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Hybrid Integration Technology of Planar Circuits
and NRD-Guide for Cost-Effective Microwave
and Millimeter-Wave Applications

Ke Wu, Senior Member, IEEEand Liang Han

Abstract— An architecture called the hybrid planar/non- successful deployment of a wireless technology at millimeter-
radiative-dielectric (NRD) waveguide integrated technology is wave frequencies that is intended for widespread and extensive

proposed as a building block for constructing microwave and o mmercial applications depends on the availability of a
millimeter-wave circuits. This hybrid approach of integration

offers a unique possibility of exploiting inherent complementary {€Chnology having properties such as low cost, compact size,
advantages of planar structures and NRD waveguides for low power consumption, and mechanical rigidity. In addition
low-cost wireless applications while eliminating the potential to these favorable factors, it is also required that the ap-

drawbacks associated with both dissimilar structures. Compared plied technology offer low-loss signal transmission, which is
to the existing NRD-guide related technology, the proposed tial f lizing hiah ircuit

framework consists of relocated planar structures on the top essential for realizing high Q circuits. . .

and/or the bottom plates of an NRD-guide, sharing the common ~ The state-of-the-art development of commercial microwave

ground planes. Such a hybrid scheme is particularly suitable and millimeter-wave components and systems indicates that
for millimeter-wave systems in which active devices can be the multilayer planar technology is able to provide a high-

made with the planar-line technique while passive components : . g
can be made with the NRD-guide technique. The two subsets level modular integration platform achieving some of these

of a complete functional system are interconnected through a Stringent requirements such as low cost and Compa.lct.nes.s [2].
class of aperture-based transitions which can be designed to However, such a technology has a number of limitations
have wide-band performance. In addition, the multichip module in the design of high-performance millimeter-wave circuits

(MCM) technique is readily achieved under this proposed ,n4 gystems. These problems arise in a typical example of
scheme. Experimental prototypes, including passive-component

and active-device, based on the new hybrid technology presented€@/iZing a highly selective bandpass filter for which the
in this paper, show that the novel hybrid technology promises to multilayer planar technology becomes vulnerable due to high
be useful in the design of future microwave and millimeter-wave transmission loss. The active approach using negative resis-

circuits and systems. tance may offer a possible solution but at relatively high
Index Terms— Hybrid technology, nonradiative dielectric  COSt, and also potentially at the expense of sacrificing noise
(NRD) guide, planar circuit, transition, filter, oscillator. performance and dynamic range. It seems that to a great
extent, it is difficult to simultaneously achieve the above-
I INTRODUCTION mentioned designated specifications under a single technology

i ) ¢ th l-def framework. This argument suggests that an appropriate hybrid
T HE FORECAST traffic congestion of the well-de Inedscheme involving two or more technologies provides a unique

RF spectrum for,W|reIess communications |_nclgd|ng Ioc_?ossibility of obtaining all the desired features by combining
area networks (LAN’s), and personall commumca‘uon SeIVIeh advantages of each technology while eliminating their
(P.CS) has alread-y.generated considerable interest in bfﬁt ividual inherent shortcomings. Technologies that have been
microwave and millimeter-wave frequency range. In parti 1sed to date may be divided into two classes—namely, planar
ular, the millimeter-wave transmission, unlike the RF a chnology and nonplanar technology. The former is, often

microwave characteristics, presents some interesting featqr&gted to the microwave integrated circuit (MIC), minia-

for short-haul high-speed data links, line-of-sight LAN'Sy,, ;¢ hybrid microwave integrated circuit (MHMIC), and
and imaging radar, as well as collision-avoidance sensor

licati Th foat include onolithic microwave integrated circuit (MMIC), while the
appiications. These features Include requency re-use, qUashe, vefers more or less to the metallic waveguide, coaxial
optical propagation, and high-resolution [1]. However, a

