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Electric-field noise in a high-temperature superconducting surface ion trap
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Scaling up trapped-ion quantum computers requires new trap materials to be explored. Here we present
experiments with a surface ion trap made from the high-temperature superconductor YBCO, a promising material
for future trap designs. We show that voltage noise from superconducting electrode leads is negligible within
the sensitivity SV = 9 × 10−20 V2/Hz of our setup, and for lead dimensions typical for advanced trap designs.
Furthermore, we investigate the frequency and temperature dependence of electric-field noise above a YBCO
surface. We find a 1/ f spectral dependence of the noise and a nontrivial temperature dependence, with a plateau
in the noise stretching over roughly 60 K. The onset of the plateau coincides with the superconducting transition,
indicating a connection between the dominant noise and the YBCO trap material. We exclude the YBCO bulk as
origin of the noise and suggest further experiments to decide between the two remaining options explaining the
observed temperature dependence: noise screening within the superconducting phase, or surface noise activated
by the YBCO bulk through some unknown mechanism.
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I. INTRODUCTION

Trapped ions are among the most promising platforms
for quantum information processing to date, with high gate
fidelities and long coherence times. In the past years, the com-
plexity of trapped-ion quantum processors has significantly
increased, addressing the challenge of scaling to larger num-
bers of qubits. As such, microfabricated surface traps with
many tens of individual electrodes have been realized [1–4],
and optics and electronic devices have been integrated into the
traps [5–7]. However, the increasing number of trap electrodes
and growing lead length will eventually cause lead wires to
become a significant source of electric-field noise due to their
finite resistance (Johnson-Nyquist noise). Electric-field noise
causes heating of the ion motion, compromising the fidelity of
entangling gates [8–11]. A related problem is the heat dissipa-
tion in high-current carrying electrodes, used to generate local
B-field gradients for microwave entangling gates [12,13]. The
further advance of trapped-ion devices thus requires new trap
materials to be explored [14].

An interesting class of novel trap materials are high-
temperature superconductors (HTSC). Below their critical
temperature, superconductors have vanishing electrical re-
sistance and cancel external magnetic fields (Meissner-
Ochsenfeld effect). In addition to addressing electric resis-
tance problems, described above, superconductors could also
be employed for the integration of efficient on-chip photode-
tectors, or shielding of magnetic fields from specific trapping
regions [14,15]. Furthermore, HTSC could improve the un-
derstanding of electric-field noise in ion traps, which is still
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rather poor [14,16]. Recent experiments have established that
surface noise is a major source of ion heating [17–21], and that
this noise can be material dependent [21]. Hitherto unexplored
materials such as HTSC might lead to new insights.

In this paper we present a first characterization of a HTSC
as trap material. Our study focuses on electric-field noise in an
ion trap made from YBa2Cu3O7 (YBCO), which has a high
critical temperature Tc ≈ 89 K. Our trap design incorporates
electrode leads with a length of about 5 mm and a width
of 10 μm, similar to advanced surface trap designs [22–24].
As we previously reported [25], these leads can be used to
probe the superconducting transition with an ion, sensing
their tremendous bulk electric noise in the normal conducting
regime. Here we assess the electric noise below the supercon-
ducting transition temperature Tc, showing negligible noise
from the leads within the sensitivity of our setup. Furthermore,
we investigate the electric-field noise above a YBCO surface
exposed to a trapped ion. We find an increase of the noise
with temperature for T < Tc, and a plateau region for T > Tc,
where the noise is constant over roughly 60 K. The onset of
the plateau coincides with Tc, indicating a relation between
noise and electronic properties of the trap material. This is a
unique finding in ion traps and strongly differs from previous
observations in surface traps made from conventional super-
conductors [26,27]. We discuss several possible explanations
for the observed behavior and suggest experiments to further
investigate the origin of the noise.

