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THE- CHARACTERISTIC OF BROADBAND, ISOTROPIC ELECTRIC PIELD
AND- uAGNETIC FIELD PROBES : -

Hqtohiqa'KanHa_3:"

A Eeasibili:y study .and a- preliminary engineering test program have been
conducted to establish performance specification limits and preliminary engi-
neering design for broadband, isotrapic, receiving, electric fieli and magnetic
field probes fos elec:romsgnetic emission measirements. Three e;ectric field
probes cover the frequency range from 20 Hz to 12 GHz. Two magnetic field . o
probes .cover the frequency range from 20 Hz to 32 MHz. The tangential sensi~
tiviries-and the dynamic range of these broadband isotropic electric field and.

- magnetic field probes are specified. Preliminary engineering design and
supporting.test da:a are also included..

Key words:. Broadband probe; dipole antenna; dynamic range; electric field probe;
isocropic prabe; loop antenna; magnetic fileld prohe. tangential sensitivity. '

1. INTRODUCTION

The purpose of this report is to provide results of a feasibility study and an engineering
test program to establish performance specification limits and preliminary electrical design
for broadband, isotropic, receiving probes for measurements of e¢lectric and magnetic field
emissions. Here, a broadbaud isotropic probe consists of a dipole antenna for an electric
field probe, and .a laop antenna for a magnetic fi-.1d probe. These antenna elements are then
fed into a device that performs a balance-to-unbalance transformation (e, g-» @ b2lun, a
differential amplifier, etc.} and an amplifier if necessary. Three electric field probes
cover the frequency range from 20 Hz to 12 GHz. Two magnetic'field probes cover the fre-

.'quency range from 20.Hz to 32 MHz.

The frequency ranges, the tangential sensitivities based on a signal to noise ratio of
3 dB for varicus bandwidths, and the dyrnamic ranges based on 1 .dB compression point are
specified for each electric field and magnetic field probe. Engineering design and :
supportihg test data are alse incluied in this report.

- 2. ELECTRIC FIELD PROBE PERFORMANCE

This section defines the performance specificaticn limirs and operating characteristics
of the electric field probes. The recéiving characteristics of three types of linear ap-
. tennas with three different ivading ‘mechanisms are investiga:ed :heore:ically aud experi-
mentally to-cover -the frequency range from 20-Hz to 12 GHz.

The received voltage VL (f) of a linear antennsa across a load impedance I (f) 1s given
b
i -h (£) E () 2, (f)

v, (6) = . w -
L zo(f) e zL(f)

where he(f) 15 an effective leng:h,rzd(f) is an input impedance of a linear antenna,
c(f) is an incident electric field to an antenna and f is frequency. Then, the transfer

function of a linear antenna, S(f), is defined to be

YE) b ()2 (6)

. ) ()
E, () 2 (D)2 (6)

5(f) =

In each case, i.e,, low frequency electric field probe .(LEP), middle frequency electric
field probe (MEP), and high frequency electric field probe (HEP), the transfer functionas of
specific antennas are first calculated theoretically and verified experimenctally. Then, the
antenna power patterns are 1nvestigated experimentally to ensure :hat these specific linear




anténnas can‘bé made into isdtropic probea.; Finally, the tangential sensitxvicies and the
dynamic ranges of each electric probe are es:ima:ed theoxe:ically.

2.1 Low Frequency Elecr.ric Fiala Probe (LEP)

The technical approach to be used for a low Erequency electric field probe (LEP) is an-
electrically-short divole in-order to achieve a broad bandwidth. The LEP covers the fre-
quency range between 20 Hz and 10 MHz, A field effect. transistor (FET) amplifier is used
for the input stage with differentizl mode operation, im order to- rejec: ‘common mode,

The schematic diagram for the LEP is shown in figure 1.