nI){'ne, and dielectric waveguide. In view of its advantages and
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from its geometry and its compatibility with the planar circuits, = ——
the metallic waveguide is bulky and cannot provide a high- : o
level of integration. To date, very limited information is =
available for building up a hybrid scheme which is operational V
at millimeter-wave frequencies. On the other hand, very little 4 =B | _
attention has been directed to the potential integration of a “a
planar structure with dielectric waveguide, even though a large i
class of dielectric waveguides have already been proposed for
millimeter-wave and submillimeter-wave applications. This is. i ) . ) N
e g. 1. 3-D view of an NRD-guide component having a dielectric strip
probably due to the fact that the fundamental limitation Qr#aracterized by the height @f, which is slightly smaller than half of a
using a dielectric waveguide lies in its severe radiation lo§se-space wavelength and the widthbofwhich is essentially determined by
once circuit bends and discontinuities are encountered, whiffy eduired monomode bandwidth.
jeopardizes useful applications of the dielectric waveguide.
This perception held until the invention of a nonradiative
dielectric (NRD) waveguide [4]. However, the NRD-guide,
like any other dielectric waveguide, presents some difficult
problems when active device integration is required. It is
detrimental to the development of a complete NRD-based
functional system since it always requires an integration or
an interconnection of active devices and passive components.
Therefore, the integration and interconnection of a dielectric
waveguide with other dissimilar structures also presents a very
challenging problem in the use of the dielectric waveguide.
This issue will be discussed in the subsequent section.

; ; ; ig. 2. lllustration of the conventional integration technique of an active
This Paper proposes a new scheme that effectlvely mtegragé]\%ce with the NRD-guide through a planar surface mount, which is inserted

NRD-guide-based components with planar circuits. In this NeWd coupled with the NRD-guide by an appropriate matching network
hybrid technology, the NRD-guide is intended for use in thievolving an air-gap and a high-permittivity dielectric sheet.

design of passive components while the planar geometry is

primarily used to design active devices. In this way, the prepnsiderable attention in the microwave research community
posed hybrid technology inherits and combines the advantageg commercial sectors. Essentially, the NRD-guide, as shown
of both the NRD-guide and the planar circuits. The integratiqR Fig. 1, distinguishes itself from other dielectric waveguides
between the two dissimilar structures is achieved by apertigg the fact that its radiation losses due to circuit disconti-
coupling, which has recently been proposed by the authgfgities and bends along the propagation path can be almost
[10]. This paper will emphasize the electrical and mechanicgdmpletely suppressed. Compared to planar structures, the
performance of the proposed hybrid technology as well as NRD-guide offers low transmission loss and low cost. It
potential applications. A number of experimental prototypg§ aple to form an integrated structure of multiple circuits
including wide-band integrated transitions from microstripyhich are sandwiched between two parallel metallic plates.
line—to—NRD-guide, a hybrid planar NRD filter, and a planah addition, the NRD-guide can be used to design a class of
NRD oscillator will be presented and discussed. This wilkaky-wave millimeter-wave antennas [8] and unidirectional
reveal interesting and attractive aspects of the new technolqg¥|ectric radiators (UDR’s) [9].
for microwave and millimeter-wave applications. Over the past years, a number of two-terminal active devices
have already been used in the design of NRD-guide active
circuits. Most of these devices are based upon the beam-lead
diodes [7] that may be inserted into the NRD’s dielectric
strip through a piece of planar surface mount. The RF,
Before getting into the details of the proposed hybrichicrowave, or millimeter-wave signals are usually directed
technology, it will be helpful to briefly discuss the technicalrom the NRD to the planar circuit on which the active devices
merit and limitations of the existing NRD-guide technologyare incorporated. However, effective coupling from the NRD
This will throw light on the motivation and background as téo the planar circuits requires an additional effort since the
the basis for proposing this new hybrid technology. The NRDmpedance mismatch for this hybrid geometry is a severe
guide-based technology becomes attractive for use in a variptpblem. This is usually done by adding a thin dielectric sheet
of microwave and, in particular, millimeter-wave circuits anthaving an appropriate high permittivity in conjunction with a
systems. Since its inception in 1981 [4], this technology hagrtain dimensioned air-gap between the NRD-guide and the
been used in the design and fabrication of a large clgsianar mount. This is schematically illustrated by Fig. 2, in
of integrated circuits and antennas which have demonstratedich a two-terminal diode serves as the power detector. If
superior electrical performance at millimeter-wave frequenciest properly designed, the mismatch between these circuits
[5]-[7]. Therefore, the NRD-guide technology has receivemhay jeopardize the electrical performance. The most serious

relic plaie

w =

g

MEL arg
plassr surface o

Il. TECHNICAL MERIT AND LIMITATIONS
OF THE NRD-GUIDE TECHNOLOGY



948 IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 45, NO. 6, JUNE 1997

planar circuits plenar circaris
T — e e 1 L= ____—_ ]
-

WHD i MED

|'iJIIﬂ' (=T aTiTEY

@) (b)

apermre couplang

©

Fig. 3. Schematic illustration of the proposed hybrid planar/NRD-guide integration technology. (a) Cross section of a unilateral aperture mi-
crostrip-line—to—NRD-guide coupling scheme. (b) Cross section of a bilateral aperture microstrip-line—-to-NRD-guide coupling scheme.t§djnkbngi
sectional view of multiple-aperture microstrip-line—to—NRD-guide coupling scheme.

