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Oscillateur stabilisc a cavite supraconductrice

RESUME: On fait un rapport sur la recherche experimentale du sysieme de ke
stabilisation de frequence de la gamme de hvperfrequences ou I resonagteur supra-
conducteur s'utilisc en qualite dec {'etalon. Lamplificateur @ hyvperfreaucnces arvec e
transfert d’amplification a la frequence mitermediaire est @ le base du =vsteime de { ue-
cord automatique. L'uliiisation du tel empuficateur avee le résonatenr g Ie trunsfert
dc flucluations de la gamune de hyperfrequences a la gamme radiocicetnon:

Laccord cutomatique s'cffcetuc a leide de loscilicteur de hauic stebldité de
refcrence bassc frequence.

Leutilisation du systeme indique dr la stabilisation fait possihie lebtention des
signaux avee instabilite relative de loncue duréc de frequence de Vordre de 1011 —
10713 en une heure dans la gamme de Eyperfrenuences.

Les oscillatcurs d’hypcerfrequence de heute siabiliic 6cec e reaccord dens le ramone
100 MHz peuvent étre ausst crces sur la base du systeme de lcutorcgulation de la
frequence avec le resonateur supraconductcur.

The 1dea of high-stability microwave oscillator with a superconduciine
cavity appears to offer grezt promise. A very high Q-factorsupercenducting
cavity achieving 1011(1) in X-band can be used as a resonance system in
high-stahilitv oscillator and as a standard for AF.C. svstems. A sernies of
systems with superconducting cavity stabilized microwave oscillators (2- 5
hase been already realized. The outpu. obgamed can be competitive for
frequency stability (10-10 — 1012 for an hour, 10- 12 — 10-13 for
10 s) with a quantum standard and reach a power much in excess of that.

This work aims to present an expenimental study on the A} .C. sysiem
for the nicrowave range where a superconducting cavity was used as a
standard. A microwave amplifier at an intermediate frequency (6) 15 a prin-
cipal element of the system. This ampuafier together with a superconducting
cavity serves to transfer the fluctuations from the microwave into rf range.

A biock-diagram of stabilization svsten is shown in Fig. 1. The blochs
are dentificd as follows:

1 — tuned microwave oscilliator (CBYY; 2, 3 -~ directional couplers or
isolators; 4 — mixer: d — superconducting cavity; 6 — amplitude modulator;
7 — IF amplifier; 8 - phase detector; 9 - high-statliy I osciliator.

The circuit was designed to operate i the following marner: wp fre-
quency output from the oscillator 1 s transferred to the m.xer 4 and the
modulator 6. The fluctuations from the amplifier 7 resulted 2 freguency,
which fed the modulator 6 and satisfied the reiation wq = we —~ 2 or
w2 = wyp + 3. where wy and w o are frequencies, to wnich a superconduct-
ing cavity 5 is tuned, and Q is a frequency within the band width of an iF
amplifict. In 6 the frequency w, 1s mixed with  and the output the
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amplilude modulator is a spectrum of three frequencies wy + 2, wy and
wr — 2. If a cavity 15 tuned to one of the sideband frequencies, o —
for exaniple, this frequency passes through it and enters the mixer 4.
Having been mixed with the oscillator frequency wy it results m a new
of the form w, — -+ 2 = Q.

Fig. 1. A block-diagram of a stabilizacion

system

Q frequency being amplified 1n 7 again enters the modulator 6. Thus
having the amplification factor hich enough the system s excited. Iso-
lators 2 and 3 are necessary to prevent a signal from the modulator from
reaching the mixer, avoiding a cavity.

Taking into account the phase transfer principle we have counsidered
the phase and frequency relations for a circuit under self-exeitation condi-
tions. The relations of the form are valid:

Ao, AQ
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where 75, T are phase-responses slopes for the cavity and IF amphifier,
respectively.

The letters ¢ denote the phases of the proper sienals. the firne inuex
indicates the element, which a signal leaves, the second one that. whicn
it enters.
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The phase notations are ciearly scen as well m the block-diagram of
1 Awy, Awq, A are corresponding frequency fluctuations.
When ¢;3 = ¢r3 1s sausiieu and phases are excluded from equation

sertes (1) we get:

|

| Boy, g 2
AQ=2+ . Aw 3
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The plus corresponds a cavity tuned to the low sideband frequency
and the minus to the upper one in the spectrum from an amplitude modu-
lation of an oscillator 1 signal.

As it follows from Eq(2) the fluctuations of an oscillator frequency are
redistributed between the fluctuations of @ intermediate frequency and
w1 frequency mversely to the phase-response slopes for IF amplifier and
a cavity.

Eq(3) showh that the transformation cocfficient of the absolute fluc-
tuations for w, frequency mto the fluctuation of frequency 15-177@: .

At 7p » v, which 1s the case when a superconductmy cavity with a
bandwidth much more narrow than that for IF amplifier 1s used, the trans-
formation coefficient 15 found to be close ot 1, 1e. Aw. fluctuations-are
almost completely transformed mto AQ fluctuations. This coefficient 1s
the close to 1 the higher the Q factor of the cavity 1s.

If a signal from the IF amplifier feeds the phase detector 8 where it
1s compared to a signal from a high-stability IF oscillator, the resulting
error signal can be used to tune the oscillator 1 frequency.

