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Field Strength Standards in 30~1000 MHz Frequency Range

Jeong Hwan Kim®* Chan Koo Kang* Regular Members

Abstract

This paper presents the field strength standard established using a standard antenna method in
the frequency range of 30~1000MHz at KRISS(Korea Research Institute of Standards and Sci-

ence).

Designs on antenna elements and a balun, and the characteristics of an antenna voltmeter are de-

scribed. The uncertainties in generating the standard fields are analzed and estimated to be

5~ 14%.
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L. introduction

Generation of the standard fields is needed to
calibrate antennas, probes, and field strength
meters to be used for field strength measu-
rements in various areas, including EMI /EMC
measurements. The needs for accurate measure-
ments of the field strength are increassing rapidly
as, for example, many coutries legislate EMC
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regulations and make them more stringent, and
electromagnetic waves have ever-increasing
applications in modern life and people are con-
cerned about the biological effects on human
beings.

Usually two methods, the standard antenna and
stangard field methods, are used to generate the
known fields[1]. In the standard field method,
the field strength is determined from the ge-
ometry of a transmitting antenna and the ampli-
tude of the signal applied to it. This method is
used in the frequency range above 1 GHz with
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horn /OEG antennas, From the geometry of a re-
ceiving antenna and the measured quantities on
the recelving part such a RF open circuit
voltages, the field strength is determined in the
standard antenna method which is used in the
frequency range below 1 GHz with dipole
antenns, The antenna characterisitics should be
calculated theoretically or emprically from the
geometry of the transmitting or receiving
antenna,

The standard antenna method 1s adopted at
KRISS to establish the field strength standards
in 30~ 1000MHz range, where the demands for
the calibration of EMC antennas are growing up.

In this paper the construction of standard re
ceiving antennas-antenna elements, a balun, and
an antenna voltmeteris described and the
uncertainties in generating the standard fields are

analyzed in dtail.
Il. Standard Receiving Antennas

1. Antenna Elements

Fig. 1 shows the field site instrumentation for
the generation of the standard fields using the
standard antenna method. A half wavelength res-
onant dipole is used a a standard recewving
antenna with its imput impedance and cffective
length determined from the current distribution
when used for transmitting.

The fundamental parameter of a standard
antenna is the length of the antenna element at
the operating frequency. In order to determine
the length of the antenna clement for a half
wavclength resonat dipole an integral equation on
current distribution on a transmitting dipole in
free space is solved using the method of
moments| 2]. Assuming a dipole antenna of length
21 and radius « driven with delta-gap voltage
source I° at its center, an integral equation on

current distribution J is given by

L sKelr, r') - J(r)dr'=—1(z)z, (1)

JwE,
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Fig. 1. Iheld site imstrumentation for generating the
standard fields.

where z, 15 the umit vector in z direction, « is
angular frequency, and ¢, 18 the permittivity in
vacuum, And d(z) 1s the Dirac delta function, r’1s
the vector on the antenna surface, and time de-

pendence explijmt) 1s suppressed.

Ke(r.r) = (1 ky+<ow) -G () (2)

where 1 is the unit dvadic, kK= u, &, u, 1s the
permeabihity in vacuum, and r and r’ are the pos
ition vectors of the observation and source re-
spectively. And G 1s the free space electric dy-

adic Green's function given by

Glr, r)=1 S (3)

R A/ (x—x)2+ (y—y)) + (222 (4)
In above equations it 1s assumed that the radius
is much smaller than the wavelength and the cur-
rent flows only along the center axis of the
antenna element, The current distribution J can

be approximated by the series expansion
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Jo=H =¥ o) (5)

m=1
where F,(z) is a plecewise sinusoidal mode. Sub-
stituting E,. (5) into E,. (1) and applying Galer-
kin’s method, a set of linear equations on ia,,} is
constructed and the unknown coefficients can be
obtained.

From the current distribution the input im-

pedance and the effective length of the dipole
antenna can be determined.

