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ARQUE Systems GmbH, Public 2

ARQUE Systems GmbH
A spinoff of RWTH and Forschungszentrum Jülich

Mission: Scalable semiconductor quantum 
computer
… and tools to develop it. 

First 5-qubit system sold !
https://www.fz-juelich.de/en/news/archive/announcements/2024/a-new-
quantum-computer-for-juniq



Scaling Semiconductor Quantum Computing
H. Bluhm

3

Main messages

 Semiconductor qubits are now reaching 
outstanding performance and reproducibility.

 EU is (still) in a strong position.

 We have a concrete technical plan how to 
reach utility scale.
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https://quantumcomputingreport.com/ibm-reveals-more-det
ails-about-its-quantum-error-correction-roadmap/ 
June 2025

https://quantumcomputingreport.com/ibm-reveals-more-details-about-its-quantum-error-correction-roadmap/
https://quantumcomputingreport.com/ibm-reveals-more-details-about-its-quantum-error-correction-roadmap/


Scaling Semiconductor Quantum Computing
H. Bluhm

6

Semiconductor qubits

 Small size
 Very good coherence
 CMOS-compatible production
+ Fast operation

… use spin of carriers in transistor-
like structures

Excellent, reproducible in-system error rates 
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Complementary platforms
MOS

Nature Nano 2014

Si/SiGe

+ Crystalline qubit environment
+ Spatial separation from interface defects 
(-) Lower valley splitting 
(-) Standard CMOS-processes with 
adaptation

- Qubits at oxide interface
- Strong disorder effects 
+ Higher valley splitting 
+ Standard CMOS-processes
- Smaller feature size needed 
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Qubit fidelity and coherence

arxiv:2507.11918 (Tokyo)

 npjQI 6, 40 (2020), 
AC

Lower 29Si content.

Best fidelity Better coherence

3 x 10-5 2 x 10-5 2 x 10-5 4 x 10-5 6 x 10-5

10-5 (reported at conference)
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Highlight 2026
= 18 qubits in chosen encoding

Nature 655, 1154 (2026) 

= 4 exchange pulses => < 10-4 per pulse
= 37 exchange pulses

QP
U

Cryo-
Controller

• ~10-4 in system 2Q gate-fidelity 
(atomic 2-spin exchange)

• Reproducible qubit properties with industry-style 
fabrication

• Fidelity retained with cryoelectronic control
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Scaling limitation

Nature 655, 1154 (2026) 

IEDM 
2025 
(IMEC) Packing too dense for (2D) scaling. 
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Dilute array with cryoelectronics

Künne et al., Nature Comms. 15, 4977 (2024)
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Architecture – Unit Cell

Künne et al., Nature Comms. 15, 4977 (2024)
IEDM 2025
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-

Spin Shuttling

Key features
• 4 input signals, independent of length
• No calibration needed (ideally …)

2 µm

on Si/SiGe heterostructure

V. Langrock, J. Krzywda et al., PRX Quantum 5 (2023)
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Shuttling demonstrations + theory
 

QuBus Animation

QuBus_Animation.pptx
QuBus_Animation.pptx
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?

2 x 2 cm²
107 qubits

In Silico design study

Industrial fab for reproducibility
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Industrial CMOS fabrication

Distributed process flow

Heterostructure

IEDM 2025,  AC/Infineon+
Speed-distance record in charge shuttling

Electron beam litho

Back end

=>     Shuttling devices
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High quality Industrial Si/SiGe dots

IAF

Performance competitive with very 
good academic devices.

IEEE Electron Dev. Lett., 46, 868 (2025), AC/Infineon+

Charge sensing



Scaling Semiconductor Quantum Computing
H. Bluhm

18

~85 % automated tuning to charge sensor operating regime

Nature 629, 80 (2024)

Intel:
99.8% Quantum dot yield, 
> 91 % charge sensing yield

Wafer scale yield demonstration
(2025) 
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… in a 
rack-sized 
refrigerator

SIONLUDI L
Qinu GmbH
qinu.de

… with low-power cryogenic 
control circuits

Quantum layer

Fully integrated quantum processor 

A semiconductor approach for millions of qubits
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System scaling

Quantum layer
Scalable microarchitecture
Good qubit performance yield
Control resource efficiency

Connectivity and 
heat management
Wiring density
Signal integrity
Isolation
Heat sinking

Scalable control
Data traffic
Area 
Power
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System concept 

DC-bias

pulse 
select

qubit chip
(2D)

unit 
cell

High 
level 
control

Low level 
control

M
aster pulses

clock, 
reference 
voltates, …

Algorithm execution
QEC logic, … 300 K

1.8 K, ~1 W

0.3 K, 10 mW

readout

Readout
1 Tb/s

Pulse ID
1…10 Tb/s = 1000 x 1 Gb/s

Micro connect -> DBR

Macro 
connect

Legend
Encouraging progress
Looks feasible
Should be relatively simple
Leave for others to solve



Scaling Semiconductor Quantum Computing
H. Bluhm

22

Power and area budget
Function Power/channel Area/channel Innovation/Assumption

DC bias 60 pW 30 µm² high-k deep trench caps

Pulse switching Not a lot Voltage-tunable qubit parameters

Dynamical qubit 
tuning

< 100 nW/MHz Similar to DC Exrapolation from experiment

Readout ~ 100 nW Few µm² Novel readout sensor. Estimate from experiments.

Signal 
transmission

< 100 nW ~ 1µm² Physicist’s trickbox + Physicist‘s estimate.

Signal 
multiplexing

100 nW Brainstorming estimate

Budget for 106 
qubits

1 µW ~100 µm² Broadband DBRs. Heat removal to be 
demonstrated. 

Scaling concept.
Looks promising to match connectivity, area and power budget. 
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Main messages

 Semiconductor qubits are now reaching 
outstanding performance and reproducibility.

 EU is (still) in a strong position.

 We have a concrete technical plan how to 
reach utility scale.
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T-Junction enabling 2D 
connectivity

< 10-8 charge transfer error rate
Ideal signal

Readout 
errors

Pattern swap

re
pe

tit
i

on

arXiv:2601.03942 
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Heat management concept

MC: 100 mK, ~ 1 mW

PT2: 3.5 K, ~ 1 W Dedicated 
cooler up to 
kW at 1.8 K 

DBRs for 
thermal 

insulation

Still: 0.7 K, ~ 50 mW
  Need millions of interconnects
  => µm-scale pitch
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Validation experiment

arxiv:2603.13726, AC/Dresden
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DC Bias with intetrated Cryo DAC

Charge sensing of double-dotFully integrated DAC next to qubit device

Tel ~ 400 mK
 Improve heat sinking
Noise/crosstalk?

Dissipation extrapolates to 60 pW/channel.
ESSCIRC 2023, AC/FZJ

with
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Control: Switching external pulses

Reilly et al, Phys. Rev. Appl. 2015 (Sydney)

Challenge: requires „identical“ qubits

T
1

T
2

T
3

Solution: tune qubits
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