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MEASUREMENT SCHEME FOR SUPERCONDUCTING QUBITS USING LOW-FREQUENCY MICROWAVE
SIGNALS WITHIN A DILUTION REFRIGERATOR

BACKGROUND

[0001] The subject disclosure relates to quantum hardware, and more specifically, to superconducting devices for

quantum computing.

SUMMARY

[0002] The following presents a summary to provide a basic understanding of one or more embodiments of the
invention. This summary is not intended to identify key or critical elements or delineate any scope of the particular
embodiments or any scope of the claims. Its sole purpose is to present concepts in a simplified form as a prelude to
the more detailed description that is presented later. In one or more embodiments described herein, devices, systems,
methods, apparatus andfor computer program products that facilitate @ measurement scheme for superconducting

qubits using low-frequency microwave signals within a dilution refrigerator are described.

[0003] According to an embodiment, a cryogenic microwave system for measuring superconducting qubits using
microwave signals can comprise a dilution refrigerator system for a quantum processor. The dilution refrigerator
system can convert a microwave signal associated with qubit information into a reduced-frequency microwave signal
based on a Josephson-mixer circuit located within the dilution refrigerator system. The reduced-frequency microwave
signal can comprise a frequency below a qubit frequency and a readout resonator frequency associated with the

guantum processor.

[0004] According to another embodiment, a system can comprise a dilution refrigerator system for a quantum
processor. The dilution refrigerator system can decrease and increase a frequency of a microwave signal associated

with a qubit readout to provide a qubit measurement associated with the quantum processor.

[0005] According to yet another embodiment, a method is provided. The method can comprise converting, by a
dilution refrigerator system associated with a quantum processor, a microwave signal into a reduced-frequency
microwave signal based on a Josephson-mixer circuit located within the dilution refrigerator system. The method can
also comprise digitizing, by the dilution refrigerator system, the reduced-frequency microwave signal into a digital signal
that comprises qubit information associated with the quantum processor. Furthermore, the method can comprise

transmitting, by the dilution refrigerator system, the digital signal to a classical computing system.
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[0006] According to yet another embodiment, a system can comprise a Josephson mixer circuit and a rapid single
flux quantum (RSFQ) analog-to-digital converter (ADC). The Josephson mixer circuit can convert a first microwave
signal associated with quantum information generated by a quantum processor into a second microwave signal,
wherein a first frequency associated with the first microwave signal is greater than a second frequency associated with
the second microwave signal. The RSFQ ADC can digitize the second microwave signal based on a superconducting

device to generate a digital signal for a classical computing system.

[0007] According to yet another embodiment, a system can comprise a quantum processor and a dilution refrigerator
system. The dilution refrigerator system can decrease a frequency of a first microwave signal associated with a qubit
readout via a Josephson mixer circuit to generate a second microwave signal. The dilution refrigerator system can also
digitize the second microwave signal via a rapid single flux quantum (RSFQ) analog-to-digital converter (ADC) to

generate a digital signal for a classical computing system.

DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1illustrates an example, non-limiting system associated with a dilution refrigerator system, a quantum
processor and a classical computing system in accordance with one or more embodiments described herein.

[0009] FIG. 2 illustrates another example, non-limiting system associated with a dilution refrigerator system, a
quantum processor and a classical computing system in accordance with one or more embodiments described herein.
[0010] FIG. 3 illustrates yet another example, non-limiting system associated with a dilution refrigerator system, a
quantum processor and a classical computing system in accordance with one or more embodiments described herein.
[0011] FIG. 4 illustrates yet another example, non-limiting system associated with a dilution refrigerator system, a
quantum processor and a classical computing system in accordance with one or more embodiments described herein.
[0012] FIG. 5 illustrates yet another example, non-limiting system associated with a dilution refrigerator system, a
quantum processor and a classical computing system in accordance with one or more embodiments described herein.
[0013] FIG. 6 illustrates yet another example, non-limiting system associated with a dilution refrigerator system, a
quantum processor and a classical computing system in accordance with one or more embodiments described herein.
[0014] FIG. 7 illustrates yet another example, non-limiting system associated with a dilution refrigerator system, a
quantum processor and a classical computing system in accordance with one or more embodiments described herein.
[0015] FIG. 8illustrates an example, non-limiting system associated with a classical computing system in accordance
with one or more embodiments described herein.

[0016] FIG. 9 illustrates an example, non-limiting system associated with a Josephson-based mixer in accordance
with one or more embodiments described herein.

[0017] FIG. 10 illustrates a flow diagram of an example, non-limiting computer-implemented method for providing an
improved dilution refrigerator for a superconducting quantum processor in accordance with one or more embodiments

described herein.
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DETAILED DESCRIPTION

[0018] The following detailed description is merely illustrative and is not intended to limit embodiments and/or
application or uses of embodiments. Furthermore, there is no intention to be bound by any expressed or implied

information presented in the preceding Background or Summary sections, or in the Detailed Description section.

[0019] One or more embodiments are now described with reference to the drawings, wherein like referenced
numerals are used to refer to like elements throughout. In the following description, for purposes of explanation,
numerous specific details are set forth in order to provide a more thorough understanding of the one or more
embodiments. Itis evident, however, in various cases, that the one or more embodiments can be practiced without

these specific details.

[0020] A superconductor device can be a device that provides zero electrical resistance below a certain temperature.
A superconducting device can be employed, for example, as a qubit for a superconducting quantum processor. A
superconducting quantum processor can be controlled and/or measured using one or more microwave signalsin a
frequency range between, for example, 4 GigaHertz (GHz) and 10 GHz. Furthermore, a superconducting quantum
processor can be mounted on a dilution refrigerator that can be cooled to millikelvin temperatures. In one example, a
superconducting quantum processor can be mounted on a base stage of a dilution refrigerator. A superconducting
quantum processor can be cooled down to millikelvin temperatures to, for example, operate the superconducting
quantum processor in a superconducting regime. For instance, to operate effectively, a temperature of a
superconducting quantum processor needs to be below a critical temperature of superconducting materials employed
in the superconducting quantum processor. In an example, a superconducting quantum processor that employs
aluminum-based Josephson junctions needs to be cooled below a critical temperature of aluminum (e.g., a temperature
approximately equal to 1.2 Kelvin(K)) to operate effectively. Additionally or alternatively, a superconducting quantum
processor can be cooled down to millikelvin temperatures to, for example, suppress thermal noise in superconducting
microwave circuits of the superconducting quantum processor below energy levels of microwave photon excitations of
the superconducting microwave circuits. To achieve such ultra-low temperatures for a superconducting quantum
processor, black-body radiation noise and/or electromagnetic noise needs to be blocked from reaching the
superconducting quantum processor. Black-body radiation noise and/or electromagnetic noise can come from outside
the dilution refrigerator (e.g., from a room-temperature environment) and/or from higher-temperature stages within the
dilution refrigerator (e.g., a 4 K stage within the dilution refrigerator). Generally, to reduce black-body radiation noise
and/or electromagnetic noise, multiple electromagnetic and/or black-body radiation shields can be incorporated within
the dilution refrigerator. Additionally or alternatively, to reduce black-body radiation noise and/or electromagnetic noise,
different stages of the dilution refrigerator can be thermally isolated. Additionally or alternatively, to reduce black-body
radiation noise and/or electromagnetic noise, input lines within the dilution refrigerator (e.g., input lines which carry

microwave signals from room-temperature electronics to the superconducting quantum processor) can incorporate



WO 2020/212092 PCT/EP2020/057989

lossy coax cables, attenuators, and/or filters. Additionally or alternatively, to reduce black-body radiation noise and/or
electromagnetic noise, output lines inside the dilution refrigerator (e.g., output lines which carry microwave signals from
the superconducting quantum processor to room-temperature electronics outside the dilution refrigerator) can
incorporate filters and/or directional devices such as isolators, circulators, semiconductor-based transistors, etc.
However, reducing black-body radiation noise and/or electromagnetic noise for a superconducting quantum processor
associated with a dilution refrigerator generally requires large hardware overhead. Furthermore, reducing black-body
radiation noise andfor electromagnetic noise for a superconducting quantum processor associated with a dilution
refrigerator generally introduces a large amount of heat load within the dilution refrigerator. Reducing black-body
radiation noise and/or electromagnetic noise for a superconducting quantum processor associated with a dilution
refrigerator generally consumes a large amount of power. As such, reducing black-body radiation noise and/or
electromagnetic noise for a superconducting quantum processor associated with a dilution refrigerator can be

improved.

[0021] To address these and/or other issues, embodiments described herein include systems, methods, and/or
computer program products that facilitate an improved dilution refrigerator system for a superconducting quantum
processor. For instance, a novel measurement scheme for superconducting qubits using low-frequency microwave
signals within a dilution refrigerator is provided herein. In an embodiment, a high-frequency output readout microwave
signal carrying qubit information can be downconverted to a relatively low-frequency microwave signal. As used
herein, a "high-frequency” microwave signal can be approximately 8 GHz or higher. Furthermore, as used herein, a
“low-frequency” microwave signal can be approximately in a frequency range between 0.5 GHz and 2 GHz (e.g., below
a qubit frequency and/or a readout resonator frequency). The high-frequency output readout microwave signal can be
a microwave signal received by a dilution refrigerator associated with a quantum processor (e.g., a superconducting
quantum processor). A downconversion process for the high-frequency output readout microwave signal can be
lossless and/or coherent. Furthermore, a downconversion process for the high-frequency output readout microwave
signal can be performed using a set of Josephson mixers. The set of Josephson mixers can be, for example,
dissipation-less three-wave Josephson mixers. A qubit readout signal transmitted by a readout resonator can also be
amplified using, for example, a quantum-limited amplifier or a near quantum-limited amplifier at a base stage of the
dilution refrigerator. The amplification of the qubit readout signal can be performed on an original qubit readout signal
(e.g., before the downconversion process). Alternatively, amplification of the qubit readout signal can be performed on
a downconverted qubit readout signal (e.g., after the downconversion process). The original qubit readout signal can
be amplified, for example, using a Josephson directional amplifier that employs a flux-bias and/or a microwave drive.
The downconverted qubit readout signal can be amplified, for example, using a direct current superconducting
quantum interference device (DC-SQUID) amplifier that employs a direct current (DC) and/or aflux bias. In certain
embodiments, a Josephson-based isolator or Josephson-based circulator can be implemented between a qubit-
resonator system and a directional amplifier of the dilution refrigerator to, for example, block excess backaction of the

directional amplifier on the qubit. The Josephson-based isolator and/or the Josephson-based circulator can employ a
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flux-bias andfor a microwave drive. In certain embodiments, a bandpass filter and/or a high-pass filter can be
implemented between a qubit-resonator system and a downconversion stage on an output line of the dilution
refrigerator. The bandpass filter and/or the high-pass filter can transmit the high-frequency readout signal with minimal
insertion loss. The bandpass filter and/or the high-pass filter can also block DC-signals and microwave signals below a
threshold frequency, where the threshold frequency is below the high-frequency readout signal. In certain
embodiments, a low-pass filters and/or a frequency-dependent attenuator can be implemented on an output line of the
dilution refrigerator at one or more different stages between a base stage of the dilution refrigerator and a 4 K stage of
the dilution refrigerator. As such, the downconverted qubit readout signal can be transmitted through an output chain
with little or no attenuation. Signals and/or noise at frequencies above a frequency of the downconverted qubit readout

signal can also be attenuated.

