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Electric Probe Measurements on Microstrip
J. S. DAHELE AND A. L. CULLEN, FELLOW, IEEE

Abstract—The aim of the experfmentaf investigation reported here is to

measure the electric field of micrdrip using a field probe. To estabfish

the accoracy of these measurements, the probe is fiit calibrated against a

known field which is obtained by analyzing a wire suspended axialfy in a

rectangrdar metaf tube. Measurements on a simple wire over ground plane

circuit indicate that unshielded stracturcs are basicatly unsuitable for

accurate probe calibration.

Fhmlly, the theoretical results prdlcted by a numerical analysis prw

gram for microstrip, pubfishcd recently [1], are verified by comparing these

with the actaaf field distribution determined experimentaffy.

I. INTRODUCTION

T HE EXISTENCE of complex boundary conditions

makes it impossible for microstrip to support a pure

TEM, TE, or TM mode. Instead, the propagation takes

place via a hybrid TE–TM mode which is usually

analyzed using numerical techniques. In view of the

mathematical complexity and the approximate nature of

its theoretical solution, accurate experimental investiga-

tion of microstrip can be of considerable value. Apart

from yielding data essential for circuit design, a precise

experimental investigation offers a valid means of verify-

ing the accuracy of theoretical results which are exact

only for zero-strip thickness and perfectly conducting

structure.

The theoretical results used here for comparison are

based on the work of Davies and Mirshekar-Syahkal [1],
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[2] and are obtained from the numerical analysis program

for multilayer dielectric with microstrip. This method of

analysis uses the spectral-domain approach and is known

to converge rapidly.

II.

Before embarking

of microstrip, which

PROBE CALIBRATION

on the measurement of electric field

is not known exactly, it is necessary

to calibrate-the probe on a circuit which is topologically

similar and for which the exact field can be calculated. A

simple wire-over-ground circuit, shown in Fig. 1(a), resem-

bles microstrip in many respects and its electric field can

be obtained from simple electrostatic theory. The normal

component of the electric field in the transverse plane is

given by [3]

~=~ X2+ hz–yz
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Fig. 1. Wire-over-ground plane. (a) Unshielded. (b) Shielded.

For the case when y = 2A

( }
2

IEY12= 3h2
~’–3h’

(9h2+ x2)(h2+ X2) “
(3)

For a particular value of h, IEY[2 given by (3) is plotted in

Fig. 2 where measured results with and without a probe

plate are also shown.

For calibration purposes, ideally, the relationship be-

tween measured and calculated field should be within a

constant scaling factor and the two sets of results should

agree exactly when normalized. In this respect, the un-

shielded wire-over-ground plane is clearly unsuitable for

accurate calibration without the probe plate: nulls predic-

ted by the theory are, in fact, measured as shallow

minima, and the amplitude at the secondary peaks is

about 4 dB higher than expected. For these measure-

ments, the probe was made by removing the screen from a

2-mm section of a long thin semirigid coax, and it was

suspected that this might couple to EX as well as EY for

which it was designed. The results obtained with a metal

plate added to the probe circuit to reduce coupling to EX
are shown in Fig. 2, and are seen to agree well with theory

in the main lobe region, but not as well around the

secondary peaks. It is important to remember, however,
that theoretical results in Fig. 2 do not take into account

the perturbation due to the probe plate; a direct compari-

son is, therefore, not strictly valid.

In order to eliminate entirely the problem of stray

coupling and pickup, which is seen to exist in the un-

shielded circuit, a wire suspended axially in a rectangular
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metal tube, as shown in Fig. 1(b), was considered next.

The analysis in the form of a model solution gives the

electric field as [3]

[

[EYl=~ ~
sin~(h+y)/a

4a60 h +y

()
cosh = —COST —

a a

+
sinm(h –y)/a

1cosh~ ‘COS7j’ti “ ‘4)
a a

For the case when y = a = 2h, (4) simplifies to

(5)

The measured results and those calculated from (4) are

normalized and compared in Fig. 3 and the agreement is

excellent. The departure from theory for large x is thought
to be due to a weakly excited waveguide mode.

