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IQM builds and delivers quantum computers

Our Mission: 

We build world leading quantum 
computers for the well-being of 
humankind, now and for the future.

→ ca 300
experts

→ 125+
PhDs

→ 50+ 
nationalities

→ Own fab and 
assembly line

→ 200M€ 
investment 
(best funded in 
Europe)

→ On-premises & 
cloud access

→ 30 full systems 
built

→ 150 qubit chip 
in development
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(*) NISQ = Noise Intermediate Scale Quantum

We need to reduce the errors beyond what is possible with HW meansChallenge: We need to reduce the errors beyond what is possible with HW meansChallenge: 
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(*) NISQ = Noise Intermediate Scale Quantum

We need to reduce the errors beyond what is possible with HW meansChallenge: 

QEM: Algorithmic scheme that effectively reduces the 
effect of errors in estimating the observable 
[exploiting a whole ensemble of runs on several circuits]

• Applicable now

Better estimator for 𝑂Post processing

Status Delivered Delivered Delivered

We need to reduce the errors beyond what is possible with HW meansChallenge: 

Developing In design

1.From NISQ to Fault Tolerance



Noise Robust Estimation (NRE)

Ground-state energy (QAOA ansatz, 4 layers)

7

QPU IQM Garnet

Qubit count 20

CZ count 240

Depth 77

Weight of observables 1 and 2

Noise amplification Global unitary folding

A. Hosseinkhani et al., arXiv:2503.06695



(*) QEC = Quantum Error Correction

StatusDeveloped In design

1.From NISQ to Fault Tolerance

QEC(*): Uses long-range correlations of entangled 
quantum many-body states. 

• Needs many physical qubits 
(>10K). Depends on: 
o Code parameters (distance, 

stabilizer weight, threshold)
o HW quality (physical error rate)
o Target logical error rate 

(depends on the application 
needs, e.g. ~10⁻⁸ to 10⁻¹²)

• Large applicability still in progress

Nature  614, 676 (2023)

We need to reduce the errors beyond what is possible with HW meansChallenge: 
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1.From NISQ to Fault Tolerance

Physical qubits

(*) Memory logical qubits (LQ) with 10-8 logical error rate with 99.95% 

physical TQG fidelity.
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qLDPC:
200 LQ requires 
20K PQB

Gap qLDPC code(*)

70 physical 

qubits

=

1 logical 

qubit

Physical qubits

2026

2023 2025

2022

=

Surface code(*)

500 physical 

qubits (PQB)
1 logical 

qubit (LQ)

(*) Memory logical qubits (LQ) with 8 nines of logical fidelity for 

99.9% physical TQG fidelity.

Surface code:
200 LQ requires 
100K PQB

1.From NISQ to Fault Tolerance
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Fast Lane to Quantum Advantage 13

Full-stack systemHigh-quality 2-qubit gates

- Design process for all 
elements of advantage 
QCs.

- Fidelity to meet QEC 
requirements (99.95% 
CZ-fidelities, 99.99% SQG 
and 99.9 readout).

- Autocalibration ready.
- FT SW stack including 

real-time decoding and 
feedback

- 1K QB systems: 
vertical connectivity to 
enhance signal routing 
efficiency

- 5K+ QB systems, 
including tiling, tile 
qualification, long 
range connectivity, 
superconducting 
vertical wiring

• Cryogenics and 
wiring to reduce heat 
leak

• Electronics to address 
physical qubits and for  
QEC implementation

- Identify implementable 
QEC codes with high 
encoding rates, minimal 
long-range connectivity 
requirements, efficient 
decoding algorithms and 
magic states 

E-field (V/m)

105

➢ IQM’s unique accelerated path towards FT requires specific 
innovations: 

❖ QEC theory advances for qLDPC
❖ IQM Star lattice: high-performant CRC-CZ gates required

What are the key challenges across the stack?