[0022] In an embodiment, a rapid single flux quantum (RSFQ) analog-to-digital converter (ADC) can be implemented
in a 4 K stage of the dilution refrigerator. The RSFQ ADC can sample and digitize the downconverted qubit readout
signal. In an aspect, output of the RSFQ ADC can be a digital signal that is transmitted to a classical computing
system. The classical computing system can include a room-temperature processing unit for classical signal
processing and/or classical signal analysis. Additionally or alternatively, the digital signal can be transmitted to a RSFQ
logic located at the 4 K stage of the dilution refrigerator. In certain embodiments, an energy-efficient RSFQ (ERSFQ)
circuit can additionally or alternatively be implemented in a 4 K stage of the dilution refrigerator. In certain
embodiments, an energy-efficient single flux quantum (eSFQ) circuit can additionally or alternatively be implemented in
a 4 K stage of the dilution refrigerator. In certain embodiments, input lines for the dilution refrigerator can incorporate
microwave attenuators and/or filters in embodiments where the high-frequency microwave readout signal is
approximately equal to a resonance frequency of a readout resonator of a qubit inside the dilution refrigerator system.
In certain embodiments, input lines for the dilution refrigerator can incorporate microwave attenuators and/or filters that
attenuate high-frequency microwave signals and/or noise above a threshold frequency in embodiments where the high-
frequency microwave signals and/or noise are detuned with respect to a resonance frequency of a readout resonator of
the dilution refrigerator. The threshold frequency can be below the resonance frequency of the readout resonator. In
certain embodiments, an upconversion stage can be implemented to a base stage of the dilution refrigerator to
upconvert the low-frequency microwave qubit readout signal to a high-frequency microwave qubit readout signal that is
approximately equal to a resonance frequency of a readout resonator of the dilution refrigerator. An upconversion
process associated with the upconversion stage can be performed using a set of Josephson mixers. The set of
Josephson mixers can be, for example, dissipation-less three-wave Josephson mixers that employ a flux-bias and
microwave drive. In one example, the set of Josephson mixers can employ Josephson ring modulators that are
coupled to lumped-element microwave resonators and surface acoustic wave (SAW) resonators. In certain
embodiments, separate input lines for qubit control can be employed. In certain embodiments, microwave pump lines
inside the dilution refrigerator can be attenuated for noise at frequencies higher than or lower than respective pump

frequencies. The microwave pump lines can carry microwave drives required for the operation of Josephson mixers,
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Josephson-based directional amplifiers, Josephson-based isolators, and/or Josephson-based circulators inside the
dilution refrigerator. In certain embodiments, the pump lines can be attenuated by employing bandpass filters on the
pump lines which minimally attenuate pumps signals (e.g., in-band signals) and heavily attenuate other signals (e.g.,
out-of-band signals). As such, hardware overhead for a dilution refrigerator system associated with a quantum
processor can be reduced. For example, a dilution refrigerator system associated with a quantum processor can be
implemented without cryogenic magnetic-based circulators, isolators and/or transistors (e.g., high electron mobility
transistors). Furthermore, no microwave mixers are needed at room-temperature on readout lines. The reduced
hardware overhead can also promote scalability for the dilution refrigerator system. Additionally, heat load and/or mass
load within a dilution refrigerator can be reduced. Power consumption for a dilution refrigerator system associated with
a quantum processor can also be reduced. |n addition, input lines for a dilution refrigerator and/or output lines for a
dilution refrigerator can include attenuators which attenuate black-body radiation noise and/or electromagnetic noise.
Synthetizing and/or sampling of low-frequency microwave signals in a dilution refrigerator system associated with a
quantum processor can also reduce complexity of the dilution refrigerator system. Moreover, an improved
superconducting device, an improved quantum processor (e.g., an improved superconducting quantum processor),

and/or improved quantum computing system can be provided.

[0023] FIG. 1 illustrates a block diagram of an example, non-limiting system 100 that provides an improved dilution
refrigerator for a superconducting quantum processor in accordance with one or more embodiments described herein.
For instance, the system 100 can provide a novel measurement scheme for superconducting qubits using low-
frequency microwave signals within a dilution refrigerator in accordance with one or more embodiments described
herein. In an embodiment, the system 100 can be a quantum computing system. In another embodiment, the system
100 can additionally or alternatively be a cryogenic microwave system. In various embodiments, the system 100 can
be associated with technologies such as, but not limited to, quantum computing technologies, superconducting
technologies, quantum hardware technologies, quantum computer technologies, quantum circuit technologies,
quantum processor technologies, cryogenic microwave technologies, dilution refrigerator technologies, quantum
amplifier technologies, superconducting qubit technologies, microwave device technologies, quantum information
processing technologies, artificial intelligence technologies, machine learning technologies, and/or other technologies.
The system 100 can employ hardware and/or software to solve problems that are highly technical in nature, that are
not abstract and that cannot be performed as a set of mental acts by a human. Further, some of the processes
performed may be performed by one or more specialized computers (e.g., one or more specialized circuits, one or
more specialized hardware, etc.) for carrying out defined processes and/or tasks related to a quantum computing
and/or a dilution refrigerator system. The system 100 and/or components of the system can be employed to solve new
problems that arise through advancements in technologies mentioned above, such as, for example, quantum
computing technologies, superconducting technologies, quantum hardware technologies, quantum computer
technologies, quantum circuit technologies, quantum processor technologies, dilution refrigerator technologies,

cryogenic microwave technologies, quantum amplifier technologies, superconducting qubit technologies, microwave
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device technologies, quantum information processing technologies, artificial intelligence technologies, machine learning
technologies, and the like. One or more embodiments of the system 100 can provide technical improvements to
quantum computing systems, superconducting systems, quantum hardware systems, quantum computer systems,
quantum circuit systems, quantum processor systems, dilution refrigerator systems, cryogenic microwave systems,
quantum amplifier systems, superconducting qubit systems, microwave device systems, quantum information
processing systems, artificial intelligence systems, machine learning systems and/or other technical systems. One or
more embodiments of the system 100 can also provide technical improvements to a dilution refrigerator by reducing
heat load within the dilution refrigerator can be reduced and/or reducing power consumption for the dilution refrigerator.
Additionally or alternatively, one or more embodiments of the system 100 can also provide technical improvements to
a quantum processor by improving performance of the quantum processor and/or improving accuracy of the quantum

processor.

[0024] In the embodiment shown in FIG. 1, the system 100 can include a dilution refrigerator system 102, a quantum
processor 104 and/or a classical computing system 106. The dilution refrigerator system 102 can be a dilution
refrigerator employed to cool the quantum processor 104. For example, the dilution refrigerator system 102 can be a
dilution refrigerator employed to cool the quantum processor 104 to millikelvin temperatures. In an embodiment, the
dilution refrigerator system 102 can house the quantum processor 104. In another embodiment, the quantum
processor 104 can be mounted to the dilution refrigerator system 102. In an example, the quantum processor 104 can
be mounted to a base stage of the dilution refrigerator system 102. The base stage can be, for example, a coldest
portion of the dilution refrigerator system 102). The quantum processor 104 can be a device (e.g., a quantum
computer, a quantum circuit, etc.) configured to manipulate quantum states for quantum computing. In one example,
the quantum processor 104 can be a superconducting quantum processor. In an aspect, the quantum processor 104
can be a machine that performs a set of calculations based on principle of quantum physics. For example, the
quantum processor 104 can encode and/or process information using qubits. In one embodiment, the quantum
processor 104 can be a hardware quantum processor (e.g., a hardware superconducting quantum processor) that can
encode and/or process information using qubits. For example, the quantum processor 104 can be a hardware
quantum processor that executes a set of instruction threads associated with qubits. In a non-limiting embodiment, the
quantum processor 104 can be a qubit-resonator. The classical computing system 106 can perform classical
computing that stores and/or processes information using bits (e.g., a “0" valued bit and a “1” valued bit). In an aspect,
the classical computing system 106 can be implemented at approximately room-temperature (e.g., approximately 273
K). The classical computing system 106 can perform classical signal processing and/or signal analysis. The classical
computing system 106 can additionally or alternatively manage storage of data (e.g., bits). Furthermore, the classical

computing system 106 can include one or more electronics operated at approximately room-temperature.

[0025] In an embodiment, the classical computing system 106 can provide a microwave signal 108 to the dilution

refrigerator system 102. The microwave signal 108 can be a radio frequency signal associated with an oscillatory
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change in voltage and/or current. Furthermore, the microwave signal 108 can include one or more microwave signals.
The microwave signal 108 can be employed to control the quantum processor 104. Additionally or alternatively, the
microwave signal 108 can be employed to measure quantum information associated with the quantum processor 104,
In an aspect, the microwave signal 108 can be a high-frequency microwave signal in a frequency range, for example,
between 4 GHz and 10 GHz. In an embodiment, the microwave signal 108 can be a qubit readout signal. For

example, the microwave signal 108 can carry qubit information such as, for example, qubit readout information.

