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Electro-Optic Modulator Using Gap-Embedded Patch Antenna
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Abstract- We have proposed several new antenna-based optical modulation devices using planar antennas and electro-optic
(EO) crystals. In this report, we discuss EO modulation devices using planar patch antennas embedded with a narrow gap.
When a narrow (~5um) gap is embedded at the center of the metal film of a planar patch antenna to be perpendicular to the
polarization of a wireless microwave signal, a strong microwave electric field (displacement current) is induced across the gap
owing to the current flow continuity. By setting an EO crystal over/under the gap and fabricating a channel optical
waveguide on the surface of the crystal along the gap, a lightwave propagating in the channel optical waveguide is modulated
by a microwave signal received by the patch antenna. Therefore, wireless microwave signal receiving and its conversion to a
lightwave signal are obtained simultaneously. The received signal by the patch antenna can be converted to a lightwave
signal precisely since no extra microwave device/cable is needed for conversion. The output of the received microwave
signal by the patch antenna is also obtainable by connecting an appropriate feeding circuit; this device can be considered as a
new patch antenna with optical monitoring function. In this report, the device structure, operational principle, analysis,
design and experimental results are presented.
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Fig. 1. Basic structure of the proposed EO modulation device
using a patch-antenna embedded with a narrow gap.

3. @
FHro FT o7 FICEMMRE (0 Fm) O~A 7 aliE
BRI L OREERIT FLOL I ICRT LN TE 5.

K (x,y,0)=K_, cos(a)mt)cos(piix) (1)
ZIT, Ky [TERENE, p (TEREEROKE, A, 1T~A
7 MR T DEMER, o, TABEETHS. Ny FEEK
Dx HFMDORS LA, 47 alEHRREDOFRRETHD &



TICEFEAKEET— FRES L (p=1), BEREFIZ =0 (%

v FERD x FROFR) THRKERD.

Fig. 1 @ X 92Ny FEEROPF RIS (=0) ITWNRF v
v () ERTDE, BROEGGEOZDIZE Y v Ty
WIXENED (oD/ot ) BaFEd. Fig2 o, ¥y v/

BRI NN FT o7 FI, B H RSS2 RS L
7o & X OBREFENTRE R OB & 73, fEHTICIE HFSS % A
t T T I RE I A R L2 A 0Ny T8 RE

BIFDZERSHER LTS, ¥ v 7 OIED Sum F2E
T%éFA X, Ny FEEROT v L0 HEMELLEROE

FEERADF v v TRICHE S ND Z &R bhoTz. Bz,
FEMRIZ LiNbO; & 5 W T LiTaO; 2 AV 72354, 10mW FLE D
~A vk S VEEBRET DL, Imrad FREONNAHEH
BRGNS L AL OND.

(@) (b)

(c)

Fig. 2. Calculated electric field distributions on the surface of the
substrate (xy-plane) under the irradiation of the microwave signal
with x-polarization (a) and y-polarization (b). (c) indicates the
calculated distributions of K, and E, along the line-A in (a).

gt
.......

150 | ; G = 3um
| -

%: G = 5um
= g}l G =10um
A :: G =10um

|
.
I.I'

22 24 26 28 30
Frequency (GHz)
Fig. 3. Calculated frequency response of the electric field
amplitude induced across the gap for different gap width values.
(Substrate: 0.4mm-thick z-cut LiTaOs, Patch metal: 0.8x0.8mm)
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Fig. 4. Equivalent circuit models with/without a gap.
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Fig. 5. Cross sectional view of the array antenna EO device using
patch antennas embedded with a gap (a) and electric field observed
by the lightwave propagating in the optical waveguide (b).
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Fig. 6. Photograph of the fabricated device.

Table I.  Parameters of the proto-type device.

z-cut LiTaO; 0.4mm thick
26 GHz

Patch antenna metal size L x W 0.8 x 0.8 mm

Gap width G 5 um

Substrate material

Operational frequency f,,

Patch antenna separation S 5.4 mm
Antenna element number N 4
Operational light wavelength A 1.55 um

Optical waveguide fabrication Annealed proton exchange

Optical buffer layer Si0; 0.2um thick
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Fig. 7. Experimental set-up for the measurement of the fabricated
EO device using the patch antennas embedded with a gap.
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Fig. 8. Example of the measured optical spectrum from the
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Fig. 9. Frequency response of the fabricated EO device using the

patch-antenna embedded with a narrow gap.
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Fig. 10. Directivity in microwave-lightwave conversion of the
fabricated EO device using a 4-clement array of the patch-antennas
embedded with a narrow gap at f,=26GHz.
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Fig. 13. Measured spectrum of the re-generated signal.
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