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The Distributed Oscillator at 4 GHz

Lukas Divina, Student Member, IEEEand Zbynek SkvorSenior Member, IEEE

Abstract—This paper describes the design and experimental bias voltage. Moreover, drain voltages of the active devices
verification of a tunable oscillator based on a microwave dis- are affected by the oscillations as well.
tributed ampln‘u_sr. The osglllator met design expectations, being Commercially available distributed amplifiers are very
capable of continuous tuning over the range 1-3.5 GHz with good _ . - . :
spectral purity. wide-band in nature. A three-stage oscillator in our arrange-

ment has provided for a tuning band 1-3.5.

Artificial transmission lines possessing critical frequencies

of up to 50 GHz are achieved in modern MMIC's. For this

Index Terms—Distributed amplifier, tunable oscillator.

I. MOTIVATION reason, we decided to investigate this new kind of oscillator,
OMMERCIALLY available  wide-band  voltage- R(G)Euterl]ect;retlcally and experimentally, at a “real microwave

controlled oscialltors (VCQO'’s) provide us with tunability
of about one octave. VCO’s possessing higher tunability
exhibit worse spectral purity. Another kind of broad-band Il. THEORETICAL BACKGROUND OF THE
tunable oscillator using a yttrium—iron—garnet (YIG) resonator DISTRIBUTED OSCILLATOR
possesses very wide-band tuning and good spectral purity.
Unfortunately, the tuning of YIG oscillators depends oA. Distributed Amplifier

externally supplied magnetic fields. An instant change of the The microwave distributed amplifier consists of a pair of
magnetic field is not easy, nor is the provision of such gtificial transmission lines which are coupled trough dis-
field in a monolithic microwave integrated circuit (MMIC)tributed common source active devices [field-effect transistors
configuration. (FET’s)]. Input signal is fed into the gate line, drives all
We have investigated a new oscillator arrangement whigfynsistors, and finally vanishes in the gate load. The signals,
is based on a distributed amplifier. A distributed amplifier igmplified by each transistor, are of the same phase at the drain
well suited for planar technology and could result in an MMIGine output, which is the output of the device. The signals in
with affordable price. the drain line are divided and propagate in forward and reverse
A distributed amplifier is very broad-band in nature. Anodes. The forward mode signals reach the load with the
way of converting a distributed amplifier into a distribute@ame phase. The reverse mode signal is distorted by antiphase

oscillator has been proposed by Aitchison [1]. A distributeghterferences and dissipated by a resistor in an idle drain line
oscillator was predicted to be electronically tunable by difgad.

ferentially biasing one pair of active devices at a time. The

tuning range depends on the nqmber of stage'sf With'tunigg Reverse Gain Loopback

ranges of over one decade attainable. We verified this idea _ ) . )
by an experimental sample of the distributed oscillator at 10_0In [1]’_ the autr_lors mtrodu_ced the idea of (_)mlttlng_the drain
MHz [2]. The experimental sample met expectations, workirllf'€ 'esistor while connecting the former idle drain output
well and verifying the original idea. Measurements of th irectly to the distributed amplifier input. This approach makes

distributed oscillator have proved some advantages over otHSF Of the so-called reverse gain to form an oscillation loop.
oscillators, like good spectral purity and wide-band tunin "he remaining amplifier port now becomes an oscillator output

Considerable supression of (spurious) harmonics has b See Fig. 1). Each oscillator section consists of two artificial
line sections, one of those connected to the drain, the other to

achieved as well as continuous tuning over a range of 1-3. . ) ) .
Still, we have found one problem remaining: the tunin e gate of the transistor. Provided only one of the transistors is
’ jased in the active region, the oscillation frequency depends

function. The tuning function is the dependence of oscillati b " fth . ) ith
frequency on gate bias voltages (e.g., on tranconductivity 3 the Position of the active transistor, with respect tostie

active devices). Tuning function predicted as a result of line@ftive section. The oscillation frequency can be obtained from

circuit analysis corresponds to oscillation build-up. Whelfi€ €guation
oscillating, the circuit operation is far from linear and one

cannot define differential transconductance depending on gate 2 k-m=(2-7—=1) O(fose)+ 7 1)
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Fig. 1. An idealized schematic chart of a distributed oscillator. TransiBfgrovercomes tuning problems at7f..
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Fig. 2. A simplified schematic diagram of the oscillatarnetworks are n ! 2 3 415 6 7 8| 9*
pictured as phase-shifting elements possessing a shift of no.of ! 113 5 7 9 11! 13 1151 17