[0026] The dilution refrigerator system 102 can modify the microwave signal 108 to generate a modified-frequency
microwave signal 109 for transmission within the dilution refrigerator system 102. For example, the modified-frequency
microwave signal 109 can be a modified version of the microwave signal 108 with a reduced frequency. In another
example, the modified-frequency microwave signal 109 can be a modified version of the microwave signal 108 with an
increased frequency. In an embodiment, the modified-frequency microwave signal 109 can be a low-frequency
microwave signal in a frequency range, for example, between 0.5 GHz and 2 GHz. For example, the modified-
frequency microwave signal 109 can comprise a frequency below a qubit frequency associated with the quantum
processor 104. Additionally or alternatively, the modified-frequency microwave signal 109 can comprise a frequency
below a readout resonator frequency associated with the quantum processor 104. In an embodiment, the dilution
refrigerator system 102 can perform a downconversion process associated with the microwave signal 108 to generate
the modified-frequency microwave signal 109. The downconversion process performed by the dilution refrigerator
system 102 can be lossless and coherent. Furthermore, in certain embodiments, the dilution refrigerator system 102
can employ a set of Josephson mixers to downconvert the microwave signal 108 and generate the modified-frequency
microwave signal 109. The set of Josephson mixers can be, for example, dissipation-less three-wave Josephson
mixers. In an implementation, the set of Josephson mixers can be employed for upconversion in an embodiment
where the microwave signal 108 is a low-frequency signal. For example, in an embodiment, the microwave signal 108
can be synthesized using one or more electronics (e.g., one or more electronics at room-temperature) within the
classical computing system 106. In an alternate embodiment, one or more RSFQ circuits (e.g., one or more electronics
at a 4 K stage) within the dilution refrigerator system 102 can synthesize the microwave signal 108 as a low-frequency
signal. In another embodiment, the microwave signal 108 can be synthesized as a high-frequency signal using one or
more electronics (e.g., one or more electronics at room-temperature) within the classical computing system 106.
Alternatively, one or more RSFQ circuits (e.g., one or more electronics at a 4 K stage) within the dilution refrigerator
system 102 can synthesize the microwave signal 108 as a high-frequency signal. In yet another embodiment, the
dilution refrigerator system 102 can decrease and increase a frequency of the microwave signal 108 to provide the
modified-frequency microwave signal 109. For example, the dilution refrigerator system 102 can decrease a frequency
of the microwave signal 108 to generate a decreased-frequency version of the microwave signal 108. The dilution
refrigerator system 102 can also increase a frequency of the decreased-frequency version of the microwave signal 108
to a particular frequency below an original frequency of the microwave signal 108. In certain embodiments, a

frequency of the microwave signal 108 can be upconverted to a readout frequency of a readout resonator associated
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with the quantum processor 104. In an aspect, the modified-frequency microwave signal 109 can be employed to
provide a qubit measurement (e.g., a qubit measurement associated with the quantum processor 104) to the classical
computing system 106. In another embodiment, the dilution refrigerator system 102 can convert the reduced-
frequency microwave signal 11 into a digital signal 112. The digital signal 112 can include the qubit measurement
associated with the quantum processor 104. For example, the digital signal 112 can encode the qubit measurement
associated with the quantum processor 104 as a sequence of binary values. Furthermore, the dilution refrigerator
system 102 can provide the digital signal 112 to the classical computing system 106. As such, the classical computing
system 106 can perform classical signal processing of the digital signal 112 to obtain the qubit measurement

associated with the quantum processor 104.

[0027] Itis to be appreciated that the system 100 can provide various advantages as compared to conventional
dilution refrigerator systems. For instance, by employing the system 100, hardware overhead for a dilution refrigerator
system associated with a quantum processor can be reduced. The reduced hardware overhead can also promote
scalability for the dilution refrigerator system. Additionally, heat load and/or mass load within a dilution refrigerator
system can be reduced. Power consumption for a dilution refrigerator system associated with a quantum processor
can also be reduced. Moreover, by employing the system 100, performance and/or accuracy of a quantum processor
associated with a dilution refrigerator system can be improved. In an example, employing the modified-frequency
microwave signal 109 (e.g., a reduced-frequency microwave signal) can improve performance and/or accuracy of the
quantum processor 104. In another example, the dilution refrigerator system 102 can decrease and increase
frequency of the microwave signal 108 inside the dilution refrigerator system 102 to improve coherence of the quantum

processor 104 and/or to reduce hardware overhead for the quantum processor 104.

[0028] FIG. 2 illustrates a block diagram of an example, non-limiting system 200 in accordance with one or more
embodiments described herein. Repetitive description of like elements employed in other embodiments described

herein is omitted for sake of brevity.

[0029] The system 200 can include the dilution refrigerator system 102, the quantum processor 104 and/or the
classical computing system 106. In an embodiment shown in FIG. 2, the dilution refrigerator system 102 can include a
directional coupler 202, a Josephson-based isolator 204, a Josephson directional amplifier 206, a bandpass filter 208,
a Josephson-based mixer 209 and/or a rapid single flux quantum (RSFQ) analog-to-digital converter (ADC) 210. In an
embodiment, the directional coupler 202, the Josephson-based isolator 204, the Josephson directional amplifier 206,
the bandpass filter 208, and/or the Josephson-based mixer 209 can be mounted on a 10 mK stage of the dilution
refrigerator system 102. Additionally or alternatively, the RSFQ ADC 210 can be mounted on a 4 K stage of the dilution
refrigerator system 102. The microwave signal 108 generated by the classical computing system 106 can be provided
to the dilution refrigerator system 102 via an input transmission line for the dilution refrigerator system 102. In certain

embodiments, the input transmission line for the dilution refrigerator system 102 can include one or more attenuators
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and/or one or more filters (e.g., one or more lowpass filters) to attenuate and/or filter the microwave signal 108. In an
embodiment, the microwave signal 108 can comprise a frequency that corresponds to a qubit resonant frequency
and/or a readout resonant frequency associated with the quantum processor 104. For example, the microwave signal
108 can comprise a frequency that corresponds to a qubit resonant frequency of a superconducting qubit of the
quantum processor 104. Additionally or alternatively, the microwave signal 108 can comprise a frequency that
corresponds to a readout resonator of the quantum processor 104. In certain embodiments, the microwave signal 108
can additionally or alternatively control one or more portions of the quantum processor 104. For example, the
microwave signal 108 can control one or more portions of the quantum processor 104 can control a superconducting
qubit of the quantum processor 104. Additionally or alternatively, the microwave signal 108 can facilitate one or more
quantum measurements associated with the quantum processor 104. For example, the microwave signal 108 can
facilitate measurement of qubit information associated with the quantum processor 104. In one example, the qubit
information can include information regarding a qubit state (e.g., an excited state, a ground state, or a superposition

state) of a superconducting qubit of the quantum processor 104.

[0030] The microwave signal 108 can be received by the directional coupler 202 of the dilution refrigerator system
102. The directional coupler 202 can be a circuit that facilitates a connection between the classical computing system
106, the quantum processor 104, and/or the Josephson-based isolator 204. In an aspect, the microwave signal 108
can be received by a first port of the directional coupler 202. A portion of the microwave signal 108 can dissipated via
acold load coupled to the directional coupler 202 via a second port of the directional coupler 202. The cold load can
be, for example, a 50 Ohm load. Furthermore, a remaining portion of the microwave signal 108 can be provided to the
quantum processor 104 via a third port of the directional coupler 202. For instance, the remaining portion of the
microwave signal 108 can be provided to the quantum processor 104 via the third port. Furthermore, the remaining
portion of the microwave signal 108 can be reflected off the quantum processor 104 (e.g., off a qubit resonator of the
quantum processor 104) to provide a readout output signal 212 associated with qubit information (e.g., a qubit
measurement) associated with the quantum processor 104. In an embodiment, the microwave signal 108 can be
reflected off the quantum processor 104 via circuit quantum electrodynamics (cQED). For example, a superconducting
qubit of the quantum processor 104 can be dispersively coupled to a qubit resonator of the quantum processor 104.
Furthermore, a qubit state can be determined based on a measured phase shift of the microwave sighal 108 applied to
the quantum processor 104. As such, the readout output signal 212 provided by the quantum processor 104 can

include qubit information such as a qubit measurement, a qubit state, and/or other qubit information.

[0031] The Josephson-based isolator 204, the Josephson directional amplifier 206, andfor the bandpass filter 208
can further process the readout output signal 212 provided by the quantum processor 104 (e.g., the readout output
signal 212 associated with the microwave signal 108). In an aspect, the readout output signal 212 can be transmitted
to the Josephson-based isolator 204 via a fourth port of the directional coupler 202. The Josephson-based isolator 204

