Coherent control of superconducting transmon qubits with an on-chip
single flux quantum driver
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A Scalable Digital/Quantum Architecture
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Control and feedback with lower latency (installed in the cryostat)
Reduced wiring overhead and heat-load from room temperature

Smaller overall system footprint in both size and power
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SFQ Pulse Control of Qubits
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R. McDermott et al., Phys. Rev. Appl. 2, 014007 (2014)
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C. = 100 aF
w19 = 2w X 5 GHz
Cqp = 100 fF

n,~200 SFQ pulses




SFQ Driven Qubit Circult

SFQ Driver
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Layer Stack

 Six metallization layers
« 4 Superconducting (3 Nb + 1 Al)

« 2 Normal Metal (Pd + Cu / Pd)

« Two PECVD SiOx insulating layers
« Also used to protect Q. Circuit

Si

Quantum Circuit | SFQ Pulse Circuit Normal Metal QP Trap
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Qubit Coherenc
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Signal Setup
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DC/SFQ Converter Operating Point
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SFQ-driven Rabi @ w; /4
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50 = C, P, /2;‘20 ~ 0.062 rad/pulse

Number of SFQ pulses per m — rotation — 51
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SFQ-driven Rabl @ wgy1/6
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MCM Circuit Layout

Quantum Chip

(5 mm)? I" ______________ ';
) S
In bumps J

e LT

|
Readout————————"" Qubit Bias
SFQ Bias

in/out

SFQ .
Trigger

21/09/17 4E01-04 -- EUCAS 2017 11




MCM Circuit Design
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Classical SFQ Pulse Pattern Generator
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« Banks of shift registers to
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With O. Mukhanov, HYPRES Inc.
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P. Liebermann et al., Phys. Rev. Appl. 6, 024022 (2016)
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Summary

Designed/fabricated eight layer SFQ/qubit integrated circuit
Qubit performance not significantly degraded by enhanced fabrication

SFQ driven Rabi oscillations
3D integration next logical step — soon to come!

Rabi driven at wy1/6
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Backup
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ABSTRACT

A large-scale superconducting quantum computer will require significant
classical resources for operation, including elements for control,
measurement, and feedback. A promising candidate technology to reduce
both the wiring heat-load and overall system footprint of a future control
system is the Single Flux Quantum (SFQ) digital logic family. Here we
describe the integration of a single flux quantum driver with a
superconducting transmon qubit on a single chip. The SFQ circuit is
fabricated in a high-Jc Nb/AI-AlOx/Nb junction process while the
transmon qubit is subsequently formed using submicron Al-AlOx-All
junctions grown by double-angle evaporation. We show results
highlighting the resultant high quality (T1=(8.5%0.5) us) qubit as well as
Rabi oscillations driven by resonant SFQ pulse trains.
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DC/SFQ Converter
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Rabl at W1

Rabi oscillations driven through the SFQ circuit
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Shapiro Steps for wy, /6
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Shapiro Steps for wy, /6

6F T | T
- | —No Trigger |
5 —-44 dBm @ 806 MHz | ‘I
, | —-46 dBm @ 806 MHz | /
0 I
—~ T I
~ 3F | :
S [ V=0, f=1.7uV |
O 2 -
o R T Ty ——
S ¢
S 1l E
>
O ]
-1F I _
! Operating Bias |—> |
-2 ; | | | | ! | | B
0 5 10 15 20 25 30 35
Current (1 A)
21/09/17 4EO01-04 -- EUCAS 2017 22




SFQ Driver Operation
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SFQ Driver Optimization

F =5 GHz, Pre = -60 dBm, J, = 1 KA/ cm?
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