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INTRODUCTION 
A new EMP simulator has been 
designed to generate a planar 
trarisient electromagnetic wave 
overavolume of3mx1mx1m. 
Named SEMIRAMIS (Simulateur 
Electromagnetique a Impulsion 
Raide pour des Industrielles et 
Scientifiques), the simulator 
consists of two conductors with 
a central parallel plate region. 
The simulator generates the 
wave by launching a spherically 
expanding transient electro-. 
magnetic wave onto a conical 
transmission line formed by two 
triangular shaped plates. The 
conical transmission line is fol- 
lowed by a cylindrical transmis- 
sion line formed by two parallel 
plates. The spherical TEM wave 
evolves into a planar TEM wave 
in the central parallel plate re- 
gion, 'which is then terminated 
by a distributed terminator con- 
sisting of eight parallel resistor 
chains. 

surface outside the building. 
Under both of these conditions, 
the impedance varied between 
90 and 115 ohms, and reflec- 
tions from. the 100-ohm termi- 
nator can be . observed if the 
time domain measurements are 
Fourier transformed. It is also 
apparent that neither of these 
placements of the line is opti- 
mal. The ideal situation would 
be to have a bottom plate that is 
sufficiently wide to act as an 
image plane, in which case the 
pulser can have a single-ended 
output. 

shows that they differ by less 
than 20 percent if the plate sepa- 
ration is at least 60-percent more 
than the height of the cylinder. 
For this reason, the parallel 
plates are separated by 1. 6 m. 

The top and bottom plates of the 
SEMIRAMIS are constructed 
with a welded wire mesh (about 
5 cm by 5 cm) over a metallic 
framework. For the frequencies 
of interest (dc to about 150 MHz), 
the mesh simulates a solid me- 
tallic surface very well. A pulser 
characterized by a 20 kV to 100 
kV fre'quency. range, 7 to 9 ns 
risetime, and 150 ns FWHM has 
been employed in driving this 
simulator. This pulser consists 
of a charging and control unit, a 
pulse generator and a gas pres- 
sure regulation uriit; its electri- 
cal characteristics are summa- 
rized in Table l. 

. DESCRIPTION OF SEMIRAMIS 
Figures 1 and 2 show the side 
and plane views of this design. 
In the central parallel plate re- 
gion, both the top and bottom 
plates are 3. 2 m (2a) wide and 
they are separated by a distance 
of 1. 6 m (2b). A cross-sectional 
view in the central parallel plate 
region is shown in Figure 3. The 

'. ratio (b/a) has a value of 0. 5, for 
which the TEM characteristic 
impedance from Reference 2 is 
about 115 ohms. If the bottom 
plate were an infinite ground 
plane, then (b/a) would become 
1, for which the full impedance 
(between the top plate and the 
image plate in the ground plane) 
is 178 ohms. This means the 
impedance between the top plate 
and a. very wide bottom plate 
which acts. like an image plane 
would be 89 ohms. This design 
of SEMIRAIVIIS has been tested 
while placed on the floor of a 
shielded room and on a ground 

The working volume of 3 m x 1 
m x 1 m is large enough to 
accommodate equipment racks 
for EMP vulnerability tests. 
SEMIRAMIS can also be excited 
by a CW source at a single fre- 
quency or swept over a band of 
frequencies. For this reason, it 
is useful for certain types of 
EMC testing. The desired work- 
ing volume has a height of 1 m, 
which leads to a. top plate height 
of 1. 6m. Previous studies' have 
considered current distribu- 
tions induced on cylinders when 
they are placed between two 
parallel plates. A comparison of 
these currents with currents 
induced on isolated cylinders 
under plane wave excitation 

It is also noted that the pulser 
output is available on a coaxial 
cable which presently has a 
characteristic impedance of- 
about 80 ohms, resulting in a 
20-ohm mismatch at the input 
termirial. This leads to an 11- 
percent reflection at the input 
port, which is of no major con- 
sequence. The output from the 
pulser is single ended and not 
differential and is better suited 
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Output voltage 

Rise time (10% to 90%) 

Maximum stored energy 

20 kV-100 kV into R)1 0 ohms 

8 ns into a 50-ohm load 

375 joules 

e-fold decay time into 50 ohms Adjustable from 250 ns to 12. 5 its 

Storage capacitance 

Charging voltage 

Selectable in the range of 5 nF to 75 nF 

a50 kV 

Insulating medium in the pulser Transformer oil 

TABLE 1. Electrical Chanacteristtcs. 
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1PXGURE 1. Side Vfew of SEMIRAMIS. 

to drive a top plate above an image plane rather than a line formed 
by two parallel plates. 

At the far end of the transmission-line simulator is a distributed 
terminator which consists of eight parallel chains of resistors. Each 
chain measures roughly 2. 2 m in length, and consists of four 
re'sistors in series, each of which is 200 ohms, for a total dc 
resistance of 100 ohms. In a'ddition, the terminator has a net 
inductance which can be evaluated as follows. The resistors are of 
the low-inductance type, about 10 cm long. The length of the leads 
that interconnect the four resistors in 'each chain is about 1. 8 m, 
whichresults in approximately 1. 8 pH. In comparison with this lead 
inductance, the intrinsic inductance of the resistors is perhaps 
negligible. The eight parallel resistor chains will then have an 
inductance of 0. 225 ItH. To this, one has to add the external sheet 
inductance of the eight resistor chains, which can be estimated 
using the information given in Reference 3. 

