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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-35: Testing and measurement techniques —
HPEM simulator compendium

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardizatien comprisihg all
htional electrotechnical committees (IEC National Committees). The object of IEC is to promote internationgl co-
eration on all questions concerning standardization in the electrical and electronic fields. To this end gnd in
dition to other activities, IEC publishes International Standards, Technical Specifiecations, Technical Reports,
Lblicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Pubjication(s)”). Their prepafation
s| entrusted to technical committees; any IEC National Committee interested (inythe subject dealt with| may
brticipate in this preparatory work. International, governmental and non-governmental organizations liaising with
He IEC also participate in this preparation. IEC collaborates closely with the International Organizatign for
andardization (ISO) in accordance with conditions determined by agreement between the two organizations.

1

TY o S —

NSO o

2) The formal decisions or agreements of IEC on technical matters express, ds nearly as possible, an international
nsensus of opinion on the relevant subjects since each technical committee has representation from all interested

C National Committees.

m3

3) IHC Publications have the form of recommendations for international use and are accepted by IEC National
Cpmmittees in that sense. While all reasonable efforts are‘made to ensure that the technical content of IEC
Ppblications is accurate, IEC cannot be held responsible/ for the way in which they are used or fof any
mfisinterpretation by any end user.

4) Il order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
trinsparently to the maximum extent possible in their’national and regional publications. Any divergence befween
any |IEC Publication and the corresponding national‘or regional publication shall be clearly indicated in the lattgr.

5) IHC provides no marking procedure to indicate.its approval and cannot be rendered responsible for any equigment
bclared to be in conformity with an IEC Public¢ation.

6)

d

All users should ensure that they have the latest edition of this publication.

7) Np liability shall attach to IEC or.its directors, employees, servants or agents including individual expert$ and
members of its technical committees and IEC National Committees for any personal injury, property damajge or
ofher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and expg¢nses
a

fising out of the publication, use’of, or reliance upon, this IEC Publication or any other IEC Publications.

8) tention is drawn to the \Normative references cited in this publication. Use of the referenced publicatigns is

dispensable for the correct application of this publication.

5>

9) Ajtention is drawn t@ the possibility that some of the elements of this IEC Publication may be the subject of gatent
ights. IEC shall not be held responsible for identifying any or all such patent rights.

=

The|main task“of IEC technical committees is to prepare International Standards. Howeveér, a
techpical ecommittee may propose the publication of a technical report when it has collected |[data
of a(different kind from that which is normally published as an International Standard, for example
"staile ofthe art".

IEC 61000-4-35, which is a technical report, has been prepared by subcommittee 77C: High
power transient phenomena, of IEC technical committee 77: Electromagnetic compatibility.

The text of this technical report is based on the following documents:

Enquiry draft Report on voting

77C/189/DTR 77C/193/RVC

Full information on the voting for the approval of this technical report can be found in the report
on voting indicated in the above table.
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of this publication will remain unchanged until the
maintenance result date indicated on the IEC web site under "http://webstore.iec.ch” in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

* rneplaced by a revised edition, or
*+ gmended.

A bilingual version of this publication may be issued at a later date.
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INTRODUCTION

IEC 61000 is published in separate parts according to the following structure:

Part 1:

Part

Part

Part

Part

Part
Part

tech
sect
iden

General
General considerations (introduction, fundamental principles)

Definitions, terminology

Each part is further subdivided into, several parts published either as international stand}.‘rds,

6:
9:

hical specifications or technical’ reports, some of which have already been publishe
ons. Others will be published with the part number followed by a dash and a second nu
Lifying the subdivision (example: IEC 61000-6-1).

Environment

Description of the environment
Classification of the environment
Compatibility levels

Limits

Emission limits

Immunity limits (in so far as they do not fall under ‘responsibility of prgduct
committees)

Testing and measurement techniques
Measurement techniques

Testing techniques

Installation and mitigation guidelines
Installation guidelines

Mitigation methods and devices
Generic standards

Miscellaneous

as
ber
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ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-35: Testing and measurement techniques —
HPEM simulator compendium

Scope

part of IEC 61000 provides information about extant system-level‘High-P

pwer

Electromagnetic (HPEM) simulators and their applicability as test facilities and validation tools for

imm

Lnity test requirements in accordance with the IEC 61000 series of_ standards. H

simylators with the capability of conducted susceptibility or immunity testing~will be included
further stage of the project. In the sense of this report the group of HPEM simulators consisfts of

narr
elec
envi
This
high

bw band microwave test facilities and wideband simulators fer" radiated high p
romagnetic fields. IEC 61000-2-13 defines high power electromazgnetic (HPEM) rad

er fields. Therefore, the HPEM radiated environments used in this document

charjacterized by a peak power density exceeding 663 W/m? (500 V/m or 1,33 A/m). The inte
of this report is to provide the first detailed listing of both narrowband (hypoband) and wide

(me

HEM
outs

Afte
Rep
own
facil

boband, sub-hyperband and hyperband) simulators‘throughout the world.

de the scope of this Technical Report.

an introduction, a general description of HPEM simulators, as listed in this Tech
brt, is presented. A database hasCbeen created by collecting information from simu
brs and operators and this data-is presented for the technical characterization of the
ties. In addition, some important commercial aspects, such as availability and operat

statds, are also addressed.

2

The

Normative references

following referénced documents are indispensable for the application of this document

dated referencesonly the edition cited applies. For undated references, the latest edition o

refe

IEC
com

enced document (including any amendments) applies.

60050-161, International Electrotechnical Vocabulary — Chapter 161: Electromag
patibility

PEM
in a

bwer
ated

fonments as those with a peak power density that exceeds 26"\W/m“ (100 V/m or 0,27 A/m).
part of IEC 61000 focuses on a sub-set of HPEM simulators capable of achieving much

are
ntion
band

P simulators are the subject of a separate.compendium (IEC 61000-4-32) and thus| are

hical
lator

test
onal

For
f the

hetic

IEC 61000-2-9, Electromagnetic compatibility (EMC) — Part 2: Environment — Section 9:
Description of HEMP environment — Radiated disturbance

IEC 61000-2-10, Electromagnetic compatibility (EMC) — Part 2-10: Environment — Description of
HEMP environment — Conducted disturbance

IEC 61000-2-13, Electromagnetic compatibility (EMC) — Part 2-13: Environment — High-power

elec

IEC
tech

tromagnetic (HPEM) environments — Radiated and conducted

61000-4-21, Electromagnetic compatibility (EMC) — Part 4-21: Testing and measurement

niques — Reverberation chamber test methods
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3 Terms and definitions

For the purposes of this document, the following general definitions apply, as well as the terms

and definitions given in IEC 60050-161 (IEV) and IEC 61000-2-13.
3.1
bandratio
b,
ratig of the high and low frequencies, which are given by the 90 % energy bandwidth (Bggeg); if
the gignal spectrum has a large d.c. content, the lower limit is nominally defined as 1 Hz:
b - b
r
f

3.2
energy bandwidth
Boogs . _— | |
if Aglg is the collection of non-negative pairs {f,,f,} of real numbers that satisfy the equation

U/ 2

[|18| ar

h 420,09 ()

~ 2

N2

0
whefe S(f) denotes the signal spectrum. The 90 % fractional energy bandwidth (Bgggg) is [then
defined as the infimum of all intervals f; tof}, that satisfy Equation 1

B zlnf{(ﬂ_ﬁ>: {fl’fh} on.9}~ (2

whefe inf{M} denotes the infimum (or smallest element) of a given set M
NOTE Although more than @ne-pair of {f, f,} might satisfy Equation 1, that is AO g contains more than a single gair of
frequpncies, Bgoes is uniqué,“For example, if the spectral magnitude is a rectangular function, the 90 % fracfional
bandywidth is a single valug;"even though AO g contains an infinite number of distinct pairs {fj, fy}. The 90 % fractional
enerdy bandwidth provides good information on how the signal energy is distributed in the frequency domain] This
qualify makes Bgggg a useful measure for characterizing signals in terms of their spectral occupancy and
electiomagnetic_interference on other sources.
3.3
far flield
regi the

distance from the source [1]1. In the far field region the power flux density approximately obeys
an inverse square law of the distance

NOTE The far field region of an antenna, radiating into free space, is characterized by a transverse electromagnetic
field and that the ratio between the electric and magnetic field strength equals the characteristic wave impedance of
free space:

== |20 =120 7 =377 Q

1 The number in square brackets refers to the bibliography.
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fractional bandwidth

by
ratio

of the 90 % energy bandwidth (Bggeg) and the centre frequency (f,) of a waveform
bf = By s 9 (f,=1)
Je Ut/

)

3.5
full

Tew

width at half maximum
HM

duration of a signal; time difference at which the signal (e.g. electrical field strength) is equ

lal to

S or
pset

by a

eport
for a

1,33

half of its maximum value

3.6

high altitude electromagnetic pulse

HEMP

eleciromagnetic pulse produced by a nuclear explosion outside the Earth’s atmosphere

NOTH Typically above an altitude of 30 km. See IEC 61000-2-9 and IEC®%1000-2-10 for details.

3.7

high power electromagnetic

HPEM

gengral area or technology involved in producing intense electromagnetic radiated field
conducted voltages and currents with a peak power which has the capability to damage or U
elecfronic systems

3.8

high power electromagnetic radiated*environment

a radiated environment with a ‘peak power density that exceeds 26 W/m2 (100 V/n
0,27]A/m)

NOTE In this Technical Report.the"HPEM radiated environment is used for an environment that is characterized
peak [power density of more than 663 W/m? (500 V/m or 1,33 A/m).

3.9

high power microwaves

HPM

narrpwband signals, normally with peak power in a pulse, in excess of 100 MW at the source.
NOTHE _This'is a historical definition that depended on the strength of the source. The interest in this Technical R
is mginly_on the EM field incident on an electronic system. Therefore in this Technical Report HPM is used
narrowbandricrowavefieldthatis—characterized by 3 peak pewerdensity of morethan 663 W/m2 (500 \/m
A/m).

3.10

hyperband signal
signal with a pbw value between 163,4 % and 200 % or a b, of >10

3.1

hyperband simulator
simulator that radiates an electromagnetic field with a hyperband waveform
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3.12

hypo- or narrowband signal
signal with a pbw of <1 % or a b, of <1,01

3.13

hypo- or narrowband simulator
simulator that radiates an electromagnetic field with a hypoband waveform

3.1;t|o
mesoband signal

sign

3.15

bl with a pbw value between 1 % and 100 % or a b, between 1,01 and 3

mesjoband simulator

simy

3.16
perd
pbw
bang

with

3.17
sho

puls
nand

3.18

lator that radiates an electromagnetic field with a mesoband waveform

entage bandwidth

width of a waveform expressed as a percentage of the cenire’frequency of that waveforn

2 (f—1

X 100
(f, +f2)

pbw =

pbw at a maximum value of 200 %

't pulse signal
e with a rise time in the picosecénds to nanosecond region and a duration (Tgypy
seconds to tens of nanoseconds

simulator with spot frequencies

hypd
speq

3.19
sub
sign

3.20
sub

band simulator that.operates on dedicated frequencies (spot frequencies) within
ified range

hyperbandssignal
bl with a, pbw value between 100 % and 163,4 % or a b, between 3 and 10

hyperband simulator

the

simutatorthat Tadiates am efectromagnetic fietdwitha sub-hyperband waveform

3.21

transient
pertaining to or designating a phenomena or a quantity which varies between two consecutive
steady states during a time interval short compared with the time-scale of interest

[IEV

161-02-01]

NOTE A transient can be a unidirectional impulse of either polarity or a damped oscillatory wave with the first peak
occurring in either polarity.
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3.22

tun

able simulator

hypoband simulator that is able to operate at each frequency within the specified frequency range

3.23
ultra wideband signal

uw

B

signal with a pbw value of more than 25 %

3.2

ultra wideband simulator

uw
sim

3.25

wid
wWB

Jlator that radiates a electromagnetic field with a ultra wideband waveform

eband signal

signpl with a pbw value between 1 % and 25 %

3.26

wid
WB
sim

4

éband simulator

ylator that radiates a electromagnetic field with a wideband waveform

General

Inteflest in High-Power Electromagnetics {(HPEM), particularly the generation of high-p
eleciromagnetic fields and their effects onlelectronics appears to have increased in recent ti

As

¢omponents for High-Power Microwave (HPM), wideband (WB) and ultra-wideband (U

bwer
mes.
WB)

technpologies have achieved notable progress, high-power generator systems difficult or

imp
app

gssible to build ten years ago-are now being used for an increasingly wide varietf
ljcations. With the advent of \HPEM sources capable of producing output powers in the

rande, there has been interestin using HPEM devices in military defence applications to dis
or destroy offensive electronic’systems.

