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s it too early to worry about controlling a quantum computer?

aadidy
* Which qubit flavors are best suited to today’'s and tomorrow's classical hardware?

* New physics (S possible using very fast, autonomous readout and control, eg, feedback
protocols that use adaptive measurements, or guantum error correction.

* Simple quantum systems are already becoming too complex and tedious for
all-human operation, eg, tuning multiple guantum dots.

*What are the issues? Where are new developments needed?
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What's there to control?

General Purpose Hardware
(CPUs)

Low-level Software?

Classical Specialized Hardware
(ASICs, FPGAs, Data Converters, MUXs,
Interconnects)

Quantum Physical Layer
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Classical Computation
Logic operations are implemented

with physical circuits (MOSFETSs).
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Intel Ivy Bridge: 1.4 Billion transistors on a chip
22 nm feature size, 4 GHz clock.

On planet Earth, 10 billion transistors are created every second
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Quantum Computation
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Quantum Control E
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Quantum Superposition

|1> ‘
15

|0>

S
e -

on Wesley

-

15™ ANNUAL

Magnetic
field

8

Magnetic
field

Superposition of
spin up and down

Microsoft Research Faculty Summit 2014



Quantum Readout
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Manipulating Information

But quantum information is fragile
and in need of constant error correction
(a bit like DRAM)
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Convergence of Control Technology
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Convergence of Readout Technology
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Colder-than deep space, . . 3
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Footprint of T qubit
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Read-Write Head for Every Domain?

Need an approach that doesn’t require fully parallel control and readout of every qubit
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Universality

NAND gates are universal NOR gates are universal
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Set of Quantum Gates for Universal Computation
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Circuit Model of Quantum Computation
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Separation of ‘prime waveforms’ and addressing
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Tomorrow's Solution o AN AN,
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JOURNAL OF APPLIED PHYSICS 109, 103903 (2011)

b
. Clock 1 Lax — L
Ultra-low-power superconductor logic Ly PP "
Clock 2 Ly,
Quentin P. Herr,® Anna Y. Herr, Oliver T. Oberg, and Alexander G. loannidis ) )

Northrop Grumman Systems Corp., Baltimore, Maryland 21240, USA

(Received 25 January 2011; accepted 31 March 2011; published online 17 May 2011)
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Fast Feedback in the Cold
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Cryo-FPGA, Switches, and Qubits Together...
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2x 16bit 500Mmsps DAC

Next Steps...
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Clock/ Comms

Power
distribution

Fast / Slow
DAC PCBs
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