101

SW stack HPC,  
Cloud & QEC

Full system 
integration 

Fabrication & 
packaging

QPU design &  
production

Algorithm & Error 
Correction Theory

2.Strategy and challenges towards QEC



Fast Lane to Quantum Advantage 14

E-field (V/m)

105

101

QPU design &  
production

Fabrication & 
packaging

Error Correction 
Theory

1. QEC code engineering

Goal: 10x better performance-
per-physical-qubit than standard
surface code.

Systematically search QLDPC code
space with stabilizers weight ≥ 6

We engineer novel high-
performance QLDPC codes

Co-designing the QEC code with the QPU topology

2.Strategy and challenges towards QEC



Fast Lane to Quantum Advantage

Co-designing the QEC code with the QPU topology

Recent example: Tile codes

• Open boundary conditions
• From ~ 5-10x higher efficiency compared to the surface code 
• Dynamic: patches can be moved, shrunk & stretched, similar to surface code
• Nice scaling: Code distance or number of logical qubits increased by growing 

the lattice locally, preserving connectivity

V. Steffan et al., arxiv:2504.0917

1. QEC code engineering

Goal: 10x better performance-
per-physical-qubit than standard
surface code.

Systematically search QLDPC code
space with stabilizers weight ≥ 6

We engineer novel high-
performance QLDPC codes Disclaimer: this efficient improvement is for 

memory only. Adding gates would decrease the 
savings ~1.7–3×, because factory regions and 
routing currently dominate footprint → active 

research

2.Strategy and challenges towards QEC
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E-field (V/m)

105

101

QPU design &  
production

Fabrication & 
packaging

Error Correction 
Theory

2. QPU topology

Goal: Develop QPU topology for
larger code search space and
limited fabrication complexity

Star-lattice with optimal trade-off
between parallelism and in-plane
connectivity

Reduce fab stack requirements

1. QEC code engineering

Goal: 10x better performance-
per-physical-qubit than standard
surface code.

Systematically search QLDPC code
space with stabilizers weight ≥ 6

We engineer novel high-
performance QLDPC codes

Co-designing the QEC code with the QPU topology

2.Strategy and challenges towards QEC



Fast Lane to Quantum Advantage

• Error detection with logical fidelity of 96.6% - 99.9% (4 physical qubits, 2 
logical qubits) similar to prior results with same code on neutral atom and 
superconducting qubits. 

F. Vigneau et al., arxiv:2503.12869

Topologies co-designed for qLDPC codes

Juha Leppäkangas et al., arXiv:2503.11507

• Explore novel compute elements

M. Regner et al., arXiv:2503.10903

• IQM’s tunable couplers also achieve 
high Q-R operation fidelity.

2. QPU topology

Star-lattice with optimal trade-off
between parallelism and in-plane
connectivity

Reduce fab stack requirements

Co-designing the QEC code with the QPU topology

Goal: Develop QPU topology for
larger code search space and
limited fabrication complexity

2.Strategy and challenges towards QEC



Fast Lane to Quantum Advantage 18

Full-stack systemHigh-quality 2-qubit gates

- Design process for all 
elements of advantage 
QCs.

- Fidelity to meet QEC 
requirements (99.95% 
CZ-fidelities, 99.99% SQG 
and 99.9 readout).

- Autocalibration ready.
- Fault tolerant SW 

stack with real-time 
decoding and feedback

- 1K QB systems: 
vertical connectivity to 
enhance signal routing 
efficiency

- 5K+ QB systems, 
including tiling, tile 
qualification, long 
range connectivity, 
superconducting 
vertical wiring

• Cryogenics and 
wiring to reduce heat 
leak

• Electronics to address 
physical qubits and for  
QEC implementation

- Identify implementable 
QEC codes with high 
encoding rates and minimal 
fabrication requirements

E-field (V/m)

105

➢ QEC stack enabling surface code for square lattices and qLDPC
codes for co-designed lattices