In numerous publications it has been reported that the technical capability to interrupt an
dampge sensitive electronics by generating Intentional Electromagnetic Interference (IEMI) e

and

could be usedfor malicious purposes [2], [3], [4], [5].

The |lEC recognises certain major trends in civilian electronic systems as follows:

c)

ihcfeasing use of automated electronic systems in every aspect of civilized societi

y of
GW
rupt

d/or
Kists

S —

dommunication navigation medical equipment etc ;

increasing susceptibility of electronic systems due to higher package densities, us
monolithic integrated circuits (MIC) (system on a chip), multi-chip modules (MCM) (m
analogue, digital, microwave, etc.), and

increasing use of EM spectrum which include radio, TV, microwave ovens, aircraft electro
automobile electronics, cell phones, direct broadcast satellites, etc.

e of
ixing

nics,

Since these electronic components began to control safety critical functions, concern grew over
the vulnerability of electronic systems. It is easy to envision a component failure leading to a
subsystem and consequently a system-level failure, due to an intense HPEM signal. Therefore
the susceptibility of critical systems is of vital interest since a setup or failure in these systems
could cause major accidents or economic disasters [6]. The increase of non-metallic materials
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like carbon-fiber composite as well as the decrease of signal levels result in a decreased
susceptibility level of electronic systems. As a consequence, the investigation of the susceptibility
of electronic systems as well as their protection and hardening against HPEM threats is of great
interest.

Figure 1 compares qualitatively the emerging HPEM environments with classical EMC (EMI,
lightning) and HEMP environment. It can clearly be seen that the HPEM environment differs
significantly in amplitude and/or frequency from the traditional EMC and HEMP environment.

~ 101 —] -
Lightning® Narrowband®
Range dependent
(e.g. HPM, HIRF, etc.)

1w

Spectral HEMP  \ideband (UWB)
[(?/7“??{' ] e Range dependent A
m F4
~103 A

A
>
Y

Ve 1

EMI Environments®

h"d

[
~10kHz  ~1MHz  ~10MHz ~300MHz ~1-10GHz

Frequency [Hz]

a) narrow band extending from ~075 to ~ 5 GHz
not necessarily HPFEM
9 significant spectral componentsup to ~10 MHz depending on range and application

NOTHE The magnitude of the electric field spectrum is plotted on the y-axis.

Figure 1 — Several fypes of HPEM environments (from IEC 61000-2-13)

Anngex A of the IEC 61000-2-13 contains four types of intentional electromagnetic environment,
coupling and interference cases that can create system malfunctions. Annex B of IEC 61000-2-13
provides some examples of HPEM generators and their categorization on the basis off the
techphical sophistication level involved in assembling and deploying them.

The| recently-déveloped IEC HPEM environment standard (IEC 61000-2-13) provides [both
radigted and-eonducted HPEM environments that are possible and perhaps probable. This rgport

5 Datasheet definitions and instructions

The request for information that was sent to owners of worldwide High-Power Electromagnetic
(HPEM) simulators included the following definitions and general instructions. Owners were
asked to make sure that the provided information was cleared for public release and free to be
published in an IEC document.
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sheets are structured as follows:

1. General Information

2. Administrative Information

3. Availabilit
4. Electromagnetic field characteristics

ClaJ
speq
reas

The
widg
thes
assq

In ¢

simy

give

For
field

The

sheegts, blue coloured headlines are used. Therefore, clauses are numbered as on the data sh

4.A. Wideband and Ultra Wideband Simulator
(mesoband, sub-hyperband and hyperband simulator)

4.B. Narrowband Simulator (hypoband simulator)

4.B.1 Tunable simulator

4.B.2 Simulator with spot frequencies

4.B.3 Reverberation Chamber

5.0ther technical information

ses 1, 2, 3 and 5 are filled with data for all kinds of simulators. Under Clause 4 only
ific subclause, which is applicable to the reported simulator, is filled with information),
ons of clarity, unused subclauses are represented by their headlines only.

band (mesoband, sub-hyperband and hyperband) simulator. Generally, changing on
e components will result in a different waveform. In this report such change is treated lik
mbly of a different simulator, which is reperted by a separate datasheet.

lator one might check the not applicable (n/a) box. Further information or explanations t¢
h data can be provided in the comment field at the end of each clause.

strength are characterized by its peak r.m.s. value (e.g. Maximum r.m.s. peak E-Field).

the
For

antanna and the impulse voltage source are essential (characterizing) components |of a

of
the

pse a specific parameter, for example carrier frequency, is not applicable to a spgcific

the

simulators that are radiating_narrowband (hypoband) pulses, peak power density and elgctric

following tables provide definitions and background information on the data provided. In|data

eet.
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Name of the
simulator

Country

- 13 -

1. General information

Specify the name of the simulator.

Specify the country where the simulator is located.

Simuylator type

Majctr simulator
dimension(s)

Maximum test
volume
dimeénsions

Comments

Location

Mobklile

Indgor

Outgloor

Owrner

Typ
Organisation

Point of Contact

Status

Initial operation
date (year)

Select the simulator type with regard to the bandwidth classificatiop as
provided in IEC 61000-2-13, (hypoband = narrowband, mesoband,”[sub-
hyperband and hyperband) from the drop down menu.

For a detailed description, see bandwidth classification in subclatise 4.A.

Specify the longest dimension of the simulator in meters
(e.g., 80 m long).

Specify the dimensions in meters of the usable tést-volume
(e.g., 15 m (high) by 20 m (wide) by 50 m (long))-

)

The maximum test volume, specified by height x width x length, is the volum
that can be occupied by the object underiest without undesirable interactions.

Space to provide extra information or explanations to the data you have
provided in the “General Information” clause.

2. Administrative information

Specify the |lgcation of the simulator (nearest city and country).

Specify(if the simulator is mobile (e.g. has the capability to be transportgd to
another.location).

=

Specify if the simulator operates indoor, that is the test area is located indog
Specify if the simulator operates outdoor, that is the test area is located outdoor.

Specify the name of the company or agency that owns the simulator.

institute or university) from the drop down menu.

Specify the name and full address of the person to contact for more
information about the simulator.

Select the current status of the simulator (e.g., under development,
operational, stand-by, inoperative).

Specify the year in which the simulator first became operational.


https://iecnorm.com/api/?name=b4040e0e21ea4b7aa3652f4e81f27fb3

-14 - TR 61000-4-35 © IEC:2009(E)

own

Date of In case the simulator is inoperative and has been disassembled, specific

disassembly parameters of the simulator might still be of interest for the community. In

(year) this specific case specify the year in which the simulator was disassembled.
3. Availability

Goernment State availability of simulators for use by government agencies via drop-d

users menu and any restrictions on this availability (e.g., available to government

Indystry users

Comments

agencies of any EU country).

State availability of simulators for use by private companies<(via drop d
menu) and any restrictions on this availability (e.g., available to any pr
company with endorsement of government agency).

Space to provide extra information or explanations to the data you
provided in the “General Information” clause.

4. Electromagnetic field characteristics

If a|wideband simulator (e.g. mesoband, sub-hypérband or hyperband simulator) is repo
pleage fill out subclause 4.A. In case of a narfewband (hypoband) simulator continue

subglause 4.B.

4.A. Wideband simulator and ultra wideband

(mesoband, sub-hyperband and hyperband simulator)

Elegtric field
polgrisation

Far field range
condlition met at

Specify (the electric field orientation with respect to the earth (e.g
vertical).

Specify the minimal distance to the antennas at which the electromagneti
field met the far field conditions.

The far field region of an antenna, radiating into free space, i
characterized by a transverse electromagnetic field and that the ratio
between the electric and magnetic field strength equals the characteristi

own
vate

have

rted,
with

(2]

O oI 0

wave impedance of free space (Zy = 120n Q).

3 dB beam angle
at far field
condition

Far field radiated
voltage (rE)

Maximum peak
field level
at

Specify the 3 dB-beam width (e.g. £5 m) in the a plane horizontal (hor)
and vertical (ver) with respect to earth at the minimal distance at which
the radiated field complies with the far field condition.

Specify the product of range and peak electric fields available in the test
volume (e.g., 2 kV to 50 kV).

Specify the highest peak field level that can be achieved by the simulator
and indicate the related distance to the antenna (e.g. 10 kV/m at 15 m).
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Exposed area at Specify the area (plane perpendicular to the direction of radiation) which
maximum peak is exposed with the maximum peak E-field. (e.g. 9 m2).
E-field

Minimum peak Specify the lowest peak field level that can be achieved by the simulator
field level and indicate the related distance to the antenna (e.g. 10 kV/m at 15 m).
at

=

Exppsed area at Specify the area (plane perpendicular to the direction of radiation) whic
minjmum peak E- is exposed with the min peak E-field. (e.g. 9 m?)
field

Minimum pulse Specify the 10 % to 90 % pulse rise time of the transient waveform.
rise|time

—

Pulde width Specify the pulse width Tgypyy at half maximum electric field (Full Width g
Half Maximum) of the transient waveform.

Centre frequency Specify the center frequency (resonant frequency) of the field signa

(respnant radiated by the HPEM simulator.

frequency)

Enefgy- Specify the Energy-Bandwidth as~defined in IEC 61000-2-13.

bandwidth

(Bgogs) The Energy-Bandwidth is thg\minimal distance between the high (f,) and

low (f;) edge frequencies, which encompasses 90 % of the signal energy.

Bangwidth Select the bandwidth;elassification as provided in [EC 61000-2-13.
classsification

The bandratio.((b,) is the ratio of the high (f,) and low (f) edg
frequencies nlf.the spectrum has a significant dc content, the lower edg
frequency.is-limited as 1 Hz.

[

b, =f,/f
Rypoband = narrowband: b, < 1,01
mesoband: 1,01 < b, <3
sub-hyperband: 3<b, <10

hyperband: b, > 10

Maximum pulse  Specify the maximum pulse repetition frequency that can be achieved

repetition within a burst. (e.g. 10 Hz)
frequency
(per burst) Indicate if single shot operation is possible.

Length of bursts Specify the duration of bursts in time (seconds).

Minimum time Specify the minimum time interval which is required between two bursts.
between bursts (e.g. 200 s)
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Specify t

he maximum number of burst that can be delivered in a sequence. (
1 000). In case there is no limit on the number of bursts write in unlimited.

e.g.

Other Describe any other pertinent technical features of the simulator not covered
above.
Comments Space to provide extra info or explanations to the data you have providl

Frequency range

CovErage of
frequency range

Number of spot

frequencies

Maximum pulse
power

Eledtric field

the “Electromagnetic Characteristics” section.

4.B. Narrowband simulator (hypoband simulator)

Specify the frequency range (centre frequencies)-of the HPEM simulator.

din

Select how the simulator covers the specified frequency range (turjable

source, spot frequencies).

A simulator with a tunable source/.covers the whole specified frequgency

range. Gaps or notches shall be noted under comments. If you report daf
a tunable simulator continue withésubclause 4.B.1 Tunable simulator.

A simulator with spot frequencies operates on a dedicated set of frequen

a of

cies

(spot frequencies) within the specified range. Data of a simulator with [spot

frequencies should be\reported using the table provided in subclause 4

.B.2

Spot frequencies: df the simulator operates on more than five [spot

frequencies additienal 4.B.2 data table should be provided separately.

In case of spot frequencies, provide the number of spot frequencies.

4.B.1 Tunable simulator

Specify the maximum pulse power of the radiated signal.

