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Length (M4, Cm) Abstract—A novel technique for frequency stabilization and phase-noise
reduction of monolithic oscillators is presented in this paper. It employs
simple transmission-line resonators, which are many wavelengths long

Fig.4. Comparison of: (a) simulated phase deviation with measurement for theincrease the oscillator quality factor. Monolithic oscillators at 20 and
spiral transmission-line balun and (b) simulation with measurement in terms4g GHz are realized for the application of this technique. Phase noise
frequency of bandwidth and amplitude imbalance for88-conductor-width - reduction of more than 20 dB was achieved for both oscillators. The
baluns built on high-resistivity silicon substrates. single-sideband phase noise obtained was 100 dBc/Hz at 100-KHz offset
for the 20-GHz oscillator and —90 dBc/Hz at 1-MHz offset for the 40-GHz
. . . .oscillator. The approach is implemented by using readily available trans-
beand the secc_)nd _Order s“gh_tly improve the accuracy with the prigsgion lines, Wﬁir():h are open-por short-circ)(Jited gt one e):\d and connected
of high model—circuit complexity. to the monolithic-microwave integrated-circuit (MMIC) oscillator at the
other end. Thus, it presents significant potential in the development of

V. CONCLUSIONS low-cost MMIC oscillators with enhanced noise performance.

Index Terms—Frequency stability, MMIC oscillators, phase noise, trans-

In this paper, we have presented the first- and second-order eth’Nssion-line resonators

alent lumped-element models for spiral transmission-line baluns. The
second-order and higher order models are synthesized from the first-
order model. Since the model parameters are based on lumped values |. INTRODUCTION

extracted from the physical structures of the devices, the models A% recent years, an increasing number of oscillator circuits has been

useful for predicting the major characteristics from the design pararqre@lemented using monolithic technology due to the overwhelming ad-

ters of baluns. In comparison with the measurement results, the seco\kl?aritages of size, reliability, and cost [1]. These oscillators, however,

order model captures all important features of the behaviors of the . S
. L I geénerally have poor phase-noise performance as the monolithic cir-
spiral couplers and transmission-line baluns within 10% error.

cuitry has relatively low quality factorf). To meet the low noise re-
quirements of practical systems, some form of an oscillation stabilizing
scheme has to be employed.
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be obtained with short-circuited resonators. The input admittance of

Load Dscillatior Cireadr [essaatan the transmission-line resonator can be expressed as
i) i
| i i 2 Y = Gin + jBin €H)
——— _i " -
————
4 £ ] ; where
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1 -iB Bi = Yo si:l(;f%) cos(/?é)/ (2b)
sinh?(af) + cos?(3()
- s T ' o and 3 are the attenuation and phase constants of the transmission
Micrumare CEnErmioT line. At frequencies wherkis an integer number of half-wavelengths
- Bl=N= 3)
by = - whereNN is an integer. The input admittance is then given by
1 Yin = Gin = Yo tanh(al). 4

Fig. 1. Block diagram of a microwave oscillator. The oscillator circuit™t frequen9|e§ In .the vicinity ofi = Nz, the input Characterls'lrlcs .Of
employs a balanced oscillator, while the resonator employs open-circtii€ transmission line can be modeled by a parallel resonant circuit. The

transmission-line resonators. The oscillator and load constitute a microwdgeded() factor of the resonant circuit can be evaluated as [7]
generator at the resonator planez.

Wy dBin

QL = (5a)
post-fabrication attention, resulting in high manufacturing cost and low 2 (GG + Gin |w:wr) dw ’
repeatability. The alternative approach of using PLOs requires many W
components such as voltage-controlled oscillators, frequency dividers, _ YoN=
and phase/frequency comparators. Furthermore, additional frequency 5 <Gc + Y, tanh <aN)\,« )) <cosh2 <aNA,, ))
multipliers and amplifiers are required due to the limited operating fre- ) 2 2
quency of frequency dividers. These requirements result in a complex (5b)

and high-cost multichip scheme at millimeter-wave frequencies.

In this paper, a stabilizing technique using simple transmission-linéere.\,. is the resonant wavelength.
resonators is presented. It does not require precise placement of therom (5b), it appears that, by increasing the length of the open-cir-
resonator, as the transmission-line resonator is connected directlgtid@ed transmission lin€),, can be increased. This is valid if the trans-
the monolithic oscillator. The oscillation frequency is determined byission line is of sufficiently low loss such that the terms @A)
the resonator length, which can be readily varied during manufact@e negligible. AZ) ;. increases with increasing length, the associated
to obtain the desired frequency. Electronic control of the resonatoltge losses will become increasingly significant. This will result in de-
electrical length can also be implemented by incorporating varac@ieasing improvement with increasing length. Eventually, as the line
diodes at the end of the transmission line, either on-chip within thesses become excessivg;, will start to decrease.
monolithic oscillator or off-chip at the other end of the transmission Another effect of increasing line length is that the transmission line
line [6]. This provides additional frequency tuning capability to comwill have many closely spaced resonant frequencies. Thus, the circuit
pensate for monolithic-microwave integrated-cirucit (MMIC) proces#ill have a spurious response close to the desired resonant frequency,
variations and frequency drifts due to temperature variations. This sghich is unacceptable in many applications. Therefore, for the ap-
sults in a simple and low-cost stabilizing scheme. A simplified derivgroach to be feasible, the oscillator circuit must retain some selectivity,
tion of the improvement in oscillat@p and measurement resultsigt  other than that provided by the transmission line. This is to ensure os-

