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Quantum error correction will be an essential ingredient in realizing fault-tolerant quantum computing.
However, most correction schemes rely on the assumption that errors are sufficiently uncorrelated in space
and time. In superconducting qubits, this assumption is drastically violated in the presence of ionizing
radiation, which creates bursts of high-energy phonons in the substrate. These phonons can break Cooper
pairs in the superconductor and, thus, create quasiparticles over large areas, consequently reducing qubit
coherence across the quantum device in a correlated fashion. A potential mitigation technique is to place
large volumes of normal or superconducting metal on the device, capable of reducing the phonon energy to
below the superconducting gap of the qubits. To investigate the effectiveness of this method, we fabricate
a quantum device with four nominally identical nanowire-based transmon qubits. On the device, half
of the niobium-titanium-nitride ground plane is replaced with aluminum (Al), which has a significantly
lower superconducting gap. We deterministically inject high-energy phonons into the substrate by voltage
biasing a galvanically isolated Josephson junction. In the presence of the small-gap material, we find a
factor of 2—5 less degradation in the injection-dependent qubit lifetimes and observe that the undesired
excited qubit state population is mitigated by a similar factor. We furthermore turn the Al normal with a
magnetic field, finding no change in the phonon protection. This suggests that the efficacy of the protection
in our device is not limited by the size of the superconducting gap in the Al ground plane. Our results
provide a promising foundation for protecting superconducting-qubit processors against correlated errors
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from ionizing radiation.

DOI: 10.1103/PhysRevApplied.19.024014

I. INTRODUCTION

Superconducting qubits are one of the prime candi-
dates in the global effort toward building a quantum
computer. Tremendous technological advances have been
achieved over the past decade, heralding the advent of
noisy intermediate-scale quantum technologies [1-3]. In
order to go beyond this intermediate scale and harness the
full potential of quantum computers, fault-tolerant quan-
tum computing will be required. Remarkable progress has
been made in terms of implementing error detection and
correction in recent years using superconducting circuits
[4-9]. A key assumption of most quantum error-correction
schemes is that qubit errors are spatially and temporally
uncorrelated; however, that appears to be drastically vio-
lated in large-scale superconducting-qubit arrays. In Ref.
[10] it has been shown that cosmic rays and ambient
radioactivity can deposit large amounts of energy into the
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substrate of the device in the form of phonons. These
phonons travel over distances of centimeters, breaking up
Cooper pairs and leading to decreased qubit coherence
over time scales of milliseconds, causing correlated error
events [10—16].

Several mitigation strategies have been proposed to
combat these ionizing impact events at the level of the
quantum device, such as the direct trapping of quasipar-
ticles through gap engineering [17-20] as well as imped-
ing the propagation of phonons by substrate modification
[21-24]. A complementary approach is the use of so-called
phonon traps [15,23,25-27]. Made from a normal or super-
conducting material with a small superconducting gap,
phonon traps dissipate the phonon energy through scatter-
ing events until the resulting phonons have too little energy
to break Cooper pairs in the qubit layer. A key difference
of phonon traps compared to the direct trapping of quasi-
particles is that the traps also target the phonons while
they are en route to the qubits, before error events occur.
Furthermore, phonon traps do not have to be galvanically
connected to the circuit; nor do they even have to be
embedded into the same plane of the chip, as long as

© 2023 American Physical Society
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they connect to the substrate. It is therefore possible to
design phonon traps without introducing qubit dissipation
from coupling to lossy materials [19] and with no added
strain on the increasingly complex task of control-line
routing [28].