problem is the fundamental limit of the spacing between theo- or three-terminal topology. The planar circuits may

two metallic plates, thereby restricting the allowable crosbe in the form of multilayered microstrip lines or coplanar

sectional surface or lateral dimension of the planar mouwgveguides or even slot lines. At millimeter-wave frequencies,
because the spacing should be smaller than half of a fréeese lines may exhibit a prohibitive transmission loss that
space wavelength. This may lead to some extremely difficitesents one of the fundamental limits in the design of
situations as the operating frequency increases, even if ofilfcuits and antennas—in particular, passive circuits and an-
two-terminal devices are considered. In most practical appignnas. The NRD-guide structure and performance are known
cations, three-terminal devices such as FET's, high electrdf-Pbe complementary with the planar line in considering a
mobility transistors (HEMT’s), and heterojunction bipo|a,hybrid technology for a functional millimeter-wave system.

transistors (HBT’s) are essential in the design of oscillatols coherently designed, both technologies offer their best
and amplifiers, as well as other active circuits. However, @dectncal performance while the fundamental I|m|ts or mhgrent
may be very difficult, or even impossible, to integrate thedlisadvantages of each technology_can_ be_effecnvely eliminated
active devices into a planar circuit mount that physicall9r removed. A new class of hybrid circuits can be propo-sed
fits within the required spacing of the NRD-guide. Thi nd developed which may offer unmatched and potentially

is particularly true when packaged devices are used. SW'COSt performance.

both packaged and unpackaged devices, the surface contact

between the devices and the NRD-guides or the matching [ll. INTEGRATION OF HYBRID
dielectric sheet is not always easy to achieve and is susceptible NRD-GUIDE AND PLANAR STRUCTURES

to air-gaps. The air-gap under this circumstance may begn the basis of the above motivation, a new proposal
responsible for potential power leakage, mode conversion, aa¢l integration between the NRD-guide and planar circuits
impedance mismatching. In addition, this integration schemgs been made to eliminate the underlying disadvantages of
may be unsuitable for a large-scale batch production, therel two building blocks at millimeter-wave frequencies while
leading to a relatively high cost for commercial applicationsheir technical benefits can be maintained. Fig. 3 shows a
Consequently, an alternative technique for effective integratigeneral view of the proposed hybrid NRD/planar technology
of active devices with the NRD-guide is desired. using a series of integrated transitions which connect the
It has been recognized that planar structures are alwagyanar structure coherently with the NRD-guide. The planar
suitable for integration with active devices regardless of sructure may be in the form of a microstrip line, coplanar
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cporen v s and allows for the design of active and passive circuits in
§ o o  DEieinferieiercs a very flexible way with added attractive features such as
e — the above-mentioned space-savings and interference reduction.
£ 7 The passive components made of the NRD-guide offer un-
matched performance such as high Q, low-loss transmission,
T ——— o, radiationless, and potential cost effectiveness. The advantages
matalic plate (pround plons) of the planar structures are exploited for the design and

. . . . , realization of two- or three-terminal-based active devices such
Fig. 4. Graphic representation of the interference reduction scheme de-

scribed by coplanar interference and bilateral interference between two groé\% easy i.ntegration and use of M(H)MI(?’S. To some extent,
of planar circuits under the proposed hybrid integration technique. a multichip module (MCM) can be used in the framework of

