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Ultra Low Phase Noise Sapphire—SiGe HBT
Oscillator

O. Llopis, Member, IEEEG. Cibiel, Y. Kersale, M. Regis, M. Chaubet, and V. Giordano

Abstract—A state of the art C band oscillator is presented. Itis  At4.7 GHz, particularly, a phase noise lower thahl0 dBc/Hz
based on a high WGM sapphire resonator and on a low residual  at 1 kHz offset has been obtained on a DRO featuring a moderate
phafse ”c(’j'se S'Se HBT an?]phfler. A lt"‘ijo osct;IIator e>_<per:mer|1t Joaded? factor (9., = 4000) [5], [6]. This resultis about 20 dB
pertormed on this system as revealed a phase noise level O o . . .
—133 dBc/Hz at 1 kHz offset from the 4.85 GHz carrier, which is better than what can be obtained with FET oscillators. At higher

the best published phase noise result for a single loop, free running frequencies, the performance of these devices is still good, but

microwave oscillator. the results obtained on 10 GHz oscillators [5], [6] have shown a
Index Terms—Bipolar transistor, microwave oscillator, phase degradation of the phase noise performance which was greater
noise, sapphire resonator, SiGe. than expected from the natural frequency multiplication factor

(6 dB in this case). This was probably due to the HBT gain,
which was much better at 4.7 GHz than at 10 GHz, thus allowing
the choice of a low phase noise oscillator topology [7], while
HE design of ultra low phase noise microwave oscillatoleeping enough gain to start an oscillation on a resonator with
is a challenging field of research with numerous potemot too strong coupling factors. Therefore, a frequency close to
tial applications. These sources can be included in phase ndis#f the cesium frequency has been chosen in our application.
measurement systems, as part of high quality down convertérke cesium frequency (9.192... GHz) will then be easily ob-
They can also be part of very sensitive radar systems or ugathed from this source by using a low residual noise multiplier
together with an atomic reference. The work presented in thig two and adding a low phase noise RF signal in order to com-
paper is focused to this last field of applications. The goal is tensate for the small remaining frequency difference.
generate a signal with a better short term stability than the besThe resonator used is a monocrystalline sapphire rod fea-
guartz-based microwave references in order to drive a cesituming a fifth-order whispering gallery mode (WGM) resonance
clock. This also requires a good medium term stability for thet 4.85 GHz. At this frequency, the sapphire resonator is still of
oscillator, which is impossible to get using ambient temperaioderate size (5 cm in diameter) and the dielectric losses are
ture sapphire resonators because of the strong sapphire pemeity low. The measured unloadégifactor of the resonator is
tivity dependence on temperature. The final system will requi90 000. Such a resonator sustains a high density of resonant
a temperature compensated resonator, an efficient temperatnogles, and a mode selection scheme must be implemented to
control, and it will be probably designed to work at cryogeniprevent any parasitic oscillation on an unwanted mode. To this
temperatures (where th@ factor of the resonator is also in-purpose, another resonator in series with the sapphire resonator
creased). is used. This resonator is a strongly coupled dielectric resonator
The aim of this paper is to present an intermediate result dieaturing a loaded) of about 1000. When tuned at the same
tained on a 300 K single loop sapphire oscillator which is at ledséquency as the sapphire, it efficiently prevents any parasitic
20 dB better than what was previously published on similar osscillation at the cost of a losses increase of about 1.5 dB. Other
cillators [1]-[3]. Only the oscillators designed with a stabilizasolutions may involve the direct filtering of the modes in the
tion circuit using an interferometric technique [4] have demorsapphire cavity [8].
strated a better performance than this oscillator, at least for offsefwo experiments were then performed with two SiGe am-

. INTRODUCTION

frequencies well within the stabilization loop bandwidth. plifiers using transistors from two different manufacturers. The
best result presented here has been obtained with the device fea-
Il. OSCILLATOR DESIGN turing the lowest gain (but the best residual phase noise), which

The interest in SiGe transistors for the design of low phac'igp“es a strong coupling of the sapphire resonator. Finally, the

. . . . otal losses in the loop are close to 6 dB, and the loaged
noise oscillators has been demonstrated on classical dielecirl . ; .

: . . “factor of the resonator is about 60 000. This loadet mea-
resonator oscillators (DRO) at various microwave frequencies. . .
Sured on the two series connected resonators (sapgphiile
tering cavity).
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voltage noise floor of about 0.5 nVHz and a cornet/ f noise f,=4.866 GHz 1,=4.849 GHz
frequency of about 1 kHz (data measured on a nonoscillating d: : : E

vice). To obtain a good performance with this device, it is alsc — : - : Sapphire |
necessary to filter the base-emitter junction current noise, whic: 0 W : : @ Q : ze:‘;gg;%"
is generally the main cause of phase fluctuations in bipolar trar: 1: : 2.

sistors oscillators [9]. A capacitive filtering technique, such a:™ "™
the one used in previously published papers [5], [6], is of n¢
interest here because the goal is to get good performancer ... 0 oL .
only far from the carrier but also very close to the carrier (dowr : :
to 1 Hz offset, if the oscillator has to be associated with a ce
sium reference). Therefore, a new low impedance bias netwo
has been designed for the bipolar oscillator (patent pending).
detailed study of the transistors residual phase noise and gz
performance will be presented in a separate paper. :
Finally, the amplifier and the resonator are associated in | Synthesiser |
feedback loop and the signal is extracted from a 10 dB couple ; [_Hrsse2a [~
Because the phase noise of such an oscillator was expecteato ~ ~TTTTTTTTIIITTreerreres
be much lower than any existing reference at this frequency, twig. 1. Two oscillators phase noise measurement setup.
identical oscillators have been built.