I1. DEVICE

To date, the efficacy of phonon traps has been demon-
strated for superconducting resonators [25,26] and kinetic
inductance detectors [23]. In this paper, we set out to
investigate their effectiveness in protecting superconduct-
ing qubits by fabricating a 6 x 6 mm? chip containing four
nanowire transmon qubits [29,30], one in each corner of
the device [Fig. 1(a)]. All transmons have identical geome-
tries [Fig. 1(b)] and are excited and read out via individual
coplanar waveguide resonators coupled to a common feed
line. The transmon islands, resonators, and feed line are
dry etched from a 20-nm-thick niobium-titanium-nitride
(NDb-Ti-N) thin film deposited on a 525-pm-thick high-
resistivity silicon substrate. We implement the phonon
traps by partially removing the Nb-Ti-N ground plane on
one half of the chip and replacing it with 200 nm of alu-
minum (Al) deposited by electron-beam evaporation and
patterned by lift-off [cf. Fig. 1(e)]. Furthermore, the Al
and Nb-Ti-N layers are galvanically connected by a 20-
pm-wide region of overlap between them. We leave a
290-pm region of Nb-Ti-N around all qubit islands to
suppress direct quasiparticle trapping in the Al layer sur-
rounding the qubit [18,19]. While quasiparticle trapping
can be of great use in practical qubit applications, the
goal of this study is to evaluate the effect of phonon trap-
ping only. Finally, the full backside of the chip is glued
to a solid copper block using thermally conductive sil-
ver epoxy. Through the copper, the chip and surrounding
enclosure are thermally anchored to the mixing chamber of
a dilution refrigerator at approximately 20 mK.

Each transmon island is connected to ground via a nomi-
nally 10-pwm-long epitaxial semiconductor-superconductor
nanowire, consisting of a 110-nm-wide hexagonal InAs
core and a 6-nm-thick Al shell covering two of its facets
[31]. By selectively removing a 100-nm-long segment
from the Al shell, we define a semiconducting Joseph-
son junction, the Josephson energy of which can be tuned
with a single bottom-gate electrode via the field effect
[29,30]. A second gate electrode is present under an InAs-
Al region of the nanowire, allowing for capacitive tuning
of the offset charge of the island and aiding in the estima-
tion of the qubit parameters (see the Supplemental Material
[32]). The choice of nanowire-based junctions over con-
ventional tunnel junctions is motivated by their magnetic
field compatibility [33—35], allowing us to study the depen-
dence of the phonon-trapping efficacy on the size of the
superconducting gap in the 200-nm-thick Al ground plane
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FIG. 1. A false-colored (a)e) device overview and (f)—(h)
sketch of the phonon mitigation process. (a) Four nanowire trans-
mon qubits [(b), dashed boxes] are coupled to individual readout
resonators, which in turn are coupled to a common feed line. Two
nanowire-based junctions are additionally present for phonon
injection [(c), turquoise boxes] and are galvanically isolated from
the qubit ground plane (bottom junction not operational). All
structures are patterned from Nb-Ti-N (light orange), except for
the majority of the left half of the ground plane, which is made
from a thick aluminum film (red) [see the device cross section in
(e); lateral dimension not to scale]. Electrostatic gates below the
junctions tune the resistance of (c) the phonon injector and (d) the
Josephson energy of the qubits [an enlargement of (b)], respec-
tively. A second gate per qubit allows for independent tuning
of the qubit charge offsets. (f) Quasiparticles excited by voltage
biasing of the injector relax to the superconducting gap edge and
recombine, emitting phonons (black and orange arrows, respec-
tively). (g) The emitted phonons propagate via the substrate and
those with energies larger than twice the superconducting gap
> 2Ajarge induce Cooper-pair breaking, relaxation, and recombi-
nation cycles, eventually exciting quasiparticles in the qubits. (h)
In the presence of a small-gap superconductor, these cycles pro-
duce phonons of energy < 2Agman instead (red arrows), which
cannot break Cooper pairs in the qubits.

without strongly affecting the qubit parameters (see the
Supplemental Material [32]).

A key feature of our device is two additional semicon-
ducting junctions used for phonon injection. Identical to
those used for the transmons, the junctions are located
at the top and bottom of the front side of the chip but
are galvanically isolated from the qubit ground plane [see
Fig. 1(a)]. They are connected to source and drain leads
made from the Nb-Ti-N base layer to allow for voltage
biasing and current sensing, while the resistance of the
junctions can be tuned with a bottom-gate electrode (see
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the Supplemental Material [32]). In this paper, only the top
junction is used, as the bottom junction is not functional.
Given that the four qubits can be uniquely identified based
on their distance from the top junction (1.8 mm or 4.4
mm; see the Supplemental Material [32]) and whether their
ground plane is made from Al or Nb-Ti-N, in what fol-
lows we label them as the Neary;, Nearny-Ti.n, Fara;, and
Faryp.ti-n qubits.

