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Abstract—n this paper, a new design of the active transmitting antenna

array, called the distributed-feedback antenna oscillator, is proposed. The
. active array is formed by serially connecting several unit cells to a closed

loop. Each unit cell contains an amplifier and a two-port antenna, with an
overall insertion gain larger than 0 dB and a phase delay equal to a multiple

@ of 360°. The signal traveling on the loop is amplified and radiated in each
unit cell. The radiation fields from all the antennas are then combined in
| . ! free space. A four-element feedback antenna oscillator operating at 10 GHz

is demonstrated by using two-port aperture-coupled microstrip antennas.

@ A Distributed-Feedback Antenna Oscillator

40 60 80 100 Simulation results show that multiple oscillation modes with different fre-
. quencies and different radiation beams may be excited in the antenna os-
distance from m = 0 (mm) cillator. By experiment, it is found that each oscillation mode can be built
by tuning the biases of the oscillator. The measured radiation pattern for
Fig. 4. Scans of the diffraction patterns in the vicinity:of = —1 as the €ach mode agrees very well with the predicted one. For a single-mode op-
shadow pattern is translated across the silicon wafer. The insets show the shRf@on with a broadside pattern, bandstop filters of a simple geometry are
patterns. designed and embedded in the oscillator to suppress the unwanted oscil-

lation modes. Finally, the influence of the bias condition on the radiation
power of the single-mode oscillator is investigated.
pattern is translated across the silicon wafer. Calculations show thisndex Terms—Active antenna, feedback, oscillator, spatial power com-
behavior to be expected. bining.

Blurring of the grating edges due to sideways diffusion of the carriers
is estimated to be less than 1 mm under the conditions of this experi-
ment.

Similar results were obtained when the silicon was illuminated from Due to the advantages of compact sizes, low weights, and low costs,
the rear. The copper conductor was replaced by a 100 wires per irgltive transmitting antennas have attracted much attention in the ap-
nickel mesh. This mesh, with a reflectance of 0.96 at 105 GHz, reflectelications of communication and radar systems at the microwave and
the millimeter waves, but allowed light to pass through. millimeter-wave frequencies [1]-[3]. By integrating a passive planar

In conclusion, the experiments described here have demonstraagtenna with solid-state devices, the active transmitting antenna per-
that a diffraction grating, produced by projecting a grating pattern onflerms not only as a radiator, but also as an oscillator. The design of an
a semiconductor wafer, can redirect a millimeter-wave beam. The nagtive antenna is essentially that of an oscillator, which could be mainly
direction being determined largely by the period of the projected parouped into two types, i.e., the negative-resistance and feedback types.
tern. A measure of fine control over the direction can be achieved bythe first type, a two-terminal device (IMPATT or Gunn diode) [4] or
translating the pattern across the wafer. a three-terminal device [MESFET or high electron-mobility transistor
(HEMT)] [5] was first used to create a negative-resistance one-port.
The antenna with a suitable input resistance was then connected to the
one-port as a radiation load. In the feedback type, a two-port antenna

The author would like to thank J. Lizier for his assistance in carryin§@s generated and connected to a pre-designed amplifier [6], [7]. The
out the investigation in which the silicon wafer was illuminated frongignal coming from the output of the amplifier was fed to one port of
the rear. the antenna. With most of the signal power radiated to free space, some

of it was coupled out through the second port of the antenna, which
was then fed to the amplifier's input. In this design type, the antenna
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the closed-loop small-signal gain should be larger than 1-2 dB and the
electrical length of the loop should be a multiple of 360 ®)