II. TRAP DESIGN AND SETUP

The ion trap is an adapted form of a standard linear sur-
face trap. An overview of the electrode layout is shown in
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FIG. 1. Trap design. (a) Electrode layout with the electrode func-
tionality as color code. (b) Microscope image of the central trapping
region. The area AYBCO with exposed YBCO surface is visible in
gray, the trapping position is marked with a red cross. (c) Dark-field
image of the YBCO meander leads Rm (black) with gold bonding
pads. (d) Electric configurations. Wire bonds (yellow) are used to
connect the electrodes C1 and C2 either through the meander leads
Rm (i), or directly to their supply lines (ii).

Fig. 1(a). The trap electrodes are made from 300 nm YBCO
on a sapphire substrate, with an additional 200 nm gold layer
on top. The gold layer ensures operability of the trap above
the critical temperature Tc = 89(1) K, where YBCO is a poor
conductor. Details on the fabrication are given in Appendix A
of Ref. [28]. The center of the trap is shown in Fig. 1(b). Be-
low the trapping position, an area of AYBCO = 740 × 580 μm2

is not covered by gold, exposing the YBCO surface to a
trapped ion. Figure 1(c) shows the superconducting electrode
leads, realized as on-chip meander resistors Rm and made
from YBCO only, i.e., without a gold top layer. The meanders
have a width of wm = 10 μm and length of lm = 5.18 mm,
and can be connected to the central DC electrodes C1 and C2
using wire bonds. Identical meander lines at the top of the
chip are used to monitor the YBCO film resistance through a
four-wire measurement.

The trap chip is mounted on a heatable copper carrier in-
side a cryogenic vacuum apparatus [29]. The heatable carrier,
described in Appendix B of Ref. [28], is thermally isolated

from its cryogenic environment. This allows for trap operation
in a wide temperature range T ∈ [10, 250] K , without com-
promising the cryogenically pumped vacuum or the supply
electronics behavior. The trap temperature T can be controlled
with an accuracy of about 1 K, using the in situ four-wire
measurement of the YBCO meander resistors for calibration
(more details in Ref. [30]).

Electrically we employ two different configurations for
connecting the trap chip to the DC supply, see Fig. 1(d):
(i) the electrodes C1 and C2 are connected with the supply
through the YBCO meander leads. (ii) C1 and C2 are directly
connected to the supply lines. In either configuration, the other
trap electrodes are directly connected to their supply lines,
unused meander leads are shorted to the trap’s main ground
electrode. The change between the two configurations is done
by rebonding the corresponding electrodes in a clean room
environment.

III. EXPERIMENT

In the experiments we confine a single 40Ca+ ion at the
trap center, marked with a red cross in Fig. 1(b), at a dis-
tance d = 225 μm above the surface. An RF voltage URF ≈
200 V at �RF = 2π × 17.6 MHz yields radial frequencies of
about ωx,y = 2π × (2–3) MHz [cf. the coordinate system in
Fig. 1(a)]. The axial frequency is varied within ωz = 2π ×
(0.4–1.8) MHz by scaling the applied DC voltages. The axial
mode is cooled to the ground state using Doppler and sideband
laser cooling. The subsequent excitation of the axial motion
due to electric-field noise is characterized by measuring the
ion heating rate Γh, which is directly proportional to the
electric-field noise spectral density SE experienced by the
ion [16]

Γh = q2

4mh̄ωz
SE (ω). (1)

Here h̄ is the reduced Planck constant, and q and m are the
ion’s charge and mass. The heating rate Γh is determined
using the motional sideband ratio method on the 729 nm
S1/2 ↔ D5/2 transition [31]. For each heating rate measure-
ment, typically 5 delay times are used, each with around
1000 interleaved measurements on the blue and red sideband
transitions. The measurement uncertainties of Γh are limited
by quantum projection noise.