can allow the readout output signal 212 to be transmitted within the dilution refrigerator system 102 without attenuation.
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The Josephson-based isolator 204 can also allow the readout output signal 212 to be transmitted in a single direction
towards the Josephson directional amplifier 206. In an embodiment, the Josephson-based isolator 204 can include two
active Josephson mixers coupled via beam-splitters. The two active Josephson mixers of the Josephson-based
isolator 204 can be driven, for example, via a microwave pump source signal. In another embodiment, the Josephson-
based isolator 204 can limit noise provided to the quantum processor 104 (e.g., noise coming from an output chain
within the dilution refrigerator system 102). The Josephson directional amplifier 206 can amplify the readout output
signal 212. The Josephson directional amplifier 206 can be a quantum-limited amplifier or a near quantum-limited
amplifier. In an embodiment, the Josephson directional amplifier 206 can comprise two Josephson parametric
converters coupled together to facilitate amplification of the readout output signal 212. In certain embodiments, the
readout output signal 212 can additionally be filtered by the bandpass filter 208 centered around a particular frequency.
For example, the bandpass filter 208 can allow a particular band of frequencies associated with the readout output
signal 212 to pass through to the Josephson-based mixer 209. In an aspect, the bandpass filter 208 can transmit the
readout output signal 212 with minimal loss and can block DC-signals and/or microwave signals below a threshold
frequency. The Josephson-based mixer 209 can convert the readout output sighal 212 into a reduced-frequency
microwave signal 110. The reduced-frequency microwave signal 110 can comprise a frequency that is lower than a
frequency of the readout output signal 212 and a frequency of the microwave signal 108. For example, the reduced-
frequency microwave signal 110 can comprise a frequency that is lower than a frequency of the superconducting qubit
of the quantum processor 104 and a frequency of the qubit resonator of the quantum processor 104. |n an
embodiment, the Josephson-based mixer 209 can include a set of Josephson ring modulators that are coupled to one
or more lumped-element resonators and/or one or more surface acoustic wave resonators to facilitate downconversion
of the readout output signal 212 associated with the microwave signal 108 into the reduced-frequency microwave
signal 110. Accordingly, the reduced-frequency microwave signal 110 can be a downconverted readout output signal
(e.g., adownconverted version of the readout output signal 212). In an embodiment, the reduced-frequency
microwave signal 110 generated by the Josephson-based mixer 209 can be filtered by a lowpass filter. For example,
an output line between a 10 mK stage of the dilution refrigerator system 102 and a 4 K stage of the dilution refrigerator
system 102 can include a lowpass filter between the Josephson-based mixer 209 and the RSFQ ADC 210. The
lowpass filter can reject high-frequency signals and/or noise above a cutoff frequency for the lowpass filter. For
example, the lowpass filter can transmit the reduced-frequency microwave signal 110 with minimal loss for processing
by the RSFQ ADC 210. Furthermore, the lowpass filter can reject high frequency noise associated with an output
chain within the dilution refrigerator system 102. Furthermore, the RSFQ ADC 210 can generate the digital signal 112.
For instance, the RSFQ ADC 210 can sample and/or digitize the reduced-frequency microwave signal 110 to generate
the digital signal 112. In an embodiment, the RSFQ ADC 210 can digitize the reduced-frequency microwave signal 110
based on a superconducting device to generate the digital signal 112. As such, the digital signal 112 can include an
encoded version of the qubit information included in the readout output signal 212, where the qubit information included
in the digital signal 112 is encoded using a sequence of binary bits. In an embodiment, the RSFQ ADC 210 can

employ single flux quantum voltage pulses generated by Josephson junctions to convert the reduced-frequency
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microwave signal 110 into the digital signal 112. The digital signal 112 generated by the RSFQ ADC 210 can be
provided to the classical computing system 106 via an output transmission line for the dilution refrigerator system 102.
In certain embodiments, the RSFQ ADC 210 can be an energy-efficient RSFQ (ERSFQ) ADC or an energy-efficient
single flux quantum (eSFQ) ADC. In certain embodiments, the RSFQ ADC 210 and/or the lowpass filter that filters the
reduced-frequency microwave signal 110 can be located on an output transmission line for the dilution refrigerator

system 102

[0032] Itis to be appreciated that the system 200 can provide various advantages as compared to conventional
dilution refrigerator systems. For instance, by employing the system 200, hardware overhead for a dilution refrigerator
system associated with a quantum processor can be reduced. The reduced hardware overhead can also promote
scalability for the dilution refrigerator system. Additionally, heat load and/or mass load within a dilution refrigerator
system can be reduced. Power consumption for a dilution refrigerator system associated with a quantum processor
can also be reduced. Moreover, by employing the system 200, performance and/or accuracy of a quantum processor

associated with a dilution refrigerator system can be improved.

[0033] FIG. 3illustrates a block diagram of an example, non-limiting system 300 in accordance with one or more
embodiments described herein. Repetitive description of like elements employed in other embodiments described

herein is omitted for sake of brevity.

[0034] The system 300 can include a dilution refrigerator system 102', the quantum processor 104 and/or the
classical computing system 106. The dilution refrigerator system 102’ can be an alternate embodiment of the dilution
refrigerator system 102. In an embodiment shown in FIG. 3, the dilution refrigerator system 102’ can include the
directional coupler 202, the Josephson-based isolator 204, the bandpass filter 208, the Josephson-based mixer 209, a
direct current superconducting quantum interference device (DC-SQUID) amplifier 302 and/or the RSFQ ADC 210. In
an embodiment, the directional coupler 202, the Josephson-based isolator 204, the bandpass filter 208, the
Josephson-based mixer 209, and/or the DC-SQUID amplifier 302 can be mounted on a 10 mK stage of the dilution
refrigerator system 102", Additionally or alternatively, the RSFQ ADC 210 can be mounted on a 4 K stage of the
dilution refrigerator system 102". The microwave signal 108 generated by the classical computing system 106 can be
provided to the dilution refrigerator system 102’ via an input transmission line for the dilution refrigerator system 102",
In certain embodiments, the input transmission line for the dilution refrigerator system 102’ can include one or more
attenuators and/or one or more filters (e.g., one or more lowpass filters) to attenuate and/or filter the microwave signal
108. In an embodiment, the microwave signal 108 can comprise a frequency that corresponds to a qubit resonant
frequency and/or a readout resonant frequency associated with the quantum processor 104. For example, the
microwave signal 108 can comprise a frequency that corresponds to a qubit resonant frequency of a superconducting
qubit of the quantum processor 104. Additionally or alternatively, the microwave signal 108 can comprise a frequency

that corresponds to a readout resonator of the quantum processor 104. In certain embodiments, the microwave signal
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108 can additionally or alternatively control one or more portions of the quantum processor 104. For example, the
microwave signal 108 can control one or more portions of the quantum processor 104 can control a superconducting
qubit of the quantum processor 104. Additionally or alternatively, the microwave signal 108 can facilitate one or more
quantum measurements associated with the quantum processor 104. For example, the microwave signal 108 can
facilitate measurement of qubit information associated with the quantum processor 104. In one example, the qubit
information can include information regarding a qubit state (e.g., an excited state, a ground state, or a superposition

state) of a superconducting qubit of the quantum processor 104.

[0035] The microwave signal 108 can be received by the directional coupler 202 of the dilution refrigerator system
102, The directional coupler 202 can be a circuit that facilitates a connection between the classical computing system
106, the quantum processor 104, and/or the Josephson-based isolator 204. In an aspect, the microwave signal 108
can be received by a first port of the directional coupler 202. A portion of the microwave signal 108 can dissipated via
acold load coupled to the directional coupler 202 via a second port of the directional coupler 202. The cold load can
be, for example, a 50 Ohm load. Furthermore, a remaining portion of the microwave signal 108 can be provided to the
quantum processor 104 via a third port of the directional coupler 202. For instance, the remaining portion of the
microwave signal 108 can be provided to the quantum processor 104 via the third port. Furthermore, the remaining
portion of the microwave signal 108 can be reflected off the quantum processor 104 (e.g., off a qubit resonator of the
quantum processor 104) to provide a readout output signal 212 associated with qubit information (e.g., a qubit
measurement) associated with the quantum processor 104. In an embodiment, the microwave signal 108 can be
reflected off the quantum processor 104 via cQED. For example, a superconducting qubit of the quantum processor
104 can be dispersively coupled to a qubit resonator of the quantum processor 104. Furthermore, a qubit state can be
determined based on a measured phase shift of the microwave signal 108 applied to the quantum processor 104. As
such, the readout output signal 212 provided by the quantum processor 104 can include qubit information such as a

qubit measurement, a qubit state, and/or other qubit information.

[0036] The Josephson-based isolator 204 and/or the bandpass filter 208 can further process the readout output
signal 212 provided by the quantum processor 104 (e.g., the readout output signal 212 associated with the microwave
signal 108). In an aspect, the readout output signal 212 can be transmitted to the Josephson-based isolator 204 via a
fourth port of the directional coupler 202. The Josephson-based isolator 204 can allow the readout output signal 212 to
be transmitted within the dilution refrigerator system 102’ without attenuation. The Josephson-based isolator 204 can
also allow the readout output signal 212 to be transmitted in a single direction towards the bandpass filter 208, In an
embodiment, the Josephson-based isolator 204 can include two active Josephson mixers coupled via beam-splitters.
The two active Josephson mixers of the Josephson-based isolator 204 can be driven, for example, via a microwave
pump source signal. In certain embodiments, the readout output signal 212 can additionally be filtered by the
bandpass filter 208 centered around a particular frequency. For example, the bandpass filter 208 can allow a particular

band of frequencies associated with the readout output signal 212 to pass through to the Josephson-based mixer 209.
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In an aspect, the bandpass filter 208 can transmit the readout output signal 212 with minimal loss and can block DC-
signals and/or microwave signals below a threshold frequency. The Josephson-based mixer 209 can convert the
readout output signal 212 into the reduced-frequency microwave signal 110. The reduced-frequency microwave signal
110 can comprise a frequency that is lower than a frequency of the readout output signal 212 and a frequency of the
microwave signal 108. For example, the reduced-frequency microwave signal 110 can comprise a frequency that is
lower than a frequency of the superconducting qubit of the quantum processor 104 and a frequency of the qubit
resonator of the quantum processor 104. In an embodiment, the Josephson-based mixer 209 can include a set of
Josephson ring modulators that are coupled to one or more lumped-element resonators and/or one or more surface
acoustic wave resonators to facilitate downconversion of the readout output signal 212 associated with the microwave
signal 108 into the reduced-frequency microwave signal 110. Accordingly, the reduced-frequency microwave signal
110 can be a downconverted readout output signal (e.g., a downconverted version of the readout output signal 212).
The DC-SQUID amplifier 302 can amplify the reduced-frequency microwave signal 110. The DC-SQUID amplifier 302
can be a quantum-limited amplifier or a near quantum-limited amplifier. In an embodiment, the DC-SQUID amplifier
302 can comprise two Josephson junctions in parallel in a superconducting loop coupled to a microwave circuitry on
chip to facilitate amplification of the reduced-frequency microwave signal 110. In an embodiment, an amplified version
of the reduced-frequency microwave signal 110 generated by the DC-SQUID amplifier 302 can be filtered by a lowpass
filter. For example, an output line between a 10 mK stage of the dilution refrigerator system 102 and a 4 K stage of the
dilution refrigerator system 102 can include a lowpass filter between the DC-SQUID amplifier 302 and the RSFQ ADC
210. The lowpass filter can reject high-frequency signals and/or noise above a cutoff frequency for the lowpass filter.
Furthermore, the RSFQ ADC 210 can generate the digital signal 112 based on the amplified version of the reduced-
frequency microwave signal 110. For instance, the RSFQ ADC 210 can sample and/or digitize the amplified version of
the reduced-frequency microwave signal 110 to generate the digital signal 112. As such, the digital sighal 112 can
include an encoded version of the qubit information included in the readout output signal 212, where the qubit
information included in the digital signal 112 is encoded using a sequence of binary bits. In an embodiment, the RSFQ
ADC 210 can employ single flux quantum voltage pulses generated by Josephson junctions to convert the amplified
version of the reduced-frequency microwave signal 110 into the digital signal 112. The digital signal 112 generated by
the RSFQ ADC 210 can be provided to the classical computing system 106 via an output transmission line for the
dilution refrigerator system 102", In certain embodiments, the RSFQ ADC 210 can be an ERSFQ ADC or an eSFQ
ADC. In certain embodiments, the RSFQ ADC 210 and/or the lowpass filter that filters the reduced-frequency

microwave signal 110 can be located on an output transmission line for the dilution refrigerator system 102',

