negative part — the input power of the
stripline is lower by the attenuation of the connected
attenuator.

V. ILLUSTRATIVE EXAMPLE

The 50 Q stripline for susceptibility testing of
automotive parts according to [1] was used for
illustrative example in this paper. All simulations were
performed in CST Microwave Studio 2015.

The dimensions of the 50 Q stripline are shown in
Figure 3. The active and the ground conductor were
approximated by aluminum sheets with thickness 1
mm.
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Figure 3. Dimensions of the stripline according to ISO 11452-5



N-type connectors are used for stripline
connections. Figure 4 represents a connection detail of
a stripline feeder to the connector; four galvanized hex
bolts were used for connectors mounting to the ground
plane in the term of mechanical durability.

.

Figure 4. Connection detail of a stripline feeder to the N-type
connector

At the first time, the impedance matching in the
input connector S11 (S22 respectively) and the
transmission between input and output connectors S21
(S12) were simulated. By the equation (9) the VSWR
can be calculated.

Attenuators were connected between the input
source and the stripline in the next steps and all S—
parameters were recalculated.

Two types of attenuators were selected for

simulations:
e T pad attenuator with attenuation 3 dB,
e Pipad attenuator with attenuation 6 dB.

Parameters of used attenuators are shown in Table 1.

TABLE L ATTENUATORS PARAMETERS
Attenuator R1 [Q] R2 [Q] Attenuation [dB]

T 8.55 142 3

PI 150.48 37.35 6

Here it should be noted that connection cables
(between the amplifier and the attenuator and from the
attenuator to the stripline) and both of attenuators
which are composed of resistors were modeled as
ideal, without any parasitic impedances.

Schematic diagram of the T pad attenuator for
simulation is shown in Figure 5. Left hand side pad
number 1 represents an external input port
(approximation of RF amplifier output) with the fixed
impedance 50 Q. The second pad represents the
second external port which substitutes the ideal 50 Q
load.
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Figure 5. Schematic diagram of T pad attenuator for simulation

The symbol with a thumbnail of stripline
represents S—parameters simulation results from the
3D model.

Schematic diagram of the Pi pad attenuator for
simulation is shown in Figure 6.
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Figure 6. Schematic diagram of Pi pad attenuator for simulation

VI. SIMULATION RESULTS

Figure 7 shows results of S11 and S21 from 3D
simulation of the 50 Q stripline.

Figure 7. S11 and S22 dependence of the system without
attenuator

Figure 8 represents dependencies of S11 parameter
on the attenuation. The constant distance between two
traces from simulation without the attenuator and
simulation with the 3 dB T pad attenuator is 6 dB,
respectively 12 dB between traces from simulation
without the attenuator and simulation with the 6 dB Pi
pad attenuator.
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Figure 8. Sl11 dependence of the system on attenuation

The VSWR dependencies on attenuation are
shown in Figure 9. For calculation was used the
equation (9). The value of VSWR is crucial for the RF
amplifier, values over 2:1 could threaten the output



circuits of the amplifier. For example, the
VSWR equals to 3.97 at the frequency 370 MHz for
connection without the attenuator, but VSWR = 1.84
for connection with the 3 dB attenuator at the same
frequency.
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Figure 9. WSWR dependence of the system on attenuation

Figure 10 shows S21 dependencies on attenuation,
there are visible estimated traces — with the constant
distance 3 dB among them.

Figure 10. S21 dependence of the system on attenuation

VII. CONCLUSION

This paper describes input impedance optimization
of the stripline for electromagnetic susceptibility
testing. The impedance could be adjusted by different
ways — by dimensions of the stripline [13], by
impedance matching circuits composed of resistors or
transformers (baluns or ununs) [14], by attenuators.
Impedance matching by using attenuators was shown
in the paper.

The impedance matching is crucial for RF
amplifiers, where the impedance mismatch between an
output of the amplifier and the stripline could threaten
the output stage of the amplifier; in the worst case, the
output stage could be destroyed.

The attenuator improves the S11 parameters in dB
of the stripline by doubling its attenuation. The
improvement of S11 depends on the attenuation of the
used attenuator. Of course, this method of impedance
matching has one negative part — the output power

from the RF amplifier is reduced by the attenuation of
the attenuator at the stripline input.
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