such an architecture. Further, the proposed hybrid planar/NRD

waveguide, or even slot line. In Fig. 3, only the microstrip linéchnology can also be extended to buildoplitilayered NRD
is considered for the following discussion, although alternati®/brid geometry with surface-mounted MCM's. Therefore,
planar structures can be used in the design and fabricatiortfy new technology presents a high-level integration involving
such transitions. In this case, it can be seen that the integraf#g|ectric waveguide and planar circuits, which may be in the
transition of microstrip-line—to—~NRD-guide is made througfPrm of MIC’s, MHMIC'’s, and MMIC's.
magnetic aperture coupling. The microstrip line is placed in The integrated transition between the NRD-guide and planar
the perpendicular direction to the dielectric strip of the NRDStructure is the key to a successful application of this new
guide. The length of the open-ended microstrip, with respectfiybrid technology. The preliminary design issue and electrical
the coupling rectangular slot, is crucial in the design of godierformance have been presented in [10] for the transitions
quality transitions. The microstrip line can be relocated detween the NRD-guide and microstrip line with modeling
either side of the parallel metallic plates of the NRD-guidé@nd experimental results. The proposed hybrid technology
In this way, the microstrip line shares the common grourld Potentially low cost since the basic design of the NRD-
plane with the NRD-guide which is actually one of the para||guide—based components are related to a series of mechanic
metallic plates. The coupling aperture is made in the grouf@prications and assembling of integrated and discrete devices
plane (the parallel plate). and components. As such, this unique solution allows for a
Obviously, a number of microstrip lines can be attached &@mplete integration of T/R modules with antennas within a
both sides of the NRD-guide simultaneously. This considetingle framework.
ation gives rise to some interesting features of the proposedt is recognized that an aperture-coupled hybrid scheme
hybrid technology. First, both sides can be effectively usd@volving dielectric waveguide and planar structure has been
so that a complete integrated system can be designed toPePosed, such as recent work on analysis and design of
as compact as possible and no space is wasted. The prop@g&iture-coupled microstrip patch antennas and arrays fed by
hybrid technology can also be used to suppress, partially iBtage dielectric waveguide [14]. The fundamental problem
completely, unwanted effects such as cross-talk, by placiffthis hybrid scheme is that the image dielectric waveguide
the circuits or groups of concern on opposite sides of t§@nnot be used to design high-quality components and finds
NRD-guide. The circuits can be interconnected through &gy limited applications such as the use of feeding line for
NRD-guide bandpass filter or an appropriate direct transitiowhich no line discontinuities are involved. Otherwise, a high
or there may be no electromagnetic interconnection betwe@éliation loss of an image dielectric waveguide component
them at all. To name an example, if a complete transceiW¥f! be inevitable. In addition, the operating mode between the
based on the proposed hybrid technology is designed ddBD-guide and the image dielectric waveguide is completely
fabricated, isolation between the transmitting and receivifferent and the nature of the aperture coupling is also
circuits can be easily achieved by mounting the circuits dhfferent. These arguments pinpoint the novelty and a potential
opposite sides of the NRD-guide. At the same time, theyide range of applications of the proposed hybrid technology.
are interconnected via the NRD-guide components. In other
words, they are able to sh_are the same passive compongnts IV. EXPERIMENTAL DEMONSTRATION OF
such as resonators and filters. In this way, any potential
spurious coupling and parasitic interference can be reduced ) ) ) )
to extremely low levels. Fig. 4 clearly shows such a generic !N this section, the usefulness and the potential applica-

arrangement in which two planar circuits can be located in t§@"S ©Of the proposed hybrid technology are shown through

same side or on the two opposite sides in which the parasﬁ}ilgee di_Sti”Cf[ experimental examples encompassing passive

interference may be significantly different. This propose@d active circuits as follows:

hybrid technology offers a compact, self-packaged structurel) NRD-guide—to—microstrip transition;

to mount the required electronics. Obviously, multilayered 2) planar NRD-guide bandpass filter;

planar/NRD topologies can be developed and used to achievé) planar NRD oscillator.

a much higher level of circuit integration. Note that these preliminary experimental examples do not
The proposed hybrid technology completely removes tlpgesent optimized electrical performance but are essentially

space constraint imposed by the existing hybrid schendgsigned to showcase the proposed new scheme. It is also

THE PROPOSEDHYBRID TECHNOLOGY
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Fig. 5. Transparent view of two interconnected transitions of% \J w
microstrip-line—to—NRD-guide though a length of NRD-guide. (a) Microstrip &= 30
lines are located on the same side of one of the NRD’s parallel plates'r}' v I
(b) Microstrip lines are located on opposite sides of the parallel plates
of the NRD-guide. l

transmonsl

not of interest in this paper to detail the design procedures 50 ‘ ‘
in connection with the following examples since this paper’s 17 18 19 20 21 22 23 2
principal objective is to showcase this new hybrid technology. Freq. (GHz)

