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Low-frequency noise reduction in YBa ,Cu30-_ s superconducting quantum
interference devices by antidots
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It is demonstrated that the low-frequency noise due to vortex motion in high-temperature
superconducting quantum interference devi&3UIDs in ambient magnetic fields can strongly be
reduced by a simple arrangement of antidots patterned into the SQUID. Sputter-deposited
YBa,CuzO;_ 5 radio-frequency SQUID$rf-SQUIDs) with step edge junctions are characterized
before and after patterning of antidots in the vicinity of the Josephson junction. No deterioration of
the rf-SQUIDs due to the introduction of the antidots can be detected. In contrary, the onset of the
increase of the low-frequency noise in an applied magnetic field is shifted fronT 0r the bare
SQUID to 40(field cooled and 18uT (zero-field coolell for the rf-SQUIDs with antidots. The
reduction of low-frequency noise in ambient field is explained by trapping of vortices by the
antidots. The comparison of zero-field and field-cooled experiments demonstrates that flux
penetrating the washer does not affect the low-frequency noise as long as the vortices are
homogeneously distributed and the flux is properly pinned in the vicinity of the junctior20@
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The application of high-temperature superconductoreffectively® In previous work!® we demonstrated that ar-
(HTS) for highly sensitive cryogenic active devices stronglyrays of submicrometer holes can be patterned into
depends upon the reduction of noise. In particular low-YBa,Cu;O;_ s (YBCO) thin films without deterioration of
frequency noise due to unwanted motion of quantized fluxhe superconducting properties, which cause commensurabil-
(vorticeg in the superconducting thin films, which usually ity (demonstrating the attractive interaction between vortices

scales according to and antidotsand affects the low frequencyflhoise in am-
] bient magnetic inductiof*6
B In this presentation we demonstrate, that extremel
VSo(f,B)oc — (1) P y

f simple arrangements of antidots in HTS rf-SQUIDs can re-
_ _ o _ duce the 1ff noise in ambient field down to the level of
(fis the frequencyB the applied magnetic induction amd  zero-field noise. The onset fielB,,, at which the low-
=0.5), represents a serious limitation for the application Offrequency noise starts to increase accordin§g46B) <B, is
for instance superconducting quantum interference deviceshifted from (i) B,,~10xT without antidots to B,
(SQUIDs in unshielded environmt_aﬁt.Yariqug remedies  ~404T with antidots for field-cooledFC) measurements
have been suggested and test@dwhich in principle can be and (i) to Boy~18uT for zero-field cooledZFC) experi-
classified into two categorie§) either vortex penetration of ments. A comparison of the noise spectra for ZFC and FC
the superconductor has to be avo|%réd)r.(u)'vort|(':es have  experiments yield ¥/ noise spectra except for the field re-
to be pinned ?¥0 sufficiently strong pinning sites in the gion around 18.T(B,,) for ZFC measurements, for which
superconductof*® In case of flux avoidance SQUID de- [ grentzian type spectra are recorded. The spectra demon-
signs with extremely narrow linewidthe have to be used. syrate, that vortices in the washer do not affect the low-
ACCOde'”Q to theoretical predictiofis and experimental  frequency noise as long as the flux is properly pinned in the
results; w<<6 um have to be used for application in ambient vicinity of the junction.
field up toB~50uT (e.g., earth fielt] which is impractical Planar washer type ri-SQUIDs with outer diameter of
for most applications and difficult to prepare without degra-3 5 mm, SQUID holes of 100100xm?, and 3um-wide
dation of the SQUID performance. In contrast, noise reducsiep-edge junction are patterned via optical lithography and
tion by vortices pinning seems to be technically easier tr jon milling into magnetron sputtered YBCO films on 2 in.
realize. _ __ LaAlOg substrategsee sketch in Fig.)1Step height and film
One of the most effective ways to create artificial pin-inickness ardi~270 nm andt~320 nm respectively. The
ning sites in thin films is provided by the preparation of fig|q to-flux coefficient isdB/de~9 nT/d,. High structural
submicrometer holes, so called antldlﬁs:l. These defects  artection and, especially, extremely small surface roughness
can be placed arbitrarily in superconducting thin film devices, o required for the subsequent patterning of the antidots
and, in contrast to other pinning defects which have to be Ofyithout degradation of the performance of the SQUE2e
th.e siZ(_e of the superconducting coherence lergttholes Figs. 1 and 2 Only two antidots with a diameter of 1,5m
with sizes much larger than will trap flux very  5re patterned into the r-SQUID. They are positioned at both
sides of the step-edge junction(junction-antidot
dE|ectronic mail: p.selders@fz-juelich.de distance=7 um) in the washeldistance between the antidot
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FIG. 1. Scanning electron microscopy image of an antidet@.75.m) in B [uT]

a YBCO film on sapphire and a sketch of the rf-SQUID with integrated

antidots. . . .
FIG. 3. Spectral noise density obtained for FC measurements at 1 Hz as

