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We use microwave radiation generated by a semiconductor double-quantum-dot (DQD) micromaser for
charge-state detection. A cavity is populated with nc ∼ 6000 photons by driving a current through an
emitter DQD. These photons are used to sense the charge state of a target DQD that is located at the
opposite end of the cavity. The charge dynamics in the target DQD influences the output power and
emission frequency of the maser. Three different readout mechanisms are compared. The detection scheme
requires no cavity input field and may potentially be used to improve the scalability of semiconductor and
superconducting qubit readout technologies.
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I. INTRODUCTION

Quantum-state readout is a crucial component of any
quantum computing architecture. For semiconductor quan-
tum dots, charge-state readout has been performed using
quantum point contacts [1] and quantum dots [2] as
detectors. Electronic spin states can also be resolved using
spin-to-charge conversion, which relies on spin-selective
tunneling and sensitive charge-state detection [3,4]. To
increase measurement bandwidths, conventional dc trans-
port measurement approaches have, to a large extent, been
replaced by rf and microwave frequency reflectometry
setups [5–7]. In particular, the circuit quantum electrody-
namics (cQED) architecture allows for dispersive readout
of superconducting qubits [8–11], as well as semiconductor
charge and spin qubits [12–19].
Both rf-reflectometry and cQED measurement imple-

mentations rely on costly room-temperature microwave
sources, rf components, and coaxial lines that occupy a
significant amount of space in a dilution refrigerator. As
one scales to many qubits, the resource requirements
increase dramatically. Moreover, to suppress the room-
temperature microwave background, a typical attenuation
of 60–70 dB is required in the coax lines connecting the
signal generator to the quantum device (approximately
10 mK). To reduce the experimental complexity, the source
would ideally be isolated from the 300-K environment.
Over the past ten years, it has been shown that a variety

of voltage-biased quantum devices generate microwave
frequency photons. For example, voltage-biased Cooper-
pair boxes and superconducting quantum intereference
devices embedded in superconducting cavities have been
shown to mase [20,21]. Cavity-coupled semiconductor
double quantum dots (DQDs) can serve as an electrically
tunable maser gain medium [22–24]. These devices are
fabrication compatible with other qubits and they can be

integrated on the same chip. It is therefore of interest to
determine if these devices, which already operate at
millikelvin temperatures, can be utilized as microwave
frequency sources in quantum computing experiments [25].
In this Letter, we show that microwave frequency photons

generated by a cavity-coupled DQD can be used to sensi-
tively read out the charge stability diagram of a second DQD
that is located in the same cavity. A source-drain bias is
applied across an emitterDQD (EDQD) and results in above-
threshold masing. The photons generated by the EDQD are
used to sense a target DQD (TDQD) that is located in the
same cavity. Charge dynamics in the TDQD influence the
maser emission, changing its output power and emission
frequency, allowing for charge-state readout in future
quantum-information-processing applications.
We explore three different readout approaches. In the first

approach, the total power emitted by the cavity is measured
and used to reconstruct the TDQD charge stability diagram.
In the second approach, the EDQD emission frequency,
which is dependent on the charge state of the TDQD, is used
to measure the TDQD charge stability diagram by mapping
out the maser emission frequency as a function of the TDQD
gate voltages. In the third approach, we measure the power
emitted into a narrow band centered around the free-running
maser frequency. Shifts in the emission frequency signifi-
cantly change the narrow-band power, allowing us to detect
TDQD interdot charge transitions. We compare the back-
action of the TDQD on the maser to expectations from
semiclassical theory and find qualitative agreement.
While, in our experiment, we measure the charge

stability diagram of the TDQD, our approach is directly
applicable to quantum-state readout in singlet-triplet qubits
[12]. Furthermore, the target system in these experiments
could, in principle, be replaced with any other cavity-
coupled qubit, such as a superconducting transmon.
No external cavity drive is required in our experiments,
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further supporting the use of a DQD maser as a light
source for quantum-state readout in quantum computation
architectures.

II. DEVICE DESCRIPTION

Figure 1(a) captures the important elements of our
experimental setup. The EDQD and the TDQD are coupled
to a microwave cavity. To serve as a microwave source, the
EDQD is source-drain biased, which results in single-
electron tunneling events and microwave frequency photon
emission into the cavity mode [24]. These cavity photons
are used to sense the charge state of the TDQD.
An optical micrograph of the device is shown in Fig. 1(b).