These results suggest that for accurate field measure-

ments it is important to shield the structure so as to

eliminate spwious coupling to the probe circuit. There-

fore, provided the basic structure and the probe arrange-

ment are similar, the field of shielded microstrip can be
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measured accurately; this is confirmed by the results

shown in Fig. 4.

III. MEASUREMENT SCHEME

Altogether, three different circuits are measured: a

wire-over-ground plane, a wire suspended axially in a

rectangular metal tube, and a microstrip line partially

filling a rectangular metal tube. In each case, the electric

field is measured with the probe held above the circuit so

that y >h. All three circuits are designed as linear short-

circuit resonators several wavelengths long at about 3
GHz; in the case of the unshielded wire-over-ground

plane the end plates are made sufficiently large to inhibit

the antenna mode [4]. In each case, the signal frequency

was adjusted so that at resonance the voltage standing

wave pattern has a maximum halfway along the length of

the circuit. The normal component of the transverse elec-

tric field was measured with the probe placed in this

position and moving along x axis in small regular steps.
This arrangement gives maximum output signal and mini-

mizes the end effects.

For the unshielded circuit, the probe was fabricated by

removing the screen and dielectric from a 2-mm section at
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the end of a long semirigid cable. In order to hold the

probe and the cable vertical to the ground plane, the

circuit was mounted on a lathe bed with the cable being

attached to the stock. This arrangement also enabled the

probe position to be adjusted very precisely. For the

shielded circuits, the probe was formed by mounting an

OSM 204-8232 miniature connector on to the probe plate

such that only the 1.2-mm long center conductor pro-

truded into the enclosure.

For shielded circuits, the cover plate was made in three

sections as shown in Fig. 5. The end sections are equal in

length and the central section is one wavelength wide with

the probe mounted in the center, This ensures that for

axially symmetric modes the probe is positioned on a
voltage maximum; also, the gaps where the end plates join

the probe plate coincide with the current minima and

hence cause negligible radiation.

In all cases, the RF signal from the probe is measured

on a power meter capable of measuring down to 10 pW

on the most sensitive range.

IV. DISCUSSION OF RESULTS

In Figs. 2 and 3, the measured results are compared

with theory for the unshielded and shielded wire, respec-

tively. In the case of the unshielded circuit, where a
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considerable spurious coupling to the probe circuit is

expected, the disagreement between measurements and

theory is so large as to make this circuit unsuitable for

probe calibration. Adding a metal plate to the probe

circuit improves the agreement, but invalidates a direct

comparison with the theoretical results in Fig. 2. The

results shown in Fig. 3, on the other hand, show convinc-

ingly that with a shielded circuit, extremely accurate field

measurements are possible.

In Fig, 4, the measured field distribution of shielded

microstrip is compared with results calculated from the

numerical analysis program [1]; results measured with the

probe plate reversed are also shown. Taking into account

the difference between actual dimensions of the enclosure

and substrate, and those used in calculating \EY[2, the
agreement between measurements and theory is excellent.

These results verify the accuracy of the numerical analysis

program and clearly show the power distribution in the

microstrip. Im a recent paper, similar results are reported

by Ermert [5], however, the measurement scheme in the

two cases is quite different and a direct comparison of the

experimental results, therefore, is difficult.
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Efficient Power Combining
MICHAEL DYDYK, SENIOR MEMBER, IEEE

Abstract-The objective of this paper is to establfsh uaderstandfng of I. INTRODUCTION
the sfngfe/muMamde osdffator efreuits used in combiners.

A rmmfel k developed wfth emphsds on the selection snd reaffzatfon of T HE NEED for higher and higher power, pulsed

the fnput/output eoeffidents, optfmmn stabikfng sad output lea@ solid-state microwave oscillators is steadily expanding
q- network synthesb sad other cogent festures. due to increased complexity of radar, communication,

The appfkation of this theory to the highfy successful and efffcient

des@ of J-band pllkd osdffatms ti be dkeumed.
countermeasure, and fuzing systems. One way to meet this
demand is to continuously work on the problem of in-
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