For an electrically-short dipole antenna (i.e., Bh<1), the effective length h (f), ‘and
_the input impedance, Z (f), of the antenna are given by- [1]

L h(@el) : ,
he(F) = Fta-zria %y meters o 52
- and
2,(6) = -1 385 (@-2-ia &) omm . )

_The symbols have the foilbwihg meanings: h is a half physical lengrh of a dipole antenna in

-1

‘meters, B is a wave number in meters -, % ‘ig the free gpace 1npedance in ohms, and - 1s an

antennd fatness factor {i.e., ﬂ = 2 ln(lhla) where a is an antenaa radius in meters)

With an FET 1npu; stage, the antenna %8 considered to be terminated with a. purely
capacitive load. Since the ioad impedance of the antemna is given by

2.(6) = =) ol ()

where C is the capacitance of an FEI amplifier in farads, the load voltage, V £y, across the
anteona terminal is

iuc(f)

V (£) -W V/Hz '7 . (6)

where

 4ah

[+ B e —— e —
a vnco(ﬂ-Z-En 4)

farad ‘,: N
-1 ' ’ N
CTF-z e ' ) S ®

and v_ is the speed of light in free space. Thus, the transfer function of an LEP is given

v (f)
' L a-_hi2
) (f) = ” T - (9)
7 LEP Eim__(f) “T% clc -

which is independent of frequency. In practice, the input impedance of an FET amplifier is
not pure capacitive, but has a resistive -omponent as well as a capacitive component. This
resistive component of the input impedance will cause a 6 dB per octave roll-off at the low
end of the frequency range.




Preliminary experimen:s were performed uaing :he ls-cm 1ong dipole. i. e., h =7, 5 em U
wi:h 0.6 cm radius. The experimental result for.the transfer. function ¢f the electrically~ B
;_ahor: dipole’is shown in figure 2. Please note that the transfer function of the electrically-
. snort.dipole with an FET amplifier is very - ‘flat to *:3 dB from 2 kMz to.400 MHz. When the
~ capacitance of the FET amplifier used for our experiment i3 assumed to be 5 9 pF the ’
transfer function of the antenna is given in dB’ by eq.- (9 as :

20 log|5, g (£)|= ~41.1 dB. , (10)

This theoretical result agrees very well with our experidental data for the frequency range
_from 2 kHz to 400 MHz. When the inmput tfeslstance of the FET amplifier is assumed ro te

100 k&, the tranafer function of . the electrically-short dipole rolls off at -6 dB- per octave
due to the input resistance of the FET amplifier below 2 kHz, as shown in figure 2. Above
400 MHz, the 15 cm long dipcle becomes electrically long so that the theoretical expressions
‘for the effective length and the input impedgnce giveu in eqs. {3) and (ﬁ), respectively,
will not be valid.

It should be remembered. however, that, in practice it is not possible to build a high
input impedance FET differential amplifier with high common mode rejection above 10 MHz with
present state of the art. For this reason the highest frequency of LEP is limi:ed to
10 MHz as specified previcusly.

Consider. an elec:rically short dipole wi:hia length of 30 cm and a radiua of 1.5 c¢m with
FET ampiifiers as the input stage for an LEP., When the capacitance of the input stage FET
amplifiers is assumed to be 6 pT, the transfer functiun-of an LEF is

LEP(E) = -3,59 % 10 ? or -28. 9 dB,

. The tangential sensitivity (1.e,, S/N = 1, or, a signal to noiae ratio of 3 dB) can be
eetima:ed as -

. Tyl o .
s Wy ,
NTHT ¥ (mT. +T._T8 : (b
ant” Mg amp : :
fhe_symbols have thé following meanings: k is Boltzmanns' constant (= 1,38 x l0~2; JK-l),
Tan: is an antenna temperature in kelvins, n 1is an antenna radiation efficiency, To is

an ambient :emperature'in.kelvins,. amp is the effective input noise ;empefature of an .
FET amplifier in kelvins. and B is a bandwidth in Hertz. Here T :” *¥ (1—n)T is the noise

contribution due to the: antenna and T é is the noise connribution due to the amplifier. if

" the. antenna is. surrounded by 290 K environmen:, the noise :emperature con:ributed by the
antenna would be 290 K regardless of its radiation effieciency, n. Assuming that the noise