Fig. 6. Measured performance of the complete design example as shown
A. NRD-Guide—-to—Microstrip Transition in Fig. 5(a) with two identical microstrip—to—NRD transitions separated by a
L . L . . _length of NRD-guide. Frequency response of Fig. 5(b) is nearly identical to
A similar microstrip-line—-to—NRD-guide transition (as il-that of Fig. 5(a).

lustrated in Fig. 5) was previously proposed by the authors’

research group and used to feed a UDR [11]. However, the . . . .
transition used in this case [11] operates within a narro%rough an NRD-guide terminated with two open ends having

bandwidth which is different from that of circuits for which? length of 82 mm. The distance between the two microstrip

wide-band performance may be required. Therefore, the top{ﬁ-ed lines is 76.42 mm "’?”d they are fabncated on 688
ogy and design of such a wide-band transition are muli substrate (RT/Duroid 588, = 2.3) with a thickness
more involved. Note that the transition in Fig. 5 is differen‘i”c 20_ m'l_' The line impedance of 56 IS de_&gned with
from that shown in Fig. 3, in which the NRD-guide simphy? StfiP width of 1.53 mm. The NRD-guide is made of a
becomes an underpassing transmission line with respect'§gtangular dielectric strip (Rogers TMM3, ¢, = 3.27)
the microstrip line. To name an application example, in tfi1d designed to operate around 20 GHz witk= 6.1 mm
case of Fig. 3, the microstrip line may be used to design@d b = 6.5 mm. The coupling aperture on the common
power detector for probing signal transmission of the NREIoUnd plane is a narrow rectangular slot with dimensions
guide. Fig. 5 presents two different topologies which may B 7-5 x 0.5 mn?. To approximately predict the electrical
arranged for different interconnections. Once again, it is shoWgrformance, a simple modeling and design technique was
that this design allows a degree of freedom for locating plan@gveloped and used in this paper. This technique is based on
circuits on either ground plane for potentially achieving th@duivalent waveguide models and small aperture theory, which
maximum electromagnetic isolation. As such, all the upp8@s been detailed in [10]. Note that the developed approximate
and lower spaces may be used and the complete system cafBéeling technique may not be accurate enough to predict
made very compact without losing the stringent requiremeﬁllectrical characteristics of transitions having a larger aperture
of isolation. or a stronger coupling, since the analytical equations used
The design of microstrip-line—to-NRD-guide transition i# the modeling are valid only for small aperture. Therefore,
actually focused on the impedance matching between tifis paper’'s design cannot be extended beyond a certain
dissimilar structures which are coupled to each other throuliiit. Fig. 6 shows measurement results for the designed
a rectangular aperture. An appropriate choice of permittivitpicrostrip-line—NRD-microstrip line as shown in Fig. 5(a),
of the NRD dielectric strip is critical together with an adequatehich operates at frequencies from 17.5 GHz to 20.5 GHz
length of the open-ended microstrip line. To verify electricakith 15% effective bandwidth. This coincides with about the
performance of the proposed transition, an experimensdme bandwidth as the operational monomode bandwidth of
prototype is made which uses two identical microstrighe NRD-guide based on this paper’s design. The losses of
line—to—-NRD-guide transitions, which are interconnectetie two microstrip feeding lines that are not calibrated out
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Fig. 7. Structure of a multipole bandpass NRD-guide filter with two microstrip-line—-to—NRD-guide transitions. (a) Microstrip lines are lochtedamnet
side of one of the NRD’s parallel plates. (b) Microstrip lines are located on opposite sides of parallel plates of the NRD-guide. (c) Symmetpoé three
filter with parameters of structurer; = 3.02 mm, {; = 4.81 mm, g» = 6.82 mm, lo = 4.83 mm.

are included in the measurement results and the transitions 0
are not optimized. These losses can be attributed to radiation,
impedance mismatching, ohmic, and dielectric losses. The best 10 ) m \
insertion loss for the complete circuit is observed with less /