Qpnrify the electric field aorientation with respect to the earth; mlltiple

polarisation

Far field range
condition met at

Nominal test
distance

choices are possible. (e.g., vertical and horizontal).

Specify the minimal distance to the antennas at which the electromagnetic

field met the far field conditions. The criterion is not applicable (n/a)
reverberation chambers or TEM waveguides.

Specify the nominal test distance to the antenna. The criterion is
applicable (n/a) for reverberation chambers or TEM waveguides.

for

not
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3 dB beam angle Specify the 3 dB-beam width (e.g. £5 m) in a plane horizontal (hor) and
- at vertical (ver) with respect to earth.
Select the related distance (far field condition or nominal test distance).
Maximum r.m.s.  Specify the maximum r.m.s. E-field of the simulator.
peak
E-Field - at Select the related distance (far field condition or nominal test distance).
Exppsed area - at Specify the plane perpendicular to the direction of radiation which issexppsed
by the 3 dB beam (e.g. 9 m2).
Select the related distance (far field condition or nominal test,distance).
Far field radiated Specify the product of range and peak electric fields\available in the|test
voltage (rE) volume (e.g., 2 kV to 50 kV).
Minimum pulse Specify the 10 % to 90 % pulse rise time of the transient waveform.
rise|time
Maxfjmum pulse  Specify the pulse width Trwym at half maximum electric field (Full Width|Half
width Maximum) of the radiated field signal
Max{ Pulse Specify the maximum pulse repetition frequency that can be achieved within
repgtition a burst (e.g. 10 Hz).
frequency
(per|burst) Indicate if single shot opeération is possible.
Length of bursts Specify the duration‘ef bursts in time (seconds).
Min] time betw. Specify the.minimum time interval which is required between two blrsts
Bursts (e.g. 200 s).
Max{ number of  Specify-the maximum number of burst that can be delivered in a sequgnce.
burgts (e-g+*1 000). In case there is no limit on the number of bursts wrife in
unlimited.
Antenna gain Specify the gain of used antenna (e.g. 30 dB)
Other Describe any other pertinent technical features of the simulator not covered
above.
Comments Space to provide extra info or explanations to the data you have provided in

the “Electromagnetic Characteristics” clause.

4.B.2 Simulator with spot frequencies

The data of a narrowband simulator that operates on a set of spot frequencies should be reported
in a table in which the columns providing the required parameter (see subclause 4.b.1) per spot
frequency (subclause 4.B.2 of the input data form).
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4.B.3 Reverberation Chamber

Specify the lowest usable frequency (LUF) of the chamber, as defined in

IEC 61000-4-21.

Chamber Q - at

Min] Pulse Rise
Time

Modes of
operation

Other

Comments

Simplators

Typical time
donjain
waveform

Typical
frequency
domlain spectrum

Avallable E+field
per Watt input

powrr

Specify the Q of the reverberation chamber and indicate the related frequen

Specify the shortest 10 % to 90 % signal rise time that can be.used in
reverberation chamber.

Specify the modes of operation of the mode _Stirrer (continy
stepped/tuning or both).

Describe any other pertinent technical features of the’simulator not covered abg

the

ous,

ve.

Space to provide extra info or explanations 'to)the data you have provid¢d in

the “Electromagnetic characteristics” clausé

5. Other technical.information

Provide one or more high=quality color photographs of the facility that
provide readers of the compendium with a basic understanding of the
and scope of the simulator.

Provide a representative sample of a time-domain E-field or B-
measuremeni-from the simulator test volume.

NOTE Not applicable for reverberation chamber.

Provide a Fourier transform of a representative signal from the simulator
volume.

NOTE Not applicable for reverberation chambers.

Provide a graph that shows the normalized (to the square root of the

power) test E-field strength in the empty chamber. The test E-field strend
the positional average of the ensemble maximum (rotation of the tuner) o
magnitude of the rectangular E-field components. [IEC 61000-4-21, Clause ]

will
size

field

test

nput
th is
f the
7]-

General
description

Available
instrumentation

Auxiliary test
equipment

NOTE Only applicable for reverberation chambers.

Provide any general, historical and descriptive information about the fa
that you would like to present and can fit in the available space.

Describe the sensors and data acquisition equipment available for use

cility

with

the HPEM simulator. Include information about the frequency ranges and/or

rise times of the instrumentation.

Describe any auxiliary test equipment, such as direct drive (pulse or
equipment, associated with the HPEM simulator.

CcW)
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6 Project description

6.1 General

This Technical Report reviews worldwide system-level HPEM simulators in terms of their
characteristics, capabilities, and limitations. This clause provides a brief summary and update of
papers presented at international conferences and describes several HPEM simulators that
curréntly exist [9], [TO0T-

Clayse 7 consists of datasheets for individual HPEM simulators that remain in operation-or dould
be put back into operation for HPEM testing. Other simulators exist in US, Australia,~RUssia,| and
probably elsewhere, but the authors were not able to obtain information about them in time for
this [Technical Report.

6.2 Wideband and ultra wideband simulator

Widéband and ultra wideband (mesoband, sub-mesoband and /hyperband) simulators| are
charjacterized by a percentage bandwidth (pbw) value of more“than 1 %. For this Techhical
Repprt only Germany and Ukraine has reported information. In other publications other simulators
may| be described. The authors hope that the/, first published edition| of
IEC 61000-4-35 will motivate owners of those simulators to ¢ontribute data to a further edition).

Bauin has described certain systems that integrate a _switched oscillator into a wideband antgnna.
The|transmission line oscillator consists of a quarter/ wave section of a transmission line thjat is
changed by a high voltage source and employs a\self-breaking switch across the transmigsion
line.]| When the switch closes, the system generates a damped sinusoidal signal, [11].|The
frequency and damping constant are adjustablé. An initial working model of this source, called
the MATRIX, is due to begin full-scale testing at AFRL this year. It consists of quarter-wave
trangmission lines charged to 150 kVwith the frequency of oscillation adjustable between
180 MHz and 600 MHz. It is predicted to produce a damped sine waveform as shown in Figyre 2
with|a peak electric field of 30 kV/myand a percent bandwidth of about 10 % (band ratio of [1.1).
With the 300 kV charging supply that is planned, this source will radiate energy in the GW range
[12])[13].

The|lmpulse Radiating antenna (IRA) is a good example of a high power hyperband source.|The
IRA |produces a high poewer electromagnetic (HPEM) signal with a band ratio greater than| two
decades. It operatesfrom 200 MHz to 2 GHz and has a band ratio of 10. The Original [IRA,
devgloped and fielded in 1994, used a high-pressure hydrogen switch, a focusing lens, apd a
fourtfarm TEM_horn to produce an extremely powerful UWB pulse from a 4 m reflector. Wjth a
charge of onlyy*60 kV, this system generated a transient signal of 4,6 kV/m at 305 m at 200 Hz.
This| gives-a.field-range product of and designated the IRA Il [19], [20]. The power supply|was
mod'ried to increase the voltage to £75 kV and 400 Hz. The radiated spectrum of the 2 m IRA has

been mieasured to be flat from 200 MHz to around 3 GHz.

In 2003 the US Air Force Research Laboratory, Kirtland AFB, NM released a note on the JOLT
system. The pulsed power system of JOLT centers around a very compact resonant transformer
capable of generating over 1 MV at a pulse repetition frequency (PRF) of 600 Hz. This is
switched via an integrated transfer capacitor and an oil peaking switch onto an 85-W Half-IRA
(Impulse Radiating Antenna). This unique system delivers a far radiated field with a full-width at
half maximum (TgywHpm) On the order of 100 ps, and a far radiated voltage (r E) of ~5,3 MV.

FID Technology Corporation of St. Petersburg makes a wide variety of wideband sources featuring
much of the solid-state technology developed at the loffe Institute. They produce a line of pulse
generators designated FPG series that vary in output voltage from 5V to 50 V with rise times from
100 ps to 200 ps, pulse widths of 1 ns to 2 ns and PRFs ranging from 0,1 kHz to 10 kHz [33].
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The High Current Electronics Institute, Russian Academy of Science (RAS) in Tomsk makes a
hyperband system that delivers 800 V at 5 kHz into an antenna that is a unique combination of
electric and magnetic dipoles. Designated the FGD80O0, it will deliver a peak electric field of
18 kV/m at 3 m with a rise time of 75 ps and a pulse width of 2 ns [34].

The loffe Physico-Technical Institute RAS in St. Petersburg is well known for its research and
development in UWB and pulsed power, and the technology developed there is found in many other
systems in Russia. loffe continues to lead the development of semiconductor opening switches
(SO$P) and silicon avalanche shapers (SAS) that are used in pulsers around the world [35].

The|Ukraine has also shown interest and progress in the development of UWB, Ghort gulse
techpology. In October of 2002, Karazin Kharkov National University sponsoréd -their [First
Intefnational Workshop on Ultra-Wideband and Ultra-Short Pulses. Papers on, WWB sigpals,
propagation, radar, sources, and antennas were presented by participants_from the Ukraine,
Russia, and the USA, see [33]. Among these, a design for a subnanosecond generator|was
presented by the Diascarb Research Company in Kiev. It is a high power, sub-nanosegond
gengrator designed for UWB radar. Utilizing both solid state and gas-technology, this dgsign
produces 400 V pulses with a 2 na to 5 ns pulse widths [34].

One|hyperband source from Israel has been presented in recent)conferences. Referred to jas a
sub-hanosecond source, it is a compact, coaxial design driven by a semiconductor opgning
switth (SOS) pulser. It utilizes cascaded pulse forming -etwork (PFN) stages to produg¢e a
170 kV peak bipolar pulse into a 37 Q load. The pulse width can be regulated from 2 ns down to
300 jps. The rise and fall times are 200 ps and 150%ps respectively. Either unipolar or bipolar

output can be provided. Maximum PRF is 300 Hz [35¥
In Ghina, a UWB system design was published recently by researchers from the Northwest
Instifute of Nuclear Technology in collaboration with Jiaotong University in Xi’an City. The dgsign

congists of a wire mesh TEM horn feeding a 2 m parabolic reflector. As one would expect| the
radiated far field waveform is bipolar. -Thhe antenna is driven by a 200 kV pulse generator wjth a
rise [time of 370 ps and a total pulse width of 700 ps. The spectrum has most of its energy
between 150 MHz and 580 MHz. Theunit is capable of operating at 100 Hz [36], [37], [38].

6.3 Narrowband simulator

HPM sources have beenvdeveloped for more than 15 years and HPM test capabilities are being
used and developed worldwide. Currently, this Technical Report describes five different European
HPM test facilities. These HPM test facilities are
4 the Czech HPM test facility,

4 MTF,\the Swedish HPM test facility,

o4 Orion, the British HPM test facility,

Hypprinn the French HPM test farility

e Supra, the German HPM test facility.

The Czech and the Swedish HPM facilities work on dedicated spot frequencies, whereas the
other systems are posess the capability to tune their sources in a specified frequency range.
Many other HPM test facilities exist, but openly available data is not fully available, as yet. A
detailed description of the system capabilities, the design specifications and the operating
principles of the HPM facilities described in this document can be found in previous documents
[51], [52], [53], [54], [55], [56].
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6.4

Reverberation chamber

High-level electromagnetic fields are easily and safely generated using reverberation chambers.
The high quality factor or “Q” of most chambers allows fairly high field strengths to be generated
with moderate input powers, and the absence of absorber makes generation of high field levels

safe

r as the chance of igniting absorbers is eliminated.

