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Abstract—The first electro-optic measurement of a monolithic
antenna near-field is presented. A 10-GHz monolithic slot antenna
is designed and precisely characterized by Electro-Optic Sam-
pling (EOS). The fringing effect of a shorted slot and the influence
of undesirable modes on the antenna’s near field can be measured
accurately. Therefore, the EOS technique is very effective for on-
wafer measurement and the development of monolithic antennas.

1. INTRODUCTION

MIC/ANTENNA integration will be a key technology

for future personal and radio access systems. Integrat-
ing RF/IF circuits and antennas into one chip will provide
an excellent means for receiving/transmitting signals in an
extremely compact and cost-effective way. Several monolithic
antenna circuits in which circuits and antennas are integrated
have been reported recently [1]-[5]. However, the reports
failed to directly relate antenna design and measurement to
the design of the MMIC because no thorough study was done
on how to effectively perform on-wafer measurements for
monolithic antennas.

Slot antennas are one of the most suitable antennas for inte-
gration with uniplanar and multilayer RF circuits. However, it
is not yet clear how such circuits can be accurately designed
and analyzed. Therefore, on-wafer near-field measurements are
necessary for the rapid development of monolithic antennas
and also for optimizing MMIC/antenna integration.

This paper proposes the use of Electro-Optic sampling
(EOS) [6], [7] to characterize monolithic antennas. The near-
field amplitude and phase of a 10-GHz monolithic slot antenna
were measured. As a result, the electro-magnetic behavior
at points just above the slot antenna has been precisely
characterized.

II. MONOLITHIC SLOT ANTENNA

The 10-GHz monolithic slot antenna shown in Fig., 1 was
fabricated on a GaAs substrate using a semiconductor process.
The chip size is 6.5 x 1.5 x 0.6 mm. The slot length, L, is 5.87
mm and the width, w, is 0.1 mm. This slot antenna is fed by
a coplanar waveguide through an air-bridge at a point offset
from the center. The offset is roughly calculated to be 1.65
mm using the Moment method for 50-Q2 impedance matching.
The slot width is half the value of w at the feeding point. The

Manuscript received August 3, 1994,

The authors are with NTT Wireless Systems Laboratories, Kanagawa 238-
03, Japan.

IEEE Log Number 9406700.

w * -
} X
L =5.87mm coplaﬁar waveguide |
Fig. 1. Layout of the 10-GHz monolithic slot antenna (chip size: 6.5 mm

X 1.5 mm X 0.6 mm).

slot antenna can be easily combined with uniplanar circuits
on the chip.

III. ELECTRO-OPTIC SAMPLING SYSTEM

The external Electro-Optic sampling (EOS) system [6]
shown in Fig. 2 utilizes the Pockels effect [8] in an EO
material: the electric field radiated from the antenna changes
the material’s refraction in according to the field’s strength. A
change in the index simultancously changes the polarization
of the probing beam passing through the EQ material, and
all polarization changes are detected. A gain switched-diode
laser with a 150-ps pulsewidth and a 100-MHz repetition rate
is used for the pulse source, achieving the measurement up
to 20 GHz. The EO probe tip (100-200 pm in diameter)
is brought close to the circuit during measurement. The EO
materials are LiTaO3 and GaAs. These materials are used
for measuring the transverse and the normal electric field,
respectively. The probes are flat at the bottom as shown in
the figure, and the bottom is a dielectric mirror coated to
reflect the probing beam with high efficiency. The probing
beam focused using a 20x microscope objective lens into a
2-pm spot on the dielectric mirror of the probe tip assures
the accuracy of the measurement. The EOS measurement is
performed as follows: while keeping the EO probe at the
same height above the antenna, the system automatically
controls the probe position through a workstation to survey the
entire plane. Therefore, measurement accuracy is extremely
good.
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Fig. 2. The external BEOS system configuration.
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Fig. 3. Measured transverse-clectric field (Ey) amplitude just above the
aperture.

IV. MEASURED RESULTS

The electric field of the monolithic slot antenna shown in
Fig. 1 was measured using the external EOS method. Figs. 3
and 4 show the normalized amplitude and the phase of the
transverse component of the electric field (E,), respectively,
just above the slot as a function of the antenna position.
The measured E, amplitude, which includes the very small
scattering effect of the probe, is sinusoidal along the antenna-
length direction, X, and nearly uniform across the antenna-
width, Y. The distance between the substrate and the EO probe
is set in 0.5 pm to measure the F, field, which is also the
magnetic current on the monolithic slot antenna. The radiation
field can be easily calculated using the measured magnetic
current distribution [9]. Therefore, the EOS makes it possible
to characterize the normalized far-field pattern.

The imbalance mode, i.e., the coplanar waveguide mode
is not perfectly transformed into the slot mode, causes the
E, amplitude along the Y-axis, which is not completely
equal as shown in Fig. 3. This situation makes the imbalance
mode noteworthy in the design of monolithic antennas. At the
resonant frequency (9.6 GHz), magnetic currents just above
the aperture do not have the phase component and a standing

Antenna position, X

Fig. 4. Measured transverse-electric field (K ) phase just above the aperture.

wave exists on the slot antenna. However, it is clear from Fig.
4 that the phase of E, changes 180° at the ends.

Fig. 5 shows the measured amplitude of the normal com-
ponent of the electric field (E,) just above the aperture. It
can be clearly seen in the figure that E, on the feeder edge
(y = +w/?2) disrupts the normal component distribution, while
on the other side (y = —w/2) it does not. This is caused
by the slot discontinuity at the feed position, i.e., the slot
width at the feed point is reduced by half. The measured
E, amplitude at the ends is not zero because of the fringing
effect. Experimental characteristics of a short-end slotline have
been reported by J. B. Knorr and J. Seanz [10]. Although they
characterized the fringing effect using VSWR measurement, it
is very difficult to accurately analyze the fringing effect under
such radiation conditions. The EOS technique, however, makes
it possible to precisely measure the effect.

V. CONCLUSION

The near field of a monolithic slot antenna fabricated on
GaAs has been measured and characterized for the first time
using an external EO probe. It was found that the phase of the
transverse component of the electric field is turned 180 deg. at
the ends. The EOS technique makes it possible to characterize
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Fig. 5. Measured normal-electric field (£.) amplitude just above the aper-
ture.

the fringing effect under any condition. Therefore, the EOS
technique is very effective for the on-wafer measurement of
monolithic antennas and is expected to become a powerful tool
for MMIC/antenna integration.
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