By forming several active antennas as an array, the powers radi-
ated from the antennas can spatially combine in free space, resultiitg 2. Simulation results of the four-element antenna oscillatbhat= 2 V
in a high output power. This spatial power-combining technique c&ndV,. = —0.3 V. (a) Open-loop gain and phase as functions of frequency. (b)
solve the problems of limited available powers from solid-state devic@8tenna signal phases as functions of frequency.
and high propagation losses in transmission lines, especially for mil-
limeter-wave systems. To stably synchronize the oscillating frequesm NE32484A HEMT possessed a small-signal gain of about 10 dB at
cies of the active antennas, strong injection-locking signals should b@ GHz. Note that, by using the two-port aperture-coupled microstrip
applied to the antenna oscillators. These injection signals may coargennas, no dc block capacitors were needed to isolate the amplifiers’
from the mutual couplings between oscillators through an embeddgidses. The antenna spacing of the oscillator was set to be @6he
mutual-coupling network [8] or be supplied by an external stable sourdesign frequency. The whole oscillator was simulated using the har-
through a feeding network [9], [10]. monic-balance method by the commercial software HP Series IV. In

In this paper, we propose a new design of active transmitting ative simulation, the free-space mutual coupling between antennas was
tennas, called theistributed-feedback antenna oscillatass shown in neglected.
Fig. 1(a). This design is actually an extension of the feedback-type acFig. 2(a) depicts the simulated small-signal open-loop gain and
tive antenna, which is formed by serially connecting several unit cefidhiase as functions of the frequency. The amplifiers’ biases were set
to a closed loop. Each unit cell contains an amplifier and a two-pdd be Va3, = 2 V and Ve = —0.3 V. As shown, the loop gain is
antenna, with an overall insertion gain larger than 0 dB and a phdaeger than 0 dB in the frequency band from 9.7 to 10.5 GHz. Within
delay equal to a multiple of 360 This structure can be viewed as athis band, three zero crossing points of the phase curve happen at
strong coupling active antenna array. The signal traveling on the lothe frequencies of 9.75, 10.02, and 10.46 GHz, with corresponding
is amplified and radiated in each unit cell. The radiation fields from dlbop gains of 3.3, 5.8, and 1 dB, respectively. This means that the
the antennas are then combined in free space. circuit may oscillate at these three frequencies since both the gain and
phase satisfy the requirements to start the oscillation. It is interesting
to look at the signal phases at the four antennas. Simulation results

depicted in Fig. 2(b) show that the antennas produce in-phase radiation

A symmetrical four-element (& 2) distributed-feedback antenna.ﬁelds when the circuit oscillates at 10.02 GHz. However, when the

oscillator operating at 10 GHz is demonstrated using the unit cell, 8Scillation happens at 10.46 GHz (9.75 GHz), & 9hase delay
shown in Fig. 1(b). The antenna used is a two-port aperture-coup qjvance) OCCUTS between. adjacent aﬁtennas '
microstrip antenna [7]. The antenna patches were fabricated on a sub- '

strate ofs, = 2.33 andZ = 31 mil (thickness) and the amplifier
circuits were on a substrate of = 2.2 andh = 20 mil. The signal
was fed to the antenna patch through the feeding aperture on the grounthe designed & 2 feedback oscillator was fabricated and measured.
plane separating the two substrates and was coupled back to the cir&nitX -band horn antenna with an HP 8564E spectrum analyzer was
layer through another aperture under the same patch. The two-port usied to detect the radiation fields from the antenna array. During mea-
crostrip antenna was designed to be with a transmission loss (due togheng, the amplifiers’ gate biad’(;) was first fixed at—0.3 V and
radiation of the patch) of 8.5 dB at the center frequency of 10 GHz atfte drain bias¥4.) was then gradually increased from 0 V. Ks. ap-

a 10-dB return-loss bandwidth of 3.6%. The amplifier designed usipgoached 2 V, the active array oscillated at one of the two frequencies

Il. DESIGN AND SIMULATION

Ill. M EASUREMENT
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Fig. 3. Measured radiation patterns of the four-element antenna oscillator at , ) , s
the frequencies of 10.090 GHE(, = 3.72 V), 10.853 GHz V. = 2 V), and -30 .