In a first study we investigate the impact of the supercon-
ducting electrode leads on the axial heating rate Γh. In the
superconducting state, the meander leads have a negligibly
small resistance in the MHz frequency range and thus produce
negligible Johnson-Nyquist noise (JNN), see Appendix D 2 of
Ref. [28] for details. However, Γh might very well be limited
by other bulk noise in YBCO, for instance noise due to the
motion of flux vortices [32,33] or noise related to the presence
of grain boundaries [34,35]. We thus measure the heating rate
in the two different configurations (i) (with electrodes C1 and
C2 connected through the YBCO meander leads), and (ii)
(directly connected to the filter lines). The results of these
measurements, taken at three temperatures T < Tc, are shown
in Fig. 2. We fit each data set with a power law,

Γh(ωz ) = γ (ωz/ω0)α−1, (2)
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FIG. 2. Frequency spectra of the heating rate Γh for config-
urations (i) and (ii), with and without attached YBCO leads,
respectively. The three sets are for different temperatures T < Tc,
the horizontal axes are identical. Solid lines are fits with a power
law, Eq. (2).

where ω0 = 2π × 1 MHz. With this definition, α corresponds
to the spectral power-law scaling of the electric-field noise
SE . The resulting fit parameters are listed in Table I. The data
show nearly perfect agreement between configurations (i) and
(ii) at temperatures T = 37(1) K and T = 83(1) K. At T =
14(1) K, the data for configuration (i) (with YBCO leads)
show a slightly lower heating rate at small frequencies ωz �
2π × 0.8 MHz, leading to a smaller value α = −0.35(8) com-
pared to configuration (ii), where α ≈ −0.84(25). The cause
for this discrepancy remains unclear. While filter effects by
the YBCO leads can be excluded, a modification in surface
noise, a temporal change in technical noise, or a temporal
drift of stray fields compromising the measurement are pos-
sible explanations, see Appendix E of Ref. [28] for details.
Overall, the data in Fig. 2 clearly exclude that the measured
noise originates in the superconducting meander leads: For the
low-frequency data at T = 14(1) K, where the discrepancy in
α occurs, the configuration with leads shows a lower heating
rate than without the leads. At higher frequencies and for the
other data sets, T = 37(1) K and T = 83(1) K, the data show
excellent agreement between configurations (i) and (ii).

In a second study we further investigate the temperature
dependence of the heating rate, by extending the investigated

TABLE I. Power-law fit parameters of the data in Fig. 2.

γ (phonons/s ) α

T (K) (i) (ii) (i) (ii)

14(1) 0.64 (2) 0.68(7) −0.35(8) −0.84 (25)
37(1) 1.13(5) 1.10 (7) −0.85(8) −0.93 (12)
83(1) 5.40(13) 5.65 (35) −1.04(5) −0.86(11)

FIG. 3. Temperature dependence of the heating rate Γh for con-
figuration (ii), without YBCO electrode leads. The individual sets
are taken at different secular frequencies ωz. The gray line (right
scale) shows the YBCO meander resistance Rm, with the critical
temperature at Tc = 89(1) K.

temperature range above the critical temperature Tc. For these
measurements we only use configuration (ii), since JNN from
the normal-conducting YBCO leads would otherwise domi-
nate Γh [25]. The heating rate Γh in the extended temperature
range is shown in Fig. 3. For all axial frequencies ωz, the
data show identical behavior: Below T � 90 K, the heating
rate increases strongly with temperature, on average by about
a factor 8.2 between T = 14 K and T = 83 K. For T � 90 K
the noise does not follow this trend and Γh is almost constant
over a temperature range of several tens of K . The onset
of this plateaulike region is around the critical temperature
Tc = 89(1) K as evidenced by the in situ four-wire resistance
measurement (gray data). For temperatures T � 160 K, the
heating rate is slowly rising further, by about a factor 2.5
between T = 97 K and T = 206 K. The individual frequency
sets are in good agreement with a power-law spectrum.
Figure 4 shows the power-law exponent α, resulting from a
fit to the data in Fig. 3 with Eq. (2). The exponent α shows no
pronounced difference between the two temperature regimes
above and below Tc, but there appears to be a slight trend
with the exponent changing from α ≈ −1.0 at T = 14(1) K
to α ≈ −0.7 at T = 210(1) K.

