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Quantum Computing -
An Industry Insight




Quantum computing will start an era of human progress
as significant as the industrial and digital revolutions.
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© Riverlane 2023



Quantum computers are here to stay
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PHYSICAL QUBIT ROADMAP FOR QUANTUM COMPUTER
- HISTORY AND FUTURE
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>3: Software Solutions

Map problems
into Quantum

operations
(Applications)

Modify and
measure Qubits
state (Control)

Corrections

Decoding

Extend Qubits

lifespan (Decode)




The Quantum Software Industry: a deep dive
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If we want in 10 years to solve hard problems ...
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>Challenge 1

We need to finely drive

1000+ of qubits at time



Make every qubit count
and make it live for as
long as possible

With Deltaflow.0S
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Applications
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Deltaflow.0S’

Control Hardware
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>Challenge 1

We need to finely drive
1000+ of qubits at time
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How do you control a quantum
computer?

* Quantum information is manipulated using combinations of gate
operations on the qubits.

* This is called a “qguantum circuit”.
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How do you control a qguantum computer?

* The quantum circuit is compiled down into a pulse schedule.

* These microwave pulses perform gate operations by acting on
qubits.

Signals Waves

© Riverlane 2023 | Commercial in
confidence




How do you control a qguantum computer?

And everything needs to be
economically viable to allow large
scale systems
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ARCHITECTURE OF A SUPERCONDU

@ Classical computer
Control software is used to
generate digital signals for the
manipulation of the qubit
state. To identify the state of
the qubits, the output signal is
processed and analyzed.

@ Microwave electronics
The digital signals are converted
to analog signals
(electromagnetic pulses at
microwave frequency range).
For measurement of the qubit
state the microwave signal is

converted back to a digital signal.

'Room-Temptmun stage 293K

can

input sign

output signal

The vacuum can is the outermost can which

protects the system from environmental
influences and heat transfer.

Microwave amplifier

The weak output signal is amplified by
several orders of magnitude before its
conversion to a digital signal.

Four-Kelvin stage 4K

Superconducting readout cables

To avoid losses of the output signal,
ing cables with
electrical resistance are used.

Still stage

Cold stage

Dilution unit
The main part of the cooling system where
the two helium isotopes undergo a phase
separation.

An important component which isolates the
qubit from noise and lets the signal pass
without attenuation.

Cryoperm shield

A double-layer cryoperm shield protects the

qubits from external magnetic fields.

Input signal cables
The input signal reaching the qubit is
attenuated by several orders of magnitude
to suppress thermal radiation
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© °He/*He Dilution cryostat
The quantum processor and
peripheral components are
cooled down to a few mK to
shield the qubits against the
influence of thermal radiation.

@ Quantum Processor
This is the actual
processing unit containing
qubits, couplers as well as

[ control and readout lines. A

magnified schematic is

shown below.

Josephson Junction

Atunnel junction between superconducting

electrodes which makes the LC circuit non-
linear and turns it into a qubit

Superconducting qubit
Superconducting qubit as the smallest unit of
quantum information along with control and
readout lines.

@ Quantum Processor (QPU)
Qubits and couplers together with the readout
resonators and the control lines form the
quantum processor.

QPU package
Package to guide microwave signals to the
quantum processor and to minimize losses,
reflections and cross-talk.
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>Challenge 2

Make every qubit count
and make it live for as
long as possible
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Qubits are fragile and susceptible to
noise which causes decoherence...

* Decoherence Corrected quibit [Ia\.’r?é

confidence



Quantum error correction is how we create
logical qubits from many noisy qubits
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The surface code

Surface code error correction is performed by

measuring “checks” that look (or check) for errors
A circuit to measure one “check”
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Measuring all the surface code “checks” once is called 1 QEC round

In semiconducting devices, this takes 10-100us
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What happens if we are not fast enough?

 10us semiconducting QEC time

For FeMoco simulation need 1010 gates > ~10 days
Say decoder takes 10.1us/round (f = 1.01)

With lag: 1010 gates ~ 1.0110""s > Age of the Universe

* Decoders take longer for bigger codes.

» For n qubit codes most decoders satisfy f = Q(n)

Longer computation = need bigger codes = slower decoding = BACKLOG PROBLEM

There is a max limit on the size of quantum algorithms we can execute.
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Then, let’s be fast enough

Noise
mm p=0.2%
mm p=0.4%

Decoding frequency [MHZz]

5x5x5 7x7x7 9x9x9 11x11x11
Code size

Riverlane Team, Deltaflow.Decode Technical White Paper,

Decoding frequency [MHZz]

Code distance

Decoder
Serial
2-cores
4-cores
8-cores
16-cores

https://www.riverlane.com/app/uploads/2022/09/Deltaflow_Decode _Technical White Paper September_2022.pdf
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https://www.riverlane.com/app/uploads/2022/09/Deltaflow_Decode_Technical_White_Paper_September_2022.pdf
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>Putting it together

We need to finely drive
1000+ of qubits at time
whilst decoding for
errors at-speed
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Riverlane strategy.
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Provide full-
scale
commercial
solutions

Guide the Integrate in
market and state-of-the-
build expertise art solutions
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There are many ways to build
a quantum computer but only
one way to make them useful:



