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A bstnzct — Two new quasi-optical power com-
bining architectures are presented. A copla-
nar waveguide (CPW)-fed bowtie antenna ar-
ray is used to combine the outputs of 16 FET’s
at 4.7 GHz with a de-to-RF conversion effi-
cienc y of 17Y0. The arms of the bowt ie anten-
nas provide space to accommodate planar tun-
ing and matching networks. A second power-
combining array, consist ing of 16 FET chips,
uses integrated varactors for frequency tun-
ing at 20 GHz. Experimental results for both
types of power-combining grid are presented.

I. INTRODUCTION

R EC ENTLY, scientists and engineers have re-

newed their efforts to develop reliable and effi-

cient solid-state sources operating at millimeter wave-

lengths. A significant part of this effort has focussed

on quasi-optical techniques as an alternative to more

traditional power-combining methods based on mi-

crostrip and waveguide structures [1]–[3]. Although

many different power-combining arrays have been in-

vestigated to date, few quasi-optical grid topologies

have exhibited the design flexibility needed for inte-

grating multiple devices or realizing multifunctional

circuits. This feature is of particular importance due

to the increasing interest in frequency agile and beam

steerable sources for radar and communication sys-

tems.

A number of investigators have demonstrated mi-

crostrip oscillator arrays with beam scanning circuitry

[4] ,[5]. Others have presented patch antenna oscilla-

tors with electronic frequency tuning [6] ,[7]. Mader

et al., in 1993, reported a varactor-controlled grid os-

cillator with tuning bandwidth of 10% at 6 GHz. The

varactor tuners were integrated into a separate array

fabricated on the backside of a grid oscillator [8].

This work was supported by the U.S. Army Research
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search Laboratory Microelectronics Research Collabora-
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This paper presents two new

architectures: a coplanar-fed

power-combining grid

bowtie antenna array

and a varactor-tuned gate feedback grid oscillator.

II. CP W-FED BOWTIE ARRAY

A diagram of the CPW-fed bowtie grid is shown

in figure 1. The arms of the bowtie antennas provide

space to accommodate planar transmission lines and

semiconductor devices. As a result, impedance tun-

ing circuits and control elements such as varactor

diodes can be integrated directly into each cell of the

array. The devices embedded in the grid are cou-

pled to free space through CPW lines that feed the

antennas. Unlike the more traditional quasi-optical

arrays based on dipoles [3], the CPW feed lines can

be adjusted to provide impedance matching without

significantly disturbing the overall grid structure. In

addition, the geometry of the array is fully compat-

ible with standard coplanar HEMT layouts, making

this array configuration a good candidate for mono-

lithic integration.

Fig. 1. Diagram of the bowtie oscillator grid. Copla-
nar feed lines couple the oscillator circuits to the an-
tennas.
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Bowtie Array Design

A 4x 4 version of the grid illustrated in figure 1 was

built as a proof-of-concept demonstration. The array

was fabricated on a copper-clad Rogers RT/Duroad

substrate with dielectric constant 10.5 and thickness

of 1.27 mm. Each bowtie antenna is 8 mm square and

is fed by a 100pm wide coplanar line with imped-

ance of 75 !2 and electrical length of 30° at 5 GHz.

GaAs HFET’s (FHX35X, manufactured by Fujitsu,

Inc.) are attached to the array with silver epoxy

and wire bonded to the grid metallization. A pair of

open-circuited CPW stubs are placed 600pm from

the gate of each HFET. The characteristic impedance

and length of the stubs (50 Q and 3 mm, respectively)

are chosen to give a reflection coefficient looking into

the drain that is greater than unity.

Bias to the drains and sources is provided through

the arms of the bowtie antennas. The HFET gates

are biased through dc feed lines that run between ad-

j scent rows of bowtie antennaa (see figure 1). Due to

the array symmetry, these gate bias lines are mod-

elled at RF frequencies as 50 Q, open-circuited CPW

stubs.

Bowtie Array Measurements

The output of the power-combining array was mea-

sured using a ridged horn antenna in the far field.