Using Eq(3) one can obtam a relation for a relative frequency un-
stability of a microwave oscillador and IF frequency:

5 = f .. 1 8

@ q 1+rQ/7’ ' (4).
where 8 and 80 are relative unstabilities of w, and © frequencies, res-
pectively.

Eq(4) shows that at w. » Q the relative unstability of w, frequency 1s
significantly lower than that for intermediate-frequency oscillator. This
ratio of the frequencies can be usually of the order of 103—104.

Taking into account that AQ=Aw at 7 ) 7 Eq(2) can be written
the form: —

A(,,.‘ = A&)’

(5)

From Eq(5) it follows that w1 signal stability when . superconducting

-

cavity 1s used (in this case:',—D ~10—3 — 10—2 and 1s dependent upon

factor of a cavity) 1s higher than that of the tuned oscillator which supplies
the w, frequency.

214



An experimantid choek of the stabilization system was carned out in
X hand. The scheme of the AL C. system s shown n [Yig. 2. The nota-
tions are the sane,

! 2 ) J

5
2. A basic scheme of a

{:l Fig

stabilization

A 60 mW reflex klvstron was used as a turned oscillator. A cavity was
machined from copper, subjected to mechanical and electrochemical po-
lishing and electroplited with o lead laver from fluoborvate elcctrolyte.
A cavity was operated an the Hyppy mode, having unloaded Q factor as
high . Qo - 2108 at 29K, It was coupled to the coexial transmission

which are termmated by coupling loops from the cavity side and by
the probes anserted to the gliss leck-proof mlets from arvother side.
To reduce heat transfer 1o a Hquid helium bath the coaxial transmission
fines were mude from the staioless steel thin-walled tubes. An internal
conductor 1 the coaxial transmission hne was fastened by a teflon washer.

Fhe cavity wus mounted m a vacuum can and the assembly was pump-
ed out up to ~ 1014 mmm Hg. The vacuum can served tc reduce the
effects of changes in liquid helium pressure on the cavity {requency. Fip, 3
snows the scheme of the cavity assembly..

Helium bath temperature was stabilized with the accuracy of 10— 30K,

Relatne frequency unstability was determuned by beat frequency
measurements for two klvstron oscillators being stabilized with the above
circuit. The effect of vibrotions un beat frequency stability was prevented
by nixing the both oscillators to the same massive platform. Frequency
unstability effect of the low-frequency oscillutor was r moved by uswne
it simultaneously in buth autotuned systems.

A low frequency quartz-crystal oscillator used was operated at 10 MHz
having relative fregquency unstability about 5108 for an hour. To
amplify the intermediate frequencies we used resonant amplifiers with a
gain as high as 60 dB.

Reluative frequency unstability in a klystron oscillator aetermined as
5 shown above was 5, ~ 10712 for an hour.
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Using the directional couplers as ssolators enabled us to reduce the
microwave power loss due Lo stabilizztion to 1—2 mW value.

It should be noted that m accordance with (5) frequency stability
of a signal from a cavity 1s 102—103 tinres higher than that of the tuned

=
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3. The asembly of a superconductung cavity:
1 — cavity case; 2 — vacuum can lid; 3 —
lower lid of cavity; 4 — seal-ring; 5 — bolis;
6 — semirings with butt-shaped lues: 7 —
ting to fix the seminngs; 8 — case of a

vacuum can

oscillator Thus, the power output of the resulted oscillations is not high,
but it can be improved by increasing the cavity coupling, which 1n turn
results m the reduced Q-factor, a stability gam, however, would be of
the order of magnitude of 1—2 corresponding to relative frequency unsta-
bility . 10—13 — 1014,

A further decrease in relative frequency unstability is probably due
to temperature stability of a helium bath, which 1s increased, and to higher

Q-factors of the superconducting cavities used. In this connection the use
of Nb cavities seems to be promising (1).

A stabilization system considered can be used in the design of a micro-
wave high-stability oscillator tuned to a desired frequency. ’

Two techniques were employed to tune to a frequency. The first
technique was based on using a tuned superconducting cavity instead of
an untuned one, all the rest elements rematned unchanged. The tuned
cavity has a lower Q-factor and worse standard qualities than the untuned
one due to a tuning element and a special mechamsm to more it mncluded
the system, but it enables us to reach relative frequency unstability about
~ 10710 while tunng over a few decades of MHz.
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When the sccond techique is used very high Q-faclors and standinld
properties of the untuned superconduetng cavity are unchanged. 'o tun:
to a frequency one must sabstitule o wideband amplifier for the I ampii-
fier, and 4 taned osciiliator s preferred to low-frequency osciltlucor (7).
Usn'-' a wideband amplitice one can obtann while tumng the oscillator a
serivs of excititicas i a arcuit: maxer 4 — amplifer 7 — modulator 6 —
cavily 9 (IMig. 1) at wdistance of .'mn.?,"

~
band amplifier. Al apy excitition auto{uany for a nucrowave oscillaice
can Lie realizesd by means of low frequencey tuned oscillator. The excita-
tion shill to the other Niequencies is achieved by a phase change of the
Lravellig from a tuned sourcee Lo a modulator,
All the andieates changes m the cireuit make it possible to obuain
relative frequency unstability whout ~5 10710 for an hour m 100 Miuz
barna with Q-fuctor of :.-.xpurco*xducung, cavity of 107. The tunmng
i ths case s dependent onily on the band-width of a wide-band
amplilicr and tie tuninyg range of tine low-freqquency oscillator.

, where 73 is delay time of a wide-
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