The cavity consists of a λ=2 superconducting resonator
with resonance frequency fc ¼ 7596 MHz and linewidth
κtot=2π ¼ 1.77 MHz. The cavity is designed to have
output (input) coupling rates κout=2π ¼ 0.8 MHz (κin=2π ¼
0.04 MHz). The InAs nanowire DQDs are located at
opposite ends of the cavity near the voltage antinodes.
The confinement potential of theTDQD is created by voltage
biasing the five bottom gates labeledBT

L,L
T ,CT ,RT , andBT

R
in Fig. 1(c). Independent control of the EDQD is achieved
using a separate set of bottom gates.We further define source
and drain Ohmic contacts using electron-beam lithography.
In contrast with our previous work, the source contacts to the
EDQD and TDQD are electrically decoupled such that the
source-drain bias voltages can be independently controlled
[26]. The drain electrode of each DQD is connected to the
microwave resonator. Coupling between a charge trapped in
the DQD confinement potential and the electric field of the
cavity leads to an electric dipole interaction with strength
gc=2π ≈ 30–40 MHz [23].

III. CHARACTERIZATION OF THE EMITTER
DOUBLE QUANTUM DOT

We first characterize the microwave field emitted by the
EDQD. For these measurements, the TDQD source-drain
bias VT

SD ¼ 0 and the gates are tuned such that the TDQD
is in Coulomb blockade, where the charge number is
fixed. In this configuration, the TDQD will not have any
impact on the cavity field. The EDQD is configured to
emit photons by applying a finite source-drain bias
VE
SD ¼ 2 mV, which results in single-electron-tunneling

events and a current as high as Ie ¼ 9 nA. The interdot
charge transition leads to photon emission and, in a high-
quality-factor cavity, a transition to a masing state [24].
To measure the emitted radiation, the cavity output field is

amplified using a high-electron-mobility transistor (HEMT)
amplifier and detected with a spectrum analyzer. Figure 2(a)
shows the power spectral density SðfÞ of the radiation
emitted from the cavity, along with a fit to a Lorentzian.
The best-fit parameters yield the emission frequency fe ¼
7595.68 MHz and FWHM ¼ 8 kHz. We obtain a total
output power Pout ¼ 0.16 pW by integrating over SðfÞ.
The emission power yields an intracavity photon number
nc ¼ Pout=ðhfeκoutÞ ≈ 6000given κout=2π ¼ 0.8 MHz.The
FWHM is 200 times narrower than the bare cavity linewidth,
which is suggestive of masing.
The output field can be examined in more detail by

measuring IQ (in-phase and quadrature-phase) histograms.
To acquire the histograms, the cavity output field is first
amplified with a HEMT and then demodulated into the in-
phase (I) and quadrature-phase (Q) components by a local
reference set to a frequency flo ¼ fc [26]. Figure 2(b)
shows an IQ histogram obtained by accumulating
1.7 × 107 IQ samples at a rate of 12.3 MHz. The histogram
has a ring shape that is consistent with coherent emission
[24]. The threshold behavior of this device was also
examined in a previous publication, with a threshold current
Ith ¼ 6.1 nA and an operating current Ie ¼ 9 nA [24].
Combined, these data sets show that the voltage-biased
EDQD can serve as a coherent source that populates the
cavitywith approximately 6000photons. These photonsmay
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FIG. 1. (a) The experiment consists of a cavity containing two
DQDs. A dc-biased EDQD mases and populates the cavity with
microwave frequency photons. These photons are used to read
out the charge state of the TDQD. (b) Optical microscope image
showing the cavity and the positions of the EDQD and the
TDQD. (c) (Upper panel) Scanning electron micrograph of a
nanowire DQD. (Lower panel) The DQD confinement potential
is defined using five bottom gates.

(a) (b)12

8

4

0

S
 (

pW
/M

H
z)

7595.727595.687595.64
f  (MHz)

–100

–50

0

50

100

Q

–50 0 50
I

6

4

2

0C
ounts (k)

FIG. 2. (a) Power spectral density of the radiation emitted by
the EDQD (the circles) and a fit to a Lorentzian (the solid line)
with FWHM ¼ 8 kHz. (b) The IQ histogram of the output field
is consistent with a coherent source.
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be used to read out the charge state of the TDQD, as is
demonstrated in the following sections of this paper.

