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Resonance Degeneration and Spurious Mode
Suppression in a Cryogenic Whispering Gallery
Mode Sapphire Resonator

O. Di Monaco, Y. Kersale’, and V. Giordano
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Abstract—A method to solve the main resonance degeneration
and the spurious mode problem for a cryogenic Whispering
Gallery Mode Sapphire Resonator (WGMSR) is reported. Two
thin metal wires are deposited on top of the sapphire disk. With electric probe
an appropriate choice of the relative radial direction and the
orientation of these wires with respect to the coupling probe, a
dominant perturbation for one of two excited resonance modes has
been realized. Moreover, the spurious modes around the selected copper cavity dictecrric support
resonance mode are being suppressed in a frequency span of the
order of 300 MHz, without modification of the main resonance @
performance.

Inthis letter, the efficiency of this method is demonstrated exper- Fig. 1. (a) WGMSR prototype near 7 GHz and (b) design of the sapphire
imentally for a cryogenic WGMSR realized with a very high purity ~ resonator acting on thé’G Ho o o mode.
sapphire monocrystal operating near 7 GHz.

metallic lines

sapphire disk
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Index Terms—Cryogenic sapphire resonator, microwave signal TABLE |
source, whispering gallery mode. TRANSMISSION SPECTRUM PERFORMANCE

OF THEW G Hg,5,0 RESONANCEMODE, MEASURED BEFORE ANDAFTER
METALLISATION OF THE SAPPHIREDISK, AT 77K

|. INTRODUCTION T - T T o 5 s T
) ) ) Resonance GHz daB
N ultrastable microwave signal source is the fundamental  zod T [ % | s [ E
instrument for the development of microwave systems — metaflistion | m=p+ | 7317984 | ~10 | ~1410° | -04 | -04 | 2510
in a lot of different application fields, such as time-frequency e ol T Time L T LT | Te | oa |
metrology, space, radar, and telecommunications.
In low phase noise applications, the microwave source is usu-
ally realized by means of a quartz crystal oscillator multiplied

to the desired frequency [1]. Unfortunately, the performance Btectric sapphire. Moreover, to ensure ultrahigh resonator per-
these conventional signal sources is limited by the phase fluctatmance, a high quality sapphire monocrystal, with very low
ation enhancement due to the multiplication. intrinsic losses#gé ~ 4 10~ at 300K andtgé ~ 3 10~ at
A convenient solution to these problems is the use of a Whié/K). is used. The coupling to the resonator is accomplished
pering Gallery WG) mode sapphire resonator cooled to quui(\IV'_th two electrlca'l .probes: the penetration Iength, and the rel-
nitrogen temperature [2]. In fact, the excitation of a higher ord&fiveé angular position of these probes enable adjustment of the
resonance mode (WG mode) in a very high quality sapphif@upling strength.
monocrystal cooled at 77K, allows to obtain, directly at the mi- At liquid nitrogen temperature, the use of the WG modes
crowave frequencies, a resonance mode with a Q-factor valu@gfréference frequencies presents two inconveniences: the high
the order of 30 19[1], [2]. densny of spurious modes and the splitting of the operational
A Whispering Gallery Mode Sapphire Resonator (WGMSF\’"POde in two resonances. The presence Qf these unwanteq reso-
prototype operating near 7 GHz has been realized. A sappHi@C€S can compromise a stable operation of a WGMSR in an
disk with a diameter of 50 mm and 20 mm in height is placed fscillator configuration [3], [4].
the center of a copper cavity with a diameter of 90 mm and 40!D this letter, we propose an efficient method to solve these
mm high, in order to limit the radiation losses and the effect roblems simultan_eously. We demonstrate that this methpd does
the exterior perturbations. These dimensions are chosen to wipkalter the very high WG mode performance, thus allowing the
with a high order WG, o o mode(m > 5), corresponding to realization of a very stable microwave signal source [5].
a Q-factor value limited only by the intrinsic losses of the di-

II. MAIN RESONANCE DEGENERATION AT CRYOGENIC
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Fig. 2. Transmission spectrum around &+ Hg 5 o mode (a) without and (b) with metallization, in a frequency span of 100 kHz.
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Fig. 3. Transmission spectrum around &> Hg 5.0 mode (a) without and (b) with metallization, in a frequency span of 300 MHz.

field component variations along the azimutal, radial and axiphire disk determine the resonance conditions of the two modes
directions, respectively. for two different angular positionsy — « and¢ + «, where

In this work we are interested in the’GH,, oo modes, « is the angle characterizing the perturbation. Consequently,
which are the quasi-TM modes corresponding to a very webkcause of the finite spatial dimension of the coupling probe,
variation of the electromagnetic field components in the radialo modes W@, + o0 are excited simultaneously. This phe-
and axial directiongn =~ 0, [ =~ 0). nomenon, hidden by the line widths of the resonance mode at