The top junction serves to inject phonons over a broad
spectral distribution up to energies < eVpis — 2Ay into
the substrate of the chip, where A,, is the supercon-
ducting gap of the injector junction [36]. This technique
originates in the investigation of nonequilibrium phonon
dynamics [37—39] and has more recently been adapted for
experiments involving superconducting quantum circuits
[25,40,41]. The purpose of the injection junction is to qual-
itatively reproduce the phonon spectrum present several
microseconds after a cosmic ray impact event. By virtue
of the phonononic dispersion relation and interactions with
the superconducting layers, at this stage most of the energy
will have been converted into phonons with a broad energy
spectrum ranging up to several millielectronvolts [15],
similar to the spectrum resulting from the phonon injection
by voltage biasing a Josephson junction. However, the total
energy of an impact event, ranging up to megaelectronvolt
scales, remains difficult to experimentally generate using
Josephson junctions [15,36].

II1. PHONON INJECTION AND PROPAGATION

As the phonon injection and propagation process is
central to this experiment, we briefly discuss the oper-
ation mechanism here and it is visually represented in
Figs. 1(f)-1(h). We set the bottom-gate voltage of the
junction such that we operate in the tunneling regime,
where the supercurrent at bias voltage, Vs = 0, is fully
suppressed (see the Supplemental Material [32]). For volt-
ages Vpias < |2Anw| /e applied between the leads of the
junction, there is thus no current, where A, is the super-
conducting gap of the InAs-Al nanowires. However, for
voltages Vyias > |2Anw| /e, Cooper pairs can be broken
up and a quasiparticle current will run across the junc-
tion [see Fig. 2(a)]. The quasiparticles then diffuse around
the vicinity of the junction and its leads, scattering and
relaxing to the gap edge of the superconductors, produc-
ing relaxation phonons of energies up to £ = eVpjas — Anw
in the process [see Fig. 1(f) and Ref. [36]]. The now-
relaxed quasiparticles can subsequently also recombine
with other quasiparticles, emitting recombination phonons
of energy E = 2A,, [42]. These phonons either break
up new Cooper pairs in the metal layer or they escape
into the substrate, where they can rapidly travel over dis-
tances of several times the size of the chip, scattering
off the boundaries [43]. The phonons can thus end up
at the qubits, creating quasiparticles and inducing losses
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FIG. 2. The added-qubit-loss due to phonon injection. (a) The
current-voltage (/-V) characteristics of the Josephson junction
used to inject phonons measured using the circuit shown in
the inset. The “A” denotes a current meter. (b) Representative
qubit-lifetime (77) measurements on the Farny.tin qubit for bias
voltages Vpias of 0 and 1.2 mV applied across the injector. The
data (markers) are fitted with an exponential decay (solid lines),
yielding lifetimes of 3.8 s and 1.3 ws, respectively. In the pulse
sequence X denotes the pulse to excite the qubit, while RO indi-
cates the readout pulse. (c) The qubit lifetime 7T of the Farnp.tin
qubit as a function of V. (d) The added-qubit-loss rate I'; as
a function of Vy;,s for all four qubits (the labels apply to all pan-
els). We define the added I'; as the bias-voltage-dependent loss
rate minus the average baseline value for |eVpias| < 2Anw [cf.
(©)]. (e) The added Ty as a function of the delay time 7; after a
square injection pulse with a duration of 20 s and an amplitude
of approximately 3 mV. The loss rates are fitted with an expo-
nential decay (solid line), yielding recovery times of 80 £ 9 s
(blue) and 67 £ 5 s (orange). The error bars in (c)e) denote
the standard deviation over five repetitions.

proportional to the excess quasiparticle density xq, [44]
[see Fig. 1(h)]. However, if the phonons encounter the
Al traps en route to the qubits, part of their energy can
be dissipated in further cycles of Cooper pair breaking,
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relaxation, and recombination [Fig. 1(g)]. The resulting
phonons of energy £ < 2A,, can no longer excite quasi-
particles in the qubit structures, for which the supercon-
ducting gaps of the islands, Anp.tin > 1500 peV, and of
the nanowires Ay, = 270 eV are larger than that of the
traps Ayap = 180 eV (see Refs. [45-47]; see also the
Supplemental Material [32]).