[0037] Itis to be appreciated that the system 300 can provide various advantages as compared to conventional
dilution refrigerator systems. For instance, by employing the system 300, hardware overhead for a dilution refrigerator
system associated with a quantum processor can be reduced. The reduced hardware overhead can also promote
scalability for the dilution refrigerator system. Additionally, heat load and/or mass load within a dilution refrigerator

system can be reduced. Power consumption for a dilution refrigerator system associated with a quantum processor
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can also be reduced. Moreover, by employing the system 300, performance and/or accuracy of a quantum processor

associated with a dilution refrigerator system can be improved.

[0038] FIG. 4 illustrates a block diagram of an example, non-limiting system 400 in accordance with one or more
embodiments described herein. Repetitive description of like elements employed in other embodiments described

herein is omitted for sake of brevity.

[0039] The system 400 can include the dilution refrigerator system 102, the quantum processor 104, the classical
computing system 106, RSFQ logic 402 and/or an RSFQ digital-to-analog converter (DAC) 404. The dilution
refrigerator system 102 can include the directional coupler 202, the Josephson-based isolator 204, the Josephson
directional amplifier 206, the bandpass filter 208, the Josephson-based mixer 209 and/or the RSFQ ADC 210. In an
embodiment shown in FIG. 4, the RSFQ DAC 404 can generate the microwave signal 108. The microwave signal 108
generated by the RSFQ DAC 404 can be provided to the dilution refrigerator system 102 via an input transmission line
for the dilution refrigerator system 102. In certain embodiments, the input transmission line for the dilution refrigerator
system 102 can include one or more attenuators and/or one or more filters (e.g., one or more lowpass filters) to
attenuate and/or filter the microwave signal 108. The RSFQ DAC 404 and/or the RSFQ DAC 404 can be
communicatively coupled to the classical computing system 106. For example, the RSFQ DAC 404 and/or the RSFQ
DAC 404 can be communicatively coupled to one or more electronics of the classical computing system 106. In an
embodiment, the RSFQ DAC 404 and/or the RSFQ DAC 404 can be located in a 4 K stage of the dilution refrigerator
system 102. The digital signal 112 can be provided to the classical computing system 106 and the RSFQ Logic 402.
The RSFQ logic 402 can include logic to facilitate converting the digital signal 112 into the microwave signal 108. For
example, the RSFQ logic 402 can include logic to facilitate converting the digital signal 112 into a feedback version or a
sequential version of the microwave signal 108. In certain embodiments, the RSFQ logic 402 can include logic to
facilitate converting the digital signal 112 into a feedback version or a sequential version of the microwave signal 108
based on a result of the digital signal 112. As such, in certain embodiments, the microwave signal 108 can be

generated by a device inside the dilution refrigerator system 102.

[0040] It is to be appreciated that the system 400 can provide various advantages as compared to conventional
dilution refrigerator systems. For instance, by employing the system 400, hardware overhead for a dilution refrigerator
system associated with a quantum processor can be reduced. The reduced hardware overhead can also promote
scalability for the dilution refrigerator system. Additionally, heat load and/or mass load within a dilution refrigerator
system can be reduced. Power consumption for a dilution refrigerator system associated with a quantum processor
can also be reduced. Moreover, by employing the system 400, performance and/or accuracy of a quantum processor

associated with a dilution refrigerator system can be improved.
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[0041] FIG. 5illustrates a block diagram of an example, non-limiting system 500 in accordance with one or more
embodiments described herein. Repetitive description of like elements employed in other embodiments described

herein is omitted for sake of brevity.

[0042] The system 500 can include the dilution refrigerator system 102’, the quantum processor 104, the classical
computing system 106, the RSFQ logic 402 and/or the RSFQ DAC 404. The dilution refrigerator system 102’ can
include the directional coupler 202, the Josephson-based isolator 204, the bandpass filter 208, the Josephson-based
mixer 209, the DC-SQUID amplifier 302 and/or the RSFQ ADC 210. In an embodiment shown in FIG. 5, the RSFQ
DAC 404 can generate the microwave signal 108. The microwave signal 108 generated by the RSFQ DAC 404 can be
provided to the dilution refrigerator system 102’ via an input transmission line for the dilution refrigerator system 102. In
certain embodiments, the input transmission line for the dilution refrigerator system 102’ can include one or more
attenuators and/or one or more filters (e.g., one or more lowpass filters) to attenuate and/or filter the microwave signal
108. The RSFQ DAC 404 andfor the RSFQ DAC 404 can be communicatively coupled to the classical computing
system 106. For example, the RSFQ DAC 404 and/or the RSFQ DAC 404 can be communicatively coupled to one or
more electronics of the classical computing system 106. In an embodiment, the RSFQ DAC 404 and/or the RSFQ
DAC 404 can be located in a 4 K stage of the dilution refrigerator system 102" The digital signal 112 can be provided
to the classical computing system 106 and the RSFQ Logic 402. The RSFQ logic 402 can include logic to facilitate
converting the digital signal 112 into the microwave signal 108. For example, the RSFQ logic 402 can include logic to
facilitate converting the digital signal 112 into a feedback version or a sequential version of the microwave signal 108.
In certain embodiments, the RSFQ logic 402 can include logic to facilitate converting the digital signal 112 into a
feedback version or a sequential version of the microwave signal 108 based on a result of the digital signal 112. As
such, in certain embodiments, the microwave signal 108 can be generated by a device inside the dilution refrigerator

system 102',

[0043] It is to be appreciated that the system 500 can provide various advantages as compared to conventional
dilution refrigerator systems. For instance, by employing the system 500, hardware overhead for a dilution refrigerator
system associated with a quantum processor can be reduced. The reduced hardware overhead can also promote
scalability for the dilution refrigerator system. Additionally, heat load and/or mass load within a dilution refrigerator
system can be reduced. Power consumption for a dilution refrigerator system associated with a quantum processor
can also be reduced. Moreover, by employing the system 500, performance and/or accuracy of a quantum processor

associated with a dilution refrigerator system can be improved.

[0044] FIG. 6 illustrates a block diagram of an example, non-limiting system 600 in accordance with one or more
embodiments described herein. Repetitive description of like elements employed in other embodiments described

herein is omitted for sake of brevity.
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[0045] The system 600 can include a dilution refrigerator system 102", the quantum processor 104 and/or the
classical computing system 106. The dilution refrigerator system 102" can be an alternate embodiment of the dilution
refrigerator system 102. In an embodiment shown in FIG. 6, the dilution refrigerator system 102" can include a
Josephson-based mixer 602, a bandpass filter 604, a Josephson-based circulator 606, the Josephson directional
amplifier 206, the bandpass filter 208, the Josephson-based mixer 209 and/or the RSFQ ADC 210. In an embodiment,
the Josephson-based mixer 602, the bandpass filter 604, the Josephson-based circulator 606, the Josephson
directional amplifier 206, the bandpass filter 208, and/or the Josephson-based mixer 209 can be mounted on a 10 mK
stage of the dilution refrigerator system 102", Additionally or alternatively, the RSFQ ADC 210 can be mounted on a 4
K stage of the dilution refrigerator system 102", The microwave signal 108 generated by the classical computing
system 106 can be provided to the dilution refrigerator system 102" via an input transmission line for the dilution
refrigerator system 102", In certain embodiments, the input transmission line for the dilution refrigerator system 102"
can include one or more attenuators and/or one or more filters (e.g., one or more lowpass filters) to attenuate and/or
filter the microwave signal 108. In an embodiment, the microwave signal 108 can comprise a low frequency that is
below a qubit resonant frequency and/or a readout resonant frequency associated with the quantum processor 104.
For example, the microwave signal 108 can comprise a frequency that is below a qubit resonant frequency of a
superconducting qubit of the quantum processor 104. Additionally or alternatively, the microwave signal 108 can
comprise a frequency that is below a readout resonator of the quantum processor 104. In certain embodiments, the
microwave signal 108 can additionally or alternatively control one or more portions of the quantum processor 104. For
example, the microwave signal 108 can control one or more portions of the quantum processor 104 can control a
superconducting qubit of the quantum processor 104. Additionally or alternatively, the microwave signal 108 can
facilitate one or more quantum measurements associated with the quantum processor 104. For example, the
microwave signal 108 can facilitate measurement of qubit information associated with the quantum processor 104. In
one example, the qubit information can include information regarding a qubit state (e.g., an excited state, a ground
state, or a superposition state) of a superconducting qubit of the quantum processor 104. The microwave signal 108
can be received by the Josephson-based mixer 602 of the dilution refrigerator system 102". The Josephson-based
mixer 602 can facilitate transmission and/or generation of the microwave signal 108 based on a pump signal with a
particular frequency. In an aspect, the Josephson-based mixer 602 can upconvert the microwave signal 108 into an
increased-frequency microwave signal. For instance, the Josephson-based mixer 602 can upconvert the microwave
signal 108 into a readout signal 213. In an embodiment, the Josephson-based mixer 602 can include a set of
Josephson ring modulators that are coupled to one or more lumped-element resonators and/or one or more surface
acoustic wave resonators to facilitate upconversion of the microwave signal 108 into the increased-frequency
microwave signal. Accordingly, the readout signal 213 can be an upconverted readout output signal. In certain
embodiments, the microwave signal 108 can additionally be filtered by the bandpass filter 604 centered around a
particular frequency. For example, the bandpass filter 604 can allow a particular band of frequencies associated with

the microwave signal 108 to pass through to the Josephson-based circulator 606. In an aspect, the bandpass filter 604
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can transmit the microwave signal 108 with minimal loss and can block DC-signals and/or microwave signals below a

threshold frequency.