ey s o rava ° 9.0 9.5 10.0 10.5 11.0
9.593 GHz {us = 2 V). The gate biad/,, is fixed at—0.3 V. Frequency (GHz)
of 10.85 and 9.59 GHz. We were unable to determine which oscillating ®)

frequency was generated first. The oscillation depended on the process
of changing the drain bias. However, whEn, was further increased Fig. 4. (a) Configurgtion and equivalent circuit of the bandstop filter'.
near 3.72 V, the _oscill_ating frequency jumped Fo 10.09 GHz. Furth;apri If\)/l.ggs;rgfiwsiat;e;rrﬁ ;ﬁé;riet(ﬁrlsmor;_a 10.85-GHz bandstop filter with
increase of the bias did not change the oscillating frequency. Thus, as

predicted in the simulation results, the fabricated four-element antenna
oscillator possessed three oscillating frequencies, i.e., 9.59, 10.09, ar 30
10.85 GHz. The deviations of the measured frequencies to the simL L Vv, =372V

lated ones are 1.6%,, 0.7%,, and 3.7%, respectively. Fig. 3 illustrate 28 _\/_/-\/——/—_\/

the measured radiation patterns at these frequencies. It is obvious th

2 F

an in-phase pattern was obtained at 10.09 GHz, which agreed wit

the corresponding simulation result at 10.02 GHz. Also, as shown ir 5

Fig. 2(b), the simulated antenna phase differences at the othertwo o: & 24 £

cillating frequencies are 9009.75 GHz) and-90° (10.46 GHz), both i e
corresponding to a radiation pattern with maxima locatee-34°. = »nL V=2V e e

Comparing to the experiment results, the radiation patterns at 9.59 an .
10.85 GHz, shown in Fig. 3, have the maximum powers appeared & 20 . e
about+30°, which are very close to the simulations.
For many applications, an active array with a single stable oscil- 18 . . , .
lating frequency and a broadside radiation pattern is needed. To thi 02 03 .04 205 -0.6
end, filters with a very narrow stopband may be embedded in the os
cillator loop to reject the unwanted oscillating frequencies. These fil-
ters should possess a simple geometry to make the design of the whole
oscillator compact. Also, they should provide enough attenuation - 5. Variations of the EIRP's as functions of the gate Higs, for the
the unwanted frequencies, while having little influence on the sign%“er'embedded oscillator with'q, = 3.72 and 2 V.
propagation at the desired frequency. To fulfill these requirements, the
filter structure shown in Fig. 4(a) was used in this investigation. The3.6 dB at 10.85 GHz, but is onk+0.2 dB around 10 GHz. Another
filter was completed by simply putting an open-ended microstrip stditter (with = 10.3 mm,w = 3 mm, andg = 0.1 mm) has also been
in the proximity of a microstrip section in the oscillator loop. The stubesigned at 9.59 GHz. The measured results showed an insertion loss
length! was designed slightly smaller than half of the guided wavef —3.5 dB at 9.59 GHz and-0.3 dB around 10 GHz.
length at the oscillating frequency to be eliminated so that the stub’sBoth the 10.85- and 9.59-GHz bandstop filters were added in the cir-
inputimpedance was inductive, with the inductahogarying fast near cuitloop. The experiment showed that the original oscillating signals at
the unwanted frequency. The gap between the stub and microstrip Id@p85 and 9.59 GHz were effectively eliminated. The active array stably
section behaved as a capacitor, with the capacitéhdepending on oscillated at a frequency around 10.08 GHz whé&n was changed
the gap lengtly and the gapwidth (or stub width). Thus, the equiv- from 2 to 3.72 V, with the radiation beam pointed to the broadside di-
alent circuit of this filter was a serid<C resonator shunted to the mi-rection. Fig. 5 depicts the variations of the effective isotropic radiation
crostrip line, as shown in Fig. 4(a). By suitably choosing, andw, power (EIRP) as functions of the bias voltages. For a fixed gate bias
theLC circuit could be designed to resonate and, thus, be shorted, attfid,; = —0.3 V, when the drain bias was raised from 2 to 3.72 V,
unwanted frequency. Since the stub inductanchanges rapidly with the EIRP was enhanced by 6.1 dBm (from 21.5 to 27.6 dBm). How-
the frequency, the stopband of the filter would be very narrow. Fig. 4(byer, contrary to these large EIRP variations, the change of the gate
illustrates the measured scattering parameters for a bandstop filteries caused limited variations of the EIRP. For the active devices (i.e.,
signed at 10.85 GHz. As is shown, the insertion I8ssof this filteris HEMT’s) used, at a fixed drain voltadé;s, the more negative is the