B

The oscillator is capable of oscillating between two discrete B, [1801601 36 | 25 20| 17 | 14 112} 11
frequencies belonging to single transistors if two FET's are [deg]
biased in the active region at the same time. The oscillation ¢ /e,| 1 [0,5{0,31]0,22{0,17/0,15{0,12|0,1/0,09
frequency is given by total phase path of the oscillation

loopback. The phase path is calculated as a vector SUMy s important to mantain active devices in first oscillator

posiions and tanconductance. 1 this manner. the oscllafifdcS: VWhile some stages provding for lower frequencies
P SO . -could be left without an active device (e.g., composed solely
can be tuned for all frequencies within its tuning range, wit

one excention. The excention comes into effect if the pha f inductors and capacitors). In the case of a decade bandwidth
. ption. plie P33R tributed oscillator, computer simulations have confirmed
difference between two active paths approache#\ result

. . .~ that only sections denoted by an asterisk in Table Il should
of a sum of two antiphase vectors is nearly zero, resulting

illation loopback aain | than unit Entain active devices.
oscillation foopback gain [ess than unity. . Tuning between two frequencies could be achieved by a
In order to depict that, one can imagine the oscillator as be-

ing composed of ideal voltage-controlled current sources a Ir of transistors only if the tuning range required does not
9 p 9 n Fd in3 causing antiphase operation. This effect is always

phase shifters: (see Fig. 2). Two active devices act antiphas%ﬂcountered between first and second FET'8.af,. (critical
the phase shifty becomes frequency of artificial transmission line). The problem can be
solved by an additional FET connected between the first and
B=ux/2r—s|) (2)  the second sections, as depicted in Fig. 1.

The oscillation frequency can be predicted using computer-
where r and s stand for active section position. Critical aided design (CAD) techniques as a function of active FET po-
values are tabulated in Table I. sitions and differential transconductances. This tuning function

Now, let us consider phase shiftdor different frequencies. depends on the type of artificial transmission line section used.
Let us assume ideal active devices possessing a phas@shitthe tuning function prediction provides fay,, (differential
of 7 radians. One can find the phase shifts for devices biageghsconductance) required from each pair of FET's. The
into the active region one at a time. These shifts are tabelatading function is called here a “linear” function because it
at Table II. is derived from linear (small-signal) parameters of the FET.
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Fig. 3. Simplified schematic diagram of the oscillator. Line dimensions are

As we learned from [2] and subsequent analyses, there are
several important goals to keep in mind in order to design a
good distributed oscillator.
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I1l. EXPERIMENTAL REALIZATION OF THE
DISTRIBUTED OSCILLATOR AT 4 GHz

A good match should be achieved, both in drain and gate
lines. The match should be better tha20 dB over the
tuning range. (Otherwise, parasitic oscillations occur.)
The artificial lines should form a low-pass filter. (Other-
wise, the spectral purity of the output signal suffers.)
Introducing the transistor between the first and second
stage is a crucial point.

The artificial transmission line should be composed of
M-derived sections. - ]

The design should take into account nonlinearities in tidg. 4. Photograph of a real sample of the oscillator at 4 GHz. Dimensions
circuit in order to develop a suitable tuning function. of the board are 50¢ 50 mm.

Periodically loaded transmission line concept [3] was found

suitable to achieve these goals.