- figure and the resistive input impedance of an FET amplifier are, respectively, 10 dB and
1 M0, the tangential sensitivities of the active antenna for various bandwidths for the
frequency range from 20 Hz to 10 MHz are listed below.

e 17.6 pV/m, or, 24.9 dByV/m with 10 Hz bandwidth (BW)
‘e 55.7 uV¥/m, or, 34.9 dBuV/m with 100 HZ BW
‘e 176 uv/m, or, #44.9 dBpV/m with 1 kHz BW

The dynamie renge of an LEP i3 limited by the FET aifferential'amplifier_character4 :
istics. It 1s estimated that the maximum input rf voltage béfore 1 dB gain compression is
about 0.05 volt :rms for a typical FET -ampliffer. Therefore, the maximum electric. field ro
. produce C.05 volt rms at the antenn2 terminal is 1,39 V/m or- 122.9 dBuV/m.. Thus, the.
predicted dynamic range for a LEF 1s 98 dB for 10 Hz bandwidth.
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Similarly, the dynamic ranges of the LEP with various banduidthe are also calculated .
-and ‘are summarized belov for the frequency I, .age from 20 Bz to 10 MHz. -

e 98°dB with 10 Hz BH

e 83 dB wich 100 Hz BW

e 78 dB with 1 kHz BW -

2 2 Hiddle Freggency Electric Field Probe jHEP)

The technical approach to be used for a middle Erequency electric field probe (HEP) is a

) resistively loaded antenna. - The' MEP. covers the frequency- tange between 10 MHz and 1 GHz
VThe schematic: diagram cf an’ HEP is shown in figure 3. )

When an . antenna ig resistively Loaded such that its internal impedance along the antenna
is given as -~

zhem oS0l - a»

h - |z
where

-1 h

w® 2[sdnb" 2 - C(28a,26) ~ §5(26a,28m)] + dx (1-e7IEP

) ‘ (13

and C(a,x) and ${a,x) are the generalized cosine and sine integrals, the effective length
he(E)'and the driving-point impedance zo(f) of the resistively loaded antenna are then given

by

ho(f) = g7 (1-g8h-e 38Ry (14)
-and B
Z,() = 6041 - L. o am

The more derailed discussions on the characteristics of a resistively loaded antenna were
given by solving the wave equation using the method of moments and are given elsewhere by
the author {2;3,4]%. Then, using the effective length h, (f). and che driving-pOint inpedance.

Z (f), the transfer function of . the resistively loaded antennas is calculated by use of
eq (2).

The preliminary experiments were- performed using a 15 cm long reaietively loaded dipole,
i.e., h = 7.5 ¢m with a'= 0.127 cm. The photograph of the resistively loaded dipole ig
shown in- figure 4. A commercially available balun' (200 ¢ balance to 50 9 unbalance) was
used. The theoretical and experimental results of ‘the transfer function for the resistively
loaded antenna are given in figure 5. The agreement 1s very good. It ig found for figure
S that the transfer function is very flat above 200 MHz, whereas it rolls off at -6 dB .
per octave below 200 MHz. .In order for the.response of the MEP to be flat across the
frequency range from 10 MHz to 1 GHz, the gain of the broadband rf amplifier is tailored to
have 6 dB gain increase per octave below 200 MHz and to have a constant gain above 200 MHz.

The far-field radiation patterns of the resistively loaded antenna were investigated
theoretically and experimentally at 100 MHz, 1 GHz, and 2.5 GHz. The results are shown in
figures 6, 7, and 8. It is found from the figure that an isotropic MEP can be fabricated
up to at least 3 GHz using three orthogonal resistively loaded dipoles,