Bias Voltage V, (v)
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gate biad’,, the smaller the drain curreft is and, thus, the lower the Modeling of Broad-Band Traveling-Wave
dc power £V4.1,;) is consumed. Therefore, the dc-to-RF efficiency Optical-Intensity Modulators

can be improved by applying a more negatije without disturbing

the EIRP significantly. R. Kréhenbiihl and W. K. Burns

Abstract—In this paper, an accurate simulation tool for the electrical and
optical response of broad-band traveling-wave optical intensity modulators
IV. CONCLUSIONS is presented, which takes into account multisectional electrical transmission
lines. This model is applied to analyze a high-speed fully packaged LiNbO
In this paper, a distributed feedback oscillator with multiple anteniéach-Zehnder interferometer.
elements has been proposed and implemented at frequencies neatex Terms—intensity modulator, optical communication, simulation
10 GHz. By using the commercial software HP Series 1V, the multielésol, traveling-wave devices.
ment oscillator has been simulated, which showed that the oscillator
possessed multiple oscillating frequencies, with each frequency
corresponding to a different array radiation pattern. The experiments
also confirmed the existence of these frequencies. It was found thaHigh-speed traveling-wave (TW) broad-band optical intensity mod-
the oscillation could be built at one of these oscillating frequencies ljators are expected to play an important role in future communication
changing the biases of the oscillator. For each oscillating frequensystems. Efficient simulation tools are needed to shorten the time of
the radiation pattern has also been measured, which agreed very wair development, reduce their cost, and to improve their performance
with the predicted one. In order to attain a single oscillating frequenay the millimeter-wave frequency spectrum.
with a broadside radiation pattern, narrow stopband filters with aPreviously, the optical performance of TW modulators have
simple geometry have been designed and embedded in the oscillatdrden modeled by considering microwave optical velocity mismatch
suppress the unwanted oscillation modes. The measurement verifldd resistive electrode loss [2], and electrical reflections due to
the efficacy of these filters. For the filter-embedded antenna oscillatanpedance mismatch between electrical connectors and the active
the variation of the EIRP with respect to the change of the biaegvice [3]. However, with the advent of fully packaged devices
voltages was measured and compared. The results showed thathtnéng multisectional electrical transmission lines, considerations
increase of the drain bias could effectively raise the EIRP, while thstich as electrode loss in nonactive sections, reflections from internal
of the gate bias did not change it much. Thus, the dc-to-RF efficienoypedance transitions, and contributions from discontinuities between
could be enhanced by using a negative gate bias with a higher voltatpe. high-frequency connector and electrical line have become very
In the future, several multielement antenna oscillators developediiportant.
this paper can be suitably arranged into a large active array. By mean$he purpose of this paper is to provide a flexible model for the elec-
of the free-space mutual couplings between antennas or externiglal and optical frequency-domain response of a broad-band TW op-
injection signals, the radiated fields from all the oscillators may hecal-intensity modulator, by taking into account microwave loss and
coherently combined to create a high output power. impedance transitions of the active and any number of nonactive elec-
trical microwave segments. Both the electrical and optical frequency
domains are obtained by considering the electrical transmission line
as a multisectional microwave cavity. The electrical transmission and
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