In general, a reverberation chamber is a shielded enclosure with the smallest dimension being

largg with respect 10 the wavelength at the lTowest useable frequency. The chamber is normally

equi
the

chari
“stir
stati
aver

The
lows
freq
at a
tune
freq
freq
loca

As s
size
size
from
are

Detd
of th
are

pped with a mechanical tuning/stirring device whose dimensions are a significant fractig
chamber dimensions and of the wavelength at the lowest useable frequency, \Mhen
nber is excited with RF energy the resulting multi-mode electromagnetic environment ca
ed” by the mechanical tuner/stirrer. The resulting environment is statistically,-uniform
stically isotropic (i.e. having arrived from all aspect angles and at all polafizations)
aged over a sufficient number of positions of the mechanical tuner/stirrer:

chamber mode density and the effectiveness of the mechanical tuner/stirrer determine
st useable frequency. The lowest useable frequency is generally accepted to be
lency at which the chamber meets operational requirements. This.frequency generally od
frequency slightly above 3 times the first chamber resonance, In practice, the chamber
r/stirrer effectiveness and the chamber quality factof/ determine the lowest useg
lency. For the reverberation chamber procedure described in IEC 61000-4-21, it is the lo
lency at which, the specified field uniformity can be achieved over a volume defined by 3
ion calibration data set.

tated in Annex A of the IEC 61000-4-21, thefrequency range of tests is determined by
and construction of the chamber and the "effectiveness of the mechanical tuner(s). R
i reverberation chambers (e.g. volumes_of between 75 m2 to 100 m2) are typically oper
200 MHz to 18 GHz without limitations.* Operations below 200 MHz require chambers
arger than the typical shielded room.

ils of reverberation chamber teSts can be found in IEC 61000-4-21 and are not in the s

reported, which are largélenough to perform a system level test with peak electric

stremgth of more than 500 Vim.
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In case of a reverberation chamber IEC 61000-4-21 defines the test field strength as the maximum
hgular component of the E-field. Unfortunately, the usual plane wave relation between E and S does not hol
beration chamber.\The given level for the electric field corresponds approximately with a maximum scalar
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7 Datasheets

71 Wideband simulator
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HIRA II- PBG,

Germany

1. General information

Simulator type: hyperband

Major simulator 2,0 m (high) by

Dimension(s):

4. Electromagnetic Characteristics
A. Wideband and ultra wideband

rdert simulator{mesoband—sub-hyperband
Z, 0TI (WIue | 0y A}
and hyperband)
2,0 m (long)
) Electric Field [X Vertical [X( Horizpntal
MBX-;?St volume m (high)by [ n/a Polarization: [] Ciréular/Elligtical
imensions:
m (wide) by [J Random
m (long) Far_f!eld range 40 m O n/a
condition met at
Comments
3dB beam angle at far 6.m (hor) 4 m (ver)
field condition
2. Afiministrative Information Far field radiated> 170 kV Lin/a
Voltage,(tE):
Location:  Munster. Germany Max. peak Field Level 17 kV/m (hor) fn/a
mobile X yes [1no kV/m (ver)
kV/m (circ./eli.)
outdoor X yes []no kV/m (rand.)
indoor X yes [dno at 10m
Owner: WIS Exposed area at max 1,6 m?
Type of Organization Government peak E-field
Min. peak Field Level 4 kV/m Ojn/a
Point of Contact: GF 330 EME kV/m (ver)
kV/m (circ./eli.)
Address P.O. Box 1142 kV/m (rand.)
29623 Munster, Germany:
at 10m
Phone : +49 5192 136 462
Exposed area at min 1,6 m?
Fax: +49 5192 136 358% peak E-field
E-mail :  WIS330ElektramagWirkung Min. Pulse Rise Time: 0,23 ns (10%-90%) [J|n/a
en@bwb.ofg
Pulse Width: 2,0 ns (TFWHM) D n/a
URL : http://www.bwb.org/
Status: Operational 0
Center Frequency (f. MHz n/a
Initigl Operation Date:~ 2002 O n/a q y (f)
. Energy-Bandwidth
Dafe of Disassembly, (in case of (Booes)
unavailable)
Bandwidth hyperband
Classification
3. Ayailability Max Pulse repetition 900 Hz
frequency (per burst) [X] single shot possible
Yes/No Restrictions
Length of Bursts unlimited s
Government users: Yes
Min. Time betw. X n/a
Industry users: Yes Bursts
Comments Max. Number of unlimited On/a
Bursts
Other:

Comments
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Typical time-domain waveform
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Other technical information
General description

Not available

Avallable instrumentation

Electric and magnetic field probes up to 10 GHz bandwidth
— Qurrent probes up to a bandwidth of 3 GHz
— $everal fibre optic lines up to a bandwidth of 1,8 GHz
— Transient recorders and fast digital scopes with a single shot bandwidth ofy7 GHz
— Modern PC-based data acquisition with mathematical features.

Auxjliary test equipment

No

—

Bvailable
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AVTOARRESTOR,

Ukraine

1. General information

Simulator type:

Major simulator
Dimension(s):

sub-hyperband
4,0 m (high) by

4. Electromagnetic Characteristics
A. Wideband and ultra wideband

Mjax. test volume
dimensions:

Comments

32T twide) by

3,5 m (long)

m (high) by O n/a
m (wide) by

m (long)

2. Agministrative Information

Location:
mobile
outdoor
indoor

Owner:

Type of Organization

Point of Contact:

Address

Phone :
Fax :

E-mail :

URL :
Status:
Initigl Operation Date:

Dafe of Disassembly

3. Alailability

Kharkov. Ukraine
Xyes [no
Xyes [no
Xyes [Ono

Research & Engineering
Institute  “Molniya” NTU
“KhP1”

Government

Dr. Vladimir Kravchenko

Shevchenko str. 47,
Kharkov, 61013, Ukraine

380-057-7076,1+33

nipkimolniya@kpi.kharkov.u
a

Operational

1996 [ n/a

(in case of
unavailable)

simulator{mesoband—sub-hyperban

and hyperband)

Electric Field
Polarization:

Far field range
condition met at

3dB beam angle at far
field condition

Far field radiated
Voltage,(tE):

Max. peak Field Level

at

Exposed area at max
peak E-field

Min. peak Field Level

at

Exposed area at min
peak E-field

Min. Pulse Rise Time:

Pulse Width:

Center Frequency (f;)

Energy-Bandwidth
(Bsoes)

Bandwidth
Classification

Max Pulse repetition
frequency (per burst)

X Vertical X Horiz
[l Circular/Ellig
[J Random

5m O
2.m (hor) 2m
1500 kV O

300 kV/m (hor) O
300 kV/m (ver)
kV/m (circ./eli.)
kV/m (rand.)

5m

4 m?

10 kV/m O
10 kV/m (ver)
kV/m (circ./eli.)
kV/m (rand.)

150 m

400 m?

0,7 ns (10%-90%) [
35 ns (Trwhm) O
400 MHz O
90 — 500 MHz

sub-hyperband

10 Hz
[ single shot possible

bntal
tical

n/a

ver)

n/a

n/a

n/a

n/a

n/a

n/a

Government users:

Length of Bursts 5s
Yes/No Restrictions Min. Time betw. 300 s [ n/a
Yes Bursts
Industry users: Yes Max. Number of 5000 On/a
Bursts
Comments
Other:

Comments
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Typical frequency spectrum
Simulator Not available
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General description

Not available
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Other technical information

Avallable instrumentation

No

—

bvailable

Auxjliary test equipment

No

—

Bvailable
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7.2 Narrowband simulator

HPM 3 GHz, 6 GHz and 9 GHz, Czech RepubliC.........coiiiiiii e 30
HYPERION, FranCe . ..ouiiiiiiiiiiii ettt et e e e e e e e e e e e eaaaanas 35
MELUSINE, FranCe. ... oottt et e e e e e e e e e e e e eas 38
EMCC Dr.Rasek HIRF-Simulator, Germany ..o 41
U N € 1Y o2 0 =1 o 2P 46
SP Faraday, SWeden ... e 49
MTFH—Swederm—m—m——— D/ /DWW T .52
OR;ION, United KiNgdOm ... N .56

Radio Frequency Environment Generator (REG), United Kingdom .......................Q .59
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HPM 3 GHz, 6 GHz and 9 GHz,
Czech Republic

1. General Information

Simulator Type: hypoband - narrowband 4. Electromagnetic Characteristics

Major Simulator

1,5 m (high) by

B. Narrowband (hypoband simulator)

Dimension(s): o7 m (wide) by Frequency Range GHz
2,0 m (long) Coverage of tunable
M3x. Test Volume m (high) by X n/a frequency range
Dimensions: m (wide) by Number of spot Eln/a
frequencies
m (long) i
Comments B.1. Tunable Simulator
Max. Pulse-Power MW
2. Agministrative Information Electric Field [] Vertical” [ Horizpntal
Polarization: [] Circular/Elligtical
Location: Vyskov, Czech Republic [J-Random
mobile X yes [Jno Far field range m [ n/a
outdoor [X yes O no condition met at
indoor K yes [no Nominal test distance m O n/a
Owner: VOP-026 Sternberk, s.p. 3dB beam,angle (hor) ver)
Type of Organization Industry at far field condition
Max. rms péak-E-field kV/m Ojn/a
Point of Contact: Libor Palisek at far field condition
Address V. Nejedleho 691 Exposed area m?
Vyskov at far field condition
Phone : +420 517 303 638 Far field radiated kV n/a
Fax: +420517 303 605 Voltage (rE):
E-mail : l.palisek@vtupv.cz Min. Pulse Rise Time: ns (10%-90%)] n/a
Max. Pulse Width: us (Tewam) [|n/a
URL: www.vop.cz Max Pulse repetition Hz
. frequency (per burst) [ single shot possible
Status: Operational
. ) _ Length of Bursts s fn/a
Initigl Oper.atlon Date: 2001 . [@n/a Min. Time betw. s Olva
Date of Disassembly (in case of Bursts
unavailable) Max. Number of n/a
3. Aailability Bursts
Antenna Gain dB Ofn/a
Yes/No Restrictions Other:
Goviernment users: Yes Comments
ndustry users: Yes
Comments
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B.2. Simulator with spot frequencies
Frequency | 2,7 GHz 6,5 GHz 9,3 GHz GHz GHz
Max. Pulse- | 0,5 MW 0,5 MW 0,2 MW MW MW
Power
Electric Field | X Vertical | X Vertical | X Vertical | [ Vertical | [ Vertical
Polarization: | X Horizontal | X Horizontal | X Horizontal | [ Horizontal | [ Horizontal
O O
Circular/Elliptical Circular/Elliptical Circular/Elliptical Circular/Elliptical Circular/Elliptical

Randorm Randorm Random H-Random H-Random
Far fleld range | 1 m On/a | 1,3m On/a|02m [ n/a m [n/a m N[ n/a
conglition met
at
Nominal test | 1 m Ona|1m Ona|1m [ n/a m [n/a m [dn/a
distance
BdB beam | 22 (hor) | 25 (hor) | 30 (or 10) (hor) (hor) (hor)
angle | 22 (ver) 25 (ver) 30 (or 10) (ver) (ver) (ver)
at | far field condition far field condition far field condition far field condition far field condition
Max.[rms peak | 35 kV/m 30 kV/m 15 kV/m K\ /m kV/m
E-field
at npmmal test npmmal test npmlnal test farfield condition far field condition
distance distance distance
Exppsed area | 0,15 m” 0,2 m* 0,3 m° m’ m’
at | nominal test nominal test nominal test far field condition far field condition
distance distance distance
Far field | 35 kV [In/a | 30 kV [In/a | 15 kV [On/a kV [nl/a kv [ n/a
radiated
Vo|tage (rE):
in. Pulse ns [ln/a ns [dn/a ns [dn/a ns [n/a ns [dn/a
ise Time
(10%-90%):
Max. Pulse | 2,5 us [On/a | 1,75 us Ownia] 0,5 us [ n/a us [n/a us [ n/a
Width
(FWHM):
Max Pulse | 800 Hz 800 Hz 2000 Hz Hz Hz
repetition | [] single shot | [ .single shot | XI single shot | [ single shot | [ single | shot
freqyency (per possible pessible possible possible possible
burst)
Length of | unlimited s [ n/axJ\unlimited s [ n/a | unlimited s [] n/a s [n/a s [n/a
Bursts
Min. Time s [X'n/a s X n/a s Xn/a s [n/a s [[n/a
befw. Bursts
Max. Number | unlimited ) [] n/a | unlimited [Jn/a | unlimited [] n/a [ n/a [0 n/a
of Bursts
Anténna Gain | 19.dB On/a | 18dB [On/a | 16 dB [ n/a dB [Jn/a dB [[dn/a
Other:

Gomments
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Simulator
[

HPM generator 9,GHz with antenna 3 dB beam
angle = 10°

ai § A LA
HPM generator 3 GHz during testing in
semianechoic chamber

HPM generator G_éz
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Typical time-domain waveform .

