526 IEEE MICROWAVE AND GUIDED WAVE LETTERS, VOL. 9, NO. 12, DECEMBER 1999

A Single-Chip Coplanar 0.8m GaAs
MESFET K/Ka-Band DRO

M. G. Keller, A. P. FreundorferMember, IEEE,and Y. M. M. Antar, Fellow, IEEE

Abstract—This letter describes the design and measured results most often used, and are designed to operate inlthig; s
of a monolithic coplanar (CP) transmission line-based GaAs mode [5]. This allows the magnetic fields of the resonator to
MESFET dielectric resonator oscillator (DRO) for K/Ka-band couple into the fringing magnetic fields of the microstrip line.

applications. The dielectric resonator (DR) is on chip. The mea- Cool CP) t e i truct h i
sured output power was 11 dBm at 26.17 GHz for a conversion oplanar (CP) transmission line structures have recently

efficiency of 5.5%. The chip probed phase noise was118.7 dBc been gaining popularity as an alternative to microstrip lines
at 1 MHz off carrier. This represents the first reported instance for high-frequency applications. CP lines eliminate the require-
of a DRO being fabricated using a CP transmission line topology. ment for vias to the ground plane, and they have two degrees
Index Terms—Microwave oscillators, millimeter-wave oscilla- of freedom in the selection of the transmission line dimensions
tor, MMIC. in order to achieve a desired impedance. However, as of yet,
DRO’s have not been fabricated based on a CP transmission
line topology. So far, all DRO’s cited in the open literature
I. INTRODUCTION have utilized microstrip transmission lines.

ECENTLY, there has been much interest in provid- This letter describes the design and measured results of a
Ring broad-’band wireless access to fixed networks fgonolithic coplanar waveguide transmission line-based series

millimeter-wave radio transmission in the frequency bari§€dPack GaAs MESFET DRO fdk/Ka-band applications.

27.5-29.5 GHz. Local multipoint distribution service (LMDS)The letter outlines the design process, gives experimental

could be used to provide wireless access to services rangiRgUlts: and then provides a brief comparison to other DRO

from one-way video distribution and telephony to fully interacechnologies. As far as we know, this represents the first
gported DRO being fabricated using a CP transmission line

tive switched broad-band multimedia applications. Oscillatof
are an important component of such microwave communicifucture.
tions systems. With the increase in system operating frequency,
as well as cost and mobility concerns, there has been a need Il. OSCILLATOR DESIGN
for better performing oscillators with an emphasis on low The active device utilized in this circuit was an Q:8 gate
noise, small size, low cost, and high efficiency. Dielectrigngth GaAs MESFET with a gate width of 280n. As the
resonators (DR’s), due to their high Q and small size, hagemmon-source configuration hag'a of only =~ 20 GHz and
long been used as the frequency determining element dryy;,x of 35 GHz, therefore the common-gate configuration
MIC transistor oscillators, also known as dielectric resonatgjfith an fyax = 60 GHz was employed. In this letter, the
oscillators (DRO’s). Many different configurations of DRO'SDR was used as a series feedback and frequency determining
have been reported, all using a form of series or paraliglement. The series feedback configuration was used due to
feedback to induce the negative resistance condition requitge requirement to couple to only a single transmission line as
for oscillation [1]. Reference [2] provides a review of thecompared to the necessity to couple to two lines in a parallel
different active elements used in microstrip DRO circuit§eedback case [6].
Most recently, hybrid InP/InGaAs HBT DRO’s operating in  The design was performed on HP Ed&biLibra™ series
the 24-27-GHz range were reported [3]. In fact, with thp/ simulation software in the oscillator test bench. A transistor
advent of suitable high frequency materials, DRO oscillatoiged as an oscillator can be represented as a two-port negative
up to 81 GHz were reported [4]. resistance [6]. A schematic diagram of the circuit is shown
The DR can resonate in a number of modes and frequendigsig. 1, and a photograph of the actual circuit is shown in
depending on the material, dimensions, enclosure proximityig. 2. Z;, represents the matching at the source of the FET,
and shape. In microstrip media, cylindrically shaped DR’s agd Z;- represents the DR placed a certain transmission line
Manuscript received July 20, 1999; revised September 30, 1999. Tlllglgth away from the transistor. Capacitive feedback between
work was supported in part by Communications and Information Technologfle source and the drain was utilized to ensure that the FET
Ontario. . _was potentially unstabldCrp = 0.08 pF). To start the
M. G. Keller and A. P. Freundorfer are with the Department of Electrical ., .. .
and Computer Engineering, Queen’s University, Kingston, ON K7L 3N@SC|”at'0n’ the |mpedance of the [XFZT) was selected to be
Canada. in the unstable region of the terminating stability circle. This
Y. M. M. Antar is with the Department of Electrical and Computeryas achieved by placing an undercoupled DR [5], a specific
Engineering, Royal Military College of Canada, Kingston, ON K7K 7B4 . . . -
transmission line length away from the terminating port. The
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Fig. 1. Circuit block diagram.