4
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The tangen:ial sensitivity (i a., S/N - l, ‘or, 2 aignal to noise ratio of 3 dB) is esti~-
‘mated in the same way as described in secrion 2.2. TIf is assumed that the broadband -ampli-~
filer used for the MEP has a noise figure (NF) of 5 dB including the loss due to the balun.
Using eq. (11) the tangential sensicivicies at variaus frequencies wich various banduid:hs
. are calculated and .are summarized ‘below. :

e 89.5 uV or 39 dnuv/m at 10 Miz.with 1 kHz BW
v 40, 0 LT or 32 dBuVlm at 25 Miz wich 1 kHz BW
e 31 774y or 30 dBuV/m at 400 Mz with 100 Hz' BW

s 22.5 uV or 27 dBuV/m ac 1 GHz with 100 kHz BW

The dynamic range of a MEP is limited by the low noise broadband rf amplifier. A tﬁpical
output power of a broadband amplifier at 1 dB. gain compression is -10 dBm with a gain of
30 dB at 10 MHz. Thus, che maximum rf voltage that can. be applied to.the amplifier -is

7.07 = 10 V. To produce this maximum rf volcage at the antenna terminal, the marimuw
electric field to the an:enna is 1.26 V/m, or- 122 dBuV/m., The- dyﬂamic range, is, thus 83 dB-
with 1 kHz BW.

Similarly, the dynamic tanges of :he MEP with various bandwidths are also calculated
. and are summarized below for che frequency range Erom 10 MHz o 1 GH:.

] 83 dB with 1 kHz BW
e 73 dB wich 10 kHz BW

e 63 dB wich 100 kiz BW

2.3 High Freguency Electric Field Probe (HEP) -

The :echnical approach to be applied for'a high frequency electric field probe (HEP)

1s a relatively short linear antenua with resigtive-capacitive loading. The schematic
diagram for an HEP is shown in figure 9. The technical reason vhy resistive-capacity
loading 1s chosen for the HEP is as follows. If a linear antenna with pure resistive=loading
1s to be used, the maximum dipole physical length before antenra patterns degrade is found
to be on the order &¢f three (3) times the half wavelength at the highest frequency of interest
as indicated in figure 8., Thus, if the highest frequency of interest is 18 GHz, the

‘1.68

maximum dipole length allowed must be less then 3 x cm = 2,5 cm. In practice, it is

very difficulr to fabricate a 2.5 cm long linear dipole antenna with the proper resistive

loading. On theé other hand, when a linear dipole antenna wicth resiscive-capacitive .
loading is to be used for the HEP, the maximum dipole physical length before antenna’
power patterns degrades can be about six (6) times the half wavelength.at the:highest
frequency of interest. This means that, if the highest frequency of interest is 1B Giz,

:he,maximum allowed dipole physical length is 6 x ;266 cm = 5 cm. If—the highest frequency

-of interest cculd be lowered to 12 GHz from 18 GHz, then the maximum allowed dipole physical
length becomes & x'gii cm = 7.5 ecm. It is feasible to fabricate a 7.5 cm long dipole with

resiscance-capacicance loading without much difficulty.

There is another severe rescriccion which limits the highest frequency ‘of the HEP to
12 CHz instead of 18 GHz. :In order to assure equal currents in the two arms of a dipole for
‘a symmetrical power pattern, the arms should have the same impedance to ground. Such. a load
should be fed by a tranemission line as a two-wire line, which-in itgelf 1s balanced to
ground. ‘However, at high f:equencies, particularly above 1 GHz, unbalanced coaxial lines
'are ‘always used in ptac:ice, so that we encounter the problem of transforming from an



unbalanced to a. balanced ayatem. Thn device that accomplishes the balance—to-unbalance SR
:ransfarmationa is-a balun. ‘After cur extensive search fot-a “high frequency broadband

- ‘balum, we are not able to-find a-balun to cover -the. frequency range from 1 GHz to 18 CHz.