Typical frequency spectrum

um..o:s.mhqc-ku T B
@.‘:.7 L'.l-. , : :; ----- I.T

r ~\
Tl .
T o B R I A & e e e S
X O \
HPM 3 GHz, repetition frequency 800 Hz b
'H:M-o:i-‘mhql‘.lku. 1 AT 1B ,: v,

PM 6 GHz, repetition frequency400 Hz

HPM 9 GHz frequency spectrum
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Other technical information
General description

HPM generators are modified radars where magnetron tubes are used. Suitable horn antennas
are connected with generators through the waveguides.

Notgonly for generator 9 GHZ:

It is|possible to use single shot mode as well as repetition rate mode with possibilityte’chgnge
repdtition frequency from 1 Hz up to 2 kHz. It is possible to change the number (f.generated
pulses from 1 up to unlimited.

Avallable instrumentation

Kield strength Meter NARDA Model 8718B with probe NARDA Model 8721D
Optical line up to a bandwidth 3 GHz

— High voltage and regular attenuators
Digital scope with a single shot bandwidth 7 GHz (20,Giga sample /s)
Current probes up to a bandwidth 1 GHz

— Measurement receivers up to a bandwidth 40 GHz

— Receiving EMC antennas up to frequency 40°GHz

— $hielded video camera with monitoring system
Auxjliary test equipment

No

—

Bvailable
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HYPERION,

France

1. General Information

Simulator Type: hypoband - narrowband

Major Simulator 20 m (high) by

Dimension(s):

4. Electromagnetic Characteristics

B. Narrowband (hypoband simulator)

Frequency Range
T Y =4

Q72 -3 00 GHz

26 (twide by

20 m (long) Coverage of tunable
. frequency range
M3x. Test Volume 7 m (high) b n/a
Dimensions: ( .g )by Number of spot X[ n/a
7 m (wide) by frequencies
7 m (long) B.1. Tunable Simulator
Comments Max. Pulse-Power 4Q00-MW
2. Agministrative Information Electric Field NXV Vertical [X] Horizpntal
. Polarizationty [] Circular/Elligtical
Location: Gramat, France [0 Random
mobile []yes [Xno Far field range m [ n/a
outdoor [yes [X no condition met at
indoor Xyes [no Nominal test/distance m [ n/a
Owner: Centre d'études de Gramat 3dB beam angle (hor) ver)
(CEG) at
Type of Government Max. rms peak E-field 60 kV/m Ojn/a
Organization
Point of Contact: Dominique J. Sérafin at
Centre d’études de Gramat Exposed area m?
Address 46500 Gramat, France ¢
a
Phone : 33-565105446 Ear fiold radiated o Al
ar field radiate n/a
Fax: 33-565105342 Voltage (rE):
E-mail : Dominique.Sérafin Min. Pulse Rise Time: 20 ns (10%-90%) [J|n/a
dga.defense.gouvfr
URL - Max. Pulse Width: > 0,3 us (Tewhwm) On/a
' ) Max Pulse repetition 10 Hz
Status: Operational frequency (per burst) [X single shot possible
Injtial Oper[a)titon 2002 O n/a Length of Bursts 10-200s Ojn/a
ate:
Min. Time betw. s fn/a
Date of (in case of unavailable) Bursts
Disassembly
. . Max. Number of unlimited n/a
3. Ayailability Bursts
Yes/No Restrictions Antenna Gain dB fn/a
Govlernment users: Yes Other:
Industry users: Yes Comments The frequency coverage is

Comments

achieved via a set of two
tunable reltrons (which
covers the band below
1,44 GHz) and two
magnetrons for the band
1,3-1,8 GHzand 2,4 -
3,0 GHz respectively.

Length of bursts and min.
time betw. bursts depends
on pulse repetition rate and
number of pulses per
bursts
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Simulator

D HYPERION

TR 61000-4-35 © IEC:2009(E)

Typical time-domain waveform

} Magnetrons (2/2)

Frequency range : 1.3 GHz - 3.2 GHz
3 tuneable magnetrons :
1.5 GHz tube : 1.3 - 1.8 GHz
2 GHz tube : 1.75 - 2.3 GHz.
3 GHz tube : 2.3- 3.2 GHz

Quitout pawes - 100's of MW
TS GRZ PSS Shape PP
r e Pulse width (half power) : 107sf ifs
= L (- -
"'-"HH:H-H] =S oty
' 3 ] —
L ——r =
— T St | £
o ES ala 2.8 GHzpuise shape
PR —_r )
" --__. ! = i
= . N v"? DGA /Centre d 'études de Gramat |  DEPS flov',07 | Diapositive N°14/33 DGA
I Db oo "dhduaciond. s Sl o O3 Mo & 7 Dinpmaies 720 DGA

Typicalfrequency spectrum

}Available sources for Hyperion
/

Repetition rate

1kHz 1 300 MW
""""""" 600 MW
100 Hz T
10Hz T 4
g
Joo vy £ 50 MW
1Hz + S Reltrons
. = F
Single pulse requency
1 GHz 5 GHz 10 GHz
| .§ |
— DGA /Centre d ‘études de Gramat | DEPS Nov5,07 |  Diapositive N°10/33 DGA
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Other technical information
General description

Hyperion is a compact range concept. It includes

a) a large room devoted to the microwave sources and the associated pulse power,

b) g below U parabolic antenna and a movable mirror rrom U 1o 1o m nhigh,

c) g test zone including a turntable where systems under test are located.

A variety of sources are available. However, repetitive tunable magnetrons are more,often usgd.
Sysflems under test enter Hyperion through large doors.
It is p semi-anechoic chamber allowing an easy operation in a safe and secure environment.

It fit$ for systems such as aircrafts, missiles, radar systems, commuhication systems.

Avallable instrumentation

Measurement systems to control the good operation of/theé microwave sources, to quantify| the
radigted fields and to analyze the response of the systems under test are located in a spacjous
faraglay cage. It includes, transient digitizers, computers, scopes, electromagnetic sengors,
current and voltage probes. Specific systems to operate and to control the system under test|can
be used.

Auxjliary test equipment

ETARCOS is an arch with a movable microwave device operating in the frequency HQand
600 [MHz to 18 GHz to determine the’major coupling paths of the microwave radiations accorfling
to apgles and polarization.

) ETARCOS?

Frequency range : 0.6 to 18 GHz
Spherical near field measurements :
= azimuth : 0 to 360°
= elevation : -5°t0 95°
Linear polarisation
= dual polarised mobile horn
Near to far field transformation
e CCS>10%cm?

| HPNEYNEE ¥a) Hat
P-to—+o-peift

e Turntable :
= diameter=10m
= 50 tons
e Arch diameter : 15m

Coupling analysis :
<3 determination of attitude angles and polarisation
DGA /Centre d 'études de Gramat | DEPS Nov 5,07 | Diapositive N°6/33

N\

o
@
>
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MELUSINE,
France

1. General Information

2,

3.

Simulator Type:

hypoband - narrowband

TR 61000-4-35 © IEC:2009(E)

4. Electromagnetic Characteristics

Major Simulator 6 M (hig.h) by B. Narrowband (hypoband simulator)
DimenSion(s): 12m (Wlde) by Frnnlunnr‘\‘l Rnngn 072 -300GHz
100 m (long)
) 4 m (high) b n/a Coverage of tunable
gx. Test Volume ( 9 ) by O frequency range
Dimensions: 4 m (wide) by
10 m (long) Number of spot Xln/a
frequencies
Comments
.. . i B.1. Tunable Simulator
Afministrative Information
Max. Pulse-Power MW
Location: Gramat, France
. Electric Field NXV Vertical [X] Horizpntal
mobile [Jyes [Xno Polarization{~ [ Circular/Elligtical
outdoor [Jyes [X no L] Random
indoor Xyes [no Far field range m [ n/a
condition met at
Owner: Centre d’études de Gramat Nominal testdistance m O n/a
(CEG)
Type of Government 3dB beam angle (hor) ver)
Organization at
Po(nt of Contact: Dominique J. Sérafin Max. rms peak E-field 60 kV/m Oln/a
Centre d’études de Gramat
Address 46500 Gramat, France at
Phone : 33-565105446 Exposed area m?
Fax . 33-565105342 at
E-mail : EOm(ij”ifq“e-Séra“”f Far field radiated KV Oln/a
ga.defense.gouv.fr Voltage (rE):
URL : Min. Pulse Rise Time: ns (10%-90%)[] n/a
Status: Operational Max. Pulse Width: us (Tewnm) Ofn/a
Injtial Operation 2002 [ n/a Max Pulse repetition 10 Hz
Date: frequency (per burst) [X] single shot possible
Date of (in case of unavailable) Length of Bursts s Oin/a
Disassembly
Min. Time betw. s fn/a
Ayailability Bursts
Yes/No Restrictions Max. Number of Ojn/a
Bursts
Goviernment'users: Yes
Antenna Gain dB fn/a
ndustry users: Yes
Other:
Comments

Comments
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Typical time-domain waveform

Simulator Not available

> transparent view of MELUSINE

-7 Typical frequency 'spectrum

DGA /Centre d’études de Gramat DEPS Nov 5,07 Diaposiive N°27/33 DGA

Not‘available
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Other technical information
eral description

)

MELUSINE is an indoor facility for HPM testing of complete systems. It takes benefit of a long
reinforced concrete tunnel to deliver a variety of electromagnetic radiations on targets located
few tens of meters away from the sources.

This

The

¢
t
c) t
t
r
q

Ava

simulator is appropriate for vulnerability assessment or HPM demonstrator’s evaluation.

simulator is composed of

ower and antennae,
he tunnel zone with anechoic material disposed all along on many rings,

he test zone itself including an arch with anechoic material to minimize the reflections;
bst zone can be anywhere from 20m to 80 m away from“the sources depending
equirements. Systems under test enter MELUSINE through “a large door. It has b
esigned to be operated safely and securely; X ray protection-is specially reinforced.

In be used for moving or fixed targets, IEDs and other purposes.

lable instrumentation

source area on one end of the tunnel with screen rooms, sources, the associated pplse

the
on
een

Instfumentation is available to monitor the.edfrect operation of the microwave devices anfd to

meal
curr
and

Au

X

No

—

sure response of the system. A variety of transient digitizers, electromagnetic sens
bnt and voltage probes are availablgsin a large screen room. Specific measurement sys
emulation devices can be used for\devices under test.

liary test equipment

bvailable

ors,
tem



https://iecnorm.com/api/?name=b4040e0e21ea4b7aa3652f4e81f27fb3

TR 61000-4-35 © IEC:2009(E) -41 -

EMCC Dr. Rasek HIRF-Simulator,

Germany

1. General Information

Simulator Type: hypoband - narrowband

4. Electromagnetic Characteristics

Major Simulator m (high) by B. Narrowband (hypoband simulator)
Dimension(s): L
IR oy Frequency Range GHz
m (long) Coverage of spot frequencies
M3x. Test Volume m (high) by X n/a frequency range
Dimensions: m (wide) by Number of spot 5 ln/a
frequencies
m (long) .
B.1. Tunable Simulator,
Comments
Max. Pulse-Power MW
Electric Field,. [] Vertical [] Horizpntal
2_ Administrative |nf°rmati°n Polarization: D Circular/EIIi[ tical
[J Random
Location: Ebermannstadt, Germany .
Far field range m [ n/a
mobile X yes [Jno condifion’met at
outdoor X yes []no Nominal‘test distance m [ n/a
indoor X yes [Jno 3dB beam angle (hor) ver)
Owner: EMCCons DR. RASEK at far field condition
GmbH & Co. KG i
Max. rms peak E-field kV/m Ofn/a
Type of Organization Industry . .
at far field condition
Point of Contact: Exposed area m?
Address EMCCons DR. RASEK at far field condition
GmbH & Co. KG. ) i
Moggast, Boelwiese .48 Far field radlatetf kV n/a
91320 Ebermannstadt, Voltage (rE):
Germany Min. Pulse Rise Time: ns (10%-90%)[] n/a
Phone :  +49 9194.9016 Max. Pulse Width: us (Trwnw)  |n/a
Fax: +499194.8125 Max Pulse repetition Hz
E-mail : emplab@emcc.de frequency (per burst) [ single shot possible
Length of Bursts s n/a
URL A\ Mwww.emcc.de Min. Time betw. s O|n/a
Status: Operational Bursts
Initigl Operation)Date: [ n/a Max. Number of Ujn/a
Bursts
Date of Disassembly (in case of i
unavailable) Antenna Gain dB fn/a
Other:
Comments

