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SURFACE ELECTRODE ION TRAP

The H2

Hyperfine qubit
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Quantinuum’s Trapped-Ion Quantum Computer



Quantum Charge-Coupled Device proposal by NIST Ion Storage Group (1998)

Key technologies needed:
Segmented trap supports multiple zones
Transport of ions with low loss and low heating
Beam delivery to multiple regions 
Loading large number of ions fast 
Scalability enabled by microfabricated traps

Additional reference:
Kielpinski, D., Monroe, C. & Wineland, D. Architecture for a large-scale ion-trap quantum computer. Nature 417, 709–711 (2002). 
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Split and Combine

Ion is transported into the same zone

Ions are combined into a single potential well and 
then re-separated

Swap

Ions are carefully manipulated to reorder positions

TRANSPORT PRIMITIVES

150mm
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▪ Industry Leading Performance

- 32 Qubits – globally entangled at high fidelity
- 1Q Fidelity 99.998%
- 2Q Fidelity 99.8%
- SPAM 99.8%
- Memory Fidelity 99.98%
- Measurement cross-talk error 0.0005%
- All-to-all connectivity
- Mid-circuit measurement with conditional logic
- Qubit reuse
- Parametrized angle 2Q gate included in native set

32 qubits 
transporting around

H2 ion trap









Typical Quantum Algorithm Workflow on a Gate-model Quantum Computer 

Use Case

Quantum 
Circuit

All-to-all qubit connectivity
Universal gateset

Quantum 
Circuit Compiler
Native gateset
Qubit connectivity
Qubit error
Gate errors
More…

Quantum 
Processor

Quantum 
Simulator

e.g. TKET

Quantum Computing Stack

Machine 
CodeApplication 

Software

e.g. QFT

Native gateset:
ECR, ID, RZ, SX, X
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C++ library

pytket
python

pyzxQ#



pip install pytket

The extension module interfacing pytket with the H-series is installed by

pip install pytket-quantinuum

and for interfacing with Qiskit and IBM Quantum install

pip install pytket-qiskit

https://gitub.com/CQCL/pytket




Additionally performs 
some light 
optimizations. 

Adds more intensive 
optimizations that can 
increase compilation 
time for large circuits.

Level 1 Level 2 (default)

Solves the device 
constraints without 
optimizing.

Level 0
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All-to-All Connectivity

Nearest Neighbor

High-Fidelity Gates Qubit Measurement and Reuse

All-to-All Isolated Gates = Scalable Gates Measurement and reuse
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Conditional logic
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== 1

𝑢1(𝜋/2)

If c==1, perform gate

If c==0, do not 

Measure Reinitialize

Quantum state remains intact

1Q infidelity < 3 x 10-5

2Q infidelity < 2 x 10-3

State preparation and 

measurement error
< 2 x 10-3

Measurement cross-talk 

error
< 5 x 10-5

Memory error per qubit at 
average depth-1 circuit < 6 x 10-4



pip install pytket
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Microwave-assisted 
optical pumping 

(MAOP)
1762 nm 

narrow-band 
optical pumping

(NBOP)

OR

Cabinet
shelving

SPAM error: 9.6(1.4)×10−5

State Preparation:

Detection:

An, Fangzhao Alex, et al. High fidelity state preparation and measurement of ion hyperfine qubits with I > 1/2, arxiv:2203.01920.

137Ba+



+

Grid Trap Prototype Photonic Waveguides 
& Couplers

Modular, Tiled Traps

Akhtar et al, (Sussex/Universal Quantum)
arxiv.org/pdf/2203.14062.pdf

https://co41-confluence.honeywell.lab:4447/display/TDIP/SNL-QTM+Photonics+Tech+Portfolio
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