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1 Introduction

The GTEM cell was developed by D. Konig-

stein and D. Hansen in 1987. It is used for im-

munity testing up to the gigahertz frequency

band[1]. Recently, various studies related to

this cell have been reported [1] - [3]. In these

studies, �eld distributions were measured ex-

tensively for frequencies up to 1GHz and cal-

culated by using the FD-TD method.

However, the evaluation of the E-�eld char-

acteristics in frequencies more than 1GHz is

essential for immunity testing to simulate the

�eld emitted from digital cellular such as PHS

(personal handy phone system) and PDC (per-

sonal digital cellular).

Immunity testing in TEM waveguides such

as GTEM cells have been discussed at IEC

SC77B and CISPR/A. Recently, committee

drafts (77B/265/CD and 77B/255/CDV) have

been prepared by SC77B for the international

standard, IEC 61000-4-20, and amendment to

IEC 61000-4-3.

In this paper, TEM-mode electric-�eld (E-

�eld) distributions and uniformity in a GTEM

cell are evaluated by using a commercially-

available E-�eld probe in a frequency range up

to 3GHz. The �elds are also measured by us-

ing an optical E-�eld sensor in a range up to

1GHz. The probe and sensor are calibrated to

give precise measurements. In the measure-

ment, the three axes (vertical, longitudinal,

and transverse) are measured separately.

2 Experimental setup

The E-�elds are measured on the transver-

sal cross section of the GTEM cell at the place
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Figure 1: Cross section of a GTEM cell and

measuring points

where the distance between the septum and

the 
oor conductor d is 1m. The measure-

ment points on the cross section are shown in

Figure 1. There are totally 25 of them. In

the Figure, \�" represents a measuring point.

The area inside the dotted-line (half-tone area)

is the maximum EUT (equipment under test)

size, about one-third of the cell width, W , and

distance, d. The maximum EUT size is de�ned

as the maximum size in which an EUT can be

tested. This area is almost the same as that

recommended by GTEM-cell manufacturers.

The three E-�eld components, (i.e. vertical

(Ey), longitudinal (Ez), and transverse (Ex))

are measured by using an E-�eld probe and an

optical E-�eld sensor. The vertical component

is the primary E-�eld. The longitudinal and

transverse components are the secondary ones.

The experimental setups for the measurement

are shown in Figure 2 (E-�eld probe) and in

Figure 3 (optical E-�eld sensor). Since the op-

tical sensor is more sensitive than the E-�eld
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Figure 2: Experimental setup (E-�eld probe).
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Figure 3: Experimental setup (optical E-�eld

sensor).

probe, it is not necessary to use a power ampli-

�er. The E-�eld probe is an isotropic E-�eld

probe (AR FP2083) that can measure three in-

dividual axis components simultaneously. The

optical E-�eld sensor has a dipole element and

a Mach-Zehnder interferometer. The length of

the element is 160 mm.

The E-�elds are measured at discrete fre-

quencies of 10 MHz between 30 MHz and 3

GHz by using the probe and between 10 MHz

and 1 GHz by using the sensor.

Both the probe and sensor are calibrated by

using the reference antenna method in an ane-

choic chamber.

We used a 1100-type GTEM cell, manufac-

tured by Elena electric Co. Ltd., in the exper-

iment.
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Figure 4: E-�eld variation at P(0,0) when in-

put power was constant.

3 Measurement of E-�eld distribution

3.1 Frequency characteristics of E-�eld

The E-�eld variations at the center point, P(0,0),

were measured while the input power Pi to the

GTEM cell was constant (1[W]). The results

are shown in Figure 4.

The theoretical value of E-�eld at the center

point is roughly

Eth =

p
PiZ0

d
; (1)

where Z0 is the characteristic impedance of the

TEM cell (50
). In this case, Eth is about +17

dBV/m. The dotted line in the �gure shows

this value.

The probe measurements agree with optical-

sensor measurements at frequency ranges be-

tween 200 and 400 MHz], 550 and 650 MHz,

and at frequencies greater than 750 MHz. The

variation (
atness) of both of measured results

is about � 3 dB compared with the theoret-

ical value in less than 2 GHz. However, the



variation range exceeds �3 dB and the E-�eld

strength decreases as the frequency increases

in more than 2 GHz.