In order to test the idea of a distributed oscillator at
microwave frequencies, we have chosen a frequency of ap-
proximately 4 GHz. The choice has been predetermined by

the

to come into consideration (our previous design at 100
MHz has been simplified by the fact that artificial lines

have been formed by lumped capacitors that were large
enough—bias variations of active device parameters had

fact that this frequency is high enough for all circuit no effect on mismatch).

parameters to be in effect yet low enough to allow for use of In the design, frequency-lumped elements (inductors and
packaged devices. The design has been enabled by the restlF’s) exhibit considerable parasitic elements values, some
obtained with our last distributed oscillator design at 100 MHaf which are bias-dependent. These parasitic elements must be
[2] and facilitated by a number of computer simulations, boticcounted for during design. Periodically loaded transmission
linear and nonlinear. We decided to build a three-stage fouires and M-derived sections were used. As to circuit layout,
active-device oscillator. This decision has been affected bye cornerstone is found in connecting the FET between

the following reasons.

the first and second stages. Proper line lengths should be
The most difficult point is in connecting the cross-couplethaintained, while the imedance-matching demands imposed
device between the first and second stages. This was the first and second stages are somewhat contradictory.
therefore found to deserve experimental verification. The cross-coupled device adds gate capacitance to the second
A three-stage oscillator is capable of a tuning range efage, but drain capacitance to the drain line makes broad-band
about 1-3. matching more difficult.

Wider tuning ranges result in operation below the critical The oscillator is a nonlinear device. After attempting to
frequency of the artificial line and therefore in worsearry out its simulation in the latest microwave CAD packages,
spectral purity. we have to resource to time-domain analysis. The results of
4 GHz is the limit that could be reached using packagedimerous simulations [4] gave the information necessary for
devices, yet the frequency is high enough for all effectsning prediction.
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Fig. 5. An example of measured output spectrum of the oscillator depicted in Figs. 3 and 4. Gate bias voltages are set for oscillation at 3 GHz.

IV. REALIZATION OF THE DISTRIBUTED OSCILLATOR able oscillator arrangements in use. The oscillator is suitable
The oscillator consists of three sections with four FET'4O" MMIC technology. Wide tuning ranges could be achieved

The FET is a pHEMT ATF35376 that has good gain antj MOre stages were added.
minimal values of parasitic elements. The oscillation frequency
is controlled by a change of gate bias voltages. The critical
frequency of the oscillator is 3.8 GHz. The artificial transmis{1] Z. Skvor, S. Saunders, and C. S. Aitchitson, “Novel decade electroni-
; ; ; ; _ ; ; indi cally tuneable microwave oscillator based on the distributed amplifier,”
sion line is re{;\hz_ed r_als M _denved sectlon§ of a penodl_cally Electron. Lett, vol. 28, no. 17, pp. 1647-1648, Aug. 1992.
loaded transmission line with added capacitors. The oscillatgp] L. Divina and Z. Skvor, “Experimental verification of a distributed
is matched by half of an M-derived section realized with amplifier oscillator,” in Proc. 25th EuMC 1995 Conf. Kent, U.K.:
L . . . . Nexus Media Limited, 1995, pp. 1163-1167.
distributed elements. The gate bias filters are realized wntzg] T. T. Y. Wong, Fundamentals of Distributed AmplificationLondon,
high impedance on the output of the filter and composed of a U.K.: Artech House, 1993.
; ; ; ; : ; ; ] L. Divina, “On a distributed amplifier oscillator,” iCOMITE 1997 vol.
resistor and a shunt capacitor. The drain bias filter is realizel 1. Czechoslovakia Section IEEE, Pardubice 1997, pp. 33-36.
with the same goals as abnC T-network, and each FET [5] Hewlett-Packard, SerieslV 6.5 PC User Guide.

drain is biased through the artificial transmission line. Thig®! bigg’x‘g :’g’yrﬁb _Sg‘i’;galggeor‘g,s":/'l%““el‘;QOSS:Cgﬁt%%gt_gegHZ' fnt.
experimental sample of the oscillator has made use of plangf Rr. s. PengellyMicrowave Field-Effect Transistors—Theory, Design and
technology with MIS capacitors where needed. The oscillator Application 2nd ed. London, U.K.: Research Studies Press, 1986.
is realized on a 0.5-mm-thick substrate with = 2.33. A
low dielectric constant allows for a relatively large circuit.
The topology and layout are shown in Fig. 3. A photo of the

oscillator can be seen in Fig. 4.
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