. S |4 .
Zm"Rm+]Xm'— 2,”“](0) (b)
. 1
=1 0 "ogo
heff_m Jﬂ I(z")dz (7)

In Eq. (7) 21, is the length of a half wavelength
resonant dipole and is determined so that the im-
aginary part of the input impedance goes to zero.
The input impedance is about 72 Q at the res-
onant length. The dimensions and the effective
length are given 1n Table 1 at several
frequencies.

Table 1. Dimensions of antenna elements

Frequency | Diameter Lenght Effective
(MHz) {mm) (mm) Length (mm)
30 6.350 4,805 3,154
100 6.350 1,426 947
300 6.350 482.3 315
400 1.588 356.5 237
1000 1.588 140.9 97
2. Balun

As shown in Fig. 1, 4 balun is used to drive the
transmitting dipole. In designing a Roberts balun
[3] used and shown in Fig. 2(a), the character-
istic impedance and propagation constant should
be known for a parallel transmission line
consisting of outer surfaces of two coaxial cables,
And these parameters can be determined from

the inductance and capacitance per unit length of
the transmission line.

The cross section of a parallel line is shown in
Fig. 2(b) and the inductance and capacitance of
it are given by[4]

Fig. 2. (a) The structure of the balun
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Fig. 2. (b) The cross section of parallel transmission
line.

(8)

(9)

where ¢, 1S the factor representing the effect of
the dielectric coating on the outer surfaces. The
factor equals to unity with no dielectric coating,
but with dielectric coating, as is the usual case, ¢
it 13 the function of the geometry and the rela-
tive dielectric constant . In order to determine
the capacitance numerically Finite Element
Method (FEM) is applied in the transformed
coordinates(¢&, n) shown in Fig. 3, and the trans-
formation given by Eq. (10) satisfies the
Cauchy-Riemann condition [4],
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In Eq. (10) d is determined from the geometry as
d=B pe (1)

In applying FEM to the geometry in Fig. 3,
triangualr meshes with first order basis functions
are used to get the solution of the Laplace
equation on the portential between two plates.
Using the geometrical symmetry the solution was
obtained in one quarter plane and the boundary

conditions are as follows:

Inp’ Tn

Dielectric

Er

Inp’

Fig. 3. Geometry of a parallel transmissionline in
transformed space,

V=1, atpy=lnp’, é=0~=n

I'=0, atg=0, E=0-n

(12)
—=0at n=0~1np’, <=0
n=0~1Inp', <=n
with
p ”7&+\/4'%'£ -1 13

Capacitance can be determined from the nor
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mal derivatives of the potential on the plates.
Fig. 4 shows the capacitance per unit length as
the ratio of distance to radius varies when the
relative dielectric constant ¢=2.3. And in Fig. 5
the capacitance variation with respect to the
relative dielectric constant is shown. From Fig. 4
the effect of the dielectric coating is small when
the distance to radius ratio is large, but becomes
large when two outer conductors get closer.

~ 140

" .

o

I 128 |

font

(V]

5 188 + : With Dielectric
-

- . * : Without Dielectric
7 88 ) ~- : Theorectical Value
2

S

ul

O s@ | .

z

a kY

I ]

- s

v 4@ -,

E \‘\‘-

@

() ZB i, 1 i

2 2.5 3 3.5 4
RATIO OF DISTANCE TO RADIUS
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3. Antenna Voltmenter

An antenna voltmeter is used to measure the
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open circuit voltage at the terminal of a receiving
antenna and thus obtain the field strength using

|Voc|:|heffl - |EI. (14)

A diode, an RC low pass filter and a parallel
resistive transmission line are used to convert RF
voltage into DC voltage., A high impedance
Schottky barrier diode i1s used to reduce the
loading effect on the receiving antenna, and the
resistive lines to attenuate RF signal and not to
disturb the field. The resistance value of the
resistive lines is R=60~90 kQ/m and the
attenuation constant « is given by

/wRC
2

(15)

o=

where the capacitance per unit length can be
calculated using the same method as that
mentioned in [I-B. The schematic diagram of the

antenna voltmeter is shown in Fig. 6.