—> FFT analyser

170 MHz

[Il. OSCILLATOR METROLOGY AND RESULTS e
. . . SN
The two oscillators signals, respectively at 4.866 GHz anig o ™
4.849 GHz, are mixed and the beat 17 MHz signal is analyze% -&8 kL

using an HP phase noise measurement system. The referery -ss
synthesiser (HP8662A) is used at 170 MHz together with a fre %
qguency divider of 10 in order to reduce its phase noise roo§ -t1e
which was prohibitive at 17 MHz otherwise. This measuremen”™ Cise

;LLI‘II||D|II|III|I_

L0 A 0

setupis depl_cted inFig. 1. The microwave part_of the experimer e .
(the two oscillators loops and the mixer) is build on a vibration -tse

. . -178 . L1l ¢ PR s PRI . i
isolated table. However, no temperature control is used for th 12 v e ek
resonators. Frequency (Hz)

The result of the phase noise measurement is shown in Fig, 2. ) ) ) )
C ideri hat thi ise is the additi fth il Fig. 2. Single sideband phase noise of the beat 17 MHz signal. The phase
onsidering t altt Is noise Is the addition of the two OS.C' atorﬁoise of a single 4.85 GHz oscillator can be estimated by substracting 3 dB to
uncorrelated noises, 3 dB must be subtracted from this curvattie curve.

getthe noise of a single oscillator. This leads to a single sideband

phase noise level 6133 dBc/Hz at 1 kHz offset, and probably ~ *°T SiGeDROLS]
close to—160 dBc/Hz at 10 kHz offset. The noise increase from  -104 sepphire < FET (1]
the ideall / f curve between 1 Hz and 10 Hz is probably due to eg ol N R TEL S
contribution of the HP8662A noise. The noise of this 170 MHzy a SiGe DRO (6]
source has, indeed, been measured in an experiment involvi% -zo{

two HP8662A synthesisers. 20 dB have been subtracted to tfg ol siDRO(11)

spectrum (to take into account the division ratio of 10), and i§ SAW oscillaor [12] 8 °

sapphire + SiGe (this work)

comparison has been done with the curve plotted in Fig. 2. Tk% T ¢
noise level has been found to be very close to the one measur§ 504
in the sapphire experiment at 1 Hz offset, 3 dB below at 10 Hzg
and more than 10 dB below at 100 Hz and 1 kHz offset. Fo = - B atllae
the upper range of offset frequencies (10 kHz to 100 kHz), th -
white noise floor of Fig. 2 is due to the frequency divider noise
Another possible contribution to the phase noise at the lower
offset frequencies could be the temperature fluctuations of thig 3. Phase noise at 1 kHz offset frequency of some selected low phase noise
resonator. Therefore, further investigations couid take bendfees " e X and micaue ange. The sold e represents e sope of
of a temperature control of the resonators and, above all, of B sapphire resonatore andm in the figure) feature about ten times higher
higher frequency division ratio of the synthesiser signal. unloaded? factors than the classical dielectric resonatdksitg the figure).

In order to compare this result to previously published ones,
we have plotted in Fig. 3 different phase noise levels obtain#te following two assertions: 1) the measurement is easier at
on RF and microwave oscillators at 1 kHz offset frequency. THekHz than at higher offset frequencies, where the noise floor
interest of this offset frequency for comparison purpose lies iras to be very low, or than at lower offset frequencies where

sapphire + L)
interferometric tech. [4]

0.1 1 10
Frequency (GHz)
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vibrations problems and temperature fluctuations are commonj2]
2) 1 kHz is generally included in the fundamentay frequency
fluctuations region of the oscillator, which is directly related to 3]
the active device performance.

It is clear from Fig. 3 that the sapphire—SiGe oscillator is
competitive with the best RF and microwave sources. Only the[4]
combination of a sapphire resonator and of an interferometric
noise reduction technique is superior to this oscillator. 5]

IV. CONCLUSION

An ultra low phase noise microwave oscillator has been pre-[g)
sented. This oscillator takes advantage of low phase noise SiGe
devices and of a higfy sapphire resonator. Improvement of this
oscillator is still expected in the future through the improvement [7)
of the WGM resonator mode filtering technique and/or of the
amplifier gain and phase noise characteristics, which should be
possible according to on-going simulation results. 8]
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