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Quantum computer
research

* Why does it matter
* Finding new prime numbers
» Breaking current encryption (factorization)

* Quantum versions of classical algorithms
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Quantum computer
research

0
« Why does it matter ®
OR
* Qubits

« Superposition
« Entanglement

* Difficulties in maintaining superposition é

Source: Scientific American, May 2016
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Quantum computer
research

* Why does it matter
* Qubits
« Superposition
« Entanglement
* Difficulties in maintaining superposition

» Electronics involved in research
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ARTIOQ

« Advanced Real-Time Infrastructure for
Quantum physics
 High-level programming language for

describing complex experiments
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ARTIQ 10

: Timing
« Advanced Real-Time Infrastructure for performance Custom
_ FPGA design
Quantum physics
 High-level programming language for
describing complex experiments
« Time-critical code running on FPGA ARTIQ
Interpreted
programs

Expressivity

Source: m-labs.hk
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ARTIQ

« Advanced Real-Time Infrastructure for
Quantum physics

 High-level programming language for
describing complex experiments

 Time-critical code running on FPGA

 Other code running on PC controlling the

experiment
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Tapplet: flopping ®
2 FEpoArg imenteD emo)
Integer a2 ©]
string Hello World ]
® Noscan Unear Random Explicit
scan @
Value: 325000000
Applet: flopping_freq ®
(ot rrooz = Gom
) I E—
No scan ® Linear Random Explicit
Explorer
B ) A PREEETTE
evision sct.scan Hz @
ArgumentsDemo 0 20 40 60 80 190|100 5

Flopping F simulation
Histograms demo

RemoteExecDemo

RunForever
Speed benchmark
Thumbnall
» coredevice_examples
¥ utilities

B open

<9 submit

Applets | Explorer | Shortcuts Datasets

Log
Minimum level: | DEBUG | freet

Source

dashboard

dashboard

dashboard

worker(2171,arguments_demo.py)
worker(2171,arguments_demo.py)
worker(2171,arguments_demo.py)
worker(2171,arguments_demo.py)
worker(2171,arguments_demo.py)
worker(2171,arguments_demo.py)
worker(2171,arguments_demo.py)

Log DDS Schedule

Message

Priority: 0

Due date:  Jun 2 2016 00:00:00

Logging level: DEBUG ~ | Revision: |current

L
A A 9.09 kHz

" Pipeline: main
<3 submit
Flush

@ Terminate instances

[ Local options

& Recompute all arguments

Applet: hists

artig.dashboard.experiments:Submitted 'repo:Flopping F simulation', RID is 2163
artig.dashboard.schedule:Requested termination of RID 2170
artig.dashboard.experiments:Submitted 'repo:ArgumentsDemo', RID is 2171

root:logging test: error

root:logging test: warning

root:logging test: this is a very long message. this is a very long message. this is..
root:logging test: info

root:logging test: debug

print:42

print:True

Source: m-labs.hk
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Sinara

 High quality hardware for ARTIQ
« Modular
* Flexible
* Well tested

* Open source
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Sinara

« High quality hardware for ARTIQ
* International cooperation

* M-Labs (Hongkong)

University of Oxford

Warsaw University of Technology

University of Maryland
NIST Boulder (USA)
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Sinara

« High quality hardware for ARTIQ
* International cooperation

« System architecture
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Sinara

« High quality hardware for ARTIQ
* International cooperation
« System architecture

* Metlino
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TTL infout, SPI, slow DAC

|

DRTIO fib

Ethernet

DRTIO fiber

Root MicroTCA crate

Sayma Sayma Sayma
Metlino

Analog infout, TTL infout, SPI

Satellite MicroTCA crate

Sayma Sayma Sayma
Metlino

Analog infout, TTL infout, SPI
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Sinara

« High quality hardware for ARTIQ
* International cooperation
« System architecture
* Metlino
« distributes DRTIO commands to the other cards in the crate
over the MicroTCA backplane (star topology)
« distributes DRTIO commands to other crates

* receives commands from another Metlino board or control PC

Warsaw University
of Technology
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Sinara

 High quality hardware for ARTIQ
* International cooperation
« System architecture

* Metlino

e Sayma
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TTL infout, SPI, slow DAC
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Root MicroTCA crate
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Metlino

Analog infout, TTL infout, SPI

Satellite MicroTCA crate
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Metlino
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Sinara

« High quality hardware for ARTIQ
* International cooperation
« System architecture

* Metlino

e Sayma
« Extension cards that contain a FPGA
» Typically used to generate and process RF signals
« ADCs and DACs are on uRTM extension

» Optional FMC extension
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Sinara

 High quality hardware for ARTIQ
* International cooperation
« System architecture

* Metlino

e Sayma

o Kasli
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TTL infout, SPI, slow DAC

Sayma

Sayma Sayma

Metlino

Ethernet

Sayma
Metlino

Analog infout, TTL infout, SPI

DRTIO fiber Analog infout, TTL infout, SPI

Sayma Sayma
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Kasli

* My area of work
» Controls external equipment, that doesn’t require

precision provided by Sayma
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Kasli 22

My area of work

Controls external equipment, that doesn’t require

precision provided by Sayma

Receives DRTIO commands from master (Metlino) card

Up to 12 extensions

Extensions may be connected by ribbon cables

(backplane is scrapped ... for now)
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Examples of extensions
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PCB-UHDCI breakout revi.O

Examples of extensions
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Kasli 25

My area of work

Controls external equipment, that doesn’t require

precision provided by Sayma

Receives DRTIO commands from master (Metlino) card

Up to 12 extensions

Extensions may be connected by ribbon cables

Rough specification and use cases are agreed upon
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Kasli AN
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Kasli

Progress:
* Rough specification
* Electrical schematics
What remains to be done:
» PCB project
« Simulations
» Physical tests

Whole project is on GitHub: github.com/m-labs/sinara
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