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ABSTRACT reactance values. The active device used in the
simulation is a0.2 micron gatdength pHEMT

A designprocedure fomillimetre wave MMIC  with 4x15 micron fingers. The modébr the
VCOs is presented. Thealesign uses a device was supplied by PML asrt of adesign
hierarchical breakdown of the sections of the project. The device projects andf 62GHz.
oscillator and highlightsomponents that should
remain fixedand component&hich can baised
to varythe oscillator performance. The method 150
also demonstrates the use adntours of the
simulated small signal conductancewhich are
shown to be an excellent starting pofat the %
design.
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INTRODUCTION B
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From the circuit designers point obiew,
consider designing an oscillator basegbom a
new device for the first time. It is not B
immediatelyobvious what type or magnitude of 0 ey 0
feedbackwill be required to realize @ne port Figure 1. Contours of the simulated small signal
admittance capable of generating and sustaining conductance at 38GHz of the synthesised one port
steady-state szillations atthe design frequency. device for varying source and gate reactance values.
An intuitive guessmay reveal the type of Conductance is shown in Siemens.
feedback requiredbut not the appropriate
magnitude. This problem dfetting started is
overcome by considering wherthe areas of
possible negative conductante in relation to
the magnitude and polarity ofthe type of
feedback beingonsidered. Shown in Figure 1
are contours of thesimulated small signal
conductance at 38GHz of thgynthesised one
port device for varying source and gate feedbac
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Consideration of the area ofnegative
conductance in the contoumap indicates
immediately to the designer the range of
feedbackavailable inorder for oscillations to
build up from noise whethe device is presented
with a suitable load.When via holesare to be
used to shortircuit the transmissiorines to
kground or the feedbackincludes lossy
components such as varactor diodes, thepaal
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of the feedbackmpedance should be included in feedback andgate to groundfeedback are
the one porsynthesis. If neither components are considered and illustrated as an example in
required then the reglart may beassumedzero  Figure 2.

as the losses in the standandhicrostrip Dr'

transmission lines will be minimal.

BIAS LINES 2g % Aimitance.

Bias needs to be applied tite activedevice and S=

the tuning element. Poor design or positioning of Figure 2. One port device configuration.

bias filters can changie actual feedbackom

the simulated value causinghe oscillator — This type of design procedure could, however, be
performance talepart from the predicted. The ysed foranyfeedback configuration. In the case
use of radial stubs a®pposed to stepped of a VCO the gate feedback may be broken down
impedance filters hasmany advantages as into two further sections, the gate line from the
indicated bySyrett. If an open circuit stub is device andthe tuning section. The number of
used as a feedback element part of the components in theuning section should be
matching network, it wilusuallyrequire either a  minimized to includehe essential elements only,
dc return to ground or access to asdpply for  as indicated irthe tuning section block diagram
biasingpurposes. The safedsign method is to  of Figure 3.

position a radialstub bias filter at the high

admittance point, onguarter wavelength from \gs

the open circuit end of the stub. Thias filter

should be designed ttook like an RF open Gate Bias
1lter

circuit, or very low admittance athe design

centre frequency. Therefore, whire bias filter Varactor DC‘ E‘"OC"
|

is connected in a shunt configuration to the line it rH>r ®—
will have a minimakffect onthe RF performance To Gate Line
of the section. Via to Grount Varactor Bias

Filter

W
HIERARCHICAL DESIGN
Figure 3. Block diagram of the essential elements of

The desigrprocedure adopted here is to reduce the tuning section.

the oscillator into hierarchical sections and
attempt to reduce thenumber of variable
elements required. All the transmissionlines
which are to carry RBEignals should béxed at a
common impedance and hence transmisbien
width; 50Q is popular to remove the need for
discontinuities atthe output. Forany three
terminal FET baseddevicethe oneport device
admittance is controlled by the feedback aroun
the device. Inthis instance,source to ground

In general thesenclude the tuning device being
grounded through ®ia hole, thebias filters for

the varactor and the activdevice and a dc
blocking capacitor to separate thevo bias
supplies. The components will undoubtedly be of
varying sizes andhapes. To remowny abrupt
discontinuities fromthe circuit, which could
Jfcause the generation of unwanted modes in the
microstrip, short taperedines should be used to
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interconnect the components. It must be
rememberedhat all foundries will employ a set
of layout design rules determined the various
processesnvolved in the fabrication procedure.
These should bé&ept in mind when designing

line. This hierarchical ceBtructure is shown in
Figure 4. Thebias filter section and quarter
wavelength open circuit line shouldemain
unchangedthroughout thedesign of this cell.
Only thedrainline length andhe stub lindength

each section of the oscillator. Once designed, theshould need to be altered to achi¢he desired

tuning section should be used aslesign cell
andnot bephysicallyaltered. The length of the
gateline however, can be varied to change the
impedance seen looking intbhe gatefeedback
and so be selected to suit thdesign
requirements. The combination ledth sections
would produce thegate feedback cell In a
similar mannerthe overall impedance of the
source feedback can be controlled through
lengths ofshort circuited transmissiofines on
the sourceterminals of the active device to
produce thesource feedback celllf open circuit

stubs are to be used then the procedure

highlighted inthe bias linessection should be
employed to allovthe source to be dc grounde
while still retainingthe required RF opeaircuit
performance. Short circuit stubs however, are
desirablefor MMIC work since theytake up
much lessspace than that required for trelial
stub filter section. The combination aboth
feedback cellsand the activedevice forms the
one port device cell. A single stubmatching
network isrecommended to match to tbhetput
load to enable stable oscillations tococ This
is due to its ease afesign andhe fact that it
enablesthe designer to introduce thdrain dc
supplywithout affectingthe RF performance, by
the use of aradial stub filter appropriately
positioned on the open circuit stub.

d

A small signalapproach formaximum power
transfer is thdirst step todesigningthe matching
network. As in the case of tigate feedback cell
the matching network celinay besplit into two
cells, consisting of thalrain line cell and the
stub cell Thestub cellcan be expanded further
as a radial stub bias filter and a quarter
wavelength open circuitstub, connected as
explained inthe Bias Linessection and the stub

0-7803-4603-6/97/$5.

RF performance.

Matching Network Cell
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and radial stub filte| Vds supply

Figure 4. Breakdown of thematching network celinto
a hierarchical cell structure.

The next step is to ensure that teeillatorwill

be self starting whethe one port device celis
connected to thematching network cell. The
output of which should be terminated in an
appropriate load. A 3D load is common for
measurement purposes, althoughmately this
choice will depend upon thdinal system
application intended forthe oscillator. The
simulationpackages, HP EE-sof and MDS both
support tools tosimulatethe closed loopgain
around the resonator circuitenabling the
designer to check if the oscillat@imulation
predicts oscillations a&he same frequency as the
small signal design. This greatigduces théme
taken to fine tune the design compared to
running a harmonic balance simulatitor each
alteration to the fourpreviously mentioned
transmission line sections. Once thecillation
frequency has been establish#dte harmonic
balance simulation should be employed to
determine the predicted output power and
harmoniccontent of the oscillator and tiening
range of the oscillatowhenthe varactor voltage
is varied.
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CONCLUSIONS It is clear from the abovthat for agiventhree
terminal based active device and by using the

It has been showhow thedesign of VCOs can contour mapping method to provide annitial
be broken down into sections incorporating anestimate for the feedback requirements, the
excellent initialestimate of the typemagnitude hierarchical cell description is an effective design
and polarity of feedback requiredbout the strategy for high frequency oscillators.
active device to generate areas of negative
conductance. It has also been shawat the REFERENCES
individual sections which are at timesnstructed
of several components needly one parameter [1] Syrett, B. A. “ANovel Broad -Band Element for

of the oscillator Microwave Theory and Techniquegol. 28, No. 8,

August 1990. pp. 925 - 926.
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