From the Maxwell equations, the expression of the longitueom temperature, is very well visible under cryogenic con-
dinal field component, for a W(GH,, 9 o mode excited in a ditions, where the resonance bandwidths become very narrow

sapphire monocrystal disk, is given by [5], [6] (high Q-factor).
_ ~ [ cosmyp
E. = BJm(kgr) <sinm<p> cos Bz (1) Ill. THE SPURIOUS MODES PROBLEM AT CRYOGENIC

wherekyp = \/(kosz — (ez/e¢)/3? is the radial propagation TEMPERATURE

constant parallel to th€'-axis of the dielectric disk angl; and Another problem to solve, when working with the WG

g, are the relative permittivity components parallel and perpemodes, is the presence of a consistent number of parasite

dicular to theC-axis of the sapphire resonator, respectively [7modes surrounding the selected resonance.

S isthe longitudinal dielectric propagation constants the az- These modes correspond to the empty cavity modes perturbed

imutal number, and,,, is the Bessel function of the first kind. by the sapphire disk and to other high order hybrid modes with
As shown in (1), two ortogonal polarizations corresponding and/orl # 0.

to the same azimutal number can exist for the same resonancat room temperature, we have solved this problem with a

frequency. Theoretically, for an ideal dielectric resonator, onipodal selection method proposed in [8]. This method is based

one of the two polarizations is excited. Practically, the ge@n the deposition of. = 2m thin metal wires on the top of the

metrical imperfections and the orientation defects of the sagapphire disk. The radial direction of these metal wires corre-
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sponds to the meridian planes which act as electrical short cir- V. EXPERIMENTAL RESULTS

cuits for,aWGHm;O:O resonance mode. Qonsequently, with an Table | summarizes the results obtained with the resonator
appropriate coupling between the sapphire resonator and thegXtare and after the metallization of the sapphire disk, at 77K.
ter_nal probe, these lines don't alter the electrical flgld configyy the first case, thdVGHy o mode degenerates in two
rations for the chosen resonance, but strongly modify that of th&sonances which have a similar microwave performance. On
modes with a different azimutal variation of the electric fielghe contrary, with the chromium lines added to the sapphire as
components. shown in Fig. 1, a dominant perturbation has been created for
At liquid nitrogen temperature, this method is not effithe WGHg_ o o mode, a sign that it is practically not excited.
cient any more. Experimental data demonstrate that, forMoreover, the resonance performance of &G Hy, g
WGH,, 0,0 resonance mode, withh > 5, the deposition mode is not very strongly altered. The tolerance in the angular
of n = 2m metal wires degrades the Q-factor of the liquighosition of metal wires within which no noticeable change in
nitrogen cooled resonator by approximately six times. Pdhe Q-factor of théV GHy. o0 mode is observed i&1°.
ticularly, for the WGH, o resonance mode, the unloaded Fig. 2 shows the transmission spectrum obtained for the two
Q-factor value obtained before metallization is equal to 2/GMSR configurations, in a frequency span of 100 kHz, where
10°, whereas, after deposition af = 18 metal wires,Q, is the degeneration of thd’ G Hy o o mode can be seen.
approximately 4 19 Finally, the same transmission spectrum has been measured,
These experimental results demonstrate that, at liquldia larger frequency span, in order to verify the effect of this
nitrogen temperature, the presence of a very large numisegthod on the spurious modes surrounding our resonance mode.
of metal wires becomes a critical source of losses for tf@g. 3 compares this result with that obtained before metalliza-
operational WG mode performance. tion. The potential of our method is obvious: the appropriate
Other modal suppression techniques have been proposedpling between the external probe and the two lines has al-
previously [9], [10]. Particularly, in [10], a slotted metalliclowed the suppression of the spurious modes in a very large fre-
cavity containing the sapphire was designed to suppre#¢ency span, of the order of 300 MHz.
parasitic modes coupled well to the cavity. This method was VI. CONCLUSIONS

implemented at 77K to realize two WGMSR, one used asA de with loaded O-f lue b
the frequency-determining element in a loop oscillator and resonance mode with an unloaded Q-factor value better

the second used as a frequency discriminator to measure 20 16 and isolated in a frequency span of 300 MHz has
oscillator phase noise [4]. This technique allowed to obtainbzfen obtained at 7_7K f_or a WGMSR operating at 7.3 GHz. Th_e
high Q factor of 60 million, but didn’t suppress the WG mc)déesults presented in this letter demonstrate that a proper des_|gn
degeneracy, which degraded the phase noise performancé)f&Pe rison?tor'allcl)w?, tlo use the resonance of.a WG m?de n-
the sapphire oscillator. In the next section we describe a mogad of a classical dielectric resonator operating on a funda-

selection technique which can be advantageous in applicatié'ﬂgntal mode in order to realize an ultrastable microwave signal

where the mode degeneracy is a problem. source.
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