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The connectivity within single carrier information-processing devices requires transport and stor-
age of single charge quanta. Our all-electrical Si/SiGe shuttle device, called quantum bus (QuBus),
spans a length of 10µm and is operated by only six simply-tunable voltage pulses. It operates in
conveyor-mode, i.e. the electron is adiabatically transported while confined to a moving QD. We
introduce a characterization method, called shuttle-tomography, to benchmark the potential imper-
fections and local shuttle-fidelity of the QuBus. The fidelity of the single-electron shuttle across the
full device and back (a total distance of 19µm) is (99.7 ± 0.3)%. Using the QuBus, we position
and detect up to 34 electrons and initialize a register of 34 quantum dots with arbitrarily chosen
patterns of zero and single-electrons. The simple operation signals, compatibility with industry
fabrication and low spin-environment-interaction in 28Si/SiGe, promises spin-conserving transport
of spin qubits for quantum connectivity in quantum computing architectures.

Controlling local charge densities in a semiconductor
by metallic gate-electrodes sets the foundation of modern
nanoelectronics. Raising their density triggered quantum
mechanical effects paving the way to various nanoelec-
tronic devices operating with single charge quanta. Dis-
crete charge states of quantum dots (QDs) are stored to
process digital information [1] and the spin of individual
electrons is used to encode quantum bits for quantum
computing in semiconductors [2, 3]. The exchange of
charge quanta between functional blocks such as charge-
photon interfaces [4–6], quantum registers [7], spin ma-
nipulation zones [8], single charge detectors [9] and cur-
rent standard devices [10] would lead to quantum devices
with new functionalities.

For conventional electronics, wires transport currents
or voltages over extended distances. In quantum tech-
nology, wires cannot transport individual charges, as
disorder limits their localization length hardly exceed-
ing 100 nm. In micron-sized quantum structures, the
charging energy becomes impractically small for utiliz-
ing charge states with definite electron number. Here we
present a device named quantum bus (QuBus) [11, 12],
which can solve this fundamental difficulty and might
provide the key for the required [13, 14] scale-up of quan-
tum computing architectures [15–18].

Single electron [19, 20] and spin-conserving electron
[21] shuttling has previously been demonstrated employ-
ing surface acoustic waves in piezoelectric semiconduc-
tors. Shuttling in non-polar materials such as silicon,
which is highly attractive for quantum computing with
electron-spins [22–25], becomes more involved, as the
electron transport requires a series of top gates. This ad-
ditional complexity comes with the benefit of electron ac-
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celeration and velocity control [26–30]. In particular, the
conveyor-mode shuttling approach in Si/SiGe combines
this advantage with predictable spin coherence during
shuttling and the requirement for just four input signals
independent from the length of the shuttle device [12].
High-fidelity short-range conveyor-mode charge and spin
shuttling has been demonstrated [11, 31].

In this work, we all-electrically position and detect up
to 34 electrons in a single-electron conveyor-mode QuBus
in Si/SiGe. Despite its length of 10µm and more than
100 electrostatic gates, the QuBus can be controlled by
only six input terminals with low voltage pulse complex-
ity. We introduce a characterization method we call shut-
tle tomography to benchmark the local shuttle fidelity of
the QuBus using a single electron as a probe. By com-
posing elementary pulses, we can control and detect any
single electron pattern filling a series of 34 QDs. The
conveyor-mode shuttle approach opens up new possibil-
ities for probing local potential disorder in a quantum
well, detecting single electrons with high lateral resolu-
tion across a length of 10µm and boosting multi-electron
control for scalable spin qubit quantum computation.

QUBUS DEVICE AND PULSE SEGMENTS

Our QuBus device consists of an undoped
SiGe/Si/SiGe quantum well on top of which three
electrically isolated metallic gate layers are fabricated
by electron-beam lithography and metal lift-off (see the
methods section for details on the device fabrication).
The 10µm long grounded split-gate on the first layer
defines a nominally depleted one-dimensional electron
channel (1DEC) in the quantum well. More than 100
clavier gates, equally distributed among the second and
third layer above the 1DEC, enable the approximately
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Fig. 1. QuBus device and pulse segments. a, False-colored scanning electron micrograph of a top-view on a device nominally
identical to the measured device. The gate labelled TGL overlaps with two barrier gates LB1 and LB2 and accumulates the
electron reservoirs for the left SET. The gate labeled TLB2 is electrically connected to terminal S4. b, Charge stability diagram
for controlling the QD0 filling (numbers) by individually pulsed terminals TLP and TLB1. Symbols indicate positions in gates
space consistent with panels c and d. The electrostatic potential of the SET and QD0 are sketched for three positions beneath
panels c, d. c, Voltage pulse segments ∆V for loading one (solid line) and zero electrons (dashed line) labelled P1 and P0,
respectively. Colors refer to the input terminals TLP and TLB1 (see legend). d, Voltage pulse segment DL for detecting an
electron in QD0 by the left SET. After detection the electron is unloaded to the SET. e, f Pulse segments λ+1 and λ−1 for
shuttling an electron by a distance λ in positive (panel e) and negative (panel f) x-direction using all terminals Si (see legend).
All unchanged voltages during pulse segments are not plotted in panels c to f.