3.2 E-�eld distribution on the cross sec-

tion
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Figure 5: Distribution of primary E-�eld (Ey)

strength.
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Figure 6: Distribution of transversal E-�eld

ratio (Ex=Ey).
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Figure 7: Distribution of longitudinal E-�eld

ratio (Ez=Ey).

Figure 5 shows a contour map of the primary

component (Ey) measured by the optical sen-

sor at 820 MHz. Intersections of grid corre-

spond to the measuring points of Figure 1.

These values are normalized by the E-�eld

strength at the center point. In Figure 5, the

E-�eld near the septum is stronger than that

near the 
oor conductor. The �elds are espe-

cially weak at both sides of the bottom. Fig-

ures 6 and 7 show contour maps of the strength

ratio of the secondary components, (Ex and

Ez) to Ey. The distribution of the strength

ratios are almost symmetrical. This is reason-

able considering the structure of GTEM cell.

Figure 6 shows that the ratio becomes larger

as the calibration point is positioned nearer

the side-wall conductors. This is because the

electric lines of force tend toward the side-

wall conductors, since the perpendicular com-

ponent exists only on a conductor. The ratio

of Ex to Ey is about �6 dB near the both sides

of the maximum EUT size.

The ratio of the longitudinal component is

smallest at the center point in Figure 7. By

contrast it is large at the points near the sep-

tum. This is due to the geometrical structure

of a GTEM cell. Since the septum is at an in-

cline of 15 degrees to the horizontal, transver-

sal cross section to the wave propagation in a

GTEM cell do not agree with the cross section

including the measurement points.

By comparing Figure 6 with 7, we see that

the longitudinal component is larger than the

transversal one near the vertical center line.

However, the transversal component is larger

than the longitudinal one at both side of the

wall (door and counter-door).

3.3 Uniformity of the primary E-�eld

The maximum deviation of the primary E-�eld

component for all points is shown in Figure 8.

The solid and dashed lines denote the results

from the E-�eld probe and the optical E-�eld

sensor. The measured deviation from the op-

tical sensor is larger than that from the probe

in a frequency range of 1 GHz. However, the

peaks occur at similar frequencies in both.

The committee draft outlines the following

requirements for the calibration of E-�eld uni-

formity. The magnitude of the primary (in-

tended) E-�eld component (Ey) over the cal-
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Figure 8: Uniformity of primary E-�eld com-

ponent (all 25 points).
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Figure 9: Uniformity of primary E-�eld com-

ponent (19 of 25 points).

ibration area should be within �0 dB to +6

dB and the magnitudes of the secondary (unin-

tended) E-�eld components (Ex andEz) should

be at least 6 dB less than the primary compo-

nent for 75% of all measurement points in the

testing area.

The maximum deviation of the primary E-

�eld component (Ey) for 19 points (more than

75% of the total) is shown in Figure 9. The

committee requirements are satis�ed for all the

frequencies measured. However, the maximum

deviation exceeds +10 dB at some frequencies

near 2.2 GHz and 2.7 GHz when we consider

all 25 points. The points outside the limits

prescribed are mainly located near both sides

of the lower points (P(2,-2) and P(-2,-2) in Fig-

ure 1).

4 Conclusion

E-�eld distributions and uniformity in a

GTEM cell were measured in a frequency range

up to 3 GHz. In the measurement, All three

axis components in the cell were measured sep-

arately to evaluate the TEM �eld uniformity.

As the results:

� The variation in both of the measured

results are about �3 dB for the theoreti-

cal value roughly estimated up to 1GHz.

However, the variation exceeds �3 dB

and the E-�eld strength decreases as the

frequency increases in more than 2 GHz.

� The primary E-�eld near the septum is

stronger than that near the 
oor conduc-

tor. The �elds are especially weak on

both sides of the bottom.

� The transversal component is larger than

the longitudinal one on both sides of the

wall.

� The committee-draft requirement regard-

ing the deviation of the primary E-�eld

is satis�ed in all frequencies measured.

However, the maximum deviation exceeds

+10 dB at some frequencies beyond 2

GHz when we consider all 25 points.

Therefore, Attention should be paid to use

the GTEM cell in more than 2GHz.

In future work, we will calculate the E-�eld

distribution in the GTEM cell to con�rm these

results.
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