FIG. 4. Frequency scaling α of the heating rate data in Fig. 3,
resulting from a fit with a power law, Eq. (2). The gray squares show
the scaling without the contribution of JNN in our setup (see Sec. IV).
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Finally, we have measured the heating rate at ωz = 2π ×
1.0 MHz and T = 14(1) K for six different axial ion positions
in a range �z ≈ 100 μm around the trap center. We find a
mean heating rate Γh = 0.9(3) phonons/s, without observable
trend in the spatial variation.

IV. DISCUSSION

At the coldest temperature, T = 14(1) K, the measured
heating rates show values around Γh ≈ 1 phonon/s at ωz =
2π × 1.0 MHz, equivalent to an electric-field noise SE ≈
7 × 10−15 V2 m−2 Hz−1 and comparable to other cryogenic
surface traps [16]. In what follows, we will refer to this
noise level as the background noise in our experiment. The
data in Fig. 2 exclude that the background noise is caused
by the superconducting electrode leads. Consequently, the
intrinsic voltage noise per lead Slead

V must be significantly
lower than the background noise [16] Slead

V � SE D2/2 ≈ 9 ×
10−20 V2/Hz. Here we have used the characteristic distance
D = 5.10 mm of electrodes C1 and C2, and the factor 2
accounts for the noise from two leads. Furthermore, it is
instructive to compare the background noise with noise that
would be produced by electrode leads made from aluminum,
but with otherwise identical geometry as the YBCO meander
leads. Assuming a typical resistivity of ρAl = 1 × 10−8 �m
at T = 20 K [36], such Al leads would induce a JNN lim-
ited heating rate of Γ

(JNN)
h ≈ 0.2 phonons/s at ωz = 2π ×

1.0 MHz, see Appendix D 3 of Ref. [28]. This is only slightly
smaller than the background noise in our experiment, illustrat-
ing the benefit of superconducting trap materials for advanced
trap designs, where a large number of long electrode leads will
be required.

In the remainder of this article we will discuss the possible
origin of the background noise, Fig. 3. First, we note that
any level of technical noise or JNN passing through the DC
filters or RF resonator is practically independent of the trap
temperature T . This is due to the thermal decoupling between
locally heated trap and drive electronics in our setup (see
Appendix B of Ref. [28] for details). Technical noise from the
resistive heater used to increase the trap temperature is ruled
out as origin of the observed electric-field noise: no change in
the measured heating rate was observed upon adding an addi-
tional low-pass filter to the heater line (≈74 dB attenuation at
1 MHz). Second, we establish that the measured heating rates
in Fig. 3 do not follow a simple temperature dependence, but
are better described by a kinklike dependence with an initial
rise, suddenly saturating in a plateau at T ≈ Tc. On a purely
phenomenological basis, we fit the data both with a simple
power law Γ

(1)
h (T ), and with a piece-wise defined power law

Γ
(2)

h (T ),

Γ
(1)

h (T ) = 
0[1 + (T/T1)β1 ], (3a)

Γ
(2)

h (T ) =
{
Γ

(1)
h (T ), T < T ∗,

Γ
(1)

h (T ∗)[1 + [(T − T ∗)/T2]β2 ], T � T ∗.

(3b)

Here 
0(ω) is an independent fit parameter for each of the
six frequency data sets, and T1, β1, T2, β2, T ∗ are global pa-
rameters. The fitted curves are shown in Fig. 5, fit parameters

FIG. 5. Replot of the heating rate data in Fig. 3, emphasizing the
kinklike temperature dependence with a noise plateau at T � Tc =
89(1) K. A fit with a piece-wise defined power law Γ

(2)
h (T ) (solid

lines) describes the data much better than a fit with a simple power
law Γ

(1)
h (T ) (dashed lines).

are listed in Table I in Appendix C of Ref. [28]. The simple
power law strongly deviates from the measured data around
T ≈ Tc, at the location of the “kink.” The piecewise defined
power law Γ

(2)
h shows much better agreement, as quantified

by the significantly lower Akaike and Bayesian information
criteria (AIC,BIC), listed in Table II. Details on the calculation
of these criteria are given in Appendix C of Ref. [28].

The fit parameters of the piecewise defined power law give
an onset temperature of the noise plateau T ∗ = 92.5(20) K,
almost identical with the critical temperature Tc = 89(1) K
of the YBCO film. Furthermore, we infer the temperature
range �T of the plateau, defined as the range where the
noise does not increase from its value at T ∗ by more than the
average uncertainty of the heating rate data (about 10%). The
fit parameters give �T ≈ 60 K.

The clear correlation between the onset of the noise plateau
and the superconducting transition T ∗ ≈ Tc indicates a rela-
tion between the dominant noise and the YBCO trap material.
In fact, many physical quantities in high-temperature super-
conductors show a temperature dependence similar to the
dependence of the noise in our trap: the density of super-
conducting charge carriers [37], AC loss [38], voltage noise
caused by resistance fluctuations [39], the magnetic suscepti-
bility [40], or the frequency variation of phonon modes [41].
The fact that there is no marked jump in noise at T = Tc, nor a

TABLE II. Comparison of the information criteria AIC and BIC
of a simple power-law model Γ

(1)
h (T ) and a piecewise defined power-

law model Γ
(2)

h (T ). Np is the number of free model parameters, and
Nd is the number of data points in Fig. 5. Smaller values of AIC and
BIC correspond to a better fitting model.

Model Np Nd AIC BIC

Γ
(1)

h 8 49 136 151
Γ

(2)
h 11 49 55 76
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change in frequency scaling, suggests a single noise source to
be dominant over the entire temperature range. Three differ-
ent scenarios seem likely as an explanation for the observed
noise:

(1) The noise is caused by the YBCO film itself.
(2) The noise is caused by surface noise, activated by

processes within the YBCO film.
(3) The temperature dependence of the noise does not

stem from the source itself but is introduced via a temperature-
dependent attenuation by superconducting screening currents
in the YBCO film.

Scenario 1 is to a great extent ruled out by the measure-
ments in Fig. 2, which do not show a noise enhancement
for attached YBCO leads. Due to the lead geometry, these
measurements provide an excellent probe for sources of bulk
noise, i.e., sources where the noise increases with the elec-
trode length. Such sources are for instance JNN, but can also
have more complex generating mechanisms, e.g., related to
grain boundaries or flux vortices [32–35]. We further rule
out noise from the multilayer trap structure, by means of a
noise estimate. For this we use an approach based on the
fluctuation-dissipation theorem (FDT) [42–44], which has
been used to predict noise in cold atom and trapped ion ex-
periments [45–47]. The FDT formalism assumes an infinite
planar trap structure with isotropic layers and neglects elec-
trode gaps. The electric-field noise can then be derived from
the knowledge of the dissipation of electric energy within the
trap material, determined by the material’s relative dielectric
function ε(ω) (details in Appendix D 1 of Ref. [28]). For
YBCO in the superconducting regime, one finds [45] εYCBO ≈
−ω−2c−2λ−2(T ), where c is the vacuum speed of light. The
temperature dependence of the noise is mainly given by the
London penetration depth λ(T ) = λ0/

√
1 − T/Tc [45], where

λ0 ≈ (80–635) nm depending on the YBCO crystal axis [48].
For T > Tc, the YBCO film is treated as a normal metal, as is
the Au top layer. The trap’s sapphire substrate is modeled as a
lossy dielectric.

Figure 6 shows FDT estimates together with the measured
noise magnitude. The measured data are the power-law coeffi-
cient γ in noise units, derived by fitting Eq. (2) to the heating
rate data in Fig. 3. The FDT estimates are for a trap layer stack
of sapphire-YBCO-Au (blue), and sapphire-YBCO (green).
The limits of the hatched regions for T < Tc correspond to the
extreme values of the penetration depth literature values λ0 =
80 nm and λ0 = 635 nm. We note that the noise prediction for
the actual trap structure, with the YBCO exposed only at the
trap center, should be ranging between the two FDT estimates.
Qualitatively, the FDT estimates show a similar temperature
scaling for both layer stacks: as the temperature drops below
Tc, the estimates predict a sharp drop of the electric-field noise
SE by many orders of magnitude. This is in stark contrast to
the kinklike shape of the measured noise. Furthermore, for
T < Tc, the predicted noise is negligible compared to the mea-
sured noise. For T > Tc the FDT estimates are closer to the
measured noise, but do not reproduce the observed plateau.

We further note that the temperature dependence of the
FDT estimates for T > Tc is identical to an independent es-
timate of JNN in our setup, shown as gray dots in Fig. 6. That
is, because the JNN estimate is dominated by the electrode

FIG. 6. Measured electric-field noise and estimates for different
noise sources at a frequency ωz = 2π × 1 MHz. Note the change in
the vertical log scale at SE = 1 × 10−17 V2 m−2 Hz−1. The uncertain-
ties in the measured data are smaller than the symbols.

resistance in that temperature regime.1 The difference in noise
magnitude stems from the fact that the JNN estimate takes
into account the patterning of the trap electrodes, while the
FDT estimates neglect the electrode gaps. The JNN estimate
also rules out JNN as explanation for the increase in measured
noise magnitude at the highest temperatures. For T > Tc, JNN
contributes with only 5.3% to 12.8% to the measured noise,
significantly less than the observed increase in noise by about
a factor 2.5. While the contribution of JNN is small, its flat
spectral dependence still leads to a small shift of the fitted
power-law exponent α. This shift is shown in Fig. 4, where we
use the JNN estimate to retrieve the actual exponent α of the
observed noise without the JNN contribution (gray squares).
Details on the derivation of the JNN estimate are given in
Appendix D 2 of Ref. [28].

The second potential cause of the observed ion heating
is surface noise (scenario 2). Previous studies have observed
surface noise with a power-law (SE ∝ T β) or Arrhenius (SE ∝
e−T0/T ) temperature dependence [21,27,49,50]. Such depen-
dencies are not compatible with the sudden, kinklike onset
of a plateau observed in our data, Fig. 5. Fitting these mod-
els to our data, we rule out both, power-law and Arrhenius
scaling, with 99.9% confidence (details in Appendix D 4 of
Ref. [28]). A leveling-off in the temperature dependence of
E -field noise, resembling the onset of a plateau, has recently
been observed by Noel et al. [51], albeit with the leveling-off
occurring at a temperature T ≈ 450 K, much higher than the
onset of the plateau in our data. The noise in Ref. [51] was
shown to be consistent with a thermally activated fluctuator
(TAF) model. However, our measured temperature and fre-
quency dependencies, Figs. 3 and 4, are not consistent in the
context of the TAF model, as we show in Appendix D 4 of
Ref. [28]. Putting aside standard surface noise models, one
might conceive a simple explanation for the coincidence of the

1Noise from the YBCO electrodes in the normal-conducting phase
has been shown to be in excellent agreement with JNN [25].

064513-5



P. C. HOLZ et al. PHYSICAL REVIEW B 104, 064513 (2021)

noise plateau onset with the critical temperature T ∗ ≈ Tc: the
activation of surface noise by a mechanism linked to processes
within the YBCO film. Such a hypothetical mechanism could
for instance be phononic excitation of two-level fluctuators
on the YBCO surface, where the temperature dependence
of the phonon mode occupation density is imprinted on the
noise. In such a scenario, one would expect noise above
the YBCO film to differ from noise above a gold
surface. While our measurements at different axial positions
did not show an observable spatial variation in noise mag-
nitude, this does not rule out such activation mechanisms:
the change in axial position remained small compared to the
extent of the exposed YBCO area AYBCO since the trap is
designed to create axial confinement only around the center.
We note that at the trap center, surface noise from the exposed
YBCO surface would dominate with 94% over surface noise
from the surrounding gold area, assuming identical fluctua-
tion strengths on the different surfaces, as we calculate in
Appendix D 4 of Ref. [28].