[0046] The Josephson-based circulator 606 can be a circuit that facilitates a connection between the classical
computing system 106, the quantum processor 104, and/or the Josephson directional amplifier 206. In an aspect, the
Josephson-based circulator 606 can be a nonreciprocal microwave device. The Josephson-based circulator 606 can
include three ports, in an implementation. In another implementation, the Josephson-based circulator 606 can include
four ports. In an example, a signal that enters a port of the Josephson-based circulator 606 can be routed with low loss
to another port of the Josephson-based circulator 606 based on a predefined circulation direction. In an
implementation, the microwave signal 108 can be received by a first port of the Josephson-based circulator 606.
Furthermore, the quantum processor 104 can be coupled to a second port of the Josephson-based circulator 606. A
portion of the microwave signal 108 can be reflected off the quantum processor 104 (e.g., off a qubit resonator of the
quantum processor 104) via the second port to provide a readout output signal associated with qubit information (e.g.,
a qubit measurement) associated with the quantum processor 104. The readout output signal can be transmitted via a
third port of the Josephson-based circulator 606. In certain embodiments, a cold load can be coupled to the
Josephson-based circulator 606 via a fourth port of the Josephson-based circulator 606. The cold load can be, for
example, a 50 Ohm load. In an embodiment, the microwave signal 108 can be reflected off the quantum processor
104 via cQED. For example, a superconducting qubit of the quantum processor 104 can be dispersively coupled to a
qubit resonator of the quantum processor 104. Furthermore, a qubit state can be determined based on a measured
phase shift of the microwave signal 108 applied to the quantum processor 104. As such, the readout output signal
provided by the quantum processor 104 can include qubit information such as a qubit measurement, a qubit state,
and/or other qubit information. In an aspect, the Josephson-based circulator 606 can block excess backaction of the
Josephson directional amplifier 206 on the qubit information associated with the readout output signal. In an
embodiment, the Josephson-based circulator 606 can be implemented without magnetic materials and/or strong
magnetic fields. In another embodiment, the Josephson-based circulator 606 can include a set of Josephson

parametric converters.

[0047] The Josephson directional amplifier 206 and/or the bandpass filter 208 can further process the readout output
signal provided by the quantum processor 104 (e.g., the readout output signal associated with the microwave signal
108). In an aspect, the readout output signal can be transmitted to the Josephson directional amplifier 206. The
Josephson directional amplifier 206 can amplify the readout output signal. The Josephson directional amplifier 206 can
be a quantum-limited amplifier or a near quantum-limited amplifier. In an embodiment, the Josephson directional
amplifier 206 can comprise two Josephson parametric converters coupled together to facilitate amplification of the
readout output signal. In certain embodiments, the readout output signal can additionally be filtered by the bandpass
filter 208 centered around a particular frequency. For example, the bandpass filter 208 can allow a particular band of

frequencies associated with the readout output signal to pass through to the Josephson-based mixer 209. In an
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aspect, the bandpass filter 208 can transmit the readout output signal with minimal loss and can block DC-signals
and/or microwave signals below a threshold frequency. The Josephson-based mixer 209 can convert the readout
output signal into the reduced-frequency microwave signal 110. The reduced-frequency microwave signal 110 can
comprise a frequency that is lower than a frequency of the readout output signal and a frequency of the microwave
signal 108. For example, the reduced-frequency microwave signal 110 can comprise a frequency that is lower than a
frequency of the superconducting qubit of the quantum processor 104 and a frequency of the qubit resonator of the
quantum processor 104. In an embodiment, the Josephson-based mixer 209 can include a set of Josephson ring
modulators that are coupled to one or more lumped-element resonators and/or one or more surface acoustic wave
resonators to facilitate downconversion of the readout output signal associated with the microwave signal 108 into the
reduced-frequency microwave signal 110. Accordingly, the reduced-frequency microwave signal 110 can be a
downconverted readout output signal (e.g., a downconverted version of the readout output signal). In an embodiment,
the reduced-frequency microwave signal 110 generated by the Josephson-based mixer 209 can be filtered by a
lowpass filter. For example, an output line between a 10 mK stage of the dilution refrigerator system 102 and a 4 K
stage of the dilution refrigerator system 102 can include a lowpass filter between the Josephson-based mixer 209 and
the RSFQ ADC 210. The lowpass filter can reject high-frequency signals and/or noise above a cutoff frequency for the
lowpass filter. Furthermore, the RSFQ ADC 210 can generate the digital signal 112. For instance, the RSFQ ADC 210
can sample and/or digitize the reduced-frequency microwave signal 110 to generate the digital signal 112. As such,
the digital signal 112 can include an encoded version of the qubit information included in the readout output signal,
where the qubit information included in the digital signal 112 is encoded using a sequence of binary bits. In an
embodiment, the RSFQ ADC 210 can employ single flux quantum voltage pulses generated by Josephson junctions to
convert the reduced-frequency microwave signal 110 into the digital signal 112. The digital signal 112 generated by
the RSFQ ADC 210 can be provided to the classical computing system 106 via an output transmission line for the
dilution refrigerator system 102". In certain embodiments, the RSFQ ADC 210 can be an ERSFQ ADC or an eSFQ
ADC. In certain embodiments, the RSFQ ADC 210 and/or the lowpass filter that filters the reduced-frequency

microwave signal 110 can be located on an output transmission line for the dilution refrigerator system 102"

[0048] It is to be appreciated that the system 600 can provide various advantages as compared to conventional
dilution refrigerator systems. For instance, by employing the system 600, hardware overhead for a dilution refrigerator
system associated with a quantum processor can be reduced. The reduced hardware overhead can also promote
scalability for the dilution refrigerator system. Additionally, heat load and/or mass load within a dilution refrigerator
system can be reduced. Power consumption for a dilution refrigerator system associated with a quantum processor
can also be reduced. Moreover, by employing the system 600, performance and/or accuracy of a quantum processor

associated with a dilution refrigerator system can be improved.
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[0049] FIG. 7 illustrates a block diagram of an example, non-limiting system 700 in accordance with one or more
embodiments described herein. Repetitive description of like elements employed in other embodiments described

herein is omitted for sake of brevity.

[0050] The system 700 can include a dilution refrigerator system 102", the quantum processor 104 and/or the
classical computing system 106. The dilution refrigerator system 102" can be an alternate embodiment of the dilution
refrigerator system 102'. In an embodiment shown in FIG. 7, the dilution refrigerator system 102" can include the
Josephson-based mixer 602, the bandpass filter 604, the Josephson-based circulator 606, the bandpass filter 208, the
Josephson-based mixer 209, the DC-SQUID amplifier and/or the RSFQ ADC 210. In an embodiment, the Josephson-
based mixer 602, the bandpass filter 604, the Josephson-based circulator 606, the bandpass filter 208, the Josephson-
based mixer 209, and/or the DC-SQUID amplifier can be mounted on a 10 mK stage of the dilution refrigerator system
102”. Additionally or alternatively, the RSFQ ADC 210 can be mounted on a 4 K stage of the dilution refrigerator
system 102”. The microwave signal 108 generated by the classical computing system 106 can be provided to the
dilution refrigerator system 102" via an input transmission line for the dilution refrigerator system 102”. In certain
embodiments, the input transmission line for the dilution refrigerator system 102" can include one or more attenuators
and/or one or more filters (e.g., one or more lowpass filters) to attenuate and/or filter the microwave signal 108. In an
embodiment, the microwave signal 108 can comprise a frequency that corresponds to a qubit resonant frequency
and/or a readout resonant frequency associated with the quantum processor 104. For example, the microwave signal
108 can comprise a frequency that corresponds to a qubit resonant frequency of a superconducting qubit of the
quantum processor 104, Additionally or alternatively, the microwave signal 108 can comprise a frequency that
corresponds to a readout resonator of the quantum processor 104. In certain embodiments, the microwave signal 108
can additionally or alternatively control one or more portions of the quantum processor 104. For example, the
microwave signal 108 can control one or more portions of the quantum processor 104 can control a superconducting
qubit of the quantum processor 104. Additionally or alternatively, the microwave signal 108 can facilitate one or more
quantum measurements associated with the quantum processor 104, For example, the microwave signal 108 can
facilitate measurement of qubit information associated with the quantum processor 104. In one example, the qubit
information can include information regarding a qubit state (e.g., an excited state, a ground state, or a superposition
state) of a superconducting qubit of the quantum processor 104. The microwave signal 108 can be received by the
Josephson-based mixer 602 of the dilution refrigerator system 102", The Josephson-based mixer 602 can facilitate
transmission and/or generation of the microwave signal 108 based on a pump signal with a particular frequency. In an
aspect, the Josephson-based mixer 602 can upconvert the microwave signal 108 into an increased-frequency
microwave signal. For instance, the Josephson-based mixer 602 can upconvert the microwave signal 108 into the
readout signal 213. In an embodiment, the Josephson-based mixer 602 can include a set of Josephson ring
modulators that are coupled to one or more lumped-element resonators and/or one or more surface acoustic wave
resonators to facilitate upconversion of the microwave signal 108 into the increased-frequency microwave signal.

Accordingly, the readout signal 213 can be an upconverted readout output signal. In certain embodiments, the
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microwave signal 108 can additionally be filtered by the bandpass filter 604 centered around a particular frequency.
For example, the bandpass filter 604 can allow a particular band of frequencies associated with the microwave signal
108 to pass through to the Josephson-based circulator 606. In an aspect, the bandpass filter 604 can transmit the
microwave signal 108 with minimal loss and can block DC-signals and/or microwave signals below a threshold

frequency.

