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Abstract. The possibility of protection against electrostatischarge (ESD) by means of a

turn of the meander microstrip line was investidaié was estimated that the required length
of the line should be 66 m for the decompositiorttef whole ESD with duration of 100 ns,

which is unacceptable. Therefore, the authors iiyeged the possibility of decomposing only

ESD peak surge with duration of 4 ns. As a resldt,decomposition of the peak surge into a
sequence of smaller pulses was demonstrated. Tleeuation of 1.33 times for the ESD

amplitude in the turn of the meander microstrig limith a length of 3 m was obtained.

1. Introduction

Modern trends in the development of radio electraguipment (REE) force the designers to pay
special attention to electromagnetic compatibi{lBMC). First of all, this is due to the increase in
performance, the decrease in working voltages aadi¢ometric size of the elements of the REE. All
this significantly decreases the stability of RIBEOvervoltages. One of the current problems of EMC
is the protection of REE against various electrametig interferences (EMI), which can be both
internal (due to failures in the work of REE) otexxal (natural or intentional). The most dangerous
pulses for REE are those with short duration angh hpower: ultrawideband pulses (UWB),
electrostatic discharges (ESD), as well as a lightrdischarge. Such influences penetrate in the
critical nodes of the REE and disturb its sensitireuits. There are many protective devices agains
such influences, but often their use is unacceptdl@icause of their insufficient speed and low
power [1]. Therefore, for protection in a wide foeqcy range, complex multistage devices are
required. Meanwhile, in practice, simplicity andeapness of protection devices are required.
Therefore, it is necessary to identify and explwees approaches to protection, as well as to fingswa
to implement it effectively.

There are many studies of different devices bagestrip lines for protection against UWB pulse
(including ESD protection) and signal filtering frequency domain [2—7]. There is a method of
protection against UWB pulse, based on the use aifaindistortions in multiconductor microstrip
lines [8]. However, a more simple method basedhendecomposition of the UWB pulse in a turn of
meander line into a sequence of pulses of smallliardp is also proposed recently [9]. The
decomposition is achieved by such a choice of parars of the turn which provides a number of
simple conditions. Full-scale testing of devicesdshon this approach has been performed, and as a
result the possibility of REE protection against tHWB pulse by the turn of the meander line has
been proved experimentally.
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At the next stage of these studies, the investigatf the REE protection from ESD can be
considered, since it is one of the examples of dang pulses. Such study can expand the application
domain of meander delay lines as devices for ptiotre@gainst electromagnetic threats. The turn of
the meander microstrip line, which has been ingastid experimentally in [9], is suitable for such
studies.

The purpose of this paper is to investigate theipdigy of REE protection from ESD using a turn
of a meander microstrip line. To achieve this psgat is necessary to draw a cross-section usilg r
geometric parameters, to set the ESD as excitingepand to calculate the response to the ESD
excitation.

2. Formulation of the problem
Similarly to previous studies [9], it is necesstrgatisfy two simple conditions for the decomposit
of ESD in a turn of a meander line. The first cdiodi provides the propagation of a pulse along the
turn without distortion of the pulse by the neadenosstalk:

27, 2ts 1)
wherel — length of a half turnz,,;, — the smallest value among per-unit-length detdythe eveni)
and odd £;) modes of the line, and— the total duration of the pulse. The second tmmdensures
the decomposition of the pulse into pulses of tthé and even modes of the line:

2, —1,|2t,. 2)

Thus, in order to implement protection against H§a turn of a meander line, it is necessary to
meet conditions (1) and (2) by choosing the lineapeeters. If cross section parameters of the liee a
given, it is advisable to fulfill conditions (1) @rf2) by choosing the line length, without changing
real geometric parameters of the line cross-section

3. Initial datafor smulation

Having been investigated experimentally, the rea&amder microstrip line was chosen for the
study (Figure 1a). The cross-sectional paramefettsedine are as follows: width and thicknessha t
signal conductor are@=2450 um and=45 pm respectively; the distance between condsicss=300,
250, 100, 150 pum; dielectric substrate thickness2000 um; permittivity of the substratesjs=5.4.

The circuit of the connections of the investigdied consists of two parallel conductors of lenigth
connected to each other at one end (Figure 1b).dDtige line conductors is connected to a signal
generator represented in the circuit by ideal ecursmurcel and parallel resistandel. The second
conductor of the line is connected to the receidagice represented in the diagram by resist&@ce
To minimize reflection of the signal at the endstlu# line conductors, the valuesRE andR2 are
accepted to be equal to the average geometric mke#dme even and odd modes impedance. The
geometric parameters of the line cross-sectiotlaneen so thaz{Z,)**~50 Ohm.