Third, one might explain the drop in heating rate at T <

Tc with a temperature-dependent attenuation of electric-field
noise by superconducting screening effects of the YBCO film
(scenario 3). In this scenario, the origin of the dominant noise
remains unclear and could be either technical noise, JNN, or
surface noise. For instance, the heating rate might be limited
by surface noise with a power-law temperature dependence
that is constant below the activation temperature T2 ≈ 200 K
(see Fig. 5), and which is then screened at T < Tc. Naturally
one would expect the strongest screening for noise sources
at the substrate-YBCO interface or within the substrate bulk,
similar to effects seen in cold-atoms experiments using super-
conducting chip traps [45,52]. However, considering that the
YBCO film imposes boundary conditions on the electric-field
noise [44], it might also influence the noise magnitude at the
ion position of more distant noise sources, such as technical
noise on one of the trap electrodes. In fact, after heating the
trap to T ≈ 250 K we have seen a change in the noise level at
smaller temperatures, which had previously been reproducible
for several temperature cycles of the cryogenic setup. That
suggests that the strong local heating may have altered some
electrical properties of the supply lines, leading to a change
in the observed noise level. This hypothesis could be tested
by injecting technical noise through one of the trap electrodes
and measuring its dependence on the trap chip temperature.
Unfortunately, at the time of the study, such a measurement
was not performed.

V. CONCLUSION

In this article we have described the probing of electric-
field noise in a surface ion trap made from the high-Tc

superconductor YBCO. In our first study we have investi-
gated the impact of superconducting electrode leads on the
ion heating rate. The lead dimensions are comparable to those
in advanced trap designs that aim at scaling-up trapped-ion
quantum computers [13,22–24]. Our data show that bulk noise
from the superconducting leads is negligible at a sensitiv-
ity level of SV = 9 × 10−20 V2/Hz, given by the background
noise in our experiment. In comparison, leads made from
standard trap materials such as Al create noise similar to this

background noise, and would thus lead to excess ion heating
in traps with multiple leads as used for ion shuttling. Future
trap designs could for instance be realized with a multilayer
structure, using a superconducting bottom layer to route sup-
ply leads to the trap electrodes on the top layer, which could
be made from gold or any other metal.

In the second study we have investigated the possible ori-
gin of the background electric-field noise in our ion trap.
The observed field noise has an approximate 1/ f frequency
scaling and shows a striking temperature dependence, cor-
relating with the superconducting transition: below Tc, the
noise increases with rising temperature, while above Tc it
shows a pronounced plateau, where the noise level is con-
stant over a range of about 60 K. We have ruled out that
the noise originates in the bulk of the YBCO film itself,
which leaves two options: First, the ion heating is caused by
surface noise activated by processes within the YBCO bulk
through an unknown mechanism. This mechanism imprints
the temperature dependence of the bulk processes onto the
measured noise. Second, the measured temperature depen-
dence is caused by a temperature-dependent screening effect
in the superconducting phase, attenuating a quasiconstant
noise source. This source could be technical noise penetrating
through the low-pass filters, but also surface noise with a
high activation temperature around T = 200 K. Further exper-
iments are required to distinguish between options one and
two. Attenuation of external noise sources by a supercon-
ducting trap material could be probed by means of technical
noise injection [53] and would be of immediate relevance for
trapped-ion experiments requiring a low electric-field noise,
e.g., scalable quantum information processors. Distinguishing
between screening of surface noise from the sapphire-YBCO
interface and an activation mechanism of surface noise by pro-
cesses within the YBCO bulk would be quite challenging. One
option might be in situ cleaning of the chip surface, e.g., by ion
bombardment [18,19]. A measurement of the spatial variation
of the noise above YBCO and metallic surfaces could provide
important information as well. Additional insights could be
gained by measuring ion heating in several traps with different
YBCO material properties, varying the film thickness and
oxygen content which controls the charge carrier density [54].
Such measurements could shed new light on the mechanisms
driving surface noise and might even provide input for the
understanding of the various phases in YBCO that are still
not fully understood [55].
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