We note that at cryogenic temperatures, phonons move
through the silicon substrate virtually unimpeded with a
velocity of approximately 6 mm js~! and thus traverse the
chip on microsecond time scales. Additionally, we expect
the scattering length of phonons in the Al film to be com-
parable to the thickness of the Al trapping region, such that
they have a significant probability of escaping from the
film without creating quasiparticles [15]. Thus, we antic-
ipate the phonons to be able to fully traverse the chip,
with the main impediments to their propagation coming
from the probability of scattering into quasiparticles and
from the probability of escaping through the silver epoxy
on the backside of the sample. However, accurate mod-
eling of the phonon distribution in the substrate would
critically rely on phonon-transfer rates through the various
interfaces, the scattering lengths in the different materi-
als, and adequate numerical simulations of the phonon
propagation trajectories (cf. Ref. [43]).

IV. MITIGATION OF LOSS DUE TO PHONON
INDUCED QUASIPARTICLES

To investigate the effectiveness of the Al ground plane
to protect against high-energy phonons, we perform qubit
lifetime (7 ) experiments on all four qubits while we apply
a constant bias to the phonon injector, which causes the
T, time to decrease as shown in Fig. 2(b). For bias volt-
ages within the gap, 7; remains essentially constant [see
Fig. 2(c)], while 7| decreases drastically at the onset of
the quasiparticle current, with a kink at 2A,,, originating
from the enhanced conductance at the gap edge (see the
Supplemental Material [32]). As the qubit is over 4 mm
away from the galvanically isolated injector junction, this
suggests that the losses indeed originate from phonons that
have traveled through the substrate [25]. We then compare
the added loss rate I'y (Vpias) = 1/T1 (Vbias) — 1/ T1 (Voias <
|2Aqw/e]) of each qubit, where we subtract the baseline
loss rate measured inside the superconducting gap. As can
be seen in Fig. 2(d), the Fara; qubit has an up to 8 times
smaller added loss rate than the Nearyy.ri.n qubit. How-
ever, this comparison involves both a larger separation
from the injector and the presence of phonon traps. To dis-
entangle the two effects, we compare the qubits at equal
distance from the injector. The Neara; qubit has an up to
2.5 times smaller added loss rate than the Neary,_i.n qubit,
supporting the notion that the presence of the Al phonon
traps leads to resilience against phonon-induced losses.
For the Farny.1i.n and Fara; qubits, the improvement even

reaches up to a factor of 5, suggesting that an increased
area of the trapping region increases the efficacy (see the
Supplemental Material [32]). We note that the improve-
ments are bias dependent, tending toward a constant value
for bias voltages above 1.5 mV, several times the size of
Any-