uniform movement of single electrons (conveyor-mode
shuttling) along the x-direction (Fig. 1a). Notably, every
forth clavier gate is electrically connected to one of four
gate sets Si (i = 1...4).

On demand, a single electron can be loaded into
the 1DEC from the left single-electron transistor (SET)
formed by the gates TGL, LB1, LP and LB2. The
plunger gate TLP of the leftmost quantum dot QD0 con-
trols the loading of exactly one electron from the SET
to QD0. The corresponding voltage pulses in gate space
are indicated in Fig. 1b from the yellow dot to the blue
square. This is followed by raising the tunnel barrier
by gate TLB1 (pink triangle in Fig. 1b,c). We label the
corresponding pulse segment as P1. If the voltage VTLP

applied to gate TLP remains low during the entire seg-
ment, no electron is loaded which we label as P0 (Fig. 1c).
Reversely, we can also use the SET current I to detect
either zero or one electron in QD0 by the pulse segment
DL (Fig. 1d). If an electron is detected, it is unloaded
during the detection pulse (see Extended Data Fig. 1 for

details on the charge detection).
To shuttle the single electron in a moving QD, simple

sinusoidal voltage pulses VSi(t) are applied to the gate
sets Si:

VSi
(t) = AS cos

(
2πft− π(i− 1)

2

)
+Bs+∆Bs

1 + (−1)i

2
,

(1)
where the pulse amplitude AS sets the confinement
strength of the propagating sinusoidal potential created
in the 1DEC. BS and ∆BS are constant offsets for
accumulating charges in the conduction band in the
1DEC, accommodating different distances of the gate
sets from the 1DEC. The shuttle velocity is given by
fλ = 14µm·s−1, where the frequency of the shuttle pulse
is f = 50Hz and λ = 280 nm is the lateral period of the
potential in the 1DEC.

To transport all electrons in the 1DEC by a distance of
λ in the positive (negative) x-direction, the pulse segment
λ+1 (λ−1) is employed (Fig. 1e,f)). Note that all voltages
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Fig. 2. Single-charge shuttle tomography. a, The pulse sequence of a shuttling tomography experiment consists of a flush
pulse, a single-electron shuttle sequence and a reference shuttle pulse without an electron being loaded. The pulse is repeated
N -times in order to gather statistics. b, Digitized electron-detection map recorded during the single-electron shuttle pulse for
AS = 245mV and n = 7. By single-shot charge-detection (DL) of the QD0 to QD10, we either find zero (light blue) or one (dark
blue) electron for each of the 40 pulse cycles. The expected occurrence of an electron is indicated by the blue arrow and faulty
locations by black arrows. The 1−F for this specific data set is marked by a cross in the left inset of panel e. c, Relative error
counts i.e. fraction of electrons detected in QDm, if one electron is loaded in QDn for AS = 280mV and N = 1000. For each
column, we count all single-electron detection event from an electron-detection map as shown in panel b. d, Same as in panel
c, but the error counts are plotted, i.e. the difference between expected and detected electron counts. The statistics shown in
panel c and d are based on the same data set. False electron detection of QD35 is marked by an arrow. e, The shuttle infidelity
1 − F (blue dots with 1σ error bar) determined from the full shuttle-tomography sequence for AS = 280mV and N = 1000.
Number of applied λ±1-pulse segments is converted into total single-electron shuttle distance forwards and backwards. Red-line
is fit to the data (see text). Left insert: Shuttle fidelity F as a function of the total shuttle distance (forth and back) for
various AS and N = 1000 (lines are guide-to-the-eyes only). Right insert: Shuttle fidelity F as a function of AS for maximum
shuttle distance n = 34. Note that AS=280mV is only used for the forth λ+1 and for the thirtieth λ−1 shuttle pulses. The
modified single electron shuttle pulses are sketched above the corresponding inserts. The applied flush and reference pulses are
not shown for simplicity.
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applied to gates of the device return to their initial values
at the end of each λ±1 pulse segment. This implies that
the correction of the SET’s operating point for capacitive
cross-coupling to the clavier gate sets Si is constant and
thus simple. The right SET and the rightmost clavier
gates are not used here and voltages are chosen to have an
open 1DEC towards an energetically lower lying electron
reservoir. Hence, in total only six voltage pulses VSi ,
VTLP and VTLB1 given by the elementary pulse segments
P0, P1, λ+1, λ−1 and DL control the whole 10µm long
shuttle device, inside of which a total of 35 QDs (QDi