function of the applied magnetic induction for an rf-SQUID bef¢open
and the edge of the washe?.3um). Transfer function and symbols and after(solid symbol$ integration of the antidots.
noise level remained unchanged before and after patterning
of the antidotgFig. 2). The transfer function shows typically process can be resolved. However, a distinct difference is
an amplitude of about 1.2 V and a voltage to flux coefficientobserved for FC measured noise spectra in ambient magnetic
of about 1.65V#,. The noise level in zero field is about induction B (perpendicular to the plane of the SQUIEbr
35udy/HZY?(0.3pT/HZ?) at 1 kHz (white nois¢ and the SQUID before and after antidot patterning. Figure 3
200ud,/HZY?(1.8 pT/HZ?) at 1 Hz (1f noise, respec- shows the square root of the spectral noise derSify/?
tively. The corner frequency is at about 25 Hz. recorded at 1 Hz as a function of the applied magnetic in-
The rf-SQUIDs are characterized at liquid nitrogen tem-ductionB. The data represent average values obtained from
perature in a cryostat shielded with fourmetal layers char- independent FC measurements. The onset of the characteris-
acterized by a residual static magnetic inductionByf;  tic increase of the low frequency noise according to
<5nT. Inside the shielding magnetic inductions can be apSs(B,1Hz)«B is shifted fromB,,~10uT for the standard
plied perpendicular and parallel to the plane of the SQUIDSSQUID to B,;~40uT for the SQUID with antidots.
using Helmholtz coils powered by lead acid batteries. The  Finally, zero-field cooled measurements were performed
noise of the applied magnetic fields &f,;<200fT/JAzat1 by cooling the SQUID in zero-field, cycling the magnetic
Hz was at least one magnitude lower than the measured noigeduction to a given valu and back to zero-field. Typical
of the rf-SQUIDs. The rf-SQUIDs are operated in a flux hoise data recorded after the field cycle are given in Fig. 4.
locked loop using a 600 MHz rf-SQUID electronics. Due to Up to B~18uT no increase of the low-frequency noise is
the alternating-currentac mode of the electronics thefl/ observed. Above 1T the low-frequency noise starts to
noise due to fluctuations in the resistance or critical currenincrease according to E¢l) however withn>0.5. The cor-
of the Josephson junction is automatically eliminated. responding noise spectra in the field regime
Figure 2 represent noise spectra and transfer functions df8 uT<B<22uT change from the typical 1/characteristic
the rf-SQUID before and after patterning of the two antidotsto a Lorentzian type spectrum. This indicates that at these
in the vicinity of the step-edge junction. No modification of fields the motion of single vortices or vortex bundles are the

the noise spectrum and transfer function by the patterning
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FIG. 2. Comparison of noise properties bef@dashed lingand after(solid FIG. 4. Spectral noise density obtained for ZFC measurements at 1 Hz and
line) patterning of the antidots an@nse} transfer function beforédark zero-field as function of the applied magnetic induction to which the mag-

symbolg and after(gray symbol$ patterning. netic field has been cycled.
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source for the low-frequency noise. At fiells>22uT the  a,=1.075@,/B)*2 Inserting a magnetic induction of 40
ZFC spectra represent again & -frequency dependence. uT (equivalent toB,, for FC experimenisyields a lattice
But the field dependence remains unusual, i.e., we observgzhrameterag=7.6um, which coincides with the antidot-
an increase of the noise density accordingigB)=B*". junction distance. This might be a coincidence, on the other

In general there exist three different independent sourcelsand it could be an indication that at these fields vortices
for 1/f low-frequency noise in SQUIDgi) fluctuations of  start to penetrate the junction area between the antidots. Fur-
the junction properties(ii) direct noise due to motion of ther experiments are in preparation, which might clarify this
vortices in the superconducting material, aiiit) tempera-  point.
ture fluctuations of the superconductor due the cooling by In conclusion, we demonstrated, that an extremely
liquid nitrogen(e.g., bubble formation'’ Fluctuations of the  simple arrangement of antidots in HTS rf-SQUIDs consisting
junction properties are electronically eliminated in our ex-of only two antidots in the vicinity of the Josephson junction
perimental setup via the ac mode of the rf electronics. Thean strongly reduce the fLhoise in ambient field down to
residual field inside of the magnetic shielding B&5nT  the level of zero-field noise. The onset field, at which the
allows vorticeqfor our design about 240 be frozen into the low-frequency noise starts to increase, is shifted froim
washer during zero-field cooling. However, the fact, that theB,,~ 10T without antidots tB,,~40 T with antidots for
1/f noise is not affected by field-cooled experiments up toFC measurements and) to B,,~18uT for ZFC experi-
severaluT, indicates, that these vortices cannot be the sourcements. The antidots act as pinning sites for the vortices in the
for the 1f noise measured at fields below the onset fieldvicinity of the step-edge junction of the SQUID. Vortices
Bo,- The 1f low-frequency noise level caused by thermal pinned in the washer seem to play a minor role in the cre-
fluctuation of the liquid nitrogen cooled SQU’ibis ex-  ation of low-frequency noise as long as the applied field
pected to be slightly lower than the measured noise level ajradients are small enough. The use of these simple pinning
fieldsB<B,,.*® The physical origin of this slightly elevated sites in the superconductor, which can be patterned simulta-
noise at zero field has not been clarified. neously with the SQUID structure, seems to be a very prom-

However, the increase of low-frequency noise at fieldsising tool in reducing the low-frequency noise especially for
B>B,, has to be ascribed to vortex motion in the superconapplications in unshielded environments.
ducting SQUID washer. This is demonstrated by the scaling
Se(B)xB for FC measurements in ambient field and the
Lorentzian type noise spectrum observed at fields close t
B, in ZFC experiments. The latter is an indication for ther-
mally activated motion of single vortices or vortex bundles _ _
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