[0051] The Josephson-based circulator 606 can be a circuit that facilitates a connection between the classical
computing system 1086, the quantum processor 104, and/or the Josephson directional amplifier 206. In an aspect, the
Josephson-based circulator 606 can be a nonreciprocal microwave device. The Josephson-based circulator 606 can
include three ports, in an implementation. In another implementation, the Josephson-based circulator 606 can include
four ports. In an example, a signal that enters a port of the Josephson-based circulator 606 can be routed with low loss
to another port of the Josephson-based circulator 606 based on a predefined circulation direction. In an
implementation, the microwave signal 108 can be received by a first port of the Josephson-based circulator 606.
Furthermore, the quantum processor 104 can be coupled to a second port of the Josephson-based circulator 606. A
portion of the microwave signal 108 can be reflected off the quantum processor 104 (e.g., off a qubit resonator of the
quantum processor 104) via the second port to provide a readout output signal associated with qubit information (e.g.,
a qubit measurement) associated with the quantum processor 104. The readout output signal can be transmitted via a
third port of the Josephson-based circulator 606. In certain embodiments, a cold load can be coupled to the
Josephson-based circulator 606 via a fourth port of the Josephson-based circulator 606. The cold load can be, for
example, a 50 Ohm load. In an embodiment, the microwave signal 108 can be reflected off the quantum processor
104 via cQED. For example, a superconducting qubit of the quantum processor 104 can be dispersively coupled to a
qubit resonator of the quantum processor 104. Furthermore, a qubit state can be determined based on a measured
phase shift of the microwave signal 108 applied to the quantum processor 104. As such, the readout output signal
provided by the quantum processor 104 can include qubit information such as a qubit measurement, a qubit state,
and/or other qubit information. In an aspect, the Josephson-based circulator 606 can block excess backaction of the
DC-SQUID amplifier 302 on the qubit information associated with the readout output signal. In an embodiment, the
Josephson-based circulator 606 can be implemented without magnetic materials and/or strong magnetic fields. In

another embodiment, the Josephson-based circulator 606 can include a set of Josephson parametric converters.

[0052] The bandpass filter 208 can further process the readout output signal provided by the quantum processor 104
(e.g., the readout output signal associated with the microwave signal 108). In an aspect, the readout output signal can
additionally be filtered by the bandpass filter 208 centered around a particular frequency. In an example, the bandpass
filter 208 can allow a particular band of frequencies associated with the readout output signal to pass through to the
Josephson-based mixer 209. In an aspect, the bandpass filter 208 can transmit the readout output signal with minimal
loss and can block DC-signals and/or microwave signals below a threshold frequency. The Josephson-based mixer

209 can convert the readout output signal into the reduced-frequency microwave signal 110. The reduced-frequency
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microwave signal 110 can comprise a frequency that is lower than a frequency of the readout output signal and a
frequency of the microwave signal 108. For example, the reduced-frequency microwave signal 110 can comprise a
frequency that is lower than a frequency of the superconducting qubit of the quantum processor 104 and a frequency of
the qubit resonator of the quantum processor 104. In an embodiment, the Josephson-based mixer 209 can include a
set of Josephson ring modulators that are coupled to one or more lumped-element resonators and/or one or more
surface acoustic wave resonators to facilitate downconversion of the readout output signal associated with the
microwave signal 108 into the reduced-frequency microwave signal 110. Accordingly, the reduced-frequency
microwave signal 110 can be a downconverted readout output signal (e.g., a downconverted version of the readout
output signal). The DC-SQUID amplifier 302 can amplify the reduced-frequency microwave signal 110. The DC-
SQUID amplifier 302 can be a quantum-limited amplifier or a near quantum-limited amplifier. In an embodiment, the
DC-SQUID amplifier 302 can comprise two Josephson junctions in parallel in a superconducting loop to facilitate
amplification of the reduced-frequency microwave signal 110. In an embodiment, an amplified version of the reduced-
frequency microwave signal 110 generated by the DC-SQUID amplifier 302 can be filtered by a lowpass filter. For
example, an output line between a 10 mK stage of the dilution refrigerator system 102 and a 4 K stage of the dilution
refrigerator system 102 can include a lowpass filter between the DC-SQUID amplifier 302 and the RSFQ ADC 210.
The lowpass filter can reject high-frequency signals and/or noise above a cutoff frequency for the lowpass filter.
Furthermore, the RSFQ ADC 210 can generate the digital signal 112 based on the amplified version of the reduced-
frequency microwave signal 110. For instance, the RSFQ ADC 210 can sample and/or digitize the amplified version of
the reduced-frequency microwave signal 110 to generate the digital signal 112. As such, the digital signal 112 can
include an encoded version of the qubit information included in the readout output signal, where the qubit information
included in the digital signal 112 is encoded using a sequence of binary bits. In an embodiment, the RSFQ ADC 210
can employ single flux quantum voltage pulses generated by Josephson junctions to convert the amplified version of
the reduced-frequency microwave signal 110 into the digital signal 112. The digital signal 112 generated by the RSFQ
ADC 210 can be provided to the classical computing system 106 via an output transmission line for the dilution
refrigerator system 102", In certain embodiments, the output transmission line for the dilution refrigerator system 102"
can include one or more attenuators and/or one or more filters to attenuate and/or filter the digital signal 112. In certain
embodiments, the RSFQ ADC 210 can be an ERSFQ ADC or an eSFQ ADC. In certain embodiments, the RSFQ ADC
210 and/or the lowpass filter that filters the reduced-frequency microwave signal 110 can be located on an output

transmission line for the dilution refrigerator system 102"

[0053] Itis to be appreciated that the system 700 can provide various advantages as compared to conventional
dilution refrigerator systems. For instance, by employing the system 700, hardware overhead for a dilution refrigerator
system associated with a quantum processor can be reduced. The reduced hardware overhead can also promote
scalability for the dilution refrigerator system. Additionally, heat load and/or mass load within a dilution refrigerator

system can be reduced. Power consumption for a dilution refrigerator system associated with a quantum processor
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can also be reduced. Moreover, by employing the system 700, performance and/or accuracy of a quantum processor

associated with a dilution refrigerator system can be improved.

[0054] FIG. 8illustrates a block diagram of an example, non-limiting system 800 in accordance with one or more
embodiments described herein. Repetitive description of like elements employed in other embodiments described

herein is omitted for sake of brevity.

[0055] The system 800 includes the classical computing system 106. The classical computing system 106 can be
communicatively coupled to the dilution refrigerator system 102, the dilution refrigerator system 102', the dilution
refrigerator system 102", or the dilution refrigerator system 102", In an embodiment shown in FIG. 8, the classical
computing system 106 can include classical signal management 802 and/or one or more electronics 804. The classical
signal management 802 can be communicatively coupled to the one or more electronics 804. The classical signal
management 802 and/or the one or more electronics 804 can be operated, for example, in a computing environment at
room-temperature (e.g., at approximately 273K). The classical signal management 802 can perform classical signal
processing associated with the digital signal 112. The classical signal management 802 can additionally or
alternatively perform signal analysis associated with the digital signal 112. Furthermore, the classical computing
system 106 can additionally or alternatively manage storage of data (e.g., bits) associated with the digital signal 112.
The one or more electronics 804 can generate the microwave signal 108 and/or can transmit the microwave signal 108
to the dilution refrigerator system 102, the dilution refrigerator system 102’, the dilution refrigerator system 102", or the
dilution refrigerator system 102", In an embodiment, the one or more electronics 804 can be one or more signal
generators. In certain embodiments, the classical signal management 802 and the one or more electronics 804 can
exchange one or more analog signals and/or one or more digital signals. In certain embodiments, the classical signal
management 802 and/or the one or more electronics 804 can control one or more functions associated with the RSFQ
logic 402 and/or the RSFQ DAC 404. In certain embodiments, the classical signal management 802 and/or the one or

more electronics 804 can transmit one or more analog signals to the RSFQ logic 402 and/or the RSFQ DAC 404.

[0056] FIG. 9illustrates a block diagram of an example, non-limiting system 900 in accordance with one or more
embodiments described herein. Repetitive description of like elements employed in other embodiments described

herein is omitted for sake of brevity.

[0057] The system 900 includes a Josephson-based mixer 901. The Josephson-based mixer 901 can correspond to
the Josephson-based mixer 209, for example. However, in another example, the Josephson-based mixer 901 can
correspond to the Josephson-based mixer 602. The Josephson-based mixer 901 can include a microwave resonator
902, a surface acoustic wave resonator 904 and a Josephson ring modulator 906. The microwave resonator 902 can
be a microwave resonator which can resonate at particular microwave frequencies. The surface acoustic wave

resonator 904 can be an electro-mechanical resonator which can resonate one or more different microwave
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frequencies than the microwave resonator. In an aspect, the microwave resonator 902 can comprise a first resonance
frequency and the surface acoustic wave resonator 904 can comprise a second resonance frequency. The Josephson
ring modulator 906 can comprise a set of Josephson tunnel junctions. For example, the Josephson ring modulator 906
can comprise a set of Josephson junctions arranged in a Wheatstone-bridge configuration. Additionally or alternatively,
the Josephson ring modulator 906 can comprise a set of shunt junctions. In an embodiment, a pump signal 908 can be
utilized to control frequency downconversion of the readout output signal 212 into the reduced-frequency microwave
signal 110 via the microwave resonator 902, the surface acoustic wave resonator 904 and the Josephson ring
modulator 906, for example. In certain embodiments, the Josephson-based mixer 901 can include a coupling capacitor
910, a coupling capacitor 912, a coupling capacitor 914 and/or a coupling capacitor 916 to facilitate one or more
couplings between the microwave resonator 902, the surface acoustic wave resonator 904 and/or the Josephson ring
modulator 906. The coupling capacitor 910, the coupling capacitor 912, the coupling capacitor 914 and/or the coupling
capacitor 916 can additionally or alternatively facilitate processing of the readout output signal 212, the reduced-
frequency microwave signal 110 and/or the pump signal 908. For example, the coupling capacitor 916 can couple an
external transmission line carrying the reduced-frequency microwave signal 110 to the surface acoustic wave resonator
904. The coupling capacitor 910 can couple an external transmission line carrying the readout output signal 212 to the
microwave resonator 902. The coupling capacitor 912 and/or the coupling capacitor 914 can couple a transmission line

918 carrying input and output pump drive to a Josephson ring modulator, for example.

