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What is on the chip?
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Overview

• Distributed resonators
o Transmission lines

▪ CPWs

▪ striplines

o CPW resonators
▪ Quarter-wave resonator

▪ Half-wave resonator

▪ Stub tuner

o Loss

o Ground plane

• Lumped element resonators

• Coupling to devices

• Kinetic inductance

o Stripline resonators
o High-impedance resonators

• Remarks
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Transmission lines

• Distributed model

• Lossless TL

• Reflection

o From the end of the TL

o Interfaces
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Transmission lines

• Coplanar waveguide

• Characteristic impedance
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Transmission lines

• Stripline / microstrip

• Characteristic impedance
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Quarter-wave CPW resonator

• Model

o CPW with open end + shorted end

• Realization
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Quality factor

• Definition

• Internal, intrinsic, external, loaded, total […] Q

• Determination
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Quarter-wave CPW resonator

• 14 nm NbTiN film, out-of-plane B field
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Quarter-wave CPW resonator

• 14 nm NbTiN film, in-plane B field
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Half-wave CPW resonator

• Capacitor – CPW – Capacitor

o Fabry-Perot cavity
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Half-wave CPW resonator

• Capacitor – CPW – Capacitor

13



Half-wave CPW resonator

• Capacitor – CPW – Capacitor
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CPW Stub tuner

• Stub tuner

o Measure admittance (resistance, capacitance)

o Measure noise

• Compact form

o Meander

o Bond bridges
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Lumped element resonators

• Simple LC
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Feedline

• Feedline with “hanging” quarter-wave resonators
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Phys. Rev. Lett. 120, 100502 (2018)



Loss

• Conductor losses

o Superconducting film

o Dissipation for non-zero frequencies

• TLS

o Mostly at interfaces

o Nitrides are better (?)

• Common materials:

o Oxideless Si wafer

o Sapphire wafer (transparent!)

o Kