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The possibility to create the stand for tests of electronic equipment on electromagnetic compatibility based on
TEM cell and high voltage nanosecond pulse source with a complex spectral composition has been considered. The
pulse formation occurs in a nonlinear transmission line with saturated ferrite. In comparison with high voltage
source using spark switches, this device has several advantages: the possibility to vary spectral composition of the
test impulse, the design simplicity, and the output signal stability. The matching element between the coaxial feeder
and TEM cell, which provides high efficiency of power transfer in a wide frequency range: from zero to about

1.6 GHz, has been developed and numerically analyzed.
PACS: 84.70.+p, 81.70.Ex

INTRODUCTION

The modern electromagnetic environment (EME) is
determined by a number of interfering external factors
(IEF) dangerous for electronic and digital facilities
(EDF). In many cases, the IEF level is sufficient for
functional upset or total disruption of their operation
[1]. The object operation stability checks to certain IEF
can be carried out either within the manufacture process
or by periodic tests. The tests of EDF on electromagnet-
ic compatibility and resistance (EMC&R) are realized
with the use of test equipment that simulates the IEF
with a set of parameters. In the case of EMC&R tests
for impact of electromagnetic short- and ultrashort puls-
es (USP), great complexity and high cost of high-
voltage pulse-formers, measurement equipment, and
preparation and protection means of the test area makes
each of the IEF simulators unique [2].

Usually, the test area of the USP IEF simulator is
created on the base of the TEM cell (indoor tests) or the
antenna system specially prepared in the testing ground
(outdoor tests). An object under test (OUT) when locat-
ed in the TEM cell is exposed to the IEF created by the
former of the pulse of a certain shape. Thus, the pulse
former and TEM cell provide a set of certain IEF pa-
rameters. In regard with the investigating affect of the
USP IEF with ultra-wide or narrow frequency spectrum
the generators of nano/subnanosecond, the video- or mw
signals of separate waveform can be used. In cases
when critical EMC&R characteristics of an OUT are
required, the USP IEF simulators use high-voltage im-
pulse formers with the voltages up to hundreds of kilo-
volts or high-power mw facilities with the impulse pow-
er up to hundreds of megawatts — relativistic magne-
trons, klystrons, vircators [3].

Investigations of recent years in the field of pulse-
power electronics have been associated with creation of
unique devices capable to provide direct conversion of
the energy of impulse signals into mw oscillations. It
have been shown that the electric pulse with a sharp
rise-time traveling down the transmission line, which is
made of lumped nonlinear elements or is filled with a
dielectric medium having nonlinear properties, can
produce at the line output a shock wave with or without
HF oscillations of the type of a damped sinusoid [4, 5].
The pulse parameters at the nonlinear transmission line
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(NLTL) output are strongly dependent on the properties
of the line elements and the parameters of the initial
pulse. In the experiments with NLTL based on lumped
nonlinear reactive elements (capacitances and induct-
ances), the output USP signals with the amplitude up to
hundreds of kilovolts, pulse rise-time of hundreds of
picoseconds, and frequency of mw component of hun-
dreds of MHz have been obtained [6, 7]. The use of
microstrip line technology made it possible to achieve
the pulse rise-time of tens of picoseconds and to obtain
HF oscillations with the frequency up to hundreds of
GHz [8]. Relatively small impulse power of experi-
ments [8] corresponded to the limiting electrical charac-
teristics of the lumped elements and heterostructures. A
significantly larger output impulse power (up to hun-
dreds of megawatts) was demonstrated in the experi-
ments with the NLTL, where a ferromagnetic medium
and high-voltage insulation were used. In NLTL of this
type, which had a coaxial design and used a NiZn based
ferroceramic and liquid high-voltage dielectric, the
formation of shock waves and high-frequency oscilla-
tions with the amplitude up to hundreds of kilovolts was
demonstrated. In this case, the oscillation frequency
varied from 0.6 to 5 GHz [9].

In a number of our experiments, it was demonstrated
the possibility to combine a NLTL and impulse antenna
with a large electrodynamic potential for radiating high-
power impulse quasiharmonic HF signals of the type of
a decaying sinusoid within the frequency range of
0.8...2.5 GHz [10]. In the present work, we investigate
the possibility to use the NLTL as a source of the high-
power USP signal with a wide-ranged spectral composi-
tion for feeding a test TEM cell, which can be used in
the EMC&R test stand TS-6 [11].

1. DESCRIPTION OF THE TEST STAND

As a prototype for creating the EMC&R simulator,
the structural design of the TS-6 described in [11] was
taken, Fig. 1. As before, new stand uses a strip line with
grounded bottom electrode, where the traveling TEM
wave with ultra-wide spectral composition can be formed
with the help of a high-voltage USP source. The general
view of the test stand TS-6 is shown in Fig. 2. The opera-
tion area used for disposing the OUT is located in the
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homogeneous part of the strip line — in the TEM cell
with the dimensions LxHxW = 1.1x0.7x1.0 m.

In the alternative construction of the TS-6 the high-
voltage impulse former (HVIF) based on the double
forming line creating the unipolar USP is substituted for
the HVIF based on the NLTL [10] creating the com-
bined USP — the unipolar pulse with quasiharmonic HF
component, Fig. 3. Since the NLTL with saturated fer-
romagnetic makes it possible to form a shock wave with
adjustable rise time, there is no need for a spark switch.
Thus, this ensures the simplicity of design, and increas-
es the reliability and durability of the HVIF. Under
certain conditions [10], the shock wave traveling down
the NLTL generates damped HF oscillations. Variation
of the bias magnetic field Hy, which saturates the ferro-
magnetic medium of the NLTL, tunes the frequency and
amplitude of the oscillations (Fig. 4), and therethrough
the spectral composition of the signal at the line output.
Thus, it is possible to test the equipment with the use,
both the unipolar pulse and the quasi-harmonic signal.

2 3 4

1 5 6

Fig. 1. Structural diagram of TS-6: 1 — starting unit;
2 — HVIF; 3 — transmission strip-line; 4 — test TEM cell;
5 — shielded room with measuring equipment;

6 — shielded equipment box
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Fig. 2. General view of the stand TS-6: 1 — strip-line
with homogeneous operation area; 2 — OUT;
3 — shielded equipment box; 4 — USP forming system
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Fig. 3. Pulse waveforms at the NLTL input (left)
and output (right)
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Fig. 4. Dependence of the HF oscillation frequency
and relative amplitude on the bias magnetic field

2. SIMULATING THE USP TEST SIGNAL
DYNAMICS IN THE TEM CELL

Calculation of electromagnetic properties of the
stand test cell was carried out with the help of CST
software Microwave Studio Suite [12]. It was assumed
that the power supply of the TEM cell was performed
with the use of the coaxial feeder (Z = 75 Q) filled with
transformer oil, and the electrode diameters of 8 and
51 mm. The TEM cell (general view of the model and
its dimensions are shown in Fig.5) was tested by a
signal generated by the HVIF based on the NLTL. The
signal had combined structure: the triangular unipolar
pulse with the amplitude of 100 kV, width of 10 ns,
rise-time of ~ 0.5 ns, and the damped sinusoid with the
amplitude of 55 kV, frequency f, = 0.5...2.2 GHz [10].

1 4

Fig. 5. The TEM cell model and its dimensions: 1 and
2 — upper and lower electrodes of the transmission line;
3 — coaxial feeder; 4 — resistive load. W1 =1.6 m; W2 =

1m;L1=094m;L2=1m;L3=0.94m;H=0.7m

i

Fig. 6. Matching interface between the TEM cell
and vertically disposed feeder: 1 and 2 — upper
and lower electrodes of the transmission strip-line;
3 — coaxial feeder

First, the matching conditions between the TEM cell
and the coaxial feeder located vertically (Fig. 6) was
investigated. This configuration is similar to the TS-6
stand [11]. As it developed (Fig. 7), this design has low
efficiency due to high-level reflections in the area of
signal input of the TEM cell. For example, at f, =
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1.5 GHz, more than half of the signal energy reflects
back into the fiber, while the voltage amplitude in the
center of the TEM cell hardly exceeds half the voltage
created by the HVIF.
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Fig. 7. Matching conditions for the case of vertically
disposed feeder. The input (black), and reflected (red)
signals, and the signal at the center of the TEM cell
(blue), fy = 1.5 GHz

In this regard, another matching configuration was
proposed — a variant with horizontal disposition of the
coaxial feeder. In this case, to improve the matching, it
was envisaged also to change the dimensions of the
potential electrode at the input. In addition, to increase
the electrical strength, the input section of the potential
electrode was protected by the oil envelope (Fig. 8).
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Fig. 8. Matching interface between the TEM cell and
horizontally disposed feeder: 1 — potential upper elec-
trode; 2 — grounded lower electrode; 3 — coaxial feed-

er; 4 — input section of the potential electrode;
5 — transformer oil envelope
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Fig. 9. Matching conditions for the case of horizontally
disposed feeder. The input (black), and reflected (red)
signals, and the signal at the center of the TEM cell
(blue), fo = 1.5 GHz

As one would expect, the maximum electric field
strength corresponds to the edges of the electrodes,
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while the electric field strength is close to homogeneous
in the center of the TEM cell (Figs. 9 and 10).
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Fig. 10. Module of the electric field strength
in the center of the TEM cell in (a) longitudinal
and (b) transverse cross-sections

The simulation results obtained for the TEM cell fed
by the video pulse, which correspond to the HVIF oper-
ation mode without generating the quasiharmonic oscil-
lations, are shown in Figs. 11 and 12.
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Fig. 11. The simulation results for the case of horizon-
tally disposed feeder when tested by a video pulse:
the input signal (black), the reflected signal (red),
and the signal in the center of the TEM cell (blue)

&« e

b

Fig. 12. Module of the electric field strength in the TEM
cell fed by a video pulse in (a) longitudinal
and (b) transverse cross-sections

It is evident that in the range of low frequencies, the
matching between the feeder and the TEM cell is quite
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efficient: the reflected signal amplitude is at a 25% level
of the original signal, while the amplitude of the signal
propagating in the TEM cell is almost constant. Small
voltage excess above the level of the original signal in
the center of the TEM cell can be explained by slight
increase of the TEM cell impedance over the feeder
impedance.

More detailed study of the TEM cell electrodynamic
properties was carried out with the use of a monochro-
matic test signal (Fig. 13) with different frequencies f,.

From Fig. 14 it can be seen that part of the signal
energy (fo = 1.3 GHz) radiates from the feeder — TEM
cell interface and from the TEM cell in side directions.
The radiation losses of the signal at high frequencies are
accompanied by the reflection losses due to the imped-
ance mismatch between the feeder and the TEM cell.
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Fig. 13. The simulation results for the horizontally
disposed feeder when tested by a harmonic signal
with the frequency of 1.3 GHz: the input signal (black),
the reflected signal (red), and the signal in the center
of the TEM cell (blue)
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Fig. 14. Module of the electric field strength in the TEM
cell fed by a harmonic signal at f, = 1.3 GHz

in (a) longitudinal and (b) transverse cross-sections

The efficiency of the monochromatic signal trans-
mission from the feeder to the TEM cell is illustrated in
Table. It can be seen that the level of the reflected signal
with respect to the signal at the cell input does not ex-
ceed 25% in the whole range of the investigated fre-
quencies. At the same time, as the frequency increases,
the signal level at the center of the TEM cell decreases
due to growing radiation losses. In the frequency range
up to 1.6 GHz, the energy transfer efficiency from the
feeder to the TEM cell is quite high — the wave ampli-
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tude decrease in the center of the cell does not exceed
25%.

The values of the reflected and transmitted monochro-
matic signals compared with the input signal
at different frequencies

Frequency, Reflected Signal in the
GHz signal, % center of the
TEM cell, %

0.5 15 106

0.7 25 111

1 22 98

1.3 15 89

1.6 16 78

1.9 18 64

2.2 15 50

In order to minimize the reflection and radiation
losses, the cell model geometry was optimized. In par-
ticular, it was determined that the optimum pitch angle
of the upper and lower electrodes is 20°, and the optimal
pitch angle of the input section of the potential electrode
of the strip-line with horizontally disposed feeder (see
Fig. 8) is 12°.

It was studied also the dependence of the electro-
magnetic energy transfer efficiency to the TEM cell,
depending on the transverse dimensions of the upper
and lower TEM cell electrodes. Variation of the lower
electrode width W1 within 800...2000 mm and the
upper electrode width W2 within 400...1200 mm
demonstrate that the signal amplitude at the center of
the TEM cell changes no more than 5%. Therefore, the
selection of the overall dimensions of the TEM cell is
quite arbitrary and can be performed assuming only
engineering considerations.

The E-field distributions in the transverse direction
of the lower electrode surface in the center of the TEM
cell (where OUT is usually located) for the signals of
various waveforms are shown in Fig. 15. It can be seen
that for all signal waveforms the electric field strength
within 200 mm of the TEM cell center is uniform with
the accuracy of ~10%.
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Fig. 15. The E-field distribution in the transverse direc-
tion in the center of the cell TEM for different signals:
1 — video pulse, and harmonic signal with the frequen-
cies; 2-0.7 GHz; 3- 1.0 GHz; 4 - 1.3 GHz;
5-1.6 GHz

n
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CONCLUSIONS

On the basis of numerical simulation of 3D model,
which uses variety of the USP signal waveforms (and
spectral composition, accordingly), a possibility of
creation and studying the characteristics of the facility
for electromagnetic compatibility tests of the electronic
equipment, are considered. The source of the high-
voltage signal is the nonlinear transmission line, which
uses a magnetized ferromagnetic. The discussed test
facility has several advantages in comparison with tradi-
tional stands that use spark switches:

+ the ability to test equipment with the use either
unipolar pulse or the quasi-harmonic signal;

+ the possibility of an instrumental control of the
signal waveform (spectral composition);

» the simplicity of design and stability of signal pa-
rameters, due to the absence of spark switches in the
HVIF.