R R
Resistive Line
A R : 47 k Ohm
nLENNA  pC Filter C: @1 ufF

Element

Fig. 6. Schematic diagram of the antenna voltmeter,

Il. Uncertainty Analysis

1. Equivalent Circuit of the Antenna Voltmeter

Fig. 7 shows the equivalent circuit of the
antenna voltmeter. The equivalent circuit of the
diode consists of a parallel combination of
nonlinear resistance Rd and a linear capacitance

Cd. Here, the nonlinear resistance Rd i1s
characterized by its v-i characteristic, 1.e.,

1(t)=Is - [exp {av(t)i—1] (16)

where i{t) is the current through Rd, «(t) is the
voltage across it, [, is the saturation current of
the diode which is assumed to be 300 nA, and
a=q/knT=38V"! And the capacitance value is
taken to be 1 pF.

In Fig. 7 Rl takes two wvalues. For RF
component of the voltage across the diode it is
the resistance of two resistors in RF filter con-
nected in series and for DC component the series
resistance of four resistors in RC filter,
ressssistive lines, and input impedance of DVM,
Ra 1s the input impedance of the dipole and Ca is
connected 1n series with Ra considering the
physical situation of the antenna and its value is
given by oC,=1000 S.

i(t) o

Vae Cd == Rd/é" RI Qwvit)
1 pF

IP——Diode——J

| !

Fig. 7. Equivalent circuit of the antenna voltmeter,

2. Frequency Characteristics

The output DC voltages vs. RF input voltages
to the antenna voltmeter are calculated numeri-
cally by solving nonhnear differential equations
obtained from the equivalent circuit using
Newton-Raphson iteration method and Convol-
ution-Based Sample Balance (CBSB) technique
[5][6]. As shown in Fig. 8, the antenna volt-
meter has square-law characteristics in the region
of small RF input voltage and linear charact-
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eristics when large RF voltage 1s applied.

The frequency characteristics of the antenna
voltmeter when constant RE voltage applied is
calculated using the same method.

The results are shown in Table 2 and V|, , and
Ve e are the DC output voltage at 30 MHz and
10000 MHz respectively. When the applied volt
age 1s large, the frequency characteristics is flat.
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Fig. 8. Antenna voltmeter characteristics, Vi vs, V.

Table 2. Frequency characterisitics of the antenna

voltmeter

Ve Vi
V. (V) - 'VM_:‘ ()
0.5 9.6
1.0 9.2
1.5 9.0

3. Ground Effect

Usually the antenna calibration below 1 GHz 1s
done at an Open Area Test Site (OATS), so 1t 1s
necessary to analyze the ground effect on the
standard receiving antenna. The impedance and
its effective length of a half-wavelength resonant
dipole above the perfect ground plane are
calculated using the method of moments, With
the impedance and effective length varying as
the height from the round plane, DC output volt-
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age of the antenna voltmeter is calculated at
30 MHz and 1000 MHz when the electric field
strength E=0.3 V/m and E=6 V/m, respect-
ively. Also Newton-Raphson iteration method and
CBSB technique are used to solve nonlinear dif-
ferential equatins. As can be seen from the
results shown in Fig, 9, the output DC voltage
varies within (.5 % when the receiveing antenna

1s positioned at 3~ 6 m from the ground plane.
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Fig. 9. The vanations of DC output voltaga with re-
spect to the height above the ground plane,

4. Distance Between Antennas

The electric field should be uniform along the
antenna axis at the receiving antenna position
and this far field condition can be satisfied when
the distance between transmitting and receiving
antennas 1s very large. But because of the
limitations in size of the site and the transmitting
power, calibration should be done at relatively
close distance.

In order to estimate the effect of the distance
on the effective length, near field gain of a half
wavelength resonant dipole 1s calculated using
EMFEF method and a gain extrapolation technique
171'8]. When a dipole antenna is located above
the perfect ground plane, the impedance is
changed by the mutual impedance from its image.
So the dipole can be seperated into two modes,
transmutting mode and receiving mode. The
equivalent circuit in transmitting mode and in re
ceiving mode are receiving mode. The equivalent
circuit in transmitting mode and in receiving
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mode are shown in Fig. 10. The distance between
two mode antennas is twice the height of the di-
pole. From Fig. 10, an insertion loss between the
transmitting mode and receiving mode antennas
can be calculted at terminal plane 1 or 2, and it is
equated to the Friss transmission equatin be-
tween two identical antennas,
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Fig. 10. Equivalent circuit of the dipole.