5 [t R1 |

h V2
I :le V3R

(a) (b)

Figure 1. The cross section (a) and circuit of the connesti®) of the microstrip meander line
As an excitation, ESD having the form of currertegated by standard IEC 61000-4-2 [10] is used.
Figure 2 shows the voltage waveform at the begmoirthe line (at nod¥1) forl=0.1 m.
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Figure2. The voltage waveform at the beginning of the lioel=0.1m
and ESD peak surge with a duration of about 4 ns

4. Simulation of waveformsat the end of the meander line
Simulation of the investigated line is performethgghe TALGAT system [11]. Elements of matrices
C andL for a structure in Figure Ifar s=300, 250, 200 and 150n, obtained using the method of
moments, are presented in Table 1.

Table 1. The calculated elements of matridceandC

300 250 200 150
diag off-diag diag off-diag diag off-diag diag off-diag
L,nH/m 3529 151.6 350.1 157.3 346.4 163.6 341.7 171.3
C,pF/m 130.1 -424 1329 -458 136.7 -50.1 141.8 -55.6

The calculated per-unit-length delay of the odd emeh modes for the structure under study with
s=300um arers=6.65 ns/mz,=5.89 ns/m. Thus, to decompose completely the EEDavduration of
100 ns in the turn of the meander microstrip lifteis necessary to ensure its lendt66 m.
Obviously, a line of this length is unacceptable dsing in practice. To reduce the size turn, it is
proposed to decompose the ESD incompletely, ant¢compose only its peak surge with a duration
of about 4 ns, whose amplitude is 455 V (Figure 2).

For simplicity, let us introduce the definitionbetfirst part of the ESD is ESD peak surge with a
duration of 4 ns (Figure 2), the second part ofES® is a long part of the ESD after the peak surge
To understand the change of the ESD waveform intuhe of a meander microstrip line, detailed
simulation is performed with a consecutive increasedhe length of the lind) The simulated
waveforms at the end of the line (at node V3) witBOOum for1=0.1, 0.2, 0.3, ..., 1 m are shown in
Figures 3, 4, and fdr1.5, 2, ..., 3 m —in Figure 5.

Figures 3 and 4 show the appearance of a nearressdtalk pulse (the first pulse) on the front of
the main signal (ESD peak surge) and the incredsdaly of the main signal, as the line length
increases. It is worth noting minor increase (ib imes at=0.1 m) of the amplitude of the signal at
the output of the line under study. This is du¢h® overlapping of a peak surge propagating through
the turn, over the near-end crosstalk from itsliseen from Figure 5 that when the line length is
increased té=3 m, the decomposition pulses of the odd and ewvates are more clearly observed.
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Figure 3. Voltagewaveforms at the output of i
meander microstrip line fol=0.1 (a), 0.2 (b

(e)
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Figure 4. Voltagewaveforms at the output of 1
meander microstrip line fot=0.6 (a), 0.7 (n
0.8(c),09(d),1(e)m
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Figure5. Voltage waveforms at the output of the meanderasicip line forl=1.5 (a), 2 (b), 2.5 (c),
3 (d) m withs=300um
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The peak output voltage values are 393.6, 374.6.436 364 V forl=1.5, 2, 2.5u 3 m,
respectively. Thus, the maximum attenuation ofES® is 1.25 times. It is also worth noting that the
amplitude of cross-talk (the first pulse) with ecdmse in the length of the line remains unchanged
and does not exceed 93 V.

As it was shown earlier [9], an increase in theptiog between conductors leads to an increase in
the amplitude of the crosstalk pulse and a decrigathe peak value of the pulses of the odd and eve
modes of the line. Therefore, in order to minimike ESD amplitude at the line output, a similar
simulation of the meander microstrip line turn witbcreasing distance between conducss250,
200 and 15@m is performed fol=3 m.

The obtained waveforms at the output of the ingestid line are shown in Figure 6. It is seen that
the decrease in value ®toes not affect the ESD output waveform. Howetle, output amplitude
decreases with decreasimgrhus, the amplitudes at the output of the liree388.6, 352, and 343.5V
for =250, 200, and 150m, respectively. As a result, the maximum attermmatiof the
ESD (1.33 times) for the structure under studybimimed fol=3 m ands=150um.
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5. Conclusion

The study shows in detail the change in the wawefand amplitude of the ESD in the turn of a
meander microstrip line against its length. Thekpearge of ESD (the first part of ESD) was
minimized. As a result, the decomposition of thakpgurge on a pulses sequence of smaller amplitude
was demonstrated. The voltage amplitude at thedirtput of 75.5% of the signal level at the line
input (attenuation 1.33 times) is obtained for kngf 3 m and 15Qm separation. The cross-section
parameters were fixed. However, there is a potetttieeduce the ESD amplitude by changing other
cross-section parametems; t, hand gc. In this paper, the simulation has been performvetout
accounting for losses, which can also have a sigmif effect on the shape and amplitude of the ESD
at the end of the line.
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