and K a-bands monolithic oscillators are presented to demonstrate giiation occurs only at a single mode, whereby other alternative modes
technique. are sufficiently suppressed once a single oscillation mode is excited [8].
In addition, it must be able to operate under dual loading conditions,
being connected both to an external load and a transmission-line res-
Il. TRANSMISSION-LINE RESONATORS onator. This requires two output ports with sufficient isolation. If these
. . . . , . oscillator requirements are met and the transmission-line resonator is
The most effective way of improving an oscillator’'s noise perfor- ... . . . . :
- . . . : . . sufficiently low loss, increasing the resonator length is an effective way
mance is to increase it factor, as it determines the oscillator's oper-__. . . . T
ating parameters such as phase noise. frequency stability. and ulfo increase&)r, and reduce phase noise. A simple oscillator circuit ful-
Aing p . . phase n req y ¥, and p\ |ﬁﬁ%g these requirements is the balanced oscillator circuit [9].
figure. In this section, the feasibility of using long transmission-line
resonators to increase the loadgdf oscillator circuits is investigated.
Fig. 1 shows a functional diagram of a microwave oscillator. Main-
taining the resonator plare« as a reference, the oscillator circuitand The schematic diagram of the oscillator circuit is shown within the
load constitute a microwave generator. A constant current sddrce oscillator circuit block in Fig. 1. It consists of two FETs whose gates
in parallel with source admittana@&; is used to represent the gener-are interconnected by a transmission line. Capacitive source feedback
ator. The resonator is realized using a transmission line with charécapplied to both FETs to generate a negative conductance at the de-
teristic admittancéd’;, and electrical length Open-circuited transmis- sired oscillation frequency. Looking into the gates of each device is a

sion-line resonators will be considered, although equivalent results qaositive susceptangeB. The length of the transmission line is chosen

I1l. OSCILLATOR CIRCUIT
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TABLE | =
MEASURED PARAMETERS OF THETHREE COAXIAL CABLES .§
=
L =1
No. of half-wavelengths, Insertion Loss e &
Resonator | Cable Length N (dB) . g
{cm) 20GHz 43GHz | 20GHz | 43GHz S 2
R1 =10 23 49 0.35 0.7 e g
= k) =
R2 =50 89 191 1.7 3.2 = 10
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Z/] \‘m Fig. 3. Improvementin phase noise atog(( ;) versus\ for the K -band
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Fig. 2. Frequency spectrums &f-band oscillator with different resonators: [ W M}/// X\‘h ey
RO0: no external resonatoR21: open-circuit resonator of leng#10 cm. R2: \‘ -
open-circuit resonator of leng&t50 cm. R3: open-circuit resonator of length ™ i u’""‘mm,,_ N
=100 cm. Rl TN O
such that the two devices resonate one another. This is achieved by se-

lecting the length so that each devices susceptance is transformed to a  CENTER 42.899158GHz SPAN 5.000MHz
susceptance with the same magnitude, but opposite in sign. Thus, the =~ RBW 10kHz VBW 10kHz SWP 130.0ms
device susceptances and the transmission line form a resonant circuit.

. . . o - P g.4. Frequency spectrums Bfa-band oscillator with different resonators:
This provides the required frequency selectivity to permit oscillation  no external resonatoR1: open-circuit resonator of lengé10 cm. R2:

only one of the several closely spaced frequencies where the oscillaip@n-circuit resonator of lenge50 cm. R3: open-circuit resonator of length
condition is satisfied in the external resonator. The oscillator outpu#s.00 cm.

for the external load and transmission-line resonator connections are
taken from the drains of the two FETSs, providing the required output

port isolation. Fig. 2 depicts a significant 10-dB reduction in phase noise with the

connection of a short transmission-line resonatar Increasing the
resonator length by five times, usiti¢2, results in a further improve-
ment of about 8 dB. Finally, using resonatBs, which is twice the