IV. TARGET-DOUBLE-QUANTUM-DOT
CHARGE-STATE DETECTION

In this section, we provide a brief overview of charge-
state readout in quantum dots and then compare several
different approaches for measuring the charge stability
diagram of the TDQD. We first measure the stability
diagram using standard cavity input-output readout, where
an input tone is provided by an external microwave
generator that populates the cavity with photons. These
data are then compared with charge stability diagrams that
are obtained by measuring the total power emitted from
the cavity when it is populated with EDQD photons.
Two additional transduction methods are examined that
are based on the effect that charge dynamics in the TDQD
have on the emission properties of the EDQD. Specifically,
we show that the TDQD charge stability diagram can be
reconstructed by measuring the emission frequency of the
EDQD and the narrow-band power emitted by the EDQD.
Finally, we examine theoretical expectations of the back-
action of the TDQD on the maser and find quantitative
agreement with the data.

A. Charge-state readout through measurements
of the cavity transmission

In quantum-dots, state readout is performed using the
charge degree of freedom. For example, the conductance of
a quantum point contact will sensitively depend on the
charge configuration of the neighboring dots which are
being probed [2,27]. In the cQED architecture, readout is
performed by sensing the dispersive phase shift of a
coupled cavity. For quantum dots, this dispersive shift is
a sensitive differential charge meter that tests whether two
electronic energy levels are nearly resonant with the cavity,
but it cannot be used to directly measure absolute charge
occupancies. Differential charge sensing is not a severe
limitation, as it can be used for singlet-triplet spin state
readout based on the Pauli exclusion principle [12,28].
The conventional cavity input-output readout approach

on the TDQD is illustrated in Fig. 3(a). Here, the cavity is
driven by an input tone of frequency fin and power Pin ≈
−112 dBm that results in approximately nc ≈ 10 intra-
cavity photons. The resulting cavity output is amplified
with a HEMTand demodulated by a local reference having
a frequency flo ¼ fin. Both the phase shift Δϕ and the
power gainG ¼ CPout=Pin can be extracted from the cavity
transmission. Here, the constant C is set such that G ¼ 1,
with fin ¼ fc and both DQDs in Coulomb blockade
[23,26]. Figure 3(c) plots G as a function of the TDQD
gate voltages with fin ¼ fc and VT

SD ¼ 0. For this data set,
the EDQD is in idle mode, with VE

SD ¼ 0 and the gate
voltages tuned to Coulomb blockade. These measurements

reveal the TDQD charge stability diagram, consistent with
previous measurements of cavity-coupled InAs nanowire
DQDs [23].

B. Charge-state readout through measurements
of the total cavity output power

To make a comparison with cavity input-output readout,
we now turn off the cavity input tone and configure the
EDQD in the “on state,” such that it is emitting coherent
radiation as shown in Fig. 2. We then measure the output
power Pout and plot it as a function of VT

L and VT
R in

Fig. 3(d). Writing the cavity output field complex ampli-
tude as α ¼ I þ iQ, Pout is determined from measurements
of hα�αi ¼ hI2 þQ2i. The IQ data are processed using a
digital filter of 2.6 MHz bandwidth that covers the entire
cavity linewidth, and hI2 þQ2i therefore captures the total
emitted power [29]. The scenario is equivalent to a power
meter measuring over a wide bandwidth as illustrated in
Fig. 3(b). The data in Fig. 3(d) show that measurements of
Pout can be used to extract the TDQD charge stability
diagram.

C. Impact of charge dynamics in the TDQD
on the emission properties of the EDQD

We now more carefully examine the readout mechanism
by studying the effect that the TDQD charge configuration
has on the emission properties of the EDQD. Figure 4(a)
shows a high-resolution measurement of Pout near one of
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the TDQD interdot charge transitions in Fig. 3(d). These
data are acquired in the absence of a cavity input tone and
with the EDQD emitting photons. The left-dot and right-dot
charge transitions are visible in these data, while the
visibility of the interdot charge transition is significantly
less than in the data shown in Fig. 3(c).
To better understand what sets the visibility of the charge