3. Availability

Government users:
Industry users:

Comments

Yes/No Restrictions

Yes

Yes
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B.2. Simulator with spot frequencies
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Frequency | 1,300 GHz 2,993-3,002 GHz 5,45-5,825 GHz 6,325 GHz 6,52 GHz
Max. Pulse- | 1 MW 2,6 MW 175 kW 225 kW 250 kW
Power
Electric Field | X Vertical | X Vertical | X Vertical | X Vertical | X Vertical
Polarization: | X Horizontal | X Horizontal | X Horizontal | X Horizontal | X Horizontal

Circular/Elliptical

Circular/Elliptical

Circular/Elliptical

Circular/Elliptical

Circular/Elliptical

Ranrdom Ranrdom Ranrdem Ranrdom Ranrdom
Far fleld range | m O n/a m O n/a m [ n/a m O n/a m [ n/a
conglition met
at
Nominal test m O n/a m O n/a m [ n/a m O n/a m [ n/a
distance
BdB beam (hor) (hor) (hor) (hor) (hor)
angle (ver) (ver) (ver) (ver) (ver)
at | nominal test nominal test nominal test nominal test nominal test
distance distance distance distance distance
Max.|[rms peak kV/m kV/m kV/m kV/m kV/m
E-field
at | nominal test nominal test nominal test nominal test nominal test
distance distance distance distance distance
Exppsed area | m? m? m? m? m?
at | nominal test nominal test nominal test nominal test nominal test
distance distance distance distance distance
Far field kV [ n/a kV [ n/a kV [ n/a kV [ n/a kV [ n/a
radiated
Vo|tage (rE):
in. Pulse ns [ n/a ns [ n/a ns [ n/a ns [ n/a ns n/a
ise Time
(10%-90%):
Max. Pulse | 1 us On/a | 5pus aka’ | 0,25-2,5 ps 1 ps On/a | 1us [ n/a
Width [ n/a
(FWHM):
MNax Pulse | 1000 Hz 1000 Hz 1000 Hz 1000 Hz 1000 Hz
repetition | [X] single shot X single shot X single shot X single shot X single shqt
freqency (per possible possible possible possible possible
burst)
Length of | s [ n/a s [ n/a s [ n/a s O n/a s [ n/a
Bursts
Min. Time s L] n/a s [ n/a s [ n/a s [ n/a s [0 n/a
befw. Bursts
Max. Number | unlimjted—’ [ n/a | unlimited [ n/a | unlimited [ n/a | unlimited [1n/a | unlimited [ n/a
of Bursts
Anténna Gain dB O n/a dB O n/a dB [ n/a dB [ n/a dB n/a
Other:~{ Radiation pattern Radiation pattern Radiation pattern Radiation pattern Radiation paftern
depend on type of | depend on type of | depend on type of | depend on type of | depend on type of
antenna antenna antenna antenna antenna
Gomments | Various antennas | Various antennas | Various antennas | Various antennas | Various antg¢nnas

are available

are available

are available

are available

are availablg
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Frequency | 7,7-8,52 GHz 8,5-9,6 GHz 15,5-17,5 GHz 36,41-37,15 GHz 0,4-18 GHz
Max. Pulse- | 270 kW 250 kW 135 kW 28 kW 5-10 kW
Power
Electric Field | [X Vertical | X Vertical | X Vertical | X Vertical | X Vertical
Polarization: | [X Horizontal | X Horizontal | X Horizontal | X Horizontal | X Horizontal
O O O O O

Circular/Elliptical

Circular/Elliptical

Circular/Elliptical

Circular/Elliptical

Circular/Elliptical

| — Y 1 | — Y 1 o 1 | — =Y L | — Y 1
L1 ™\artiauriT L "™\artiauriT L1 ™\armauoinm L1 ™\artiauriT L ™\ariauriT
Far fleld range m [ n/a m [ n/a m [ n/a m [ n/a m [d n/a
conglition met
at
Nominal test m [On/a m [On/a m [ n/a m n/a m [ n/a
distance
BdB beam (hor) (hor) (hor) (hor) (hor)
angle (ver) (ver) (ver) (ver) (ver)
at | nominal test nominal test nominal test nominal test nominal test
distance distance distance distance distance
Max.|rms peak kV/m kV/m kV/m kV/m kV/m
E-field
at | nominal test nominal test nominal test nominal test nominal test
distance distance distance distance distance
Exppsed area | m® m’ m’ m? m’
at | nominal test nominal test nominal test nominal test nominal test
distance distance distance distance distance
Far field kV [On/a kV [On/a kV [ n/a kV [ n/a kV [T n/a
radiated
Vo|tage (rE):
in. Pulse ns [ n/a ns [ n/a ns [ n/a ns [ n/a ns [ n/a
ise Time
(10%-90%):
Max. Pulse | 0,5-1,5us [In/a | 0,5-1,5us [Ihla | 2,5 us 0,15-1us [ n/a | 20 us [d n/a
Width [ n/a
(FWHM):
Max Pulse | 1000 Hz 1000 Hz 1000 Hz 6000 Hz 10000 Hz
repetition | [X] single shot X single shot X single shot X single shot Xl single shqt
frequency (per possible possible possible possible possible
burst)
Length of | s O n/a s O n/a s [ n/a s O n/a s [ n/a
Bursts
Min. Time s I n/a s [ n/a s [ n/a s [ n/a s [ n/a
befw. Bursts
Max. Number | unlimited~” [ n/a | unlimited [ n/a | unlimited [ n/a | unlimited [1n/a | unlimited [ n/a
of Bursts
Ante¢nna Gain dB [On/a dB [On/a dB [ n/a dB [ n/a dB [ n/a
Other;~f\Radiation pattern Radiation pattern Radiation pattern Radiation pattern Radiation paftern
depend on type of | depend on type of | depend on type of | depend on type of | depend on type of
antenna antenna antenna antenna antenna
Gomments | Various antennas | Various antennas | Various antennas | Various antennas | Various antgnnas
are available are available are available are available are availablg
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Simulator

Not available
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Typical time-domain waveform

Not available

Typical frequency spectrum

Not available
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Other technical information

General description

The

EMCC Dr. Rasek HIRF-Simulator consists of following components:

— Multipurpose modulators and power supplies.

With

All ¢

Ava

No

—

Aux

No

—

KF power units

arious antennas

in one frequency band all components are interchangeable.

omponents are mobile.

lable instrumentation

bvailable

liary test equipment

Bvailable
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SUPRA,

Germany
1. General Information
Simulator Type: hypoband - narrowband 4. Electromagnetic Characteristics
Major Simulator m (high) by B. Narrowband (hypoband simulator)
Dimension(s): L
nrwide vy Frequency Range 0,675 - 3,00 GHz
m (long) Coverage of tunable
Max. Test Volume 3,0 m (high) by [dn/a frequency range
Dimensions: 3.0 m (wide) by Number of spot Xl n/a
frequencies
15,0 m (long) .
B.1. Tunable Simulator,
Comments
Max. Pulse-Power 400.MW
2. Administrative Information
Electric Field.. X] Vertical [X Horizpntal
Location: Munster. Germany Polarization: [] Circular/Elliptical
[J Random
mobile [Jyes [Xno O
Far field.range 15 m n/a
outdoor [Jyes [no condifion’met at
indoor [Xyes [lno Nominaltest distance 9m [ n/a
Owner: WIS 3dB beam angle 3 m (hor) 3 m (ver)
Tyge of Organization Government at far field condition
Point of Contact: ~GF 320 HPM-Simulation Max. rms peak E-field 75 kV/m Lin/a
Address P.O. Box 1142 at far field condition
29623 Munster, Germany Exposed area 9 m?
Phone :  +49 5192 136 462 at far field condition
Fax: +49 5192 136 355 Far field radiated 1125 kV Oln/a
E-mail :  WIS320HPM.bwh org Voltage (rE):
Min. Pulse Rise Time: 20 ns (10%-90%) [|n/a
URL @ http://www:bwb.org/ Max. Pulse Width: > 0,3 us (Tewnw)  [|n/a
Status:  Operational Max Pulse repetition 10 Hz
Initial Operation Date: 2002 [ n/a frequency (per burst) [X single shot possible
Daje of Disassembly, (in case  of Length of Bursts 10 - 100 s Ln/a
unavailable) Min. Time betw. 10 - 300 s O n/a
3. Availability Bursts
VesiNe Restrictions Max. Nume:rrs(t)sf unlimited Oin/a
GoVernnmient users: Yes Antenna Gain 20 dB Cln/a
Industry users: Yes Other:
Comments

Comments Length of bursts and min.
time betw. bursts depends
on pulse repetition rate and
number of pulses per
bursts
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Typical time-domain waveform

Simulator

1 N h |
100us

(,j.
NG
Typical frequ%@spectrum
AN

oS 50 MHz/div
N
= (.“\\/ Il \
= o J
—F NS
BE= N
== ¥
= 1
' O
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Other technical information

General description

)

Basically, the HPM-generator-system of SUPRA consists of a Thyratron-triggered, repetitive
1,4 MV PFN-Marx generator and one set of 8 High-Peak-Power Super Reltron tubes, each
provided with motor controls for frequency- and output power-tuning. The frequency coverage

exte

extends from single shot up to 10 pulses per second. A maximum of 100 pulses can be conia
in ohe burst; the pulses contain at least 300 cycles. Pulse widths are at least 300-ns
freqliencies above 1 GHz.

The

compustible, pyramidal absorbers. From a shielded control room, and via“optical fibres,

who

insefted if field levels have to be reduced, or minimized. Then, minimum fields as low

(3 tg

Ava

- 1
-

lodern PC-based data acquisition with mathematical features.

Aux

The
perf

e system is remote-controlled by a computer. Two 10 dB wave-guide_attenuators car

5) kV/m can be provided at a distance of 15 m from the antenna(s){

lable instrumentation

Flectric and magnetic field probes up to 3 GHz bandwidth

Lurrent probes up to a bandwidth of 3 GHz

everal fibre optic lines up to a bandwidth of 3.GHz

ransient recorders and fast digital scopes with’a single shot bandwidth of 7 GHz

liary test equipment

antenna system of SUPRA can be connected to one port of a vector network analyse
brm low level transferfunction measurements.

and
ned
for

microwaves are radiated into a 20 m long, anechoic chamber mainly furhished with fpon-

the
be
as
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SP Faraday,

Sweden

1. General Information

Simulator Type:

hypoband - narrowband

4. Electromagnetic Characteristics

B. Narrowband (hypoband simulator)

Major Simulator m (high) by
Dimension(s): L
T (WIUE) 0y
m (long)
M3x. Test Volume 3,0 m (high) by [dn/a
Dimensions: .
3,0 m (wide) by
15,0 m (long)
Comments
. Agministrative Information
Location: Boras, Sweden
mobile [Jyes [Xno
outdoor [Jyes X no
indoor X yes [Jno
Owner: SP Technical Research

Type of Organization

Point of Contact:
Address

Phone :
Fax :
E-mail :

URL :

Status:

Initigl Operation Date:

3.