A planar mirror placed behind the array provided

the external feedback needed for mutual injection-

locking and served as a tunable backshort. With a
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Fig. 2 H-plane radiation pattern of the bowtie array

for different position of the backshort.

Angle, Degrees

Fig. 3 Beam steering of the bowtie oscillator array
in the E-plane. Each antenna pattern corresponds to

a different set of gate dc bias voltages.

drain bias of 3 V, the backshort position and gate

bias were adjusted until an oscillation at 4.7 GHz was

observed. The oscillation frequency could be tuned

over a 125 MHz bandwidth with mirror position. Fig-

ure 2 shows the measured H-plane radiation pattern

for the array for different mirror positions. As the

mirror is moved towards the array, the directivity

and radiated power decrease.

Figure 3 demonstrates the effect of altering the dc

gate biaa of different rows of the array. Because adja-

cent rows of devices share a gate bias lead, the dc op-

erating point of pairs of rows can be tuned indepen-

dently by adjusting the gate voltage. Adjusting the

dc bias of the different rows in the array has the effect

of detuning the oscillators’ free-running frequencies.

Consequently, adjacent rows of devices experience a

phase shift that results in beam steering [9]. Using

this method, the main beam of the bowtie array can

be steered in the E-plane by approximately + 6° off

boresight.

The antenna gain of the array is estimated from the

measured E-plane and H-plane patterns to be 16 dB.

Using this estimated gain and the Friis transmission

formula results in a net radiated power of 40 mW

and an overall de-to-RF conversion efficiency for the

array of 17’ZO.

III. VARACTOR-TUNED OSCILLATOR GRID

Grid oscillators, in essence, are frequency selective
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surfaces into which active devices have been embed-

ded. Consequently, the bandwidth over which these

grids operate isoften small. Varactor diodes included

in the grid structure can be used to tune the embed-

ding impedance presented to the active devices and,

in principle, extend the operating bandwidth.

Grid Geometry and Design

Figure 4 shows a diagram of the varactor-tuned grid

oscillator. This array is based on the “gate-feedback”

grid configuration [10] and includes a single varactor

tuner for each FET. The array, containing 16 FET’s,

is fabricated on a 1.27 mm thick RT/Duroid sub-

strate with dielectric constant of 10,2. Chip transis-

tors (FHX35X manufactured by Fujitsu) are mounted

and wirebonded to the array metallization. The tun-

ing diodes are CVG9800-001 hyperabrupt varactors

manufactured by Alpha Industries, Inc. These diodes

have a measured capacitance tuning range of 920 fF

(at zero bias) to 64fF (at a bias of -20 V). The var-

actor chips are mounted on a meander line that pro-

vides bias to the FET gates and are wirebonded

the horizontal bias line, as shown in figure 4.

T
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Fig. 4. Diagram of the varactor-tuned oscillator grid.

Hyperabrupt varactor diodes are used to tune the em-
bedding impedance seen by the FET chips.

Measurements

As with the CPW-fed bowtie array, the output of the

varactor-tuned oscillator was measured with a ridged

horn antenna placed in the far field. With the drain

bias set to 3 V, the gate bias, varactor bias, and mir-

ror position were adjusted until oscillation was ob-

served. With a varactor bias of approximately -20 V

and the total drain current adjusted to 105 mA, the

grid oscillated at 19.8 GHz. As shown in Figure 5, the

frequency tuning bandwidth with mirror position is

approximately 40 MHz. For this measurement, the

varactor bias is fixed at -21 V. Figure 6 shows the

effect of the varactors on the oscillation frequency.

The grid can be tuned over 100 MHz with the varac-

tor bias. The bim range of the varactors is limited

to -10 V to -21 V. Outside this range, the FET gates
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Fig. 5. Oscillation frequency of the varactor-tuned grid
oscillator aa a function of mirror position. The varactor

biaa is set to -21 V.
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Fig. 6. Oscillation frequency of the varactor-tuned grid
oscillator as a function of varactor bias.
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