Optimization of the feeder — TEM cell interface of
the stand ensures high transmission efficiency of the
USP signal with combined waveform in wide frequency
range of 0...1.6 GHz.
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CTEHJ JJIA TECTUPOBAHUSA HA DJIEKTPOMATHUTHYIO COBMECTUMOCTDb CUT'HAJIOM
CBEPXKOPOTKOM JUIMTEJBHOCTHA CO CJOKHBIM CIHEKTPAJIBHBIM COCTABOM

C.IO. Kapenun, H.H. Mazoa, B.C. Myxun

PaccmoTpeHna BO3MOKHOCTh CO3JjaHUs CTEH 1A 111 TECTUPOBAHUS 3JIEKTPOHHOM aInapaTypbl Ha 3JIEKTPOMarHuT-
HYI0 COBMeCTUMOCTh Ha 0aze TEM-siueliku U MCTOYHWKA BHICOKOBOJBTHBIX MMITYJIbCOB HAHOCEKYHJHOW JTUTENb-
HOCTH CO CJOKHBIM CIIEKTpaJibHbIM cOCcTaBOM. POpMHUpPOBAaHHE UMITYJIbCOB MPOUCXOIUT B HEIIMHEHMHOW mepenaro-
el JIMHUY ¢ HaMarHu4eHHbIM pepputoM. [1o cpaBHEHHIO ¢ HCTOUHUKOM BBICOKOBOJILTHBIX UMITYJILCOB Ha OCHOBE
HCKPOBBIX KOMMYTATOPOB JaHHOE YCTPOMCTBO MMEET Psijl MPEUMYLIECTB: BO3MOXKHOCTh BapbHUPOBAHUS CIIEKTPAIb-
HOTO COCTaBa TECTHPYIOIIET0 HMITYJIbCa, MPOCTOTa KOHCTPYKIUH, CTAOMIBHOCTE (hopMupyemoro curaana. Pazpado-
TaH W YUCICHHO HCCJIEIOBAH AJIEMEHT COIpPSDKEHUs KoakcuanbHoro dunepa m TEM-sueiiku, oOecrieuyuBaromui
BBICOKYFO 3()()ECKTUBHOCTb ITEpeJaud SHEPTUH B IIAPOKOM HHTEPBAJIC YaCTOT: OT HyJIeBbIX 10 1,6 [T,

CTEHJ JJIs1 TECTYBAHHSA HA EJIEKTPOMATHITHY CYMICHICTDh CUT'HAJIOM
HAJIKOPOTKOI TPUBAJIOCTI 31 CKJIAJTHAM CIIEKTPAJIBHUM BMICTOM

C.1O. Kapenin, 1.1. Mazoa, B.C. Myxin

Po3risiHyTa MOKIJIMBICTE CTBOPEHHS CTEHJA JUISl TECTYBaHHS €JIEKTPOHHOI armapaTypy Ha eJeKTPOMAarHiTHy Cy-
MicHicTh Ha 0a3i TEM-KOMIpKH 1 JKeperna BHCOKOBOJIBTHUX IMITYJIbCIB HAHOCEKYHIHOT JTOBXKHUHU 31 CKIJIAJIHUM CIIe-
KTpaJbHUM BMicToM. DopMyBaHHS IMITyJIbCiB BifOyBa€eThCS B HENiHINHIN NIepeaaroyiil JiHii 3 HacH4eHUM (epHuTOM.
VY NOpIiBHSHHI 3 JPKEPEJIOM BUCOKOBOJIFTHHX IMITYJIbCIB HA OCHOBI iCKpPOBHX KOMYTATOpiB IIeH MPHUCTpIl Mae psj
nepeBar: MOXKJIMBICTh BapilOBaHHS CHEKTPAILHOTO CKJIAy TECTOBOTO IMITyJIbCy, MPOCTOTAa KOHCTPYKIIi, CTaOlIb-
HICTB curHaiy, mo (opmyerscs. Po3pobneHnii 1 YucenbHO JOCTIKEHNH eJIeMEHT CIOMy4YeHHs KOaKciaabHOTO (i-
nepa i TEM-koMipku, sIKuif 3abe3mnedye BHCOKY €(heKTHBHICTD Iepeiadi eHeprii B IIMPOKOMY iHTEpBaJi 4acTOT: Bif
HYJLOBUX 710 9acToT Oinst 1,6 I'T.
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