with i = 0...34) are formed along the 1DEC.

SINGLE-CHARGE SHUTTLE TOMOGRAPHY

In order to discuss the composition and interplay of
pulse segments during the operation of the QuBus, we
choose the pulse sequence called shuttle tomography as
a first example. The sequence is designed to measure the
local shuttle fidelity Fλ, i.e. the shuttle success rate of
λ+1 for a specific position of the probe electron. Thus, we
might identify local weak spots in the QuBus, although
charge detection by the SET is limited to QD0. The
strategy is to shuttle a single electron from the left end
of 1DEC further into the 1DEC by some short distance
and then back to the detector. We repeat this experiment
in order to record the shuttle fidelity and sequentially in-
crease the shuttle distance until the electron is shuttled
the full distance of 19µm forth and back. The obtained
data serves as a benchmark of the local shuttle fidelity
in the QuBus. The corresponding pulse sequence is dis-
played in Fig. 2a. First, the depleted 1DEC is loaded
with a single electron (P1) which is then shuttled into
the 1DEC for a distance of n · λ (by repeating λ+1 n-
times). Afterwards the electron filling of the first n + 4
QDs is measured by consecutively detecting (DL) and
shuttling one period back towards the SET (λ−1). Fi-
nally, we apply a reference pulse by repeating the full
pulse, but replace the P1 segment by P0. This shuttle
pulse is N -times repeated.

As an instructive subset of such a measurement over
N = 40 pulse repetitions with n = 7 and AS = 245mV,
we observe the filling of each of the first eleven QDs
as shown in Fig. 2b. During the majority of shuttle
pulses the electron remains within QD7, into which it
was loaded. This result indicates a well operating QuBus.
Sometimes the electron is detected in QD8 and QD9, thus
the shuttle process failed during these repetitions. Via
the reference pulse segment, we check whether electrons
leak into the 1DEC. Since we never observe any electrons
during the reference pulse across thousands of repetitions
for all n, we conclude that there is no such leakage and
the SET charge-detector does not faultily detect electrons
in an empty QD.

The full observation of shuttle tomography with AS =
280mV, N = 1000 and n = 1...36 shows that the single
electron is nearly always detected in the expected QDn,

into which it has been loaded (Fig. 2c and Extended Data
Fig. 2). Additionally, no electrons are observed for n =
35, 36. This is expected as the right end of the 1DEC is
open and the 1DEC only contains QD0 to QD34. Hence,
the electron is pushed out of the 1DEC through its right
end for n = 35, 36.

We introduce the electron count Cl
m to express the

number of electrons detected in QDm summing over all N
pulse repetitions where l is the expected filling of QDm,
which is 1 only for n = m and 0 otherwise. Thus, the
error count of each QD relative to its expectation is given
by ∆Cl

m = Cl
m − l · N . The single-electron error count

(Fig. 2d) reveals that in very few repetitions the electron
was detected in a QDm with m > n and almost never for
m < n. In approximately 1 % of the repetitions the elec-
trons seem to disappear (

∑
m,l C

l
m < N) (see Extended

Data Fig. 2). Remarkably, some electrons are detected
in QD35 when loaded in QD34, although QD35 does not
exist. Hence, delayed electrons got stuck during a λ−1

pulse segment, instead of hopping over one QD during a
λ1 pulse segment. This indicates a directionality of the
shuttle error.

We define one shuttle pulse as successful, if three con-
ditions are simultaneously fulfilled: (I) An electron is
detected in the n-th QD, into which an electron has been
loaded. (II) No electron is detected in all other QDs,
which are detected during the sequence. (III) No electron
is detected during the reference shuttle sequence in any
QD. We count the number of successful shuttle pulses
with the same n and divide by the total number N of
pulse repetitions to get the charge shuttle-fidelity F (n).