The free space impedance Zf and mutual im-
pedance Zm are calculated using EMF method as
the heigh varies up to 6 m. Applying a gain extra-
polation technique to the insertion loss vs. the
distance data, the far field and near field gain of
a dipole can be obtained. The results are shown n
TAbe 3 with the theoretical value, From the
results the error il effective length can be
estimated to be less than 2.4 % or 0.05 dB when
the distance between the antennas is more than
twice the wavelength

5. Antenna Voltmeter Calibration
The relation of DC ouput voltage vs, RF input

Table 3. Near field gain of a dipole

(Frequencyj’l‘heoretical Gain ar ﬁGa—inA;{W
,EM_IE)”A "gﬁaiwn(dB ) | infinity(dB) 2/(dB)
30 2,086 2,071 2019
100 2.122 2.127 2.071
300 2.238 2.238 2.191
400 2.137 2.137 2.087
1000 2.211 2.211 2.164 B

voltage of the antenna voltmenter should be
known to calculate the electric field strength
from the DC output voltage measured when it is
connected to a receiving dipole antenna. In Fig.
11 the equivalent circuit of the calibration set-up
for the antenna voltmeter 1s shown. Ry 1s the im-
pedance of a receiver, a spectrum analyzer or a
Thermal Voltage Converter calibrated with RF
voltage standards. Rg is the impedance of the
signal source and C, is the blocking capacitor to
prevent the DC component from flowing into the
receiver and signal source,

.81 uf

Cb Ra
Rg

Rt v cd :rE Rué’ R
I pF

Fig. 11. Equivalent circuit of the calibration set-up for
the antenna voltmeter.

DC output voltages with respect to the RF
voltages measured at the receiver are calculated
numerically when R,=0Q and R,=72Q. And DC
output voltages with respect to the open circuit
voltages are calculated when the antenna volt-
meter is connected to a receiving antenna-the
measurement set-up. The results are shown in
Table 4. In Table 4 the applied voltage 1s the RF
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voltage measured at the receiver and the open
circuit voltage in the calibration and measure
ment set-ups respectively. As can be seen from
the results the difference between the calibration
set-up and the measurement set-up is very small.
So the uncertainty due to the calibration can be
estimated to be within 2 % including the uncer

tainty of RF voltage standards.

Table 5. Comparison of the measurement and cal

bration set-ups

Applied | V. (V) (cal. set-up) Vi (V)
Voltage R - o
(V,) Ra=72 0 | Ra=0q | (meas, set up)
0.1 0. 05609 0.05621 0.056614
0.3 0.23451 ().23487 (.23467
0.5 0.42131 0.42188 0.42156
1 ().89523 (.849731 ().89672
1.3 1.18325 1.18463 1. 18388
1.5 1.37502 1.37660) 1.37564

VI. Conclusions

In this paper the designs on standard recetving
antennas are described, and the uncertainties in
generating the standard fields using the standard
antenna method are analyzed. The standard receiv-
ing antenna consists of a half-wavelength res
onant dipole and an antenna voltmeter, and a
balun is used for the trasmitting dipole,

When the distance between the transmitting
and receiving antennas is more than two
wavelengths. the error from the proximity effect
is about 2.4 %. The error from the ground plane
effect is less than 0.5 % when the receiving
antenna is posiitioned at 3~ 6 m above the ground.
If the calibration data at one frequecv is used for
all frequencies, the error due to frequency
characteristics of the antenna voltmeter is about
9 %;. This error could be eliminated by calibrating
it at all frequencies. The error from the cah

1900

bration uncertainty including the RF voltage
standards is estimated to be less than 2 %. The
error from the dimensional accuracy of the
antenna elements is negligible,

So antennas and probes can be calibrated in the
standard fields generated using the standard re-
ceiving antenna with the total uncertainty of
5~ 14 %, in the frequency range of 30~1000 MHz.
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