So far, we have focused on phonons that are con-
tinuously injected into the chip by applying a constant
bias voltage across the injector. However, in the impact
events of ionizing radiation, the phonons are created in
bursts. To test whether our findings still hold under such
circumstances, we repeat the same experiment using a
pulsed phonon-injection scheme. We now apply a square
pulse of duration 20 ps at an amplitude of approximately
3 mV across the injector. This would result in an energy
of approximately 5 keV if all energy was transduced
into phonons—about 2 orders of magnitude smaller than
during a typical high-energy particle impact but with a
spectrum similar to that some microseconds after the ini-
tial impact [15,36]. Subsequently, we measure the qubit
loss as a function of the delay time after the injection
event [Fig. 2(e)]. The recovery of the added loss rate with
the delay time follows an exponential form, suggesting a
recovery dominated by quasiparticle relaxation rather than
by recombination, for which the recovery is governed by
a hyperbolic cotangent function [17]. We find that at zero
delay time, the Fary,.rin qubit is affected 4 times more
than the Fara; qubit, consistent with the results for con-
tinuous injection. We further note that the recovery times
are approximately equal at 80 &9 ws [67 & 5 ws] for the
Farnp.ri.n [Fara;] qubit. We do not observe any significant
enhancement of the recovery time due to the presence of
the Al phonon traps, so the recovery time might instead
be dominated by quasiparticle dynamics near the junction,
such as quasiparticle trapping and diffusion rates. The lat-
ter could be addressed with quasiparticle traps rather than
with phonon traps [18,19]. Alternatively, the phonon traps
could have a similar effect on recovery times across the
device, as the phonons can traverse the chip on time scales
of a few microseconds [15]. We note that the time scale for
phonons to leave the chip is also several microseconds and
this is therefore unlikely to be the limiting mechanism of
the observed recovery time.

V. INCREASED EXCITED-STATE POPULATION
DUE TO PHONON INJECTION

In the measurements of the qubit loss rates, we addi-
tionally find that the qubit readout signal becomes smaller
with increasing bias voltages, requiring substantially more
repetitions to obtain the same signal-to-noise ratio (SNR)
at elevated bias. To investigate this effect, we monitor the
resonator response of the Faryy_ri.n qubit using single-shot
readout in the absence of any qubit-excitation tones. For
0-mV bias, this results in a double Gaussian distribution of
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FIG. 3. The increased excited-state population due to phonon

injection. (a) A histogram of the resonator response for the
Farnp.rin qubit at Vs = 0 mV. Each individual shot corre-
sponds to the integrated output signal for a readout time of
500 ns. The resulting histogram (markers) is fitted with a dou-
ble Gaussian function (solid line), from which we estimate a
ground-state population of 93%. (b) The same as (a) but for
Vbias = 2.5 mV, from which we estimate a ground-state popu-
lation of 35%. (c) Representative time-Rabi experiments on the
Farnp.1i.n qubit for the values of V.5 used in (2) and (b). The data
(markers) are fitted with an exponentially decaying cosine (solid
line). (d) The extracted Rabi-oscillation amplitude 4 normalized
to its value at zero bias, measured as a function of Vy;,s for all
four qubits. The error bars in (d) denote the standard deviation
over five repetitions.

measurement outcomes, with 93% of the outcomes located
in a single Gaussian [Fig. 3(a)]. We interpret this output as
the signal corresponding to the ground-state population of
the transmon qubit, indicating a residual excited-state pop-
ulation of 7%. When we apply a constant bias of 2.5 mV,
the distribution changes significantly: the transmon is now
in the ground state only 35% of the time. This is consis-
tent with previous findings showing that nonequilibrium
quasiparticles with energies in excess of 2A,,, can lead
to an increased excited-state population [41,48,49]. Fur-
thermore, the fact that the ground-state population is less
than 50% could indicate that the transmon now also has a
sizable population outside of the two-level qubit subspace
and that nonequilibrium quasiparticles resulting from
high-energy phonons can thus also cause qubit leakage
errors, which are not easily mitigated in standard error-
correction schemes [50,51]. However, the SNR of our

measurements is not large enough to distinguish the dif-
ferent excited transmon states; in particular, for elevated
bias voltages that strongly reduce the qubit lifetime as well
as potentially populate a plethora of states.

To gain insight into the effectiveness of the traps in
reducing the unwanted excited population, while con-
strained by limited SNR, we perform a time-Rabi exper-
iment between the ground and first excited state of the
transmons as a function of the injection bias voltage. The
amplitude of the Rabi oscillation 4 is proportional to the
difference in the population of the transmon states involved
and, additionally, decreases in the presence of qubit leak-
age. The evolution of 4 with Vy,s 1s thus indicative of the
change in the state populations. As shown in Fig. 3(c),
the amplitude of the oscillations for the Farny.rin qubit
indeed decreases significantly at Vyj,s = 2.5 mV compared
to that at 0 mV. We repeat this experiment for all qubits,
normalizing the Rabi amplitude to its value at zero injec-
tion voltage. We find results comparable to those of the
added-qubit-loss-rates, with the Neara; qubit again show-
ing a reduction in Rabi amplitude of up to 5 times more
than that of the Fary,.rin qubit. This difference indi-
cates that phonon traps can thus also serve to reduce the
unwanted excited-state population induced by the genera-
tion of nonequilibrium quasiparticles by phonons. We note
that such energetic quasiparticles are likely only produced
during the initial phase following an impact event [10,15],
while they are constantly observed in this experiment due
to the continuous injection of high-energy phonons.