With AS = 280mV and N = 1000 for each of the
n = 1...34 covering a shuttle distance of 2n · 280 nm,
we observe an average shuttle infidelity of 1 − F =
(0.785± 0.051)% (Fig. 2e). This infidelity, however, also
includes errors from initialisation and detection pulse seg-
ments. Remarkably, F (n) is almost independent of the
shuttle distance. Therefore, we split the observed in-
fidelity into two error sources: First, the shuttle error
ελ occurring during each λ±1-pulse, which is a shuttle
dependent error that accumulates over the increment of
shuttle periods. Second, an electron loading and detec-
tion (LD) error εLD, which is independent of shuttling
and attributed to errors occurring during the P1 (no elec-
tron initialized by error) and DL (no electron detected by
error) pulse segments. We linearly fit ln(F ) = A · n+ B
where A = 2 ln(Fλ) = 2 ln(1 − ελ), B = ln(FLD) =
ln(1−εLD) and find the average shuttle fidelity per period
Fλ = (99.996 ± 0.003)% at AS = 280mV corresponding
to an expected orbital splitting of 4meV in QD1 (see Ex-
tended Data Fig. 3). The LD error is εLD = (0.7±0.1)%,
thus the LD-corrected shuttle fidelity across the full chan-
nel and back is F̂ (34) = (99.7 ± 0.3)% (total distance
19µm, see methods section for details on the estimations
of errors).

Finally, we provoke shuttling errors by reducing AS

and thus the confinement of the QDs in the shuttle po-
tential. Note that the amplitude of the flush pulse is
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always constant at AS = 280mV. We observe that as
we decrease AS , the shuttle fidelity drops between the
third and the forth shuttle period and then remains con-
stant (left insert in Fig. 2e). Thus, we attribute the de-
crease in F to a local weak spot in the QuBus potential,
likely due to static potential disorder. To confirm this
hypothesis, we modify the shuttling tomography pulse
sequence by tuning AS as a function of shuttle distance.
Therefore, temporarily enhanced confinement is realized
by keeping AS = 280mV during the fourth λ+1 and the
(n− 4)-th λ−1 pulse segment, thus at the position of the
weak spot only. This demonstrates a tunable method to
shuttle electrons over the QuBus with high F at much
lower AS applied during all other pulse segments λ±1

(right inset of Fig. 2e). The observed cut-off amplitude at
100mV matches well with simulations of semiconductor-
oxide interface charge-defect induced potential disorder
in the 1DEC [12]. The origin of the weak spot in the
QuBus requires further investigation. Note that for the
measurement of F (n), we cannot fully exclude two er-
rors appearing during shuttling which compensate each
other. However, the observation that faulty shuttling be-
havior occurs locally in the QuBus, makes it probable
that two such spots should be separately observed by the
n-dependence of the shuttling tomography.

MULTI-ELECTRON OPERATION

For the shuttle tomography, only exactly one electron
was loaded into the QuBus at a time. The QuBus can
also be operated with many electrons using the aforemen-
tioned elementary pulse segments. Each electron can be
placed in any of the QDs between QD1 and QD34 in a
controlled manner. Thus, we can create a pattern of elec-
tron fillings in a 34 QD register. The pulse sequence for
loading and detecting an arbitrary electron pattern in the
QuBus (Fig. 3a) is similar to the sequence employed dur-
ing shuttle tomography. The repetition of λ+1 segments
is replaced by a series of single λ+1 interleaved with P0

and P1 pulse segments. The latter determine the pattern
filling the QDs. The key expectation is that any λ±1 seg-
ment should move all electrons simultaneously by shifting
the sinusoidal potential in the 1DEC.

Using AS = 280mV, we load one electron in each of
the 34 QDs (1111...), every second QD (1010...) or a more
complex periodic pattern (1100...). We repeat the pat-
tern loading and detecting for N = 1000 times to gather
statistics on the electron count in each QD (Fig. 3b). We
observe that the fraction of counted electrons in all QDs
is very close to the expected filling pattern. Next, nine
non-periodic patterns P1-P9, representing the lines of
a binary image comprising 34 × 9 bits, are successfully
loaded and detected as observed from the statistics of
N = 100 pulse repetitions.