Dafe of Disassembly

Ayailability

Govilernment users:

ndustry users:

Comments

Institute of Sweden
Research Institute

Krister Kilbrandt

Box 857, Brinellgatan 4
SE-501 15 Boras, Sweden

+46 10 5165581
+46 33 121930
krister.kilbrandt@sp.se

WWwWWw.sp.se

Operational
O n/a

(in case of
unavailable)

¥es/No Restrictions
Yes

Yes

Frequency Range 1,1-1,5(1,1-12,5) GHz

Coverage of tunable
frequency range
Number of spot X
frequencies
B.1. Tunable Simulator,
Max. Pulse-Power ;0385 MW
Electric Field.. X Vertical [X] Horiz
Polarization:*’ [] Circular/Ellig
[J Random
Far field range m O
condition”’met at
Nominaltest distance 1m O
3dB beam angle 0,6m (hor) 0.3m
at nominal test distance
Max. rms peak E-field 6,0 kV/m O

at nominal test distance
Exposed area m?
at nominal test distance

Far field radiated kV O
Voltage (rE):

Min. Pulse Rise Time:

Max. Pulse Width:

ns (10%-90%)C]
us (Tewnn) [

Hz
[ single shot possible

Max Pulse repetition
frequency (per burst)

Length of Bursts s O

Min. Time betw. s O
Bursts

Max. Number of O
Bursts

Antenna Gain 17,3 dB O

n/a

bntal
tical

n/a

n/a

ver)

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

Other:

Comments
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Typical time-domain waveform

Not available

Typical frequency-spectrum

Notlayailable
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Other technical information
General description

Faraday is built as an EMC test chamber for vehicles and other large objects. It is equipped with
a radar pulse simulator powered by TWT amplifiers. It covers four separate bands: 1,1 GHz to
1,5 GHz, 2,6 GHz to 3,5 GHz, 5,4 GHz to 8,0 GHz and 8,2 GHz to 12,5 GHz. The L-band is

detailed in the form above. The field-strengths that can be achieved in the four bands are
6 0 ! NMim 41 7 N\l 1 4 k\/Jrm Aand 1 A4 l\/[r rnencnﬁunlu Gt 1' m di

tanen fram tha antans
VT, ST v, i i ot o i i ToopootrveTy T T T

o o
rotarTCC T o trrc—artecrTaos

The |TWT amplifiers are fed by an RF-generator which in turn is modulated by a signal-generator.
The|maximum duty cycle is 1 % in the L-band and 6 % in the other bands.

Avallable instrumentation

— HE-field probes
— Optoelectronic links
— GSM, GPS, DAB, etc. emulation

Auxjliary test equipment

6-wheel chassis dynamometer for vehicle testing.
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MTF,
Sweden

Simulator Type:

Major Simulator
Dimension(s):

m (high) by

TR 61000-4-35 © IEC:2009(E)

4. Electromagnetic Characteristics

B. Narrowband (hypoband simulator)

M3ax. Test Volume
Dimensions:

Comments

mtwide)y by

12 m (long)

m (high) by X n/a
m (wide) by

m (long)

2. Agministrative Information

Location:
mobile
outdoor
indoor

Owner:

Type of Organization

Point of Contact:

Linképing, Sweden

Kyes [no
Xyes [no
Oyes Xno

Swedish Defence Material
Administration, FMV

Government

Mr. Per Hagstrom

Frequency Range

Coverage of
frequency range

Number of spot
frequencies

B.1. Tunable Simulator,

Max. Pulse-Power

Electric Field
Polarization:

Far field range
condition”’met at

Nominal‘test distance
3dB beam angle

at

Max. rms peak E-field
at

Exposed area

GHz

spot frequencies

MW
E] Vertical [ Horiz
O Circular/Ellig
[0 Random
m O
m O
(hor)
far field condition
kV/m O

far field condition

m2

n/a

bntal
tical

n/a

n/a

ver)

n/a

Address Combitech AB, SE-58188 at far field condition
Linkdping, Sweden ) i
Far field radiated kV n/a
Voltage (rE):
Phone : +46 13 184548 . . .
Min. Pulse Rise Time: ns (10%-90%)[] n/a
Fax: +46 13 185111 i
Max. Pulse Width: us (Tewnm)  [n/a
E-mail :  per.hagstrom@combitech.se .
Max Pulse repetition Hz
frequency (per burst) [ single shot possible
URL : wwwicombitech.se
Length of Bursts s n/a
Status: Operational
Min. Time betw. s fn/a
Initigl Operation Date*  January 1993 [ n/a Bursts
Dafe of Disassembly (in case of Max. Number of fn/a
unavailable) Bursts
Antenna Gain dB fn/a
3. Alailability Other:
Comments

Government users:
Industry users:

Comments

Yes/No Restrictions

Yes

Yes

MTF is owned by FMV and
operated by Saab
Communication.
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B.2. Simulator with spot frequencies
Frequency | 1,300 GHz 2,857 GHz 5,710 GHz 9,300 GHz 15,00 GHz
Max. Pulse- | 25 MW 20 (PCS: 140) 5 MW 1 MW 0,25 MW
Power MW
Electric Field | X Vertical | X Vertical | X Vertical | X Vertical | X Vertical
Polarization: | X Horizontal | X Horizontal | X Horizontal | X Horizontal | X Horizontal

Circular/Elliptical

CA: Cassegrain
Antenna

Ranrdom Ranrdom Ranrdem Ranrdom Ranrdom
Far fleld range | < 12 m On/ia | <12m On/ia|<12m [On/ia | <12m [On/a | <12m [[1n/a
conglition met
at
Nominal test | 15 m On/a | 15m [On/a | 15m On/a | 15m On/a | 16-m [ n/a
distance
BdB beam | 2,8 m (hor) 2,4 m (hor) 2,0 m (hor) 1,6 m (hor) 1,1 m (hor)
angle | 2,8 m (ver) 2,4 m (ver) 2,0 m (ver) 1,6 m (ver) 1,1 m (ver)
at | nominal test nominal test nominal test nominal test nominal test
distance distance distance distance distance
Max.|rms peak | 30 kV/m 30 (PCS: 17 kV/m 10 kV/m 6 kV/m
E-field 80) kV/m
at | nominal test nominal test nominal test nominal test nominal test
distance distance distance distance distance
Exppsed area | 6,2 m” 4,5m’ 3,1 m? 2,0 m? 0,95 m?
at | nominal test nominal test nominal test nominal test nominal test
distance distance distance distance distance
Far field | 450 kV O n/a | 450 255 kV [ n/a | 150 kV O n/a | 90 kv [ n/a
radiated (PCS:1200) kv [
Vo|tage (rE): n/a
in. Pulse | 100 ns [dn/a | 100 ns [ n/a | 300'ns [On/a | 80ns [On/a | 60 ns n/a
ise Time
(10%-90%):
Max. Pulse | 5 us On/a | 5(PCS: 0,4) us 5 us On/a | 3.8us On/a | 0,53 ps [d n/a
Width El n/a
(FWHM):
MNax Pulse | 1000 Hz 1000 Hz 1000 Hz 1000 Hz 2100 Hz
repetition | [X] single shot X single shot X single shot X single shot X single shqt
freqency (per possible possible possible possible possible
burst)
Length of | 10 s O n@aM0s [On/a|10s On/a | 10s On/ia | 10s [ n/a
Bursts
Min. Time | 50 s il n/a | 50 s [On/a | 50 s [On/a | 50 s [On/a | 50 s [0 n/a
befw. Bursts
Max. Number | unlimjted—’ [ n/a | unlimited [ n/a | unlimited [ n/a | unlimited [1n/a | unlimited [ n/a
of Bursts
Anténna Gain | 30:dB [dn/a | 30 (CA: 37)dB [] | 30 (CA: 40)dB [] | 30 dB [On/a | 30dB n/a
n/a n/a
Other:. [/Maximum PRF Maximum PRF Maximum PRF Maximum PRF
and maximum and maximum and maximum and maximum
pulse length pulse length pulse length pulse length
cannot be cannot be cannot be cannot be
attaired attained attaired attained
simultaneously simultaneously simultaneously simultaneously
Comments values in | values in
brackets: PCS: | brackets:
Pulse compressor | CA:  Cassegrain
system Antenna



https://iecnorm.com/api/?name=b4040e0e21ea4b7aa3652f4e81f27fb3

— 54 —

Simulator

TR 61000-4-35 © IEC:2009(E)

Typical time-domain waveform

The envelope of one microwave pulse in the time domain

n

=

MTF with standard antennas

MTF with Cassegrain ante.n\g)as
for S- and C-ban

RS
®)

Overlview of the MTF-system

E-field] kvsm)

m

A5

[

The envelope%?\a\)1 us S-band pulsk.
Vo)

L
Y

S
\S.\

TypicQGFequency spectrum

Not available
&\@
)

Overview with the control trailer at the left and

the diesel generator at the right.
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Other technical information

General description

The MTF generates high E-field levels at five spot frequencies in the L-, S-, C-, X- and Ku-band.
At the three lowest bands the signals are magnified to test levels by klystron tubes and for the

two

0,1

The
by a
perf

Ava

Osc
E-fig
E-fie

Instifute in Vilnius, Lithuania.

Shie
Curn

Sevg¢ral fiber optic lines up to a bandwidth of 1 GHz

Fast
Spe

Aux

The
micr
a sh
30 k

The
mak

highest bands magnetron tubes are used. The output test fields are pulse modulated

test facility is located outdoors and the nominal test distance is 15 m. The MTF is.pow¢
prmed from a shielded trailer connected to the system. All units are mobile.

lable instrumentation

Iloscope: Tektronix TDS 754D
Id probe (average): Narda 8621D
Id probe (peak): Hot electron sensor for L- to Ku-band acquijred from Semiconductor Phy

Ided video camera with fiber optic line
ent probes up to a bandwidth of 100 MHz

digital scopes with a single shot bandwidth of\500 MHz
ctrum analyzers, up to 40 GHz

liary test equipment

S-band is equipped with a Dual’"Resonator Pulse Compressor System. The PCS stores
pwave energy in cavity resohators during the pulse, then switches the energy out in for
orter pulse length but withh much higher amplitude. The E-field peak level increases
\//m to 80 kV/m. The pulse length is 0,4 ps.

original horn antennas for S-band and C-band can be changed to Cassegrain antennas.
bs it possibleosuse test distances of a couple of hundred meters.

with

bred

230-V, 540-kVA, AC, diesel generator. Supervision and control of the test objects can be

sics

the
of
rom

lhis
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United Kingdom

1. General Information

Simulator Type:

Major Simulator
Dimension(s):

hypoband - narrowband

2,5 m (high) by

4. Electromagnetic Characteristics

B. Narrowband (hypoband simulator)

4
I

2T twide by

Frequency Range

1,07 to 3,00 GHz

3 m (long) Coverage of tunable
M3x. Test Volume 3 m (high) by [dn/a frequency range
Dimensions: 15 m (wide) by Number of spot Xl n/a
frequencies
7 m (long) .
B.1. Tunable Simulator,
Comments Test volume at 70 m range
Max. Pulse-Power 300 MW
2. Agdministrative Information L. ) .
Electric Field~ X] Vertical [X] Horizpntal
Location: Pershore, UK Polarization:™ [] Circular/Elligtical
Rand
mobile X yes [Jno [ Random
Far field,range 15 m [ n/a
outdoor X yes [lno condifion’met at
indoor [Jyes [l no Nominaltest distance 70 m [ n/a
Owner: UK MoD - operated by 3dB beam angle (hor) 7.5 m (ver)
QinetiQ
t far field diti
Type of Organization Government @ ar field condition
Max. rms peak E-field 30 kV/m fn/a
Point of Contact: Mr. B. Kerr at far field condition
Address Malvern Technology Park, Exposed area 105 m?2
BLB123, St Andrews Road,
Malvern, WR14 3PS at far field condition
Phone : +44 (0) 1684 894949 Far field radiated 2300 kV fn/a
Voltage (rE):
Fax: +44 (0) 1684 896791
Min. Pulse Rise Time: 20 10%-90% /
E-mail : bakerr@gqinetig-com : " I ! ns (10% ©)  Llnia
Max. Pulse Width: 0,25 ps (Tewnm) ln/a
URL : www.ginétig.com Max Pulse repetition 100 Hz
Status: Opetational frequency (per burst) [X] single shot possible
Initi4l Operation Date:~ 1996 O n/a Length of Bursts  Max 10 s Ljn/a
Dafe of Disassembly. (in case of Min. T|meBll)j?;vtvs. 8 mins Ljn/a
unavailable)
i o Max. Number of unlimited Ofn/a
3. Ayailability Bursts
Yes/No Restrictions Antenna Gain 26,7 dB On/a
Goviernment users: Yes Other:
Industry users: Yes Comments Length of bursts (1000 max

Comments

per burst) and min.

time

betw. bursts depends on
pulse repetition rate and
number of pulses per
bursts, nominally 5 mins up
to 8 min. The pulse width
reduces to 50 ns above
2 GHz.
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Typical time-domain waveform 1,3 GHz

SERTEY

Vel per viefer

dHHL,
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Other technical information
General description

Orion is a magnetron based HPM simulator. The prime power source for Orion consists of two,
three phase diesel generators. The generator drives the charging system PFN where the output
of the generator is converted to a 0 to 30 kV DC supply. This supply is then coupled into the

W he : i PP o— M —with ptHse—width—The
primary modulator is a magnetron. In the magnetron approximately 10 % to 20 % of the eléctfical
power is converted to RF power, resulting in 2300 MW of microwave power extracted-from| the
maghetron.

