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Abstract

INTRODUCTION
Superconducting  RF  (SRF)  cavities  have  been

successfully  used  for  various  sciences  since  1970s  [1].
Regarding the maximum accelerating gradient (Eacc), Fig.
1 shows the evolution of maximum Eacc since late 1980s
[2].   Significant  efforts to  improve Eacc started in  1992
when the worldwide TeV Energy Superconducting Linear
Accelerator (TESLA) collaboration started.  In addition to
continuous  improvement  of  fabrication  techniques  by
industry, contamination control with high-pressure ultra-
pure water rinsing has contributed to the increase of Eacc,

max until the plateau in 1995-2004.  From around 2004, an
effort  to  further  optimize   the  design  parameters  to
increase Eacc started, especially to reduce Hpeak/Eacc ratio
assuming  achievable  Eacc is  limited  by  the  critical
magnetic field.  This effort has been very successful and
has increased the Eacc,max to very close to the theoretical
value (Hpeak ~ 2000 Oe) as shown in Fig. 1.  

Figure 1: Evolution of accelerating gradient [2].
Figure 2 shows the Q0-Eacc curve of a re-entrant shape

cavity that has a world record of Eacc [3].  In the figure,
the  surface  peak  magnetic  fields  corresponding  to  Hc1

(1700 Oe) and  Hc (2000 Oe) of Nb are shown.  The Q0

drop possibly due to the vortex penetration can be seen,
suggesting that the cavity should be operated at H below
Hc1.

Figure 2: Q0 – Eacc curve of a Cornell 1.3 GHz re-entrant
shape single-cell cavity that has the world record of Eacc

[3].

While there have been other ideas such as running the
cavity with a traveling wave mode to increase the Eacc and
real estate gradient [4], an innovative idea to increase the
surface  critical  magnetic  field  using  ultra-thin  films  of
another  superconductor  was  proposed  by  Gurevich  in
2005 [5].  His idea is based on an assumption that the Hc1

of a thin film superconductor that is close to or thinner
than its magnetic penetration depth (λ
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Figure 3: Illustration of 2 cases; 1) the film thickness is larger than the penetration depth (left) and 2) the film thickness
is smaller than the penetration depth (right).

Figure 4: Concept of an increase in the sustainable magnetic field and corresponding Eacc with a MgB2 thin film coated
on Nb with a dielectric layer in between (left) and more layers for “cascade” effect.

SAMPLES
Substrates
For  DC  measurements,  approximately  5  mm x  5  mm
samples have been used. For RF measurements at SLAC,
2-inch diameter wafers have been used.  In most cases, c-
plane  sapphire  and  single-grain  chemical-mechanically
polished  (rms  roughness<1  nm)  substrates  have  been
used.

Coating
For  MgB2 coating,  the  samples  prepared  with  2
techniques were measured.  One technique is a reactive
co-evaporation developed at STI, California, U.S.A. [19],
and  the  other  is  an  electron  beam  co-evaporation
developed at Kagoshima Univ., Kagoshima, Japan [17].
The latter technique has an advantage of lower substrate
temperature  (250  °C for  our  samples)  compared  to  the

former technique (550  °C), but the Tc's and Hc1's of the
samples we measured were lower than those of STI films
[15].  We will show only the results of STI films since
they have continuously shown better results so far.

DC HC1 MEASUREMENTS
A  Quantum  Design  SQUID  Magnetic  Property

Measurement System (MPMS) has been used to measure
the lower critical field (Hc1) or the magnetic field at which
a  large  number  of  vortices  start  to  penetrate  into  the
superconductor.   Some  detail  of  the  measurement  is
described in [15].  Briefly, Hc1 was defined as the point
where  the  magnetization  curve  starts  to  deviate  from
Meissner slope, which is a straight line in the M-H curve.

Figure 5 shows Hc1 as a function of temperature for 300
nm and 500 nm MgB2 films coated on c-plane sapphire
together with the data for solid Nb as a reference.  As one
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can see in Fig. 5, Hc1 of 300 nm film showed higher than
that of 500 nm film.  A schematic to show the theoretical
derivation of this effect is shown in Fig. 6.  Although we
have not measured a film thicker than 500 nm yet, the Hc1

of a 500 nm film, which seems to be significantly thicker
than typical  λ (40-150 nm [18]),  is  already comparable
with Nb at 4.5 K as shown in Fig. 5, and the Hc1 of 300
nm film is ~25 % higher than that of Nb.  In Fig. 5, the
vertical axis at right shows the corresponding accelerating
gradient,  assuming  the  cavity  design  parameter  of
Hpeak/Eacc = 40 Oe/(MV/m).

Figure 5: Hc1 as a function of temperature for 300 nm and
500 nm thick MgB2 films as compared to bulk Nb.

Figure 6: A schematic showing the increase of Hc1   with
thin films that have the thickness close to the magnetic
penetration depth (λ).