The ' only possibility which comes close to our ‘requirement is a I-12 GHz broadband -balun,
which may be obtained from a commercially available flac spiral antenna. Because of ‘the
time schedule, it was not possible at this time to perform a more extensive research effort
for both ao antenna and a balun for the purpose of extending the frequency from 12 GHz to

18 GHz. -Therefore, -all engineering design and supporting test data for the HEP included -in- "
thia sec:ion cover the frequency range betueen 1 GHz and 12 sHz: :

A linear ancenna wich capacicive-resistive loading was fabricated aud iu shoun in

- figuére 10. .The present.linear dipole antemna with capacitive-resis:ive loading 1s-7.5 cm

long with 0.127 .cm radips.  The far-field radiation patterns of the antenna are 1:Nestiga:ed

- experimentally at'.2, 8, and 12 CHz. The results are shown in figures 11, 12, and 13. . These :
figures show that an igotropic HEP can be fabricated up to 12 GHz USADE :hxee orthagonal ’
linear dipoles wizh capaeicive-resis:ive loeding. . -

The pteliminary expetimental resclts for the transfer funcciou of the autenna are shown
in figure 14. TIypically, the transfer functiocn of a linear- antenna with a resistive-capacitive
loading is -51 dB at 1 GHz and ~38 dB at 10 GHz.

The tangential sensitivities are calculated in the same way as before. Assuming thac
the noise figure of a pre-amplifier is 7 dB including the loss due to a balum, the
tangential sensitivities at various frequencies with various bandwidthe are summarized
below. ‘ ’

o 71 yV/m, or 37;dBuV/m at 1 GHz with iOVkHz BW
# 40 uV/m, or 32 dB V/m at 5 GHz with 100 kHz BW

‘w 159 uV¥/m, or 44 dB V/m at 10 GHz with 1 Miz BN

The dynamic range of an HEP is limited by the pre-amplifier. A typical amplifier with
a gain cf about 20 dB has an output power of 0 dBm:at l dB gain compression., - Thus, the

-2

maximum rf ioput volcage befere 1 dB .gain compreasion is 2.24 x-310"° volt rus. ' The

- maximum electric field at 1 CHz to produce 2.24 x 10" -2 volt ms at :he’an:eﬁna‘teroinul

18 7093 V/m. or 138 dBuV/m. Therefore. the. dynamic range -of .the HEP for 10 HHz BH 19 101763.

Similarly the dynamic ranges of the HEP for various bandwidths are cnlculeted and
summarized below for the frequency range "between .1 and 12 GHz.

e 101 dB with 10 kHz BW
e 91 dB wich 100 kHz BW

e 81 dB with 1 MHz BW

3. MACNETIC FIELD PRDBE PERFORMANCE

A magnetic field probe consis:s ‘of an electrically-emall, balanced loop anteana. The
response of. a loop antenna is direectly proportional to frequency. Io make the response of
a loop antenna flat over the frequency range of interest, the. Q of a loop antenna ia reduced
through & loading resistance at the antenna terminal. The induced voltage at the antenma
terminal is then fed into a conventional differential amplifier. - The schematic diagram of
a magnetic field probe using a loop antenna is shown in figure 15. Ia this sectfon, the -
transfer function of an electrically small loop antenna with o loading resistance is first
discussed by considering the response and the resonanmce effect of the loop antenna. Then,
using the tramsfer function of the loop antenns with a loeding resistance, the preliminary



-designs . and the performance specification.limits i 8.y tangential sensitivitiee “and dynamic<
‘ranges for broadband magnecic field probes for the various frequency ranges of interest, are
discussed )

3.1. The Transfer Funcrion of an Electricallz Small Loop Antenna with a Loadi;g
’ Resistance

The induced voltage: Vi of an electrically small loop. antenna is determined fr0m Haxvell'
equations with Stoke's theorem. and is given hy '

v, = J'O'Einc_.fdl -,-,jnuaim,}:e , S ae

where Ei is che tangential component of an eleccric fleld strength, £ 1s the circumference -
of the loop,. w 1is the angular frequency. uis the permeability, H inc i3 the ngrmal comnonent of

a wagnetic-field, N 1s the number of loop turns, and 5 is the area of a loop. It should
be noted. that the induced voltage- v of an electricaily small loop anteana is ptoportional

to frequency, the number of loop turne, and to the area. of a loop... To make the reeponse
of a loop antenna flat.over the: Erequency ‘range of interest, the Q of the loop antennn is to_(.
be reduced :hrough a loading resistance._ ’ - R -

