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Introduction & Motivation

Superconducting qubits are 1 E
approaching their bulk substrate loss &

limits!
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Introduction & Motivation

Superconducting qubits are
approaching their bulk substrate loss
limits!

Superconducting cavities are

increasingly becoming the system of 4 Q ] I I
choice to extract bulk losses? \
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Introduction & Motivation

Superconducting qubits are
approaching their bulk substrate loss
limits!

Superconducting cavities are
increasingly becoming the system of
choice to extract bulk losses?

All experiments up to this point have
extracted bulk losses from proxies:
boules?, pieces of wafers?, rods®, etc.
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Introduction & Motivation
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Split Post Cavity Designed to Measure 3-inch Wafers

4-40 socket cap
Design goals: high wafer participation, ~ *“* >

ease of assembly, low bare cavity loss
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Split Post Cavity Designed to Measure 3-inch Wafers
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Split Post Cavity Designed to Measure 3-inch Wafers
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Split Post Cavity Designed to Measure 3-inch Wafers

Minimize current at H-plane seam with \/4 choke®’
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6 Microwave Transmission Line Circuits.

"T. Brecht, PhD Thesis, (2017).
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Loss Extraction Approach

Measure the loss of the bare cavity,
extract loss contributions from seam
and walls using multiple cavity
resonances 1 RS |H|? d°x R
walls — Z SV |H|2 Bx chond

§ I x12dl
Q*l — Gfl L “Yseam —
seam seam wuo SV ‘H|2 d3x gseam

_ yseam

8J. Gao, PhD Thesis, (2008).
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Loss Extraction Approach

Measure the loss of the bare cavity,
extract loss contributions from seam

and walls using multiple cavity tanh(fiw/2kg T)
-1
resonances e = Owater = FO%ys o\
n
Dielectric contribution to the loss from (1 + Tc>
the wafer %ewafer SVwafer ’E’2 d3x
F = Pwafer =

%egvan |E|2 d3x

8J. Gao, PhD Thesis, (2008).
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Loss Extraction Approach

Measure the loss of the bare cavity,
extract loss contributions from seam
and walls using multiple cavity

resonances

Dielectric contribution to the loss from Qbare,tot = QWalls + Qbeam
_1 _

the wafer Qloaded,tot - Qbare tot + Qwafer

Measure the loaded cavity, extract

wafer loss®

8J. Gao, PhD Thesis, (2008).
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Loss Extraction Approach

Measure the loss of the bare cavity,
extract loss contributions from seam
and walls using multiple cavity
resonances
Dielectric contribution to the loss from 1
—-1 7
the wafer Qloaded,to‘c <3 2 Wafer ~ <25x10°
Measure the loaded cavity, extract
wafer loss®

Pwater = 0.996, (5TLS Si ™ 5x 107 )

we want Qbare,tot < wafer/2

8J. Gao, PhD Thesis, (2008).
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Preliminary Measurements

Post separation measurement with (a) plastigauge post gap measurement, (b)
wafer mounting, (c) cavity mount and RuOx temperature sensor
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Preliminary Measurements

Extract the London Penetration Depth A\; = 43nm from Mattis Bardeen fits
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Preliminary Measurements

Bare, unetched cavity losses of four resonances fit with a linear model

-1
Qbare, tot 1 Pcond

= + Rs

Yseam 8seam Xs Yseam

-1

,y=aX+b,3:R57b:gseam

Unetched cavity estimated wall and seam losses. Between post resonances in orange.

Mode Frequency [GHz]  pcond Yseam Q‘;;HS Qicim anlre ot

4.657 078x107% 775x1073 19x1077 24x10% (23+0.4)x10°°
5.2101 1.15x 107° 1.11x 1072 2.0x1077 3.4x107% (2.74+0.3) x107°
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Preliminary Measurements
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Preliminary Measurements
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Measure the etched bare cavity, extract updated gseam, Rs

Measure the loaded cavity with a silicon wafer and extract its bulk loss
Measure multiple wafers from different boules, manufacturers, pre-fabrication
processing

Improve \/4 choke to reduce seam loss to allow measurements of low loss
sapphire wafers
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Next Steps

“Surpassing millisecond coherence times in on-chip superconducting quantum memories by optimizing materials, processes, and
circuit design”.

“Low-Temperature Properties of Whispering-Gallery Modes in Isotopically Pure Silicon-28".
“Use of whispering-gallery modes for complex permittivity determinations of ultra-low-loss dielectric materials”.

“Precision Measurement of the Microwave Dielectric Loss of Sapphire in the Quantum Regime with Parts-per-Billion
Sensitivity”.

“Measurement of the Low-Temperature Loss Tangent of High-Resistivity Silicon Using a High-Q Superconducting Resonator”.

Microwave Transmission Line Circuits.
“Micromachined Quantum Circuits”.
“The Physics of Superconducting Microwave Resonators”.

“Determining Interface Dielectric Losses in Superconducting Coplanar-Waveguide Resonators”.
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Additional Slides
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