N

19 GHz. The observed in-band ripple of frequency response in
Fig. 6 indicates that there is a problem of internal impedance
mismatching of the two transitions. It can be expected that the , \J !
insertion loss and flatness within the effective bandwidth can 40 7
be significantly improved in future work. These preliminary

results are encouraging, considering the fact that the structure !
is not yet optimized and the losses of the two connection lines 17 18 19 20 | 2 22 23 24
are not removed from the measurement. Freq. (GHz)

than 3.5 dB over the 15% bandwidth at the center frequency of 20 \p [‘\

-30

$21(dB)

. transitions g
_ filter

Fig. 8. Measured frequency response of a three-pole bandpass filter with
the designed topology as show in Fig. 7(a), which is overlapped with the

B. Hybrid Planar/NRD Bandpass Filter measurement results of the through transitions.

Fig. 7 demonstrates a design of two identical NRD-
guide bandpass filters using the two integrated transitiooiscuit involving the two transitions and the designed filter
of microstrip-line—to—NRD-guide. The two filters, having thever the bandpass frequency range confirm that the NRD-
same topology, present two different arrangements for theide contributes to the insertion loss at the negligible level
input and the output which may be located either on the samile the two transitions and microstrip connection lines are
side or on the two opposite sides. Apart from the design qualitysponsible for it. It is observed in Fig. 8 that this experimental
of the two transitions between the microstrip lines and NRExample has difficulty in providing high rejection at the lower
guide, it can be seen that electrical performance of the filterdgle of the bandpass frequency. It can be attributed to a
mainly determined by the NRD-guide, but both its input angossible alignment problem and approximate positioning of
output are in the form of the microstrip line. Therefore, thithe NRD resonators/guides during measurement, which may
hybrid technology proves itself useful for millimeter-wavecause input/output (1/0O) spurious coupling. Note that no fine
applications where it may be difficult or even impossiblenechanical fabrication was applied to this preliminary design
to design a high Q bandpass filter only with a microstripxample, which may also deteriorate circuit performance.
line unless expensive superconducting technology is usétkevertheless, the overall frequency response is satisfactory.
In this paper’s filter design, the same structural and electrichhis may suggest that good mechanical tolerance should
parameters of the NRD-guide and the microstrip line presented considered in the fabrication process. This experimental
in the previous section are used. The sizes related to the NR&monstration clearly indicates that a high Q filter having a
resonators and gaps are detailed in the caption of Fig. 7(g)anar transmission line at the input and output with potential
The measurement results are shown in Fig. 8 for this papeescellent out-of-band rejection can be realized at a low cost
design example of a three-pole bandpass filter working at 19.6&ing the proposed hybrid technology without resorting to
GHz with a 2% bandwidth as shown in Fig. 7(a). Note that thether sophisticated techniques. This example also stresses that,
experimental results of Fig. 7(b) are essentially identical tince again, the design of a quality microstrip-line—to—NRD-
those of Fig. 7(a), which is not shown in Fig. 8. Clearly, thguide transition is the most important issue which needs to
overlapped measurement curves of the complete transmisdienaddressed.
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C. Hybrid Planar/NRD Oscillator HEMT

[TTL AT

As the last design example of this paper’s proposed hybrid
technology, the authors present a new class of planar NRD
oscillators, which provide an alternative design framework &
to the conventional oscillator. This new design is based 0N pnd plame
a unique three-dimensional (3-D) feature of the proposed i
hybrid technology with a relatively easy-to-make high Q
NRD resonator, providing a number of attractive advantages
over the conventional oscillator design. The high Q design
of an oscillator at millimeter-wave frequencies may be a
very challenging issue. The commonly used ceramic-based
commercial dielectric resonator (DR) becomes so miniatur-
ized that the surface mounting and post-fabrication tuning
are usually very delicate. The high-permittivity DR may be
expensive with respect to the overall cost. The coupling could
be difficult to control by adjusting the space between the DR (@)
and transmission line (usually microstrip line) once the DR is
deposited. Furthermore, in most cases, the circuit presents an
asymmetrical geometry in view of the DR location over the ¥
microstrip line, which may generate some unwanted spurious L
radiation and other parasitic effects. The feedback of such HEMT
a conventional oscillator is usually achieved by using some
additional circuit which may complicate the design and evenoutput
deteriorate the performance. Under the conventional planar T §
design of the oscillator, the Q-factor of the DR is usually l_
limited even if very high-permittivity material can be used to
enhance the mode confinement. In this case, the dimension of
the DR becomes extremely small.

o

S
coupling slvs

NED resonaior

vds vg

It is the authors’ intention to present this new planar NRD NRD resonator
oscillator only as an application example of the proposed
hybrid integration technology. A more detailed description was (b)

reported in [13] in connection with its technical merits anig.- 9. A new class of planar NRD oscillators for low-cost millimeter-wave

licati ts si the ol NRD illator itself i applications (a) Composite diagram of a HEMT planar NRD oscillator with
_app 'Ca_'on aspgc S since the planar osciflator Itselr 1S design layout. (b) The equivalent circuit of the proposed oscillator.
interesting subject.