[0058] FIG. 10 illustrates a flow diagram of an example, non-limiting method 1000 for providing an improved dilution
refrigerator for a superconducting quantum processor in accordance with one or more embodiments described herein.
At 1002, a microwave signal is converted, by a dilution refrigerator system associated with a quantum processor, into a
reduced-frequency microwave signal based on a Josephson-mixer circuit located within the dilution refrigerator system.
At 1004, the reduced-frequency microwave signal is digitized, by the dilution refrigerator system, into a digital signal
that comprises qubit information associated with the quantum processor. At 1004, the digital signal is transmitted, by
the dilution refrigerator system, to a classical computing system. In certain embodiments, the method 1000 can
additionally or alternatively include receiving, by the dilution refrigerator system, the microwave signal from the classical
computing system. In certain embodiments, the method 1000 can additionally or alternatively include amplifying, by
the dilution refrigerator system, the microwave signal via a Josephson directional amplifier located within the dilution
refrigerator system. In certain embodiments, the method 1000 can additionally or alternatively include isolating, by the
dilution refrigerator system, the quantum processor from noise via a Josephson-based isolator located within the
dilution refrigerator system. In certain embodiments, the method 1000 can additionally or alternatively include
protecting, by the dilution refrigerator system, the quantum processor from noise associated with an output chain of the

dilution refrigerator system using a Josephson-based isolator located within the dilution refrigerator system.

[0059] For simplicity of explanation, the methodologies are depicted and described as a series of acts. It is to be

understood and appreciated that the subject innovation is not limited by the acts illustrated and/or by the order of acts,
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for example acts can occur in various orders and/or concurrently, and with other acts not presented and described
herein. Furthermore, not all illustrated acts can be required to implement the methodologies in accordance with the
disclosed subject matter. In addition, those skilled in the art will understand and appreciate that the methodologies

could alternatively be represented as a series of interrelated states via a state diagram or events.

[0060] Moreover, because at least converting a microwave signal into a reduced-frequency microwave signal,

digitizing a reduced-frequency microwave signal, etc. are established from a combination of electrical and mechanical
components and circuitry, a human is unable to replicate or perform processing performed by systems and/or devices
disclosed herein. For example, a human is unable to convert a microwave signal into a reduced-frequency microwave

signal. Furthermore, a human is unable to digitize a reduced-frequency microwave signal.

[0061] In addition, the term “or” is intended to mean an inclusive “or” rather than an exclusive “or.” Thatis, unless
specified otherwise, or clear from context, “X employs A or B’ is intended to mean any of the natural inclusive
permutations. That is, if X employs A; X employs B; or X employs both A and B, then “X employs A or B” is satisfied
under any of the foregoing instances. Moreover, articles “a” and “an” as used in the subject specification and annexed
drawings should generally be construed to mean “one or more” unless specified otherwise or clear from context to be
directed to a singular form. As used herein, the terms “example” and/or “exemplary” are utilized to mean serving as an
example, instance, or illustration. For the avoidance of doubt, the subject matter disclosed herein is not limited by such
examples. In addition, any aspect or design described herein as an “example” and/or “exemplary” is not necessarily to
be construed as preferred or advantageous over other aspects or designs, nor is it meant to preclude equivalent

exemplary structures and techniques known to those of ordinary skill in the art.

[0062] What has been described above include mere examples of systems and computer-implemented methods. It
is, of course, not possible to describe every conceivable combination of components or computer-implemented
methods for purposes of describing this disclosure, but one of ordinary skill in the art can recognize that many further
combinations and permutations of this disclosure are possible. Furthermore, to the extent that the terms “includes,”

»

‘has,” “possesses,” and the like are used in the detailed description, claims, appendices and drawings such terms are
intended to be inclusive in a manner similar to the term “comprising” as “comprising” is interpreted when employed as a

transitional word in a claim.

[0063] The descriptions of the various embodiments have been presented for purposes of illustration, but are not
intended to be exhaustive or limited to the embodiments disclosed. Many modifications and variations will be apparent
to those of ordinary skill in the art without departing from the scope and spirit of the described embodiments. The
terminology used herein was chosen to best explain the principles of the embodiments, the practical application or
technical improvement over technologies found in the marketplace, or to enable others of ordinary skill in the art to

understand the embodiments disclosed herein.
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CLAIMS

1. A cryogenic microwave system for measuring superconducting qubits using microwave signals, comprising:
a dilution refrigerator system for a quantum processor that converts a microwave signal associated with qubit

information into a reduced-frequency microwave signal based on a Josephson-mixer circuit located within the dilution

refrigerator system, wherein the reduced-frequency microwave signal comprises a frequency below a qubit frequency

and a readout resonator frequency associated with the quantum processor.

2. The cryogenic microwave system of claim 1, wherein an input transmission line for the dilution refrigerator

system comprises an attenuator and a lowpass filter to attenuate and filter the microwave signal.

3. The cryogenic microwave system of claim 1, wherein an output transmission line for the dilution refrigerator
system comprises lowpass filter to reject particular frequency signals and noise, and wherein the output transmission
line comprises an analog-to-digital converter and a lowpass filter to digitize and filter the reduced-frequency microwave

signal.

4, The cryogenic microwave system of claim 1, wherein the dilution refrigerator system comprises an analog-to-
digital converter that digitizes the reduced-frequency microwave signal based on a superconducting device to generate

a digital signal for a classical computing system.

5. The cryogenic microwave system of claim 1, wherein employing the reduced-frequency microwave signal

improves performance of the quantum processor.

6. A system, comprising:

a dilution refrigerator system for a quantum processor that decreases a frequency of a microwave
signal associated with a qubit readout to provide a qubit measurement associated with the quantum processor, wherein
the microwave signal is a first microwave signal, and wherein the dilution refrigerator system comprises a Josephson
mixer circuit that converts the first microwave signal into a second microwave signal, and wherein a first frequency
associated with the first microwave signal is greater than a second frequency associated with the second microwave
signal.

7. The system of claim 6, wherein the dilution refrigerator system comprises a rapid single flux quantum (RSFQ)
analog-to-digital converter (ADC) that digitizes the second microwave signal based on a superconducting device to

generate a digital signal for a classical computing system.

8. The system of claim 7, wherein the dilution refrigerator system comprises a near quantum-limited amplifier

that amplifies the second microwave signal to generate an amplified version of the second microwave signal for
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processing by the RSFQ ADC.

9. The system of claim 7, wherein the dilution refrigerator system comprises a quantum-limited amplifier that
amplifies the first microwave signal to generate an amplified version of the first microwave signal for processing by the

Josephson mixer circuit.

10. The system of claim 7, wherein the dilution refrigerator system comprises a Josephson-based isolator that
comprises a set of Josephson mixers to limit noise provided to the quantum processor by an output chain within the

dilution refrigerator system.

1. The system of claim 6, wherein the dilution refrigerator system comprises a bandpass filter that filters the first
microwave signal based on a band of frequencies to generate a filtered version of the first microwave signal for

processing by the Josephson mixer circuit.

12. The system of claim 7, wherein the dilution refrigerator system comprises a lowpass filter that transmits the

second microwave signal with minimal loss for processing by the RSFQ ADC.

13. The system of claim 6, wherein the system further comprises:

a classical computing system that comprises an electronic device that generates the microwave signal.

14. A method, comprising:
converting, by a dilution refrigerator system associated with a quantum processor, a microwave signal into a
reduced-frequency microwave signal based on a Josephson-mixer circuit located within the dilution refrigerator system;
digitizing, by the dilution refrigerator system, the reduced-frequency microwave signal into a digital signal that
comprises qubit information associated with the quantum processor; and

transmitting, by the dilution refrigerator system, the digital signal to a classical computing system.

15. The method of claim 14, further comprising:

receiving, by the dilution refrigerator system, the microwave signal from the classical computing system.

16. The method of claim 14, further comprising:
amplifying, by the dilution refrigerator system, the microwave signal via a Josephson directional amplifier

located within the dilution refrigerator system.

17. The method of claim 14, further comprising:
protecting, by the dilution refrigerator system, the quantum processor from noise associated with an output

chain of the dilution refrigerator system using a Josephson-based isolator located within the dilution refrigerator system.
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18. A system, comprising:

a Josephson mixer circuit that converts a first microwave signal associated with quantum information
generated by a quantum processor into a second microwave signal, wherein a first frequency associated with the first
microwave signal is greater than a second frequency associated with the second microwave signal; and

a rapid single flux quantum (RSFQ) analog-to-digital converter (ADC) that digitizes the second microwave

signal based on a superconducting device to generate a digital signal for a classical computing system.

19. The system of claim 18, further comprising:
a quantum-limited amplifier that amplifies the second microwave signal to generate an amplified version of the
second microwave signal for processing by the RSFQ ADC.

20. The system of claim 18, further comprising:
a quantum-limited amplifier that amplifies the first microwave signal to generate an amplified version of the

first microwave signal for processing by the Josephson mixer circuit.

21. A system, comprising:

a quantum processor; and

a dilution refrigerator system that decreases a frequency of a first microwave signal associated with a qubit
readout via a Josephson mixer circuit to generate a second microwave signal, and digitizes the second microwave
signal via a rapid single flux quantum (RSFQ) analog-to-digital converter (ADC) to generate a digital signal for a

classical computing system.

22. The system of claim 21, further comprising:
a near quantum-limited amplifier that amplifies the second microwave signal to generate an amplified version

of the second microwave signal for processing by the RSFQ ADC.

23. The system of claim 21, further comprising:
a quantum-limited amplifier that amplifies the first microwave signal to generate an amplified version of the
first microwave signal for processing by the Josephson mixer circuit.
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