The fesonance is the result of the combined effect of the disttibuted capacitance of a
loop, the gap capacitance, and the capacitance of ther amplifier along with the {nductance of
a loop. The equivalant c¢ircuit for an electrically small loop antenna 1s shown in figure 16,
Here V, is the induced voltage, L is the loop inductance. C'is the capacirance, R is the -
loading resistance, and V. 13 the volrage across a load resistance. Then, the response of
ah electrically small loop anteana i{s given by

-VL -3 }.
§
V—-l " 1 ’ (17}
1 qrie-9 :

‘where
R 1 :
Q=g Xy ogul =g 8o
o - "o
and
1
W -y
° /i

. the resonance angular frequency. The response of an. electrically-emall loop antenua in dB
{L.e., -20 loglv /V l) as a Function of normalized frequency, wlug, 18, shown in figure 17 for

various Q < 1.

Combining eq. (16) and eq. (17),  the transfer factor of an eleccrically small loop
antenna is,- then, given by o T .

. V. ’
- 8(f) = -ﬁ-]: -y uNS 1———1—(————; . o ' (l8)
’ inc =+ 306 - 7

The normalized transfer factor, Sn(f), of a loop with a lozading resistor, 1i.e.,



S () = |t
= l_+ 346 - l)

in dB as .a function of normalized frequency, m/u y I8 given in figure 18 for various Q=< l

. It 1s clearly found frum figure 18 that the upper frequeucy end of the 3 dB roll—off
polat, Wy is given by GhQ = 1 and, ‘similarly, the corresponding lower frequency end of

_the 3 dB roll-off point,, 049 is given by 6 /Q = .  Thus, from these conditions, it {s found
“that : ' S

w W o -
h™¢ -
68, =—5 =1 ) . (19)
w, .
or ’
w, = fwhwi. . T . 7 '(293 -

The self-resonance frequency of a loop. should be determined as the’ geometrical mean cf its
hignest and lowest cut-off’ frequencies. .

-3.2 Law Frequency Meggetic Field Probe gtumz

The technical approach for a low frequency megnetic field probe (LMP) 1s to use a loop
.antenna with a loading resistance. The LMP covers the frequency range between 20 Hz and
50 kHz., As discussed in section 3. 1, by selecting 400 Hz and 50 kHz as the upper and the
lower 3 dB roll-off frequencies, the gelf-resonant frequen:y of a loop aatenna, which is
chosen as a geometrical mean of these frequencies, becomes £ = 4,47 kHz. Then, the required
Q for the loop 1s Q = 0.08%94. The transfer function of the iooP antenas, which 1g flat
from 400 Hz to 50 kiz is siven hy eq. (18),

S(f) a I{__ = 3,157 % 10 ° 8N. . (21)
. inc i ’ L
When am“electrically small, twenty-turn, balanced loop antemna of 0.3 m in diameter is
chosen for the LMP, the transfer function is. givea by

v L, :
Sw(f) “E " 4.663 x 107 or =47 dB. (22)

The cangentisl sensitivities of the LMP are determined in the same way as described

- dn seccion 2. Aésuming that the noise figure ard the input impedance of a typical &iffer-
 -eutial amplifier used for IMP are 10 dB and 5 ki respectively, the. tangential eeuaitivities
. fot the frequency range between 400 Hz and 50 kHz are given below. o

s 10 uA/m or 20 dBuA/m (22 d8pT) with 10 Bz w
e -31.7 uA/m or 30 dBuA/m (32 dBpT) with 100 Hz BW -
¢ 100 uA/m,or 40. dBuA/m (42 dBpT) with 1 kdz BW

Since the transfer function of the loop antenna with a loeding resistance rolls cff
at -6.dB per octave below 400 Hz, the tangential sansitivities for 10 Hz bandwidth are
estimarad fo be, for example, 35 dBuA/m (or 37 dBpT) at 100 Hz and 41 dBuA/m (or 43 dBpT)
‘at 50 Hz, provided that the noise figure of the differential amplifier stays 10 dB at these
low frequencies.