101

SW stack HPC,  
Cloud & QEC

Full system 
integration 

Fabrication & 
packaging

QPU design &  
production

Algorithm & Error 
Correction Theory

Implementing the QEC stack 

2.Strategy and challenges towards QEC
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Theoretical QEC Stack – From Codes to Algorithms
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Non-Clifford Operations
• Based on magic state distillation within T-gate factories
• First implementations done 

Non-Clifford operations

Clifford Operations
• Based on lattice surgery
• First implementations done 

Clifford operations

Quantum Compiler/Transpiler
• Adds QEC scaffold (syndrome qubits, QEC cycles, 

measurements) and adapt to native gates
• First implementations done 

Transpiler

Quantum algorithm

All elements in the QEC stack are already solved for surface codes….             

Quantum Error Correcting Code
• Well established with minor evolutionQEC code (memory)

2.Strategy and challenges towards QEC
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Theoretical QEC Stack – From Codes to Algorithms
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Non-Clifford operations

Clifford operations

Transpiler

Quantum algorithm

All elements in the QEC stack are already solved for surface codes….             

QEC code (memory)

but not for qLDPC codes             

➢Decoders with partner companies

➢Early memory experiment with 20 qubits, now towards 

memory experiments with 150 qubit systems

➢1K system to test at least Clifford operations

➢5K+ systems with full QEC

2.Strategy and challenges towards QEC
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Logical orchestrator:

• Manages QEC code patches 

• Logical operation on patches

• Conditional logical/branching

• Based on logical measurements 

• Send instructions to QEQ Cycle Manager

• Instructions are what needs to happens for 

each QEC cycle 

• For example, could be Lattice 

Program/stabilizer program

• Sends instructions to decoder to define decoding 

job

• QEC code patch, QEC code patch start and 

end/decode

• Real time OS on CPU or virtual machine on FPGA. 

CPU can be part of control electronics or Realtime 

Hub. 

QEC Cycle manager

• Controls timing of QEC cycle

• Sends low level instructions/commands to 

actuators/DACs for each QEC cycle 

• Receives instructions from logical orchestrator

• For example, could run in a mode that idling QEC 

cycles run repletely while waiting for next instructs

• Likely run control electronics FPGA

Logical measurement processor 

• Processes physical measurements to product 

logical measurements

• Logical measurement is based on Pauli frame(s) 

from decoder 

Decoder 

• Determines errors/correct Pauli frame of a given 

QEC code patch 

• Orchestrator gives information about what the QEC 

patches are, what deformations and lattice surgery 

operations happen, and when Pauli frames are 

needed. 

• Optionally, decoder can determine logical 

measurement, or this can be done separately in a 

logical measurement processor 

Conditional Logical 

• For ease of coordinating branching, conditional 

logical can happen in the logical orchestrator.

• An alternative would be for the branching to be 

determined at the logical measurement processor 

and the results sent to the QEC cycle manager, 

Logical orchestrator. This would be faster but 

require more coordination and processing in the 

QEC cycle manager.    

Q
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c
k

QPU

2.Strategy and challenges towards QEC: Control concept(*)

(*) innocent version ☺
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Logical orchestrator:

• Manages QEC code patches 

• Logical operation on patches

• Conditional logical/branching

• Based on logical measurements 

• Send instructions to QEQ Cycle Manager

• Instructions are what needs to happens for 

each QEC cycle 

• For example, could be Lattice 

Program/stabilizer program

• Sends instructions to decoder to define decoding 

job

• QEC code patch, QEC code patch start and 

end/decode

• Real time OS on CPU or virtual machine on FPGA. 

CPU can be part of control electronics or Realtime 

Hub. 