The|Orion simulator is housed outdoors and can therefore accommodate very large test objgcts.
A great deal of flexibility is therefore possible such that smaller test objects can‘be located clpser
to thie antenna to achieve higher fields.

Avallable instrumentation

— HRlectric and magnetic field probes up to 3 GHz bandwidth

— $everal fibre optic lines up to a bandwidth of 3 GHz

— Transient recorders and fast digital scopes with a single shot bandwidth of 7 GHz
— Modern PC-based data acquisition with data precéssing features

Au

X

liary test equipment

No

—

bvailable
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Radio Frequency Environment Generator (REG),
United Kingdom

1. General Information
Simulator Type: hypoband - narrowband

4. Electromagnetic Characteristics

Major Simulator 5 m (high) by B. Narrowband (hypoband simulator)
Dimension(s): 20 m (wide) by Frequency Range GHz
5 m (long) Coverage of tunable
M3x. Test Volume unlimted m (high) by X n/a frequency range
Dimensions: 50 m (wide) by Number of spot [ n/a
frequencies
50 m (long) i
Comments B.1. Tunable Simulator
Max. Pulse-Power Mwy
2. Agdministrative Information Electric Field [] Vertical” [] Horizpntal
Polarization: [] Circular/Elligtical
Location: Boscombe Down, UK [J-Random
mobile [Jyes [X no Far field range m [ n/a
outdoor [ yes [Jno condition met at
indoor [Oyes [Xno Nominal test distance m O n/a
Owner: UK MoD, operated by 3dB beam,angle (hor) ver)
QinetiQ at far field condition
Type of Organization Government Max. rms peak-E-field kV/m n/a
at far field condition
Point of Contact: Peter Sumner Exposed area m?
Address MOD Boscombe Down, at far field condition
Sallsbury. Willshire, SP4 Far field radiated KV Oln/a
’ Voltage (rE):
Phone :  +44(0) 1252 392612 Min. Pulse Rise Time: ns (10%-90%)] n/a
Fa.x +44 (0) 1252 .397.058 Max. Pulse Width: us (Tews)  Dlln/a
E-mail :  pgsumner@ginetig.com Max Pulse repetition 0 Hz
L frequency (per burst) single shot possible
URL: www.QinetiQ.com/emc Length of Bursts s Ol n/a
Status: Operational Min. Time betw. s Ofn/a
Initigl Operation Date: 1993 O n/a Bursts
Dafe of Disassembly (in case of Max. Number of Uin/a
unavailable) Bursts
Antenna Gain dB Ofn/a
3. Ayailability Other:
Comments
Yes/N@“ Restrictions
Goviernment users: Yes
ndustry users: Yes UK MoD approval

Comments
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B.2. Simulator with spot frequencies
Frequency | 1,33 GHz 3,2 GHz 5,6 GHz 9 GHz 16.5 GHz
Max. Pulse- | Up to 1 MW Up to 0.5 MW Up to 0.5 MW Up to 0.5 MW Up to 0.5 MW
Power
Electric Field | [] Vertical | [ Vertical | [ Vertical | [ Vertical | [ Vertical
Polarization: | [ Horizontal | [ Horizontal | [ Horizontal | [ Horizontal | [] Horizontal

Circular/Elliptical

Ranrdom Ranrdom Ranrdem Ranrdom Ranrdom
Far fleld range | 15 m [On/a | 15m [On/a | 15m [On/a | 15m COn/ia | 15m [ n/a
conglition met
at
Nominal test | 15 m On/a | 15m [On/a | 15m On/a | 15m On/a | 16-m [ n/a
distance
BdB beam | +0,64m (hor) | £0,4m (hor) | £0,4m (hor) | £0,38m (hor)» £0,4m (hor)
angle | +1,5m(ver) +1,0m(ver) +1,0m(ver) +0,87m(ver) +0,84m(ver)
at | nominal test nominal test nominal test nominal test nominal test
distance distance distance distance distance
Max.|rms peak | 30 kV/m 30 kV/m 23,4 kV/Im 26,8 k\Mm 27,5 kV/im
E-field
at | nominal test nominal test nominal test rnominal test nominal test
distance distance distance distance distance
Exppsed area | 1 m” 1m? 1m? 1m? 1m?
at | nominal test nominal test nominal test nominal test nominal test
distance distance distance distance distance
Far field | kV On/a | kv On/a | kv [ n/a kv On/a kv [dn/a
radiated
Vo|tage (rE):
in. Pulse ns [dn/a ns [dn/a ns [n/a ns [dn/a ns [ n/a
ise Time
(10%-90%):
Max. Pulse | 1 us On/a | 0,6 us Ota | 1us On/a | 1us On/a | 1us [ n/a
Width
(FWHM):
Max Pulse | 1000 Hz 1000 Hz 1000 Hz 1000 Hz 1000 Hz
repetition | [] single shot | [J. Single shot | [ single shot | [ single shot | [ single | shot
frequency (per possible possible possible possible possible
burst)
Length of | unlimited s [] n/a ‘'unlimited s [ n/a | unlimited s [ n/a | unlimited s [] n/a | unlimited s [[1 n/a
Bursts
Min. Time s X n/a s X n/a s X n/a s X n/a s K n/a
befw. Bursts
Max. Number | unlimited~" [] n/a | unlimited [Jn/a | unlimited []n/a | unlimited [Jn/a | unlimited [[]n/a
of Bursts
Antg¢nna Gain dB [In/a dB [In/a dB [On/a dB [In/a dB [dn/a
Other;

Gomments
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Frequency | 24 GHz 34.86 GHz GHz GHz GHz
Max. Pulse- | Up to 50 kW Up to 50 kW MW MW MW
Power
Electric Field | [] Vertical | [ Vertical | [ Vertical | [ Vertical | [ Vertical
Polarization: | [] Horizontal | [ Horizontal | [ Horizontal | [ Horizontal | [J Horizontal
O O O
Circular/Elliptical Circular/Elliptical Circular/Elliptical Circular/Elliptical Circular/Elliptical
[ Random [J Random [J Random [J Random [ Random
Farfcidlallgc 451 Dll/‘a 45 Dll/‘a 451 D e 45 Dll/‘a 451 D n/a
conglition met
at
Nopinal test | 15 m On/a| 15m On/a|15m On/a| 15m On/a | 15m [ n/a
distance
BdB beam | +0,4m (hor) | £0,4m (hor) m (hor) m (hor) m (hor)
angle | +0,8m(ver) +0,5m(ver) m(ver) m(ver) m(ver)
at | nominal test nominal test
distance distance
Max.|[rms peak | 8,3 kV/m 6,7 kV/m kV/m k\m kV/m
E-field
at | nominal test nominal test
distance distance
Exppsed area | 1 m” 1 m? m? m? m?
at | nominal test nominal test
distance distance
Far field kV [In/a kV [In/a | kV [EDn/a kV [In/a kV [ n/a
radiated
Vo|tage (rE):
in. Pulse ns []n/a ns []n/a ns []n/a ns []n/a ns n/a
ise Time
(10%-90%):
Max. Pulse | 1 us On/a | 0,8 us O n/a us [dn/a us [n/a us [dn/a
Width
(FWHM):
Max Pulse | 1000 Hz 1000 Hz Hz Hz Hz
repetition | [] single shot | [ single shot | [ single shot | [ single shot | [ single | shot
frequency (per possible possible possible possible possible
burst)
Length of | unlimited s [] n/a .| @nlimited s [ n/a | unlimited s [ n/a | unlimited s [1 n/a | unlimited s [[1 n/a
Bursts
Min. Time s X.n/a s X n/a ) [ n/a s [ n/a ) [0 n/a
befw. Bursts
Max. Number | unlimited~"l n/a | unlimited [ n/a | unlimited [Jn/a | unlimited [Jn/a | unlimited [ n/a
of Bursts
Anténna Gain dB [dn/a dB [dn/a dB [dn/a dB [dn/a dB [dn/a
Other:
Gomments
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Typical time-domain waveform

Not available

Typical frequency spectrum

Not available
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Other technical information
General description

The REG generates high E-fields at 7 spot frequencies in the microwave frequency range. There
is some tunability up to 10 % at each frequency.

HF, VHF,and UHF high level capability is also available.

The|REG facility is housed outdoors and can therefore accommodate very large test-objects. A
great deal of flexibility is therefore possible in such a way that smaller test objects car] be
localed closer to the antenna to achieve higher fields. Measurement instrumentation"and control
of thle test objects can be performed from a shielded test room.

Avallable instrumentation

Full jnstrumentation of E-field available (antenna, opticallinks, etc.)
Full test object instrumentation available (current probes) field probes)
Instiumentation and test Electro Explosive DevicesEEDs)

Auxjliary test equipment

No

—

bvailable
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7.3 Reverberation chambers

Large Magdeburg Reverberation Chamber, Germany .........ccccoiiiiiiiiiiiiiiiieeeeeee e 66
CISAM Aluminium Reverberation Chamber, Italy ... 69
Environ Laboratories Reverberation Chamber, USA ... ... 72

QinetiQ Medium Reverberation Chamber (QMRC), United Kingdom..........ccoccoiiiiiiiiiiiiinnnnnnns 75
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Large Magdeburg Reverberation Chamber,

Germany

1. General Information

Simulator Type:
Major Simulator

hypoband - narrowband
3,45 m (high) by

4. Electromagnetic Characteristics
B. Narrowband (hypoband simulator)

Dimension(s): g5m (wide) by Frequency Range 0,2-10,6 GHz
7,9 m (long) Coverage of tunable
M3x. Test Volume 2 m (high) by O n/a frequency range
Dimensions: 2 m (wide) by Number of spot |
3'm (long) frequencies

Comments

2. Agministrative Information

Location:
mobile
outdoor
indoor
Owner:

Type of Organization

Point of Contact:
Address

Phone :
Fax :
E-mail :

URL :

Status:
Initigl Operation Date:
Dafe of Disassembly

3. Ayailability

Goviernment users:
ndustry users:
Comments

Magdeburg, Germany

Oyes KX no
Oyes Xno
X yes [dno
University of
IGET
University

Dr. Krauthauser

Universitatsplatz 2
39106 Magdeburg,
Germany

+49 391 6712195
+49 391 67 11236
hgk@ieee.org

www.ovgu.de/krauthae

Operational
1999

(in case
unavailable)

Yes/No
Yes
Yes

Restrictions

Magdeburg,

[ n/a

of

B.1. Tunable Simulator
B.2. Simulator with spot frequencies
B.3. Reverberation Chamber

Lowest Usable
Frequency (LUF)
in accordance with
IEC 61000-4-21

ChambenQ

at

Min. Pulse Rise, Time:
Modes of Operation

Other:
Comments

200(MHz

GHz
us (10%-90%)X]
[ Continuous Stirring

[ Stepped / Tuning
X Both

only cw signals

n/a

n/a
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