transitions in these data, we measure SðfÞ of the emitted
radiation with the gate voltages of the TDQD tuned to
different regions of the TDQD charge stability diagram.
Figure 4(b) shows measurements of SðfÞ with the TDQD
configured in Coulomb blockade, at the interdot charge
transition, and at a left-dot charge transition. With the
TDQD configured in Coulomb blockade, the emission
peak in SðfÞ is centered at f0e ¼ 7595.68 MHz. When the
TDQD is configured to a left-dot charge transition, the
emission peak shifts down in frequency by 214 kHz,
the maximum SðfÞ is reduced by approximately a factor
of 10, and the peak in SðfÞ is significantly broader,
yielding a total power reduction by a factor of 3. By
comparison, with the TDQD configured at the interdot
charge transition, the emission peak is shifted down in
frequency by only 37 kHz. The emission peak has a height
and width that is comparable to the data acquired with the
TDQD in Coulomb blockade. Therefore, it is difficult to
resolve the interdot charge transitions in measurements of
the total emitted power Pout. However, since the emission
peak shifts by an amount that is much greater than the
FWHM of the emission peak (approximately 8 kHz),
measurements of the emission frequency may be used to
reconstruct the TDQD charge stability diagram.
By fitting SðfÞ to a Lorentzian at every point in the

TDQD charge stability diagram, we can extract fe as a
function of VT

L and VT
R. A plot of the extracted fe is shown

in Fig. 4(c) and is much more sensitive to the interdot
charge transition. Therefore a measurement of fe can, in
principle, be used to read out the device. The approach is
similar to the cQED readout of transmon qubits, where the
state-dependent dispersive shift of the cavity is used for
readout [8,9]. In the most natural extension of this work,

our readout scheme would be used to distinguish singlet
and triplet states in a doubly occupied DQD. Here, due
to the singlet-triplet splitting, only the singlet state will
produce a cavity shift at the interdot charge transition [12].
To understand the backaction of the TDQD on the maser

emission, we note that the maser and the TDQD reside in
the same cavity. As such, any dispersive shift induced by
the TDQD will manifest as a shift in the maser emission
frequency. The backaction on the emission amplitude will
be strong if the TDQD is at a dissipative charge transition
(a lead transition) but will be weak at a coherent interdot
transition where photon loss is negligible. In addition, the
maser readout of charge transitions has a broader linewidth
than does conventional readout. This broadening is due to
the electric field coming from the large intracavity photon
number and is analogous to the ac Stark shift.
It is important to note here that, in general, we do not

know the phase of the maser emission, and that previous
work showed that the coherence time of the maser is only
on the order of 10 μs [26]. Even with improved maser
coherence, the standard phase-measurement technique
employed in cQED needs to be modified. This is the case
due to the fact that, in our readout scheme, it is the maser
emission frequency itself that depends on the charge state
of the TDQD. Thus, our readout consists of discrimination
between two different emission frequencies, rather than the
phase response of an externally applied cavity probe tone.

D. Semiclassical analysis of the backaction
of the TDQD on the maser

In order to understand the process of the TDQD
backaction on the maser output, further experimental and
theoretical investigation is needed. Here, we provide a
semiclassical theoretical analysis of the backaction using
rate equations when the target device is placed in the same
cavity as the emitter. The hybrid EDQD-TDQD-cavity
system can be described as the EDQD coupled to an
effective cavity with variable effective frequency f̃c and
linewidth ~κtot, which depend on the state of the TDQD. We
can then use our previously developed theory of threshold
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behavior in a semiconductor single-atom maser to predict
the maser emission power as a function of the state of the
TDQD [24].
When the intracavity photon number is small enough to

neglect the saturation of two-level systems, both DQDs
contribute to the susceptibility χ, which we separate into a
real χ0 and imaginary χ00 part describing the gain and cavity
pull, respectively. We further separate the gain coefficient
χ0 ¼ χ0t þ χ0e and cavity pull χ00 ¼ χ00t þ χ00e into a contribu-
tion from the TDQD and EDQD. We note that a negative χ0
value leads to photon loss. When χ0 < κtot, the photon gain
is below threshold and we do not need to consider
saturation of the DQDs. The effective cavity linewidth
becomes ~κtot ¼ κtot − χ0, and the resonance frequency
becomes f̃c¼fcþχ00. The cavity response to a weak cavity
input tone can be described by the complex transmission