The proposed new oscillator based on the concept of g, coupling may be designed and adjusted even after its
hybrid planar/NRD technology is shown in its transpareflpication. This is an added attractive aspect for stabilizing
composite view in Fig. 9(a), together with its equivalenhe oscillating frequency and a typical example of using
circuit described in Fig. 9(b). The fundamental differencge proposed hybrid technology for designing low-cost and
between the proposed and the conventional oscillators is thg§nh-performance nonlinear active devices. In this paper, a
the proposed structure removes the requirement of & higllandard layout design of the planar oscillating circuit is
permittivity resonator, which is necessary in the conventiongfade with a thickness of 15 mil substrate (RT/Duroid 5880
technique. Instead of the conventional DR, an NRD resonaigiq . = 2.3) using HP-MDS software while the Teflon-
is located underneath the planar oscillating circuit, whighased NRD resonator is designed with the authors’ field-
are coupled to one another through one or two rectanguifieoretical modeling tool [12]. A low-noise FHX15X GaAs
apertures. Thus, the NRD resonator can be made sizapfekaged HEMT is used in this experiment. The dimensions
(even at millimeter-wave frequencies) with a high Q factasf the NRD resonator are, X b X ¢ = 8.15 x 14.03 x
if a low permittivity material is used. Actually, extremely14.03 mm?® with e, = 2.04. The two coupling apertures
low-cost, low-permittivity dielectric materials with low losshave dimensions of 5< 0.5 mn? with a spacing of 18.17
characteristics are available at millimeter-wave frequenciggm. The designed planar NRD oscillator works well and
such as Teflon, polystyrene, and newly commercialized highdye measurement results around 16 GHz are presented in
temperature-stable TMM materials (Rogers’ trademark). InFig. 10, showing that a maximum output power is 5.1 dBm
view of its geometry and neat 3-D design, the structuet 16.19 GHz with the drain-bias voltagé, = 2.4 V and
presents a symmetry that is very useful for the reductiaghe gate voltagel, = 0 V. The frequency of oscillation
of radiation loss. In addition, the feedback becomes muchrresponds exactly to what is expected in the design. The
easier to achieve with two apertures through which the imeasurement results also indicate that the frequency of os-
put of the transistor is coupled with its output. A weak ocillation is much less pronounced to the variation of the



WU AND HAN: HYBRID INTEGRATION TECHNOLOGY OF PLANAR CIRCUITS AND NRD-GUIDE

| T T T T T 6
16.24 |-
-4
N 1e.22f
& 2 €
®
g 16.20 .~
| [eR
) o
o 3
2 1618 / —0— frequency d,
—O— power
16.16 |- -4
I I L I 1 1 | 1
0.0 0.5 1.0 1.5 20 25 3.0 3.5
Vds v)

Fig. 10. Frequency of oscillation and output power of the
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Fig. 11. Measured performance of the new planar NRD oscillator withl2]

variation of the gate-bias voltage for a fixed drain bias.

drain bias voltage once it is tuned beyond 1.0 V. However,

the power can be significantly increased and approaches

maximum value with the increasing drain voltage. Fig. 11
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tive devices, which can be summarized as low cost, low-
loss signal transmission, compactness, flexibility of design,
and reduction of interference. In addition, the experimental
prototypes presented in this paper indicate that the hybrid
planar/NRD integration technique can provide a robust basis
for developing a class of new circuits and devices with
unmatched electrical performance. These passive and active
circuits, as well as systems that are constructed with the
proposed building block, offer potentially cost-effective and
high-performance solutions for microwave, and in particu-
lar, millimeter-wave applications. Future extensive research
and development are required to understand better technical
features of this proposed hybrid scheme and also to foster

designed plangg extensive use in the next generation of microwave and

millimeter-wave systems.
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