Fig. 2. Photograph of DRO circuit.
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The DR was modeled as a simple RLC circuit with an
unloaded? = 13 070. The cylindrically shaped DRe,. = 30)
was supplied by Trans-Tech, and had-a= 26.5 GHz (when
mounted on a 32@m glass substratey.;, was chosen to meet
the oscillation condition [6] given by

Zr = };U\ - XN 2

It has been shown that when either of the ports are made
to oscillate, the other port is also oscillating [6]. In order to
keep the design physically compaéti was implemented by
a lumped capacitance placed the required transmission line
length away from thél';,,) port of the transistor. The biasing
network was realized with a quarter-wavelength{¥ 6eplanar
waveguide (CPW) line and a bias capacitor to ground.

It was found that adequate coupling could not be achieved
between a CPW transmission line and the DR due to the small
fringing fields in the transmission line slots, and thatThg,; s
mode of the DR could not be coupled into with the DR resting
on a ground plane. As a result, an asymmetrical coplanar
transmission line configuration was used on the termination
port of the amplifier. This transmission line type has fringing
fields similar to a microstrip line, and in addition allows the
DR to sit on the passivation layer of the GaAs substrate rather

the TEo15 mode, a reflection coefficient approximately equdhan on a ground plane. This modification allows for adequate
to 0.8 was obtained at the resonant frequency of the DR whe@Hpling between the magnetic fields of the transmission line
it was placed laterally close to the line, and on top of thand the magnetic fields of the adjacent DR.

passivation layerl'rn along with Z; 5 were then determined

from (1), where theS parameters represent the active device Ill. EXPERIMENTAL RESULTS

S1289 'y
1— Sool'p’

Din =511+

The measurements were taken with a bias voltage of 3.5 V
and a current of 66 mA, the output power after calibration
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TABLE |
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COMPARISON OF PERFORMANCE OF DRO’s wiTH DIFFERENT ACTIVE ELEMENTS

DRO Transistor Technology | Frequency RF Power | Efficiency (%) | N/Cyy (dBc/Hz) Ref
(GHz) (mW)
GaAs MESFET monolithic 23 16 7 -100 @100 KHz | [2]
0.25 X 120 um gate
Si/SiGe HBT hybrid 23.2 7 11.4 -92 @100 KHz 2]
1 X 20 um emitter
GaAs MESFET monolithic 26.17 12.6 55 -118.7 @ 1 MHz | This paper
0.8 X 280 um gate
InP/InGaAs HBT hybrid 26.5 2.5 12 -105 @100 KHz | [3]
2 X 15 um emitter -126 @ 1 MHz
InP/InGaAs HEMT | hybrid 81.9 1 1.5 -97 @100 KHz 4]
0.25 X 120 um gate 90 @ 1 MHz
ATTEN 1045 AMKH —68.57d8 configuration provides similar performance characteristics to
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other technologies.

IV. CONCLUSIONS

1.0p MH=z
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The monolithic coplanar transmission line GaAs MES-
FET DRO had good results, which are comparable to other
technologies. At the oscillation frequency of 26.17 GHz,
the measured output power was 11 dBm with a conversion
efficiency of 5.5%. The phase noise wad18.7 dBc at 1
MHz off the carrier. This represents the first reported instance
of a DRO being fabricated using a coplanar transmission line

CENTER 2B6.17135GHz
RBW 100kHz »VBW 10kHZz

SFPAN 10 .00MH=z=
SWPFP S0 .0ms

structure.
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