The dynamic range is limited by the differential amplifier. Aseuming that maximum input
rf voltage to a differential amplifier before 1 dB ‘gain compression is about 0.0l volt rms,

8




the dynamic ranges of: rhe IHT for the. frequency range betueen 20 Hz and 50 kHz are given
below. . . ; : 3

# 107 dB with 10 Hz BW

o 97 dB vith 100 Ez BW

s 87 dB vith 1 kiz BW.

3 3 Middle Freggeq;zﬂugggeric Field Probe;&ﬂﬂ?)

The techaical approach for a middle frequency magnetic field probe (HHP) is to use a.
loop antenna with a proper loading resistance. The MMP covers the frequency change between
50 Wiz and 32 MHz. AS discuesed in section 3.1, the self-resonance frequency is to be chosen
as a geometrical mean of the lowest and highest cut-off frequenciles, i.e., £ = 1.265 Wiz,
Then the required Q of the loop antenna should be Q = 0.0393. The transfer gunction of the
loop antenna, which is flnt across the frequency range from 50 kHz to 32° Hﬂz, is

() - g

-'o.seas;su.. ey

- When ‘an electrically smali, .six-<turn, bslanced loop antenna -with 10 cm in dizmeter 1is
chosen for HHP, the transfer func:ion of the HHP is 3iven by : -

wp () =

VL ] A S
- 1,359 % 107% or -34.6 dB . . L (24)
. inc . .

Since it was observed experimentally that the. inductance of six-turn loop anrenna with 10 cm
in diameter is abou: 6.6 uH, :he required loeding resis:ance is 2.15 2.

The tangential sensi:ivi:y of an MMP is deternined in the same. way as deecribed in .
section 2. 1t is assumed that’ the nolise figute and the input impeddnce of a cypicel differ-_
ential amplifier used for gn MMP.1is. 6 dB and 1 k0, respectively. Then, the tangenciel -

sensitiviries for. the frequency range from 50 kﬂz to 32 Miz for various banduidrhs are
glven below. .

® 21.5 uA/m or 26.6 dBuA/m (28.6 dBpT), with 10 kHz BW
e 67.9 pA/m or 36.6 dBuA/m (38.6 dBpT) with 100 ¥’z BW

® 215 pA/m or 46.6 dBuA/m (48.6 dBpT) for 1 MEz BW

The dynamic. range is limited by rhe differen:iel a.mplifier. Aseuming' that the maximum
rf input voltage to the differeutiel amplifier bafore 1 dB gain compression is about 0.01
volt mas, the dynamic ranges for che f:equency range ‘betwesn 50 kilz and 32 Mz for various’
bandwidchs are given below.

» 88 dB. with 10 KHz BH
e 78 dB, with 100 kHz BW

. 687dB;4with 1 MHz BW



. coucx.us:cm '

LA feasibility study and a preliminary engineering :es: program have ‘been conducted to
. establish the preliminary designg and. performance specification limits: fort broadband,

'T;'isotropic, ‘receiving elec:ric field and- magne:ic field probes for elec:ramagnetic emission
: measutemenrs.

' Fram the feasibility study and preliminary engineering tes: program, it is concluded
‘that. the Eollauing electric field and magnetic field probes performance requiremencs are
’ feasible .

4,1 Electric Field Probe Performance

Low Frequencz_Electric Field Probe SLEPE

Frequency range: ‘20 Hz to 10 Hﬂz-,' )
- Tangential sensirivities for the: frequency vénge specified abave.
26.9 dBuV/m with 10 Hz Bw
'34.9 dBuV/m with 100 Hz BW
44,9 dBuV/m with 1 kHz BW

Dynamlc tange: 98 dB with 10 Hz BW
88 4B H_ith 100 Hz BW
78 dB wich 1 kHz BW

Middle Frequency Electiic Fleld Probe (MEP)

