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Our people are 
clustered by specialty 
and science domain

Leader in Quantum 
Computing Software

Leading Quantum 
Computing Hardware

Quantum Solutions

Integrated Supply Chain

Ion trapping

Engineering

Quantum algorithms

Quantum foundations

Quantum chemistry

Quantum cryptography
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Biz dev, comms
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Quantinuum Products Partner / Ecosystem Products

A N  I N T E G R AT E D  A P P R O A C H

Third Party Platforms

Quantum Hardware, Simulators and Cloud Providers

AI & ML

Including open-source QNLP Toolkit and Library  
‘LAMBEQ’ 

Quantum Chemistry

InQuanto: State-of-the-art chemistry platform for quantum 
computers

Cybersecurity

Quantum Origin: quantum computing-enabled 
cryptographic keys

Open-source quantum software development platform 

H-Series

Powered by

Quantum Computers

Industrial Collaborators

Telcom, Finance, Pharma, Automotive, Manufacturing, Transport, Chemicals….  
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TKET as a universal software development kit

TKET optimizes quantum 
circuits,  reducing the number 
of required operations – 
essential 
for NISQ devices.

941,952 downloads as of June 
21, 2023

C++ library

PyTKET 
python

Rewrite Circuits
Solve for device constraints

Perform optimizations

pyzxQ#

Build Circuits

Front ends
High level interface

Execute Circuits

Back ends
Quantum devices/simulators
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T R A P P E D  I O N  
Q U A N T U M  C O M P U T E R
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P E R F E C T  Q U B I T S  F R O M  Y T T E R B I U M  I O N S

▪ Each ion is identical, each qubit is identical

▪ Quantum information is stored in hyperfine 
energy levels

▪ Lasers are used to address, entangle, and 
measure qubits

▪ Errors are fundamentally understood

▪ The secret is to precisely capture, control, and 
manipulate ions for quantum operations
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Q C C D  A R C H I T E C T U R E  –  P R O P O S E D  I N  1 9 9 8

QUANTUM CHARGE-COUPLED DEVICE PROPOSAL BY NIST ION STORAGE GROUP (1998)

KEY CONCEPTS

Qubits through ions

Connectivity by physical transport

High-fidelity gates via lasers on short ion chains

Dedicated zones for logic / initialization / measure 

Scalability enabled by microfabricated traps

19981995 2020

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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I O N  T R A P S  &  I O N  T R A N S P O R T  R E S E A R C H

EARLY TRAPS AND TRANSPORT
▪ M. Rowe et al., Transport of Quantum States and 

Separation of Ions in a Dual RF Ion Trap, Quantum 
Inf. & Comp. 2, 257 (2002).

▪ D. Stick et al., Ion trap in a semiconductor chip. 
Nature Physics 2, 36 (2006).

SURFACE TRAPS
▪ N. Guise et al., Ball-grid 

array architecture for 
microfabricated ion traps, 
Journal of Applied Physics 
117, 174901 (2015).

▪ Sandia HOA

FAST LINEAR TRANSPORT
▪ Bowler, R. et al. Coherent diabatic ion transport and separation in a multizone 

trap array. Phys. Rev. Lett. 109, 080502 (2012).

▪ A. Walther et al., Controlling Fast Transport of Cold Trapped Ions. Phys. Rev. 
Lett 109, 080501 (2012)

2D ARRAYS
▪ R. B. Blakestad et al., Near-

ground-state transport of trapped-
ion qubits through a 
multidimensional array. Phys. 
Rev. A 84, 032314 (2011).

▪ K. Wright et al., Reliable transport 
through a microfabricated x-
junction surface-electrode ion 
trap. New Journal of Physics 15, 
033004 (2013)

MIXED SPECIES TRANSPORT
▪ Palmero, M., Bowler, R., Gaebler, J. P., Leibfried, D. & Muga, J. G. Fast transport of 

mixed-species ion chains within a paul trap. Phys. Rev. A 90, 053408 (2014). 

