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Abstract

A disk-shaped superconducting sample is welded onto an Nb support cylinder and exposed to the magnetic RF field
of a four-wire transmission-line resonator. The fields on the cylinder wall decay in a cut-off like fashion in such a
way that they perturb the measurement very little. RF dissipation of the disk is determined by substitution with a d.c.
heater on the back of the sample which is made to produce the same temperature rise, controlled by thermometers.
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THE QUADRUPOLE RESONATOR, DESIGN CONSIDERATIONS AND
LAYOUT OF A NEW INSTRUMENT FOR THE RF CHARACTERIZATION OF
SUPERCONDUCTING SURFACE SAMPLES.

E. Brigant,E. Haebeland E. Mahner, CERN, Geneva, Switzerland

Abstract

A disk-shaped superconductirsgmple iswelded onto

2 CREATING A CUT-OFF EFFECT

. _ An ideal field configuration wouldlluminate only the
an Nb supporcylinderandexposed tahe magnetic RF front-disk of a sampléi.e. the sc film) but not theide-

field of a four-wire transmission-line resonator. ks oy of the cylinder. Therethe field should at leastlecay
on the cylinder wall decay in a cut-off like fashion in Suchexponentially as in the cut-off tubes of an sc cavity

a way t_hat they pe_rtur_b thaegsurement V‘?’W'e- R_F The samplecylinder together withits port form a
dissipation of the disk isletermined bysubstitution with coaxial line stub and to obtain acut-off like decay of
ad.c. heater on theack ofthe sample which isnade to g5 jts coaxial TEM-modemust not beexcited. This

produce the same temperature rise, controlied by implies that, taken over the sample surface, the integral of
thermometers. the electric surface fiel@the displacement current) izero
and remains very small even when mechanical
1 INTRODUCTION imperfections perturb thevanted fielddistribution. Thus,
The 350 MHz superconducting (sd)EP cavitieshave for a given magneticsurface field averagethe surface
been produced by sputter coating a copper substrate witinggral of theelectric field’s module should also be as
1 um Nb film. In this way costsavings [1] could be small as possible.
realized (in comparison to cavities from Nisheet A simple way toachievethis would be tomount the
material) and, athe operatingemperature o#.5 K, the sample port on the wall of a pillbox cavigkcited in its
RF dissipation is also diminished. In fact, thk/Cu  TEoiomode which has the particularity to have no electric
cavities have higher €than their bulk Nbcounterparts, field at all on the boundary. But forfrequenciesaround
at least at lowetaccelerating gradients akc But Q0 400 MHz a sc cavity with dimensions of tloeder of
decreases withdgcand at about 10 MV/m thigdvantage 1 m would have been needed and a more congradess
of the film technique is lost. Thisffect isthe subject of expensive solution was searched for in studying whether a
ongoing R&D [2] especially since it becomemore compact transmission line circuit could be used.
pronounced when reduced beta cavities are sputter )
coated [3] using thestandardLEP technique. To study 2.1 Dipole symmetry

these effects in more detail a cavity mock-up with tubular \y/q may, in a thought experimenegardthe sample

accesgorts hasbeenbuilt. Into these portylindrical ¢ iace aghe ground-plane of a piece stripline formed

samples are mounted so that their front-disks (the sampw a flat conductor ofwidth w at distance drom the
proper) are flush with the surrounding cavity wall ¢ face (Fig. 2).

(Fig. 1). Stainless steel flanges and the knife-edge sealing

technique with copper gaskets assure vacuum tightness. d
After sputtering the sampleare removed toallow W i

room-temperaturexamination of thdormed Nb coating

by surface analytical instruments.

< sampe
front disk i;‘ﬁ?}%‘zﬁ port
sample Figure 2: Stripline of width w at distandefrom sample.
sample Y port For thi d diw<<1 the RF field
cylinder or this geometryand d/w the ield energy

concentrates between conducaod ground-planewith, to
first order, homogenous elect@dnd magnetic fieldd.e. a

RF current | inthe conductor generates dhe sample a
field strength of approximately H = I/w (independent of d).
A two-wire transmission ling@erpendicular tdhe sample

. ) . . disk (see Fig. 3) may now be used to feed current into the
Figure 1: Outline of sample cylinder and its tubular po"stripline and, placing this ensemble in a symmetry
We now will discuss means of also studying theposition with respect to the sample cylinder, the
superconducting properties ofuch samplesand, in integrated displacement current can bwade zero.
particular, their RFsurface resistance sRby exposing Choosing further a resonant length of the two-videzler
selectively the front disk to an RF magnetic field. line which places an electric field zero ahe sample’s
centre wewill also havelittle sensitivity to deviations
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from perfectsymmetry. It should beoted that here the
designdiffers radicallyfrom the triaxial cavityapproach
[4] where the E-field maximum coincides with the
sample’s centre.

transmisson
line

sample
sample > ¢port
cylinder
Figure 3: Striplinepiece fed by two-wire transmission
line. Compared td-ig. 2 the viewing angle igurned by
90r.

Fields in the annular gapgroundthe samplecylinder
can now only have the form of coaxishveguide modes.
Here the dipole mode with a cut-off wavelength of
Ad = 1D will dominate. D is the sample diameter.