RF MEASUREMENTS
Oates  et  al.  have  measured  RF surface  resistance  of

MgB2 films prepared by STI [21-24].  They have used a
parallel  plate  technique  [9]  or  a  stripline-resonator
technique for the samples coated on dielectric substrates
such as sapphire, and a 

 have shown that  the
surface  resistance  (Rs)  of  MgB2 coated  on  sapphire  is
comparable with Nb film coated on sapphire at a given
reduced  temperature,  i.e.,  T/Tc  [23].   This  means  that,
since  the  Tc's  of  Nb  and  MgB2 are  9.2  K  and  39  K,
respectively, the Rs of MgB2 at the same temperature is
significantly lower than that of Nb.  Regarding the power
handling capability, they have shown that a 500 nm MgB2

film coated on Nb showed no increase in the surface loss
up  to  ~300  Oe  using  a  dielectric  resonator,  which  is
limited by the available power [24].  It was also noticed
that the result from stripline-resonator measurement on a
MgB2 film coated on sapphire shows higher Rs and some
small linear increase with HRF up to ~400 Oe following a
rapid increase at higher fields.

RF Measurements at SLAC at 11.4 GHz
After an encouraging result of little loss up to ~120 Oe

(available field at that time) using a TE011 mode cavity at
Cornell  at  6  GHz  [9],  we  have  been  carrying  out  RF
measurements  of  2-inch  diameter  samples  in
collaboration  with  SLAC  using  their  50  MW  Pulsed
Klystron  and  a  TE013-like  mode  hemispherical  cavity
made of copper at 11.4 GHz.  More detail of the current
system is described in [25].  The typical pulse length and
repetition rate we have been using are 1 to 1.5 μ  and 0.1
to 0.5 Hz, respectively.

Figure 7 shows the Rs calculated from the cavity Q0 as a
function of temperature.  

It should be noted that the lowest measurable Rs is ~100
μΩ

Ω
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°
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CONCLUSION

°

ACKNOWLEDGEMENTS
The author would like to thank his colleagues at LANL;

Nestor  Haberkorn  and  Leonardo  Civale  for  DC
magnetization  measurements,  Roland  Schulze  for
AES/XPS analyses, Marilyn Hawley for AFM analyses,
Ray DePaula and Isaiah Apodaca for Alumina coatings,
Dave Devlin for discussions on cavity coating techniques.
He also would like to thank external collaborators; Jiquan
Guo, Sami Tantawi and their co-workers for high-power
RF testing at SLAC, Thomas Proslier and Mike Pellin of
ANL for some ALD coatings, Brian Moeckly and Chris
Yung of STI for preparing MgB2 samples using reactive
co-evaporation  technique,  Akiyoshi  Matsumoto,  Hideki
Abe and Minoru Tachiki of NIMS, Tsukuba, Japan, for
useful discussions, Eiichiro Watanabe, Daiju Tsuya and
Hirotaka  Ohsato  of  NIMS for  ALD of  alumina layers,
Toshiya Doi,  Takafumi Nishikawa,  Tomoaki  Nagamine
and  Kazuki  Yoshihara  of  Kagoshima  University  for
preparing  some  MgB2 samples  using  E-beam  co-
evaporation  technique,  and  Hitoshi  Inoue  of  KEK  for
vacuum baking of some Nb samples for coating.

THOCS1 Proceedings of 2011 Particle Accelerator Conference, New York, NY, USA

2122C
op

yr
ig

ht
c ○

20
11

by
PA

C
’1

1
O

C
/I

E
E

E
—

cc
C

re
at

iv
e

C
om

m
on

sA
tt

ri
bu

tio
n

3.
0

(C
C

B
Y

3.
0)

Accelerator Technology

Tech 07: Superconducting RF



REFERENCES
[1]

A. Gurevich, “Enhancement of rf breakdown field of
superconductors by multilayer coating,” Appl. Phys. Lett.
88, (2006) 012511.

“

“

“

“

A.  Canabal,  

K.  Nagatomo et  al.,  “Fabrication of  MgB2 thin films by
electron beam evaporation technique,” Physica C 426-431
(2005) 1459.

[24] D.  Oates  et  al.,  “Microwave  measurements  of  MgB2:
implications  for  applications  and  order-parameter
symmetry,” Supercond. Sci. Technol. 23 (2010) 034011.

[25] J. Guo et al., “A Cryogenic RF Material Testing Facility at
SLAC,” IPAC’10, Kyoto, May 2010, WEPEC073, p. 3049
(2010); .http://www.JACoW.org

[26] T. Tajima, “DC and RF Measurements of Thin Film MgB2,”
ibid. [6].

[27] H.  Padamsee  et  al.,  “RF  Superconductivity  for
Accelerators,” p. 88, John  Wiley & Sons, Inc. (1998).

[28] J. Guo et al., in this conference.
[29] F.L.  Palmer  et  al.,  “Oxide  overlayers  and  the

superconducting  rf  properties  of  yttrium-processed  high
purity Nb,

Proceedings of 2011 Particle Accelerator Conference, New York, NY, USA THOCS1

Accelerator Technology

Tech 07: Superconducting RF 2123 C
op

yr
ig

ht
c ○

20
11

by
PA

C
’1

1
O

C
/I

E
E

E
—

cc
C

re
at

iv
e

C
om

m
on

sA
tt

ri
bu

tio
n

3.
0

(C
C

B
Y

3.
0)