VI. SUPERCONDUCTING vs. NORMAL
CONDUCTING PHONON TRAP

Having established moderate protection due to the Al
traps, we investigate how the difference in the super-
conducting gap between the trapping and qubit materials
influences the effectiveness of the trapping process. For
the trapping process to be of use, the superconducting gap
of the trap must be smaller than that of the qubit layer
[cf. Figs. 2(f)2(h)]. Furthermore, as the relaxation rate
of quasiparticles excited inside the trap grows with their
energy above the gap edge [19,52], one would assume
that the absolute size of gap should also be a relevant
metric. Ignoring potentially detrimental effects from elec-
tromagnetic coupling, a normal metal (with no spectral
gap) might thus be particularly suitable as a trapping mate-
rial [15,25]. We investigate this hypothesis in sifu, making
use of the inherent magnetic field compatibility of the
nanowire transmon qubits and their readout circuit, which
have been shown to be operable up to parallel fields in
excess of 1 T [33—35,53]. This is in contrast to the 200-nm-
thick Al, which turns normal at significantly lower fields of
approximately 30 mT [see Fig. 4(b) and Ref. [54]].

We repeat the measurements of the added loss rate in
the presence of a constant bias voltage for different applied

024014-5



ARNO BARGERBOS et al.

PHYS. REV. APPLIED 19, 024014 (2023)

T (a)
g9 ¢ Neara, 20 mT 10%
<, 2% Neara, 40 mT agdo8V 1
= Y% Fary, 20 mT o0%Y
kel A0V
9 Fara, 40 mT AAA,\A o TR
© ¢ A @
< o N b f “l T T
0 1 2 3
= Vbias (MV)
o 4
= ") A
N
5 o
=z
=~ 1.5 1 (C) - Nearp (d)
'.:,1,_ 1.0 Farp
= 0.5 - —>5)
—
©w 0.0 1
_0-5 T T T T T T T

10 20 30 40 50 60
In-plane magnetic field B (mT)

70 Reference

FIG. 4. The magnetic field independence of the added-qubit-
loss. (a) The added I'; as a function of Vi, for the two qubits
with an aluminum ground plane at magnetic fields B of 20 and
40 mT applied in the plane of the chip [cf. (c), inset]. (b) The
four-point measurement of the normalized aluminum film resis-
tance Ry as a function of Bj. The “A” denotes a current meter
and “V” denotes a voltmeter. (c) A scatter plot showing the dif-
ferences between the V.5 dependence of 'y at zero and elevated
B for the two qubits with an aluminum ground plane. Each data
point represents the difference in rates 6I'; evaluated at equal
Viias- The horizontal line indicates the mean of 61"y over all Vpys.
The inset shows the direction of the applied magnetic field with
respect to the cross section of the chip. (d) The same type of
plot as (c) but showing the difference between the Neary; and
Nearny.1i.n qubits at zero applied magnetic field [data shown in
Fig. 2(d)]. This serves as a reference for the data in (c).

magnetic fields. Contrary to expectations, the added loss
rate does not appear to change after passing the critical
parallel field of the thick Al [Fig. 4(a)]. In fact, we do
not detect any significant change as a function of magnetic
field between 0 and 70 mT, far in excess of the critical
field [Fig. 4(c)]. To elucidate the implications of these
findings, we conservatively estimate the relaxation rate of
quasiparticles at energy 2Ay,, to be at least 30% faster in
normal-state Al than in zero-field superconducting Al due
to the reduction in the gap size [19]. Given that despite this
no improvement is observed, we conclude that the rate at
which excited quasiparticles relax inside the phonon trap
is not what sets the effectiveness of our phonon traps.