QEC Cycle manager

• Controls timing of QEC cycle

• Sends low level instructions/commands to 

actuators/DACs for each QEC cycle 

• Receives instructions from logical orchestrator

• For example, could run in a mode that idling QEC 

cycles run repletely while waiting for next instructs

• Likely run control electronics FPGA

Logical measurement processor 

• Processes physical measurements to product 

logical measurements

• Logical measurement is based on Pauli frame(s) 

from decoder 

Decoder 

• Determines errors/correct Pauli frame of a given 

QEC code patch 

• Orchestrator gives information about what the QEC 

patches are, what deformations and lattice surgery 

operations happen, and when Pauli frames are 

needed. 

• Optionally, decoder can determine logical 

measurement, or this can be done separately in a 

logical measurement processor 

Conditional Logical 

• For ease of coordinating branching, conditional 

logical can happen in the logical orchestrator.

• An alternative would be for the branching to be 

determined at the logical measurement processor 

and the results sent to the QEC cycle manager, 

Logical orchestrator. This would be faster but 

require more coordination and processing in the 

QEC cycle manager.    
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QEC 

ready 

program Transpiler

Logical 

orchestrator

Realtime Processor

Decoder

Q
u

a
n
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m
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o
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Pulses for gates, reset 

& initiate measurements  
Readout signals

Controller

Actuators/Detectors

QEC cycle manager

- Syndrome 

measurements

- Data qubit 

measurements

2.Strategy and challenges towards QEC: Control concept(*)

(*) innocent version ☺

➢ Tens of QEC cycles per decoherence time
➢ Decoherence time from microseconds to 

seconds
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• Reduction Strategies: Large-scale production, 
efficient QEC, and innovations in material use 

and cooling.

➢ Accelerating innovation cycle
• Fast speed in testing different 

solutions in parallel

• Increase strategies: Identifying and solving 

bottlenecks in coordination with technology 
(e.g. increasing tile qualification capability in 
fab)

➢ Reduce cost-per-Qubit

• Currently: Tens of thousands USD (incl. 
electronics, cryogenics, wiring)

• Target: ~$1,000 (requires 10–100× reduction 
for scalability)

➢ Increase system production 

• Current estimations ~5–10 systems per 
year

• Target: depending on the use scenarios

Global challenges to achieve advantage

E-field (V/m)

105

101

SW stack HPC,  
Cloud & QEC

04Full system 
integration 

03Fabrication & 
packaging

02QPU design &  
production

01 Algorithm & 
Error Correction

05

2.Strategy and challenges towards QEC
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→ Catalyst development

→ Battery research

→ Drug Discovery

→ Protein Folding 

→ Data Analysis

→ Portfolio Optimisation

→ Supply Chain Optimisation

→ Process Optimisation 

→ Route optimization 

→ Network Optimisation

Chemistry 
& Materials

Life 
sciences

Operations

Applications

→ Preparing ground state

→ Time evolution

→ Classification

→ Generation

→ Creating good 
quality solutions

Quantum 
Simulation

Quantum 
Optimisation

Quantum 
Machine 
Learning

Algorithms

INTRACTABLE PROBLEMS

There is a class of commercial problems that can never be 
solved with conventional computers.

THE ENERGY CHALLENGE

There is now way we will be able to grow computing power 
as needed.

3.The impact of quantum advantage



Solving problems that 
reduce carbon footprint

TRANSPORT

https://www.sciencedirect.com/science/article/pii/S259
0098621000282

DRUG DESIGN

Providing higher/alternative computation 
with potentially less consumption

THE ENERGY CHALLENGE

There is now way we will be able to grow computing power 
as needed.

INTRACTABLE PROBLEMS

There is a class of commercial problems that can never be 
solved with conventional computers.

3.The impact of quantum advantage



Source: A Review of Lithium-Ion Battery Fire Suppression - Published in 2020 

→ Understanding the chemical reactions of 
the electrolyte region is key to increase 
battery performance and longevity. 

→ This region contains electrons that are 
strongly correlated (heavily entangled): 
very hard to compute classically. 