The dominant bluish color in the error-count map for
all patterns (Fig. 3c) reveals that the main error is the
apparent loss of electrons. We assign this notion to the

a

b

c

Flush Pattern Load Pattern Read

x N

Fig. 3. Multi-electron operation. a, Pulse sequence com-
posed of elementary pulse elements. b, Detected number of
electrons in QDn normalized by the total number of pulse rep-
etitions N for an arbitrary target filling pattern (rows with
labels on the left). For Pi the target pattern is non-periodic
but can be identified from the data due to the low shuttle
error and is therefore not explicitly given. c, The relative
error counts of each QD for shuttled patterns. The pattern
fidelity, as defined in the text, is shown on the right for each
individual row.

dominance of the initialisation and detection error εLD.
It also explains why the pattern fidelity, which we define
analogue to the shuttle-fidelity as the rate of successfully
and exclusively placing and detecting electrons in all in-
tended QDs, is lowest for the pattern with the highest
electron count (111...). Blue/red dipoles in the error-
count map indicate a shuttle error. As for shuttle to-
mography, we mainly observe individual electrons being
misplaced by one QD to the right, provided this adjacent
QD is nominally empty. This observation underlines the
directional character of the shuttle error, which we al-
ready noted for the shuttle tomography.
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CONCLUSION

Our all-electrical Si/SiGe electron-shuttle device is suc-
cessfully operated in conveyor mode. Only six input ter-
minals control the more than 100 clavier gates of the
10 µm long device. Independent of its length, only four
sinusoidal signals are required to operate the shuttle as
well as two signals for loading and detecting electrons
by a single-electron transistor. We introduce a method
called shuttle tomography, which uses a single electron
to probe the local shuttle fidelity and thus local imper-
fections in the confinement of the moving QD. We es-
timate the fidelity for shuttling one electron across the
full length and back, thus a total distance of 19µm, to
be F̂ = (99.7± 0.3)%. Employing other pulse sequences
composed of the five elementary pulses for our QuBus,
we programmatically distribute and detect up to 34 elec-
trons across the 34 QDs formed in the shuttle device.
Any QD filling pattern can be initialized and we encode
a digital image, the pixels of which are represented by
single electrons.

The QDs can be interpreted as a 34 bit stack with a
maximum of 34 electrons or as the initialization proce-
dure of a series of 34 QDs towards a quantum register
for spin qubits. Preparing such patterns of electrons in
a one-dimensional channel also opens up possibilities to
study the interplay of tunnel coupling and Coulomb inter-
action for a specific charge configuration. Furthermore,
our conveyor-mode QuBus device paves the way to scal-
able quantum computation, since it is expected that the
electron-spin evolution is deterministic during conveyor-
mode shuttling at a velocity of approximately 8m· s−1

and spin-coherent shuttle fidelities of 99.9 % are pre-
dicted [12]. Notably our QuBus is technologically com-
patible to industrial fabrication and Si/SiGe has been
proven to be an ideal host-crystal for spin qubits. Spin-
qubit connectivity across a distance of several microme-
ters could be a game changer for spin quantum compu-
tation.

METHODS

The QuBus device

The undoped quantum well heterostructure is grown
by chemical vapour deposition on a 200 mm silicon wafer
and consists of a 7 nm tensile-strained silicon layer sand-
wiched between two relaxed layers of Si0.70Ge0.30. The
upper barrier layer of Si0.70Ge0.30 has a nominal thickness
of 30 nm and is capped by 2 nm of Si. Ohmic contacts to
the quantum well are created by the selective phospho-
rus ion-implantation followed by a rapid thermal anneal
at 700 ◦C for 30 s. The contacts are then metalized using
optical lithography and metal lift-off. Three metallic gate
layers including fan-out are fabricated via electron beam
lithography and evaporation followed by metal lift-off. A
scanning electron micrograph of a device nominally iden-

tical to the device measured in this work can be seen in
Fig. 1a. The first gate layer is deposited directly onto
the silicon capping layer, the native oxide layer of which
was removed immediately before metal evaporation via
HF etching. For this lowest layer 15 nm of palladium is
used in order to fabricate a suitable metal-semiconductor
junction. The later two gate layers are fabricated on 7 nm
of atomic layer deposited Al2O3 and consist of 5 nm of
titanium and 22/29 nm of platinum for the second and
third layer, respectively.