We instead consider that the bottleneck for the trapping
efficacy is the rate at which phonons are able to scatter and
excite quasiparticles in the trapping layer. This rate has
two primary components: the scattering rate of phonons
into quasiparticles inside the Al and the transmission prob-
ability for phonons to cross from the silicon substrate
into the Al. The first component is predicted to decrease

moderately when entering the normal state [15]; a negative
change in trapping efficacy would thus have been observed
if this was the limiting factor. The second component, the
transmission probability, is not expected to be a function
of the field. Consequently, we hypothesize that the trap-
ping is limited by the poor interface between the substrate
and the Al layer [43,55], making it difficult for phonons to
enter the traps. In our device, this is potentially exacerbated
by the dry-etching procedure used to remove the Nb-Ti-N
layer before Al deposition, which roughens the underlying
silicon, reducing phonon transmission across the metal-
substrate interface. We again note that the magnetic field
experiment is performed using continuous injection rather
than using pulsed injection. Potential improvements dur-
ing the phase where most phonons are reduced to energies
of 2 Ay might thus be obfuscated by the constant influx of
new high-energy phonons.

VII. CONCLUSION

In conclusion, we find a factor of 2—5 improvement
in the protection against phonon-induced degradation of
qubit lifetimes for transmon qubits surrounded by Al
phonon traps. This level of improvement is in line with
previous results on phonon trapping for superconducting
resonators [25,26] and kinetic inductance detectors [23],
here demonstrated at the level of sensitivity of transmon
qubits. Additionally, we demonstrate that phonon traps can
also be used to combat the increase in the excited-state
population due to the generation of energetic quasiparticles
from phonons. While the obtained improvements are mod-
est, we emphasize that this is a conservative estimate for
realistic multiqubit arrays. With mean free paths exceeding
several times the size of the chip, phonons in the sili-
con are able to travel vast distances and thus it is likely
that the two Nb-Ti-N—based qubits also benefit from the
presence of the Al traps. Therefore, we believe that the
improvement found is a lower bound on what could be
obtained when comparing different chips with and without
traps, which we choose not to do to exclude unintended
differences between devices and thermal anchoring of the
respective chips. Furthermore, we deliberately thermally
anchor the full backside of the chip, allowing phonons to
leave the device via the substrate. This is in contrast to
most superconducting-qubit implementations, where the
chips are mounted in a floating configuration [15,56,57].
In these devices, the main path for the phonons to escape
the device is through the wire bonds at the perimeter of the
chip, a slow process that enhances the probability of the
phonons interacting with the traps in such devices.

Finally, we highlight the fact that phonon traps are
also relevant for transmons realized with conventional Al-
AlO,-Al Josephson junctions [46], as well as for other
types of superconducting qubits, such as fluxoniums [59]
and novel protected qubit designs [60]. The enhanced
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rates of quasiparticle poisoning events following an impact
event are also expected to be highly detrimental for parity-
based qubits such as Andreev qubits [61,62], as well as
for topologically protected Majorana qubits [63,64]. The
current generation of devices used in these qubit platforms
relies on the same type of superconductor-semiconductor
nanowires as used in this experiment. Furthermore, while
not directly sensitive to superconductor-based quasiparti-
cles, spin qubits are known to suffer phonon-mediated back
action [65,66] and might also suffer from correlated errors
due to phonon impacts, although to what extent remains to
be investigated.

The data and analysis code that support the findings of
this study are openly available in 4TU.ResearchData [75].
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similar experiment by laia et al. [58]. In their work, the
authors compare the impact of high-energy phonons on
two separate transmon chips, where one chip has a 10-
pm-thick Cu film deposited on its backside. For the Cu-
covered device, they find a reduction in phonon-induced
qubit errors by more than a factor of 20. These find-
ings strongly complement the results of this paper, where
we instead investigate the effect of superconducting traps.
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correlated errors to below the level required for fault-
tolerant operation.
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