T ¼ κtot
κtot − χ0 þ 2ið2πfin − 2πfc − χ00Þ ; ð1Þ

where G ¼ jTj2 and the phase shift Δϕ ¼ argðTÞ. When
χ0 > κtot, the photon gain triggers maser action and the
large photon number may lead to photon saturation of
both DQDs.
Our analysis of the threshold behavior is performed

separately at the left lead transition of the TDQD and the
interdot transition of the TDQD. The left lead charge
transition is a transition between a discrete energy level
and a Fermi sea of electrons. By contrast, the interdot charge
transition involves two discrete levels, and we therefore
need to consider the photon saturation of both DQDs.
We first examine the effects of the TDQD on the cavity

when the TDQD is at the left lead charge transition and
when the EDQD is decoupled from the cavity by placing it
in Coulomb blockade. We determine χ0 and χ00 based on
the cavity response to a weak cavity drive at fin ¼ fc.
At the left lead charge transition [indicated by the blue
dot in Fig. 4(a)], we measure G ¼ 0.5 and Δϕ ¼ 20°.
Equation (1) then estimates χ0t=2π ¼ −0.44 MHz and
χ00t =2π ¼ −0.4 MHz. When the EDQD is turned on, there
should be no photon saturation effects on the TDQD at the
lead transition. In this case, the TDQD and the cavity form
an effective cavity with center frequency shifted to f̃c ¼
fc þ χ00t =2π ¼ fc − 0.4 MHz and linewidth broadened to
~κtot ¼ κtot − χ0t ¼ 2.21 MHz. The expected frequency pull
of 0.4 MHz is in qualitative agreement with a measured
frequency shift of 0.2 MHz in Fig. 4(b).
The backaction of the TDQD on the maser emission

when the TDQD is at the left lead charge transition can be
understood using a previously published theory [24]. The
emission efficiency from the EDQD is measured as
β ¼ 2.9 × 10−4. When the TDQD is tuned to the left lead
transition, the threshold current for maser action increases
from Ith ¼ 6.1 nA (see Sec. III) to Ĩth ¼ ~κtot=β ¼ 7.6 nA.
The measured maser output power Pout ¼ hfcκoutnc

depends on nc, where κout=2π ¼ 0.8 MHz is the coupling
rate to the output port of the cavity. The cavity photon
number is theoretically expected to be

nc ¼
1

2ξR=γe

"
Ie
Ĩth

− 1þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi�
Ie
Ĩth

− 1

�
2

þ 4ξIe
Ĩth

s #
; ð2Þ

where ξ ¼ 1 − ½ð2αIeÞ=jej~κtot� is a correction parameter
associated with the lead emission and α ¼ 0.3 × 10−4.
The ratio R=γe ¼ β − 2α compares the photon and phonon
spontaneous-emission rates. When the TDQD is tuned to
the left lead transition, Eq. (2) estimates Pout would be
reduced by a factor of 2.7, with the change in ~κtot based on
the above parameters. This estimate is consistent with our
measurement, as shown in Fig. 4 (the black line).
We now examine the backaction of the TDQD on the

maser emission with the TDQD configured at an interdot
charge transition. Here, the TDQD behaves as a two-level
system and the large intracavity photon number nc ¼ 6000

saturates the TDQD. We first extract the parameters
describing the coupling of the TDQD to the cavity when
the EDQD is parked in Coulomb blockade. The TDQD is
probed at an interdot charge transition by measuring the
response to a weak cavity drive using the method described
in Refs. [12,15]. Our estimates are tc ¼ 13.5 μeV,
gc=2π ¼ 25 MHz, and a decay rate of γt=2π ¼ 700 MHz.
At zero detuning, the susceptibility of the TDQD is
χt ¼ ig2c=½2tc=ℏ − 2πfc − iðγt=2Þ�. Basedon the parameters
above,we predict χt=2π ¼ −0.17–0.53i MHz at the interdot
charge transition.
In the case of a large cavity photon number nc we need to

consider the saturation of the TDQD. Saturation changes
the value of χt to ~χt ¼ hσziχt, where [15,30]