Frequency range: 10 MHz to 1 GHz

Tangenrial senaitivitles for the frequency renge specified above'
39 dBuV/m at 10 MHz wich l kHz BW
32 dBuV/m at 25 MEz uith l kHz BH -
30 dBuV/m at 400 MHz wir,h 100 kHz BW
27 dBuV/m at 1 GHz with 100 ku; {Bw_

Dﬁnamic range: - 83 dB with 1 kH;—Bw7'
' 73 dB with 10 kliz BW

63 dB with 100 kHz BW

High Frequency Electric Field Probe (HEP)

Frequency range: 1 GHz to 12 GHz

Tangential sensitivicies for the frequency range gpecified above:
37 dBuV/m at 1 GHz with 10 kl-lz BW
32°dBuv/m at 5 GHz with 100 kiz BW
44 dBuV/m attlZ°GHz with 1 MHz BW
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Dynamic range: - 101 dB with 10 L"z BW. )
o R 91 dB with 100 kHz’ Bw
81 dB with L Miz BW

4.2 - Magnetic Field Probes

Low ?rgguquy Haguetic'Field Probe (ILMP)

: Ffequéncy'range: 20 Hz to 50 kHz
Tangential seusiﬁivity.
For “the frequency range from. 20 ‘Hz tu 400 Hz . : ) N .
" 41 dBialm (43 dBpT) at 50 Hz with 10 Yz BW
35 dBpa/m (37 dBpT) at 100 Hz with 10 Hz BW
For the frequency range from 400 Hz to 50 kHz:. - o
20 dBuAlm (22 dBpT) with 10 Hz BW
30 dBuAfm (32 dBpT) with 100 Hz BW
, , 40 dBua/m (42 dBpT) with 1 kHz BW
Dynamic range: 107 dB with 10 Hz BW -
97 dB with 100 Hz BW
87. dB with 1 kHz BW

Middle Frequency Magnetic Field Probe (MMP)

Frequency range: ’ 50 kiz to 32 MHz

rangential sensitivity for the frequency range specified above:

: 26.6 dBpA/m (28.6 dBpT). with 10 kiz BW

36.6 dBuA/m (38.6 dBpT) .with 100 kHz BW

: . 46.6 dBpA/m (48.6 dBpT) with L MHz BW .

Dynamic range: 88 dB with 10 kHz BW - o L

o .78 dB with 100 kHz BW

68 dB with 1 MHz BW

11



1y
2y

31 x

{a)

5. REFERENCES

_King, R. W. P.,- Theory of Linear An:ennas (Harvard University Press 1956)
,Kanda. H., The characteriatics of a relatively short broadband linear antenna with’

,tapered tesistive loading, 1977 AP-S Iaternational Symposium Digest, 230—233 (June 1977)

Kanda H., A. relatively short cylindrical broadbaad antenna with tapered resistive
loading for picosecond pulse measurement, Nat. Bur. S:and, (U.s.), . Internal

‘Report 77-861 (Aug. 1977)

Kanda, M., A: broadband antenna . with tapered resistive loading for EMI measuremen:s,

1977 IEEE: Intemational Symposium on Electromagrnetic Campatibilil:y Digest, 13—18
(Aug.71977)

12




€T

- ELECTRICALLY-SHORT DIPOLE

-

FET ‘AMPLIFIER DIFFERENTIAL AMPLIFIER

b

NF =10 a8

|

|

i
|
|
1
o

-

Figure 1. Schematic diagram for low frequency electric field probe (LEP).
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Figure 7. _F_ar-‘f'ie'ld ‘radiation "pé_tter'ns: at 1 GHz.
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- Figure 8. wlF'ar-f'ield radiation patterns: at 2.5 GHz.
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'Flgure 1. Radiation pattern of dipole wlth resistive—capac1t¢ve
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Figure 12, Radiation pattern of dipole with resistive-capacitive
loadmg at 8 GHz. .

24




1.2

RESISTIVE - CAPACITIVE LOADING
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-Figure 13. Radiation pattern of dipole with resistive~capacitive
loading at 12 GHz. : . :
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Figure 14. Transfer function of dipole with reSiSﬁiVeftapacitive‘ loading. =
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