Previously designed monolithic oscillators At- and Ka-bands length of R2, results in a further 3-dB improvement. The measured
[9] were used to evaluate the technique experimentally. The oscillaftase noise fo3 at 100-kHz offset is about-100 dBc/Hz. This
chips were measured on a Cascade Microtech probestation. All ®&nd of decreasing phase-noise improvement with increasing length
connections to the chips were made using 200-pitch coplanar is depicted in Fig. 3. The resonator length is plotted in term¥ pthe
probes while dc biasing was applied though probe needles. number of half-wavelengths. Also plotted is the increas@ inas the

The K -band oscillator was first measured by connecting one of thiesonator length increases, given by (5b). Neglecting the effect of non-
output ports to an HP8563E spectrum analyzer, leaving the other outliogar reactances, phase noise near the carrier is inversely proportional
port open circuited. Stable oscillations at around 20 GHz with 0-dBtn Q% [10]. Therefore201log(Q;.) is plotted in Fig. 3 for direct com-
output power were observediags = 0V andVds = 3 V. Withoutal-  parison with improvement in phase noise. The two curves are in gen-
tering the biasing conditions or the analyzer settings, except the cergeal agreement. Therefore, it is evident that increasing resonator length
frequency, the oscillator was then measured with open-circuited coaxéffectively increases the oscillatgr;, and equivalently reduces phase
cables connected to the other output port. Three coaxial cables of difise.
ferent lengths were used and their measured parameters are given the Ka-band oscillator was measured on the spectrum analyzer
Table I. using external mixers. The same coaxial cables given in Table | were

Fig. 2 shows the measured spectra obtained for the four different rased. Fig. 4 shows the frequency spectra obtained under the different
onator loading conditions. The displayed power levels include probesonator loading conditions, withgs = 0 VandV'ds = 2.0 V. Note
and cable losses, which are about 4 dB in total. Similar spectra wéhat the displayed power level includes probe and cable losses, which
observed when the transmission lines were terminated in a short cir@ari about 7 dB, as well as a 40-dB attenuator, which was included at the
instead of an open circuit. Spurious oscillations at unwanted signal fieput of the external mixer. Fig. 4 depicts a dramatic 20-dB decrease in
quencies were not observed in any of the cases. phase noise with the addition of resonaktir. The lowest phase noise

IV. EXPERIMENTAL RESULTS
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is obtained using resonat&?2, with —90 dBc/Hz at 1-MHz offset. In-

creasing the resonator length &3 actually causes 3-dB degradation

in phase noise. Fig. 5 shows the measured phase noise improvemeni| pS—A New Fast Frequency-Sweep Procedure for
and the predlctgd |ncrea_se({)1 as gfunctlon of reS(_)na'_[or length. The Microwave Devices

curve of20log (@1, ) predicts a maximum phase-noise improvement of

35 dB with resonator length of about 200 half-wavelengths. Beyond Din-Kow Sun, Jin-Fa Lee, and Zoltan Cendes

which, the associated line losses become increasing significant such

that 7. starts to decrease and phase noise degrades with increasing

length. This trend is in agreement with the measured results. Abstract—The discretization of Maxwell equations results in a polyno-
In addition to phase-noise reduction, an increase in frequency g{%@l matrix equation in frequency. In this paper, we present a robust and

bility was also observed with increasing resonator lenath. As an in I_icient algorithm for solving the polynomial matrix equation. To solve this
ty Y gth. quation for a broad bandwidth, one previously performs a discrete fre-

cation of frequency stability, frequency pushing of the two oscillatokgyency sweep where the resulting matrix needs to be inverted at numerous
under different resonator terminating conditions is measured and giesguencies, while current procedure requires only one matrix inversion.

in Table II. With the addition of external resonators, a dramatic decrea®eeed improvements compared to the discrete sweep range from 10 to 100
in frequency pushing was observed for both oscillators. times, depending on number of resonance peaks encountered.

Index Terms—kanczos algorithm, Maxwell's equations, reduced-order
system, transfinite-element method.
V. CONCLUSION

This paper has demonstrated that oscillator frequency stabilization I. INTRODUCTION

and phase-noise reduction can be achieved using simple transmis-

sion-line resonators. A simplified derivation of the improvement in OVer the last decade, tangential vector finite-element [1] and trans-
phase noise has been verified through measured resulks- aind finite-element methods [2] have been developed for the solution of
Ka-bands monolithic oscillators. More than 20-dB improvemerMaxwe” equations. This discretization procedure results in a polyno-
in phase noise was obtained for both oscillators. These results BH&! matrix equation in frequency. Especially in a waveguide structure,
obtained through the use of widely available coaxial cables, which mie modal fields of the ports depend strongly on frequency. To compute
seem impracticably long. The actual length required, however, depend

on the frequency of operation, loss characteristics, and dielectric

constant of the transmission line. The wide availability of high-quality Manuscript received October 11, 1999.
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