hσzi ¼
−1

1þ nc
8g2c

γ2tþ4ð2tc=ℏ−2πfcÞ2
: ð3Þ

With the parameters extracted from the input-output
theory, we estimate hσzi ¼ ½ð−1Þ=ð1þ 0.001ncÞ�. When
nc is small, a full solution for nc and hσzi can be obtained
by solving Eqs. (2) and (3) simultaneously with Ĩth ¼ Ith
ð1 − hσziχt=κtotÞ. However, when nc is large enough to
saturate the TDQD, ~χt is small, such that Ĩth ≈ Ith. We can
then apply a simpler self-consistent analysis, assuming nc
is not changed appreciably from nc ¼ 6000 and thus
hσzi ¼ −1=7. We estimate ~χ00t ¼ −38 kHz, ~κtot ¼
κtot − χ0t ¼ 1.79 MHz, and an effective threshold current
Ĩth ¼ 6.16. Equation (2) self-consistently estimates a
change in nc by 1%. All of these predictions are in
reasonable agreement with the measured frequency shift
of 37 kHz and the small change in nc at the interdot charge
transition.
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E. Charge-state readout through narrow-band
measurements of the total cavity output power

The previous section demonstrates that measurements of
the emission frequency fe can be used to reconstruct the
TDQD charge stability diagram. However, extracting fe
from measurements of SðfÞ is too time consuming (3 to 4 s
per spectrum) to allow for efficient charge-state readout.
The challenge of devising a practical measurement that
quickly extracts the state-dependent frequency shift has
been solved in the standard readout schemes. For example,
in cQED systems, state-dependent shifts in the resonance
frequency of the cavity can be measured by driving the
cavity with a weak input tone at fin ¼ fc and detecting the
large phase shift Δϕ ¼ arctanðI; QÞ of the cavity output
field using heterodyne demodulation techniques. As a
demonstration of the standard readout approach,
Fig. 5(a) plots the phase shift Δϕ as a function of VT

L
and VT

R. Single-dot transitions associated with the left and
right dots, as well as the interdot charge transition, are
clearly visible in the phase response.
Phase readout is not feasible when EDQD emission is

used to populate the cavity with photons since fe exhibits
fluctuations that randomize the phase. Moreover, since fe
is a quantity that depends on the TDQD configuration,
the phase shift is not a well-defined quantity. Instead, a
quantity analogous to the phase shift can be measured for
fast readout. The emission spectrum [Fig. 4(b)] shifts in
response to the charge state of the TDQD, allowing us to
simply measure the output power Pout within a narrow
resolution bandwidth (RBW), as schematically illustrated
in Fig. 4(b). The frequency range over which the power is
integrated f0e� RBW/2 should be smaller than the expected
state-dependent shift in fe, yet large enough to tolerate
the drift in fe caused by charge fluctuations in the emitter
[24,31]. We operate with RBW > FWHM of the EDQD
emission spectrum to tolerate the drift in fe, and RBW <
jfe − f0ej to allow sensitivity to changes in the emission
spectrum due to the TDQD charge state. Figure 5(b) shows

the output power Pout measured around f0e ¼ 7595.68 MHz
with a 30-kHz RBW. The state-dependent shift in the
emission center frequency at a TDQD interdot charge
transition leads to a factor of 100 change in Pout within
the measured bandwidth.

V. SUMMARY AND OUTLOOK

In this paper, we show that a voltage-biased DQD can be
used as a light source for qubit readout in the cQED
architecture. Readout based on measurements of the total
output power, emission center frequency, and narrow-band
output power are compared. While the total output power is
sensitive to single-dot charge transitions, it does not have
sufficient sensitivity to resolve interdot charge transitions.
Measurements of the emission center frequency reveal both
single-dot and interdot charge transitions, but this approach
is slow and not well suited for single-shot readout. The
narrow-band power measurement approach yields high
sensitivity to both single-dot and interdot charge transitions.
In future work, a quantitative understanding of the

backaction on the EDQD from the TDQD could be
investigated by systematically changing the interdot tun-
neling rate of the TDQD from below to above the cavity
resonance frequency. In some applications, it may be
desirable to place the EDQD in a separate cavity. In the
masing state, the EDQD generates a large intracavity
photon number nc ∼ 6000, which may cause saturation
effects and broaden the linewidth of the target transition.
Separating the emitter from the target qubit would more
easily allow the emitted field to be attenuated. It would also
be advantageous to reduce the charge noise in our device to
levels that have been observed in Si=SiGe DQDs [17], thus
improving the linewidth of the maser. Finally, previous
work has shown that the maser can be switched on and off
rapidly [24]. A switchable maser could be turned off during
quantum control sequences and then rapidly activated for
high power readout of the qubit state [32]. We hope that
this paper will motivate further applications of nanoscale
emitters in quantum computing readout architectures.
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