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A Phase Noise Reduction Technigue in Microwave
Oscillator Using Highe) Active Filter

Jaechun Lee, Young-Taek Legtudent Member, IEEENnd Sangwook NapnMember, IEEE

Abstract—This letter presents a 10-GHz oscillator that uses a
high-Q active filter to reduce the phase noise. The loade@ of ac- Negative
tive filter is obtained at about 500. This oscillator is compared with Resistance
another oscillator which uses a passive filter. The difference of two -
oscillators’ Q is estimated at 12.5 times the open-loop gain simu- I
lation. The measured result of phase noise at 100-kHz offset shows
maximum 10-dB reduction with high-Q active filter.
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|. INTRODUCTON R T

INCE modern RF communication systems need a .
. . Fig. 1. Layout of the active filter.

ow-phase noise carrier source, there have been mangl

reports on low phase noise oscillators. Among these, the use of

the high€) resonator, such as dielectric resonator (DR), is most [I. ACTIVE FILTER

widely employed in microwave oscillator and shows reliable . oo
results [1], [2]. However, since such a highresonator is com- A half wavelength 4/2) microstrip line was chosen as res-

posed of different material and has a three-dimensional (S-Bﬂator' Unloaded) of the reso.nator ona teflon substrate &

shape, it requires a separate process for its placement on4tig: tan & = 0.002, and the thickness 0.504 mm) at 10 GHz

circuit. This problem is currently an obstacle to the monolithi calculated to 272 by

microwave integrated circuits (MMICs) for mass fabrication.

Therefore, to achieve hig§- property on a planar structure is

necessary for a low-cost and low-phase noise oscillator. Q. = B — 9279. 1)
In the meantime, the other approach has been carried out uti- 20

lizing active circuits.in the field where the higB-filter is de- With a gap coupling on both ends of the resonator, it acts as
manded [3], [4]. Active filters, fabricated on a planar structure, panqnass filter [3]. Differently from the active filter proposed
can provide a highe property without a high resonator. If i, 13} \which uses) /4 coupled line for the negative resistance
those active filters can also reduce the phase noise like the Rassnection, we attached the negative resistance to resonator di-
sive resonator, low cost and low phase noise oscillators can ey for the small size, as shown in Fig. 1. The proper negative
achieved with them. But, in spite of this prospect, there haye,egance needed to cancel out the inner resistance of a res-
hardly been any reports on phase noise reduction of microwaygyor can be adjusted according to the attaching location in the
oscillators using a higl@} active filter. middle of the resonator.

_ This paper presents a 10-GHz oscillator using a lilgBe-  neqative resistance was designed with NE32484A HEMT
tive filter. The used active filter is designed to have a loa@ed using a series feedback at the source in order to rakeé? ap-

of 500 with _a/\/2 microstrip line respnator. qu co_mparison.pear from the gate. Although the magnitude-d was adjusted
another oscillator was fabricated using a passive filter. Qualify . ce| the inner resistance of the resonator, total resistance in
factors () of open loop gain of active filter oscillator (AFO) ¢ active filter circuit is larger than zero due to the gap-coupled
and passive filter oscillator (PFO) are 500 and 40, respectivaly, 45 For this reason, oscillation in the active filter could not
The measured results of the phase noise at 100 kHz offset Shﬂ‘ﬂﬁpen.

—93.8~—100.85 dBc/Hz with AFO ane88.4~—90.9 dBc/Hz Fig. 2 is the response of the active filter measured with

with PFO depending on the bias point. —10-dBm input power. It shows 20 MHz of 3-dB bandwidth
[loaded@ of 500 by (2)]. This value is beyond the limit of the
Manuscript received March 25, 2002; revised June 3, 2002. This work wessonator’s unloaded. Hence, the high property needed
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Fig.2. Measured (solid line) and simulated (dashed line) response of the active 45
filter. :
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Fig. 6. Measured phase noise of the AFO and the PFO, depending on the bias
of amplifier and filter.

HEMT, the same as that of the negative resistance. All com-
© ponents are matched to SDat input and output ports for rea-
sonable estimation of the open-loop gai@sby S21 and for
%he convenience of the loop phase adjustment. For comparison,
another oscillator that uses a passive filter was also designed,
as depicted in Fig. 3(c). The passive filter uses the same res-
onator, but has more coupling through\@4 line for enough
The oscillator was designed at 10 GHz using this higghe- loop gain. The factors of the two oscillators were compared
tive filter. As shown in Fig. 3(a) and (b), we adopted a parallély open-loop gain [5]. That was simulated as S21 from the input
feedback topology which is composed of a 12-dB amplifier, @f the amplifier to the output of the filter with 5Q-termination.
9-dB coupler, and a filter to control the input power of the activeoaded( factors of loop gain were estimated to 500 on the AFO
filter by the coupler. The device for the amplifier is NE324844and 40 on the PFO, as shown in Fig. 4.

Fig. 3. (a) Layout of the AFO, (b) the equivalent circuit diagram of the AF
and (c) the layout of the PFO.

I1l. OSCILLATOR DESIGN
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one could see the evident difference in frequency stability. The
AFO shows only a maximum 0.75 MHz of deviation against the
PFO’s 3.9 MHz, which is about five times that. The measured
phase noises at 100-kHz offset on a different bias than the am-
plifier and the filter are compared in Fig. 6. It shows 3-10 dB
improvement of phase noise when the active filter was used.
From the result that the bias current of the active filter shows
a dominant effect on phase noise, we could assume that the ac-
tive device in the active filter acts as noise source. Therefore, the
way to minimize noise is to reduce the bias current of the active
filter. For graphical comparison, Fig. 7 shows measured relative
output spectrum in overlaid and zoomed view.

V. CONCLUSION

A 10-GHz oscillator utilizing a high@ active filter was pro-
posed. The oscillator has a highproperty for low phase noise
without using the 3-D passive resonator. The measured result
showed 3—-10 dB phase noise reduction in comparison with the
use of the passive filter. This result exhibits a potential prospect
of the AFO as a low-cost and a low-phase noise oscillator due
to its fully compatibleness with the MMIC.
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