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Accurate Measurement of Small Input Resistances
Using a Conventional Network Analyzer
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Abstract—Precise and accurate measurement of input resis- TABLE |
tance is essential to characterize small antennas whose input THE MANUFACTURER S SPECIFICATION OF UNCERTAINTY IN .S11 MEASUREMENT
resistance is very small. However, this is very difficult because = WHEN THE REFLECTION IS ALMOST UNITY. THE IF BANDWIDTH Is 10 Hz
uncertainty, which includes imprecision and inaccuracy, some- Type  Uncertainty, Frequency range
times exceeds the resistance being measured. In this paper, a HP 8719A 0055  |130MHz-13.5GHz
method for precise measurement of small input resistance using . - T :
a conventional network analyzer is presented. Inaccuracy, which HP 8753B. 0.044 300kHz~3GHz
includes an actual conductor loss of antenna under test (A.U.T.), HP 8753C| 0.044 | 300kHz—3GHz
manufacturing error, and the residual systematic errors is then
estimated. The former two sources of inaccuracy are obtained
by comparing a radiation efficiency measurement of a small

loop antenna using the Wheeler cap method with a calculated lem
radiation efficiency. Using these values in the calculation of the Fl,CE_,
input resistance, a true input resistance is acquired. Finally, the = Fg%lt
actual value of the residual systematic errors for each instrument Sem P o 10em
is estimated by comparison between the true input resistance and
the measurement. Z A
w o/

Index Terms—Accurate measurement, small input resistance, gﬁ;%%“d S—]

small antennas, UHF antennas, Wheeler cap method. (actual) (with image)

Fig. 1. A configuration of the small loop antenna.
[. INTRODUCTION

OBTA|N|NG precise and accurate values of input resissf 4 10 Hz of IF bandwidth for the network analyzer. Al
tance is important for studies of small antennas [1]-[4feasurement systems were put into an anechoic chamber to
However, this becomes very difficult when the input resistang&minate electromagnetic interference and to keep the temper-
is less than 12 because the maximum uncertainty of a networkyre stable. As a result, an average imprecision of 0.000 05
analyzer in reflection measurements may correspond to ovef,ds obtained forS;; measurement while the connection was

€2 error in input resistance for a 50 system. _ loosened and tightened in each measurement.
Uncertainty includes imprecision and systematic errors of

the measurement as listed in Table I, which gives the maxi-
mum uncertainties of three different network analyzersSfar
measurements. (These errors are after accuracy enhancemeit, this part, the accuracy of the measured input resistance
i.e., postcalibration.) of a small loop antenna (Fig. 1) is evaluated. There are three
In this paper, a method is presented first to reduce tbauses of measurement deviation from calculation. They are
imprecision of the measurement when using conventiortake actual conductor loss of the measured antenna, manufactur-
instruments and techniques [5]. Secondly, accuracy of they error, and the residual systematic errors. The values of the
measurement is confirmed using the Wheeler cap methéekmer two factors can be obtained by comparing measured
which is often used to measure radiation efficiency of smatdiation efficiency of the antenna under test (A.U.T.) by
antennas. the Wheeler cap method with calculation. Then, using these
values, a true input resistance as a standard for accuracy is
Il. REDUCING IMPRECISION calculated. The difference between the measurement and the
e input resistance becomes the residual systematic errors of

I1l. CONFIRMING ACCURACY

Random errors and drift errors are causes of imprecision [g. .
. . . . .. _gach instrument.
In practice, two main factors which cause imprecision are: The residual systematic errors, however, are difficult for the
repeatability of connection and 2) drift of the instruments. To y ' '

reduce their effects, we measured 30 reflections of a shielctﬁsge rc:fjit:re;;g\r/‘es?ae:;;%e[gls[; rprﬁgl()a/fgrie |trc1) t'mser;e(g'ror;vgf
open termination after 150 min of warm up and with us . P ’ Paper,
would rather estimate than eliminate them.