Solving problems that reduce carbon footprint: Battery optimization

3.The impact of quantum advantage

https://www.researchgate.net/publication/344448023_A_Review_of_Lithium-Ion_Battery_Fire_Suppression?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoiX2RpcmVjdCJ9fQ
https://www.researchgate.net/publication/344448023_A_Review_of_Lithium-Ion_Battery_Fire_Suppression?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoiX2RpcmVjdCJ9fQ
https://www.researchgate.net/publication/344448023_A_Review_of_Lithium-Ion_Battery_Fire_Suppression?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoiX2RpcmVjdCJ9fQ


• Noisy information of 
the entire 
wavefunction

• Gives hints to classical 
part of the 
computation to be 
more efficient. 

Quantum computer

Provides Speedup

• Gathers high precision 
info on wavefunction

• Classical walkers avoid 
crossing borders 
between blue and red 
areas (thanks to 
knowing the 
wavefunction)

Classical Walker

Provides Noise 
Resilience

Hybrid flow: The computational task is divided so 
that the classical and quantum components are 
utilized to their respective advantages.

Contextual Subspace Auxiliary-Field Quantum Monte Carlo: Improved bias with 
reduced quantum resources. Matthew Kiser, Matthias Beuerle, Fedor Simkovic 
IV arXiv:2408.06160

Solving problems that reduce carbon footprint: Battery optimization

3.The impact of quantum advantage



Kiser, M, Beuerle M, Simkovic, F: "Contextual Subspace Auxiliary-Field Quantum Monte Carlo: Improved bias with reduced 

quantum resources" Journal of Chemical Theory and Computation Feb 2025. https://arxiv.org/pdf/2408.06160

Intensive classical computation

Quantum Computation

Classical Post-Processing

29

Solving problems that reduce carbon footprint: Battery optimization

3.The impact of quantum advantage
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E-field (V/m)

105

101

How will it depend on the cost and the system production?

• Reduction Strategies: Large-scale production, 
efficient QEC, and innovations in material use 

and cooling.

➢ Accelerating innovation cycle
• Fast speed in testing and trying 

different solutions in parallel

• Increase strategies: Identifying and solving 

bottlenecks in coordination with technology 
(e.g. increasing tile qualification capability in 
fab)

➢ Reduce cost-per-Qubit

• Currently: Tens of thousands USD (incl. 
electronics, cryogenics, wiring)

• Target: ~$1,000 (requires 10–100× reduction 
for scalability)

➢ Increase system production 

• Current estimations ~5–10 systems per 
year

• Target: depending on the use scenarios

101

SW stack HPC,  
Cloud & QEC

04Full system 
integration 

03Fabrication & 
packaging

02QPU design &  
production

01 Algorithm & 
Error Correction

05

3.The impact of quantum advantage
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➢ Reduce cost-per-Qubit

• Currently: Tens of thousands USD (incl. 
electronics, cryogenics, wiring)

• Target: ~$1,000 (requires 10–100×
reduction for scalability)

How will quantum computers impact the society?

Example: kernel solutions for molecular and 
material design, portfolio optimization, 
decision support

✓ High-frequency quantum jobs
✓ Business case: many customers; cost 

amortized over many jobs. 
✓ Target Production: ~10–200 systems/year

Iterative use

Few-shot use

Example: Battery material optimization, 
synthesize fertilizers
✓ High-value low-frequency quantum jobs
✓ Business case: rare use with high value
✓ Target Production: ~few systems/year➢ Increase system production 

• Current estimations few systems per year

• Target: depending on the use scenarios

3.The impact of quantum advantage: future ahead
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↳ IQM focuses its QEC roadmap in co-designing high-
performant qLDPC codes and chip architecture

↳ Ahead of quantum advantage, we have to overcome three 
main challenges: accelerate innovation cycle, reduce price 
per qubit, and increase system production

↳ We foresee that quantum advantage may have impact in 
two different kinds of applications: few-shot and iterative 
use applications

Thank you! 
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