L(leads) = 0. 225 p. H: L(intrinsic) = 10 nH . (4/8) = 0. 005 p. H 

L(sheet) = (p J2) d sin' (g) ln(d/2fta) = 0. 090 pH 
(1) 

The estimates given above-result in a net inductance of the terminator 
of 0. 32 pH. On the other hand, one can also estimate the desirable 
inductance value in the terminator using an equation given in Refer- 
ence 3. 

with 
d = separation between resistor chains = (3. 2m/7) = 0. 457m 
a = resistor radius = 1 cm 
P, = terminator angle = 45 degrees: L(net) = (0225+ 0. 005+ 0. 090) ItH 

t Terminator length ) 
( Terminator width I (2) 

Terminator height its sin (C)fa 

= (2. 2/3. 2) 1. 6 4' 10 
(0. 707) 0. 5 

= 0. 345 ItH 

Since the terminator inductance 
is seen to be near optimal, only 
minor experimental refinement 
may be needed, if at all. Further- 
more, the resistor chains are 
spaced along the transverse di- 
rection in such a way that the 
currents that flow down each 
chain are apprcadmatelythe same. 
This is done by first estimating 
the TEM current density (A/m) 
along the transverse direction. 
This current density has a square 
root singularity at the two edges 
of the top plate and is fairly con- 
stant in the middle of the plate. 
This densitydistributfonthenmay 
be used in defining the widths of 
eight teeth-like structures that 
are attached to the top plate, where 
the individual teeth then connect 
to the resistor chains. The pur- 
pose of requiring equal currents 
in the resistor chains is to avoid 
the creation of loop currents, 
which could lead to non-uniform 
field distribution in and near the 
terminator region. 

EXPECTED PERIFORMANCE 
One evaluates the performance 
characteristics of a transmis- 
sion line type of EMP simulator 
by finding the characteristic im- 
pedance of the propagating TEM 
mode and its field distribution 
in a transverse plane. The rela- 
tive field distribution is similar 
in all cross-sectional planes, 
except that the absolute value 
of the fields falls off as one moves 
away from the source towards 
the terminator. Experimental 
characterization of the simula- 
tor lies in measuring imped- 
ance matching by TDR, in op- 
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STOVRE 2. Plane View of SEMIRAMIS. 
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An interesting quantity in simu- 
lation is the uniformity of simu- 
lated fields over the working vol- 
ume. In previous studies, ' the 
following quantity has been de- 
fined. It is shown plotted in 
Figure 5. 

1PXOURE S. Cross-Secttonal Vfew AA fn 
the Central Parallel Plate Regton of 
SEMIRAMIS. 

(0, 0) E, . (x, y) - E„, 
rsl 

8 resistor chains 
200 Ohms . 4 series/8 parallel = 100 Ohms 

and affects the TEM impedance. 
Also, reflections from the walls 
of the shielded room affect the 

, results. In the case of the sec- 
ond location, on an air or earth 
interface outside the building, 
since the top and bottom plates 
are of the same size and the 
bottom plate is in contact with 
the ground, one has an imper- 
fect image plane. The effect of 
the ground medium is frequency 
dependent. Up to about a few 
MHz, the ground behaves like a 
good conductor and an image 
plane results. At higher fre- 
quencies, the lossy ground per- 
turbs the TEM fields, possibly 
resulting in non-TEM modes. A 
preferred location for this simu- 
lator should avoid or minimize 
the effects due to extraneous 
factors such as metallic objects 
or lossy media. Such a pre- 
ferred location is considered and 
described later. 

timizing the terminator, and in 
field mapping in the working 
volume. In this section the ex- 
pected impedance and relative 
field distribution in the initial 
design version of the simulator 
are summarized. 

It has already been noted that 
the (b/a) value for the initial 
design is 0. 5 (see Figure 3) and 
consequently, the characteris- 
tic impedance is 115 ohms (Ref- 
erence 2). The y component of 
the TEM field is shown plotted 
in Figure 4. In this figure, con- 
tours of constant values of the 
normalized y component are 
plotted. The normalization is 
with respect to the uniform field 
that results when the top and 
bottom plates are infinitely wide. 
The x component of the field, 
not shown here, is used in find- 
ing the total field as a vector 
sum of x and y components. 

E„, (x, y)= Ex (x, y) + Ey (x, y) 

The calculated TEM fields are ex-. 
pected to be quite uniform in the 
transverse plane in both x and y 
directions. An extensive set of 
measured data has been gath- 
ered on SEMIRAMIS and is re- 
viewed in the following section. 

PRELIMINARY 
MEASUREMENTS AND 
INTERPRETATION 
This section gives a representa- 
tive sample of the extensive data 
acquired on the design of 
SEMIRAMIS. Measurements 
were performed in two locations: 
Set 1 on the floor of a shielded 
room, and Set 2 on air/'earth 
interface outside the building. 

Neither of the above locations of 
SEMIRAMIS is optimal. In the 
first case, the bottom plate of 
SEMIRAMIS is in some contact 
with the metallic floor of the 
shielded room. Depending on 
the nature of the contact, the 
metallic floor of the shielded 
room acts as an image plane 

Measurements were made with 
the following equipment and in 
accordance with the following 
parameters: 

N A transient pulser was oper- 
ating at a voltage of ~ 50kV. 

~ All of the available data were 
free-field measurements taken 
with sensors characterized as 
shown in Table 2. 

~ A passive integrator with a 
time constant of 10 ps was 
used with the sensors to inte- 
grate the sensor output volt- 
age. 

e The field waveforms were dis- 
played on an oscilloscope and 
photographs were taken. 

Although a lot of data was taken, 
one measurement from each set 
above is reviewed here. Both 
are principal electric field mea- 
surements at a location of 1 m 
above the bottom plate or 0. 6 m 
below the top plate, at the cen- 
ter of the simulator. They are 
shown plotted in Figures 6a and 
7a. Figures 6b and 7b have 

Conttnued on page I 71 
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