Manuscript received April 13, 1998; revised July 22, 1998. We first show a method to obtain the actual conductor
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Fig. 2. The input resistance of the 1 cr 10 cm loop antenna measuredFig. 3. Measured and calculated (dots) radiation efficiency of each size of
with three network analyzers and estimated value by the method of momeaitgenna wherks = 1.5. Efficiencies for 1 cmx 10 cm loop are measured

calculation. with the three network analyzers.
actual values of the residual systematic errors are estimated 10 ;
by comparing the true input resistance with the measurement. ;é gl p
G
Q H
A. Measuring the Radiation Efficiency g O 5y20100p Af
Without Systematic Errors 2 4t
o
Radiation efficiency measured by using the Wheeler cap ER
method is independent of the residual systematic errors of the = 15x 15 loop
i 1 1 1 1 0 | L L |
mstrumen@s..The reason is gxplamed in the foIIOW|_ng. 50 200 20 300 0
The radiation efficiency using the Wheeler cap (sized 40 cm Frequency (MHz)
x 50 cm x 20 cm) and an aluminum plate (sized 2xn2 _
m) for a ground plane is expressed as Iljlgil ) I5nput resistance of antennas other than 1>cm0 cm loop when
s = 1.
_ RO - Rcap (1)
= Ry The difference in the residual systematic errors between the

three instruments denoted &s, kg and k¢ is canceled out

Here, Ry and R.,;, denote the input resistance without an the equation above.

with the cap, respectively. Then, we eliminated the soldering

loss from (1) to compare it with calculation. Thus B. Finding the True Input Resistance

(Ro — Rsol) — (Reap — Rso1)  Ro — Reap @) The true input resistance is needed to estimate the conductor
Ry — Ry " Ry — Req loss and the manufacturing error of the A.U.T. For this

urpose, the calculated radiation efficiency was artificially

djusted to the experimental one by increasing the surface

Wr:;\?h IS zb?#t O'iﬁ at 3?0 I\t/IHZ'k | - (A) HP 8719 esistance of the antenna material because the measured radi-
e used three types of network analyzers: (A) ‘ation efficiency only includes the manufacturing error and the

(B) 8753B; a.nd (C) 8753C to e;ﬂmate thg effects of the resi ctual conductor loss, but not the residual systematic errors,
ual systematic errors on the radiation efficiency by the Wheeg indicated by (4). In a sense, the conductor loss and the

cap method. Fig. 2 shows the input resistance measured "YH nufacturing error of the A.U.T. are represented in terms of

:Eese t?r:ez n(fetwork art1aly82ers and tlh? ezt!m:tart]ed tru? Va“:.eaRyartificially increased surface resistance in the calculation.
€ method of moments [.]’ as explaned in the nex Sec.'oﬂf:tually, from Fig. 3, the ratio of the surface resistance of the
From Fig. 2, the increasing rates of the resistance d'ﬁﬁr.U.T. to that of pure copper (denoted/as) was estimated to

from each other an_d are nearly C(_)nstant with frequ_ency. ng about 1.5. Even for the different sizes of the loop antennas,
stems from the residual systematic errors of each instrum 1;5 cm x 15 cm and 2 cmx 20 cm, good agreement is

;I;]hereflore, we obtag%d th? foltlr?wg_?f relattlc_)nstmps bftweetfbtained between the calculations and experiments by putting
€ values measured by using the diiterent instruments ks = 1.5. Then, using the proper value b in the calculation

Ry =ksRy, Rp=kgRy, Re=koRyr of the input resistance, a true value is acquired and it can be a
’ 1 ]; oo ant 3 standard for the calibration of the instruments. In Figs. 2 and
(ka; kp, ko: constants (3) 4, good agreement between the calculations uging= 1.5
.Iand the measurements is shown.

Here, R, means the soldering resistance of joints altogeth

Here, Ry denotes the true input resistance of the A.U.
Then, as shown in Fig. 3, the radiation efficiency measured

by (A) is C. Estimating the Systematic Errors of Each Instrument
R R bR bR Understanding approximate values of the residual system-
= o0~ Aep  PAT T A e L (4)  atic errors of each instrument is helpful when considering
Ry, — R kaRr, — kaR i i
Ao Aol AL, AT measurement of small resistance although these errors are dif-
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ficult to remove. The residual systematic errors are estimatgd M. P. Weidman, “A semiautomated six port for measuring millimeter-

from the difference in input resistance between the calculated Wwave power and complex reflection coefficiedEEE Trans. Microwave
| . - d th d b h Theory Tech.vol. MTT-25, pp. 1083-1085, Dec. 1977.
value usingks = 1.5 and the measured one because theg) k. cho and H. Itakura, “Input impedance characteristics of small

calculation does not include them. In other words, they arise rectangular loop antenna,” ifroc. Int. Symp. Antennas Propagat.
from calibration. From Fig. 2 and (3), actual value of the  Sapporo, Japan, Sept. 1992, pp. 673-676.

coefficientsk 4, kg and k- are about 1.3, 1.0 and 0.85 on

average, respectively. This indicates that the measurement by

the instrument (B) is very close to the true value. , _ _
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IV. CONCLUSION
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