The first fine gate layer defines both the SET plunger
and barrier gates as well as the channel-confining split-
gate. The split-gate constrains the 1DEC to a width be-
low 200 nm. The second and third metal gate layers de-
fine the SET top gates as well as the clavier gates, which
form the individual QDs in the 1DEC. These clavier
gates have a width of 60 nm with a pitch of 70 nm. The
designed distance between SET and QD0 and thus the
tunnel-coupling is based on Ref. [32].

Experimental setup

Experiments are conducted in an Oxford Triton 200
dilution refrigerator at approximately 60mK. Voltage
pulses are generated by a Zurich Instruments HDAWG8
and superposed with DC voltages from a home-built DAC
by a passive voltage adder at room-temperature. All
signal lines are filtered by pi-filters with a cut-off fre-
quency of 1 kHz. No low-temperature filtering is used.
The SET current is converted by the low-noise tran-
simpedance amplifier SP983c from Basel Precision In-
struments with a cut-off frequency of 3 kHz and digi-
tized by an AlazarTech ATS9440 waveform digitizer. The
composition of pulse sequences employs the open source
python package qupulse [33].

Error Estimation

Here we discuss and estimate the error probability for
manipulating the charge state during each elementary
pulse segment εi with i = P0,P1, λ+1, λ−1,DL. First,
we assume for simplicity that the average error for shut-
tling one electron by a distance of λ is ελ ≈ ελ+1

≈ ελ−1

despite the experimentally observed small directionality.
Since we never observe any electrons during the reference
pulse across thousands of shuttle tomography repetitions
for all n, we conclude that εP0

≈ 0 and that the detec-
tor does not faultily detect electrons in an empty QD. We
combine the error from loading one electron εP1

and miss-
ing an electron during detection εDL

to be the loading and
detection error εLD with (1− εLD) = (1− εP1

)(1− εDL
).

The experimentally observed shuttle fidelity F (n) during
a shuttle tomography pulse sequence of shuttle distance
2nλ is composed of several elementary pulse segments:

F (n) = (1− εLD) · (1− ελ)
2n.
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By linearly fitting ln(F (n)), we find εLD = (0.7±0.1)%
and the average shuttle fidelity per period Fλ = 1− ελ =
(99.996 ± 0.003)%. Thus, the expected LD-corrected
shuttle fidelity F̂ (n) = (1− ελ)

2n for a total shuttle dis-
tance of ≈ 19µm is F̂ (34) = (1− ελ)

68 = (99.7± 0.3)%.
This corresponds to the fidelity of shuttling a single elec-
tron across the full QuBus and back.
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a b

Extended Data Fig. 1. Single-shot charge-readout. a, SET current trace I during the detection pulse segment DL in which
both readouts of electron present and no electron in QD0 are illustrated in orange and blue respectively. The solid horizontal
lines indicate the averaged current levels of corresponding read-out segment from which ∆I is calculated. b, Histogram of
evaluated current differences ∆I (as defined in panel a) for 1000 detection pulses. Binning results by two gaussian functions
indicates the statistics of detecting an empty QD0 (black) or an electron within QD0 (red), accordingly. Due to the repetition
of reference shuttling pulses without presence of an electron, the events of detecting an empty QD0 dominates compared to
detecting a single electron as intended. The overlap between the two gaussian fits is relevant to the detection error and is
evaluated to 2.29−20 which indicates a negligible estimation error.
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Extended Data Fig. 2. Electron counts for single charge shuttle-tomography. Each panel is the electron count for
N = 1000 shuttle-pulse repetitions for AS = 280meV as a function of the QD number m, in which the electrons are detected.
For each panel a different n is used in the pulse sequence. Numbers label the height of bars larger than zero. For n = 35 the
shuttle distance exceeds the physical dimension of QuBus.
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QD1QD0SET

Extended Data Fig. 3. Simulated electrostatic potential of 1DEC. Line-cut of the finite-element numerically simulated
electrostatic energy φ(x) along the center of QuBus 1DEC for various AS in the area of the left SET and QD0...2. Thomas-Fermi
approximation is used to simulate the SET in order to take screening of electron reservoirs into account. The Schrödinger-
Poisson equation is solved for QD1 in the region marked by the black dashed rectangle. Three lowest orbitals s, px and py are
used to calculate the lowest orbital splittings ∆E0 and ∆E1. The dashed horizontal line represents the Fermi energy EF for
electrons confined by the Si/SiGe heterostructure at operating temperature. Cross sections of SET top-gate and clavier gates
are shown on top of the simulated potential using the same color scheme as in Fig. 1.
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