2.2 Quadrupole symmetry

Arrived at this stage afurther step seemsevident:
mountingtwo such resonant line circuitdde by side on
the sample willincreasethe illuminatedsurface area. But
the two circuits also form a system afupled resonators
which may be excited in either their zero- or theinode.
In the second case —with appropriate geometrical

symmetry — we may suppress the dipole component and

in the gap only thequadrupole moddand higher-order
modes) will subsist, with aut-off wavelength shorter by
a factor twoAq =Ad/2 = iD/2.

The two stripline pieces are bent to form aring
(concentricwith the sampladisk) and interrupted at two
oppositesides wherghe rods ofthe two feederlines are
attached. Attheir other side, in aesonance producing
distance ofaboutA/2 from the ring the fourodsend on

the cover-plate ofthe cylindrical screening enclosure

which surroundghe whole set-upRegardingthe rods as
the conductors of acreenedour-wire transmissionline,

excited in itsquadrupolemode, we may call thdevice a
quadrupole resonator

2.3 Mechanical construction

After a copper modelwas built and verifying
measurementgere done,the instrument wasonstructed
in bulk Nb technique using Conflatseals for théorazed
stainless-steel flanges. Detadee given in a companion

paper [5].

3 FIRST TESTS AND
CALIBRATIONS

3.1 The test sample

For first tests of theresonator a sampleylinder
manufactured from Nb sheet material with knotarmal
and BCS surface resistance was prepared. The front disk of
this cylinder carries orits inner side (in vacuum) two
calibrated diode thermometersand a 1 K2 metal-film
heater resistor which serve to vahe temperature of the
front disk and to measure RF dissipation by
substitution [6]. Here we make use of the heatstance
of the samplecylinder's wall and of appropriateheater
powers to establish, with RF orand off, a specified
constant temperature difference betwésa front disk and
the base of theylinder (which viaits flange is ingood
thermal contact with the 1.8 K liquid helium bath).

We employ apressure regulator to kedyath pressure
fluctuations below 1 mBar. Heater poweaard temperature
measurements havesolutions of theorder of yW'’s and
UK's respectively. Note that the RF dissipatiogisPis
determined from differences of heater power
measurements. Its relatiegror must increasewhen RF
field-strength decreases. RF excitation is monitored by the
transmitted RF power;from an output coupling loop.

3.2 Calibration for surface resistance
measurements.

We will now show that measuring both;& and R at
appropriate temperatur@dlows the RFsurface resistance
Rs of the sample disk to be determined at any temperature.
From first principles we may assume thajisP is
proportional® to both R and R:
Fiiss = 9 RsR

gis an apparative constant depending for a gmaiput
coupling only on thegeometryof the apparatus and
especially on the chosatistance d betweestripline and
samplesurface g = g(d)The RF surface resistance of
superconductingniobium (and other materials)can be
written as the sum of two terms:
Rs =Rpcs(T) + Rres

The residual resistance (& is independent of T but
depends on surface preparation and is hence poorly known.
Recs in contrastdepends orbulk properties, is for Nb
well known anddecreasestrongly with T in such a way
that Rgcs << Rygg at 1.8 K. Measuring on the Nb
calibration sample fssfor a same P= P,y at the two
temperatureg.2 K and 1.8 K and taking the difference
APdiss of the measured dissipations it follows that

ARjiss =9 Recs(4-2) Ro
g can now be calculated and for any sample or P
Rs =(1/9)(Riiss/ R)

! As in cavity work we assume that, to first ordeg, d®es not
depend on the applied magnetic field amplitude.



At the resonatofrequency of400 MHz and for the
reactor-grade Nbquality of the testcylinder the BCS
surface resistance 60 M) at 4.2 K.

It is remarkablethat R can be measurefor any
sample without adetailed knowledge of the field
distribution at the sample surface once, with the help of a
known sample, glchas been determined.

The sample distance d is difficult to meashu, since
also the mode frequency fis a function of d;oavenient
way out is to determine g as a function of f.

3.3 Average magnetic field amplitude

We may also make a meaningful estimate of an
average magneticsurface fieldamplitude H, on the
sample disk.

Piss = 3 [J ReH2ds= 5 Rs[[H2ds = g RsR
0 SH% = [[H2ds=2gR

S in thesecondexpression is the illuminated sample
surfaceand indeedthere is arbitrariness ifits choice.
Taking for S the stripline’sprojected surface on the
sample disk wecalculatedthe averagemagnetic surface
field amplitudesused inthe following plots of HT)
against H,.

As we see, abovedd = 50 A/cm the scatter gflotted
points within the five series of measurements at 3.8,
3.5, 3.2and2.5 K is comparable tahe scattefamiliar
from cavity work. The statistical uncertainty of
measurement appears to binilar for both methods.
Cavity results are also well reproduced with respect to the
range of R valuesobtainedand to their magneticfield
amplitude dependence.
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Figure 4: Results of firstalidation measurements on an
Nb test cylinder.
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4 CONCLUSIONS

An apparatus has beeoonceived, constructed and
manufacturedwhich allows at 400 MHz measurement [
and comparison of thesurface resistance of sfilms 2]
deposited orthe front disk of a testylinder with an Nb
side wall. A validation test with a full Nbcylinder
demonstratedhat field strengths as high as B60 MHz
cavities can be reached attiht theemployed calorimetric [3]
method of dissipation measurement is sensitive enough to
see surface resistances of the order@fsn

[4]

[5]

[6]
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