QCCD OPERATIONS
▪ Kaushal, V. et al. Shuttling-based 

trapped-ion quantum information 
processing. AVS Quantum Science 2, 
014101 (2020). 
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Q C C D  A R C H I T E C T U R E  –  R E A L I Z E D  I N  2 0 2 0

QUANTUM CHARGE-COUPLED DEVICE DEMONSTRATED BY QUANTINUUM (2020)

ION TRAP ARCHITECTURE

Quantum bits (qubits) are stored in the electronic 

states of Yb+ ions

171Yb+
| ۧ1

| ۧ0

138Ba+ COOLING ION

HYPERFINE QUBIT

ARCHITECTURE FEATURES

▪ Identical, high-quality qubits

▪ Dedicated interaction zones 

▪ Short ion chains

▪ High fidelity quantum gates

▪ Ions transport from zone to zone 

Pino, J.M., Dreiling, J.M., Figgatt, C. et al. Demonstration of the trapped-ion quantum CCD computer architecture.  Nature 592, 209–213 (2021).
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ION-TRAP 
AT THE 

HEART OF  
A SYSTEM
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Ytterbium atom is launched into the trap

A laser ionizes the atom

DC voltages and RF electric fields are 

used to create a potential well which 

holds the “trapped” ion 

L O A D I N G  I O N S
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DC electrodes transport the ion to different zones 

along the trap device

Lasers operate on ions (qubits) in “Gate Zones”

T R A N S P O R T  A N D  G AT E  
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M E R G E  A N D  E N TA N G L E M E N T

Individual trapped ions can be 

merged to a single well for 

two-qubit gating by lasers
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Individual trapped ions can be 

merged to a single well for 

two-qubit gating by lasers

Ions can be re-separated and 

transported to interact with 

other ions  

M E R G E  A N D  E N TA N G L E M E N T
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𝑡 = 0

𝑡 = 1

𝑡 = 3

𝑡 = 2

Move, Join

1-qubit gate

2-qubit gate

Swap, Split

Move, Join

2-qubit gate

Quantum Circuit

𝑡 = 4 Measure

𝑡 =    0           1           2          3         4

|0ۧ |0ۧ

|0ۧ

|0ۧ

H

H

𝑐1

P H Y S I C A L  
I M P L E M E N TAT I O N
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R E A L - W O R L D  V I E W

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

150mm
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T R A P P E D - I O N  Q U A N T U M  C O M P U T E R
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O U R  C O M M E R C I A L  
Q U A N T U M  C O M P U T E R S
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H1 SYSTEM
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MEASURED PERFOMANCE OF H1-1 & H1-2

Raw data and analysis code available at:

 https://github.com/CQCL/quantinuum-hardware-specifications

Single Qubit Randomized 
Benchmarking 

Parallel Two Qubit 
Randomized Benchmarking

Fidelity = 1 - Infidelity
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H 2  S Y S T E M :   M o r e  q u b i t s !
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H2 ion trap
32 qubits 

transporting around 

the trap
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S C A L I N G  H I G H  Q U A L I T Y  Q U B I T S

▪ H2:  Industry Leading Performance

ꟷ 32 Qubits – globally entangled at high fidelity

ꟷ 1Q Fidelity 99.998%

ꟷ 2Q Fidelity 99.8%

ꟷ SPAM 99.8%

ꟷ Memory Fidelity 99.98%

ꟷ Measurement cross-talk error 0.0005%

ꟷ All-to-all connectivity

ꟷ Mid-circuit measurement with conditional logic

ꟷ Qubit reuse

ꟷ Parametrized angle 2Q gate included in native set

© 2023 by Quantinuum. All rights 
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M E A S U R E D  H 2 - 1  P E R F O R M A N C E

Single Qubit Randomized 
Benchmarking 

Parallel Two Qubit Randomized 
Benchmarking

Memory Randomized Benchmarking

SPAM Measurement Crosstalk

Raw data and analysis code available at: https://github.com/CQCL/quantinuum-hardware-specifications

SQRB 2.5(3) x 10-5

TQRB 1.8(4) x 10-3

Memory RB 2.2(3) x 10-4

SPAM 1.6(1) x 10-3

Measurement Crosstalk 4.5(6) x 10-6
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H 2  S Y S T E M  L E V E L P E R F O R M A N C E

Mirror benchmarking Quantum volume Random circuit sampling 32 qubit GHZ state

Introduced by Sandia 

National labs

Introduced by IBM Common in industry 

and academia

Introduced by Google

World 

Record
World 

Record

Best performance

at N=32 (8x)
Industry 

First
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H 2  A P P L I C AT I O N  B E N C H M A R K S

Hamiltonian simulation

Likely near-term application

Data shows benefits of 

programmable gate 

parameters

QAOA

One of the largest 

optimization problems solved 

on a quantum computer

High connectivity

Error correction

Classical (not Quantum)

error correction

Qubit reuse advantage

QPU-CPU interaction

Quantum dynamics

Simulates how information 

propagates in quantum systems

Demonstrates low 

measurement crosstalk

© 2023 by Quantinuum. All rights 

reserved.



H O L I S T I C  B E N C H M A R K S  -  Q U A N T U M  V O L U M E

Qubit 0

Qubit 1

Qubit 2

Qubit 3

A. W. Cross, L. S. Bishop, S. Sheldon, P. D. Nation, and 
J. M. Gambetta .Phys. Rev. A 100, 032328 (2019)

4 rounds, 12 two-qubit gates

Z

Z

Z

Z
Z

Z

Example random two-qubit gates

Qubit 0

Qubit 1

Qubit 2

Qubit 3

Random permutation of 

qubits

Quantum volume is a measure of the largest circuit that can successfully be run 

with depth = qubit number.  QV = 2min(depth, qubit number)

SQ

SQ

SQ

SQ

SQ

SQ

SQ

SQ

U

U

P

U

U

P

U

U

P

U

U
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Experimental result must match 
simulation >2/3rd time, with 2σ 
confidence

C. H. Baldwin, K. Mayer, N. C. Brown, C. Ryan-
Anderson, D. Hayes, Quantum 6, 707 (2023)
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HOLISTIC BENCHMARKS - QUANTUM VOLUME 216 = 65,536

“Re-examining the quantum volume test: Ideal distributions, compiler optimizations, 
confidence intervals, and scalable resource estimations” Charles H. Baldwin, Karl Mayer, 
Natalie C. Brown, Ciarán Ryan-Anderson, David Hayes, Quantum 6, 707 (2023)



O U R  T E C H  R O A D M A P
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T R A P  S C A L I N G  R O A D M A P

PARALLEL 
GATE ZONES

LINEAR GRID INTEGRATED OPTICS LARGE SCALE

Grid Trap Prototype Photonic Waveguides 

& Couplers
Modular, Tiled Traps

©2023 by Quantinuum. All Rights Reserved.

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


T R A P  S C A L I N G  P R O G R E S S

H1 H2 Grid-trap prototypeGrid
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F U N C T I O N A L I T Y  O N  A  C H I P

Guiding light on a chip Power-splitting light on a chip

Guiding light from chip to ion

Developing these with industry-leading groups at national labs, 

universities, and commercial photonics foundries.

© 2023 by Quantinuum. All rights 
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https://co41-confluence.honeywell.lab:4447/pages/viewpage.action?pageId=27561157&preview=/27561157/27566936/HQS%20Waveguide%20Splitter%20-%20v3.pptx
https://co41-confluence.honeywell.lab:4447/display/TDIP/SNL-QTM+Photonics+Tech+Portfolio


A C C E S S I N G  O U R  
Q U A N T U M  C O M P U T E R S
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Reach out to learn more:

https://www.Quantinuum.com

PROVIDING ACCESS 

FOR QC RESEARCH:

▪ Quantum Computing User Program 
from Oak Ridge National Laboratory

https://www.olcf.ornl.gov/olcf-resources/compute-
systems/quantum-computing-user-program/

▪ Azure Quantum Credits Program 
from Microsoft

https://aka.ms/aq/credits

Q U A N T I N U U M
A C C E L E R AT I N G
Q U A N T U M  C O M P U T I N G
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H - S E R I E S  U S E R  
P U B L I C AT I O N S
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▪ Questions?

T H A N K  Y O U !
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