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ABSTRACT
The near-zero dispersion and attenuation
We propose and demorste the characteristics of optical fiber render itself an
integration of tapered slot antenna (TSA) andattractive medium for microwave and
velocity-matched  distributed photocetector milimeter-wave antenna remoting. Its large
(VMDP) which is potentially useful for bandwidth, low loss and immunity to
milimeter-wave power combining and phasedelectromagnetic interference (EMI) also account
arrays, as well as RF front-ends for analog fiberfor the promising potentials over conventional
optic links. The concept is confirmed by electrical cables.
photomixing and antenna measurement with an
X-band prototype, and is readily scalable to In this paper we propose a novel optics-
higher frequencies where the inherentassisted active integrated antenna, where a
tremendous bandwidth of optics can be fullytapered slot antenna is fed by a high power,
employed. wideband velocity-matched distributed
I. INTRODUCTION photocetector (VMDP) hrough photomixing
o _ [3]. This approach gatly fadlitates the
Analog optic links have been extensively generation and processing of microwave and
used for apptiations such as the distribution of milimeter waves, which at the same time
cable TV signals, antenna remoting and beanyyercomes several fundameniaditations such
forming of phased arrays. We could define agg |arge feedline losses and the lack of

link as the hardware required to recover the RFzonyenient power sources at higher frequencies
from the optical carrier, including any passive [4].

impedance-matching circuits used to match the

modulation device and photetéctor impedance Il. ANTENNA DESIGN
to the RF source [1], as shown in Figure 1. A
high-performance fiber-optic RF link needs to The tapered slot antenna (TSA) is known
meet the following specificatiorg]: for its relatively narrow beamwidth (~3@t —
10dB), wide bandwidth and small transverse
1) operation at high frequencies, spacing between TSA array elements [5]. These
2) low input/output microwave loss, unique features make TSA a strong candidate

3) large spurious-free dynamic range.
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for power combining and phased arrays at
millimeter-wave frequencies. IV. RESULTS

Figure 2 shows the tapered slot antenna The linear tapered slot antenna is built
used for this work. The opening anglef2can  on 25 mil thick RT/iroid with £=10.2. The
be adjusted to control the antenna beamwidthmeasured radiation pattern in both E and H field
Furthermore, as the length)(is increased, the s shown in Figure 4. By cutting off the
beamwidth narrows and the directivity dielectric in the tapered region we are able to
increases. For a travelling wave antenna withachieve 10dB 30 beamwidth in E-plane and
constant phase velocity, there is an optimumsidelobe level less than 10 dB. The output power

phase velocity ratio [4] level shown in Figure 5. is more than 25 dB
above the noise floor when the tapered slot
p=c/ wh=1+A0/2L antenna and horn antenna aracgudl 5cm apart,

and still maintains 15 dBbave noise in the far

Wh|Ch resu'ts in maximum d"'ect'\/'ty Based on f|e|d Zzone. ThUS, the feaS|b|I|ty Of f|ber Opt|C link
the arguments above, an opening angle df 12using VMDP-fed TSA through photomixing is
and aperture size of L3 is designed. As a demonstrated.

tradeoff between the preference to using low

dielectric constant materiaor antennas and V. CONCLUSION

high dielectric constant onedor circuit _ )

components, we remove the eiefric substrate The integration of tapered slot antenna

from the tapered region, resulting in a TSA with (TSA) and  velocity-matched  distributed
improved  cross-polarization  cleanteristics  Photoetector (VMDP) which is potentially
[5,6]. useful formilimeter-wave power combining and

phased arrays, as well as RF front-ends for
. EXPERIMENTAL SETUP analog fiber optic links, is proposed and

demonstrated. This active integrated antenna
The experimental setup is shown inStructure is readily scalable to millter-wave

Figure 3. The input source consists of twofrequencies where the extremely Dbroad
external cavity tunable lasers at 158, with ~ Pandwidth of optics can be fully employed.

which the frequency of each laser can be tuned
in 1GHz steps. The optical signals are combined
by a 3-dB coupler, amplified by erbium-doped

fiber amplifier (EDFA), and coupled to the Thomas and Thomas Jung for generous

VMDP thr_ough a lens fiber. Two probes are jqgjgtance in wirebonding and AndrewlliRger
used to bias the VMDP at 4V and the averagg, providing the lens fiber. This peit is

photocurrent (DC) is 2.5 mA. The microwave supported by US ONR MURI on RF Potonics.

signals generated by optical mixing in the

VMDP are collected at the output end of the REFERENCES

CPS. By adjusting the optical polarization

controllers, we can optimize thphotomixing [1] C. Cox Ill, E. Ackerman, R. Helkey and
efficiency. Two bonding wires are used to bridgeG.E. Betts, “Techniques and rfermance of
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horn antenna comtted to spectrum analyzer.

ACKNOWLEDGEMENTS

The authors wish to thank Shawn

0-7803-4471-5/98/$10.00 (c) 1998 IEEE



and Tech vol.45, NO. 8, pp. 1375-1383, Aug.
1997

[2] S. Jasmin, N. Vodjdani, J.C. Renaud and A.
Enard, “Diluted- and distributed-absorption
microwave waveguide photodiodes for high
efficiency and high power,”IEEE Trans.
Microwave Theory and Techvol.45, NO. 8,
pp. 1337-1341, Aug. 1997

[3] L.Y.Li, M.C. Wu, T. Itoh, T.A. Vang, R.E
Muller, D.L. Sivco and A.Y. Cho, “High-
power high-speed photetectors, design,
analysis, and experimental demonstration,”
IEEE Trans. Microwave Theorgnd Tech
vol.45, pp. 1320-1331, Aug. 1997

[4] J.W. Mink, “An overview of quasi-optical
power combining: where we are and how we
got here,” Proceedings 1995 URSI
International Symposium on Signals, Systems,
and Electronics, p.81-7, 1995

[5] K.S. Yngvesson, T.L. Korzeniowski, Y.S.
Kim, E.L. Kollberg and J.F. Johansson, “The
taper slot antenna-a new integrated element for
milimeter-wave applications,’TEEE Trans.
Microwave Theory and Techvol.37, NO. 2,

pp. 365-374, Feb. 1989

[6] T.J. Hlis and G.M. Rebeiz, “MM-wave
tapered slot antenna on micromachined
photonic bandgap deettrics,” IEEE MTT
Symp, p.1157-60, Jun. 1996

Impedance
Match

Bias Bias
i i
Modulator _—-—-"k__ DPhOtO
? Fiber etector
CW laser

Figure 1. The topology of an analog fiber-optic link
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Figure 2. Tapered slot antenna wigh=10.2, Figure 3. Experimental setup for photo-

d=25 mil, H=D\o, L=9.5 cm,a=6", and w=2 mixing with the VMDP-fed TSA
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Figure 4. Radiation pattern of LTSA with air- Figure. 5 Output power collected bliorn antenna

dielectric

shown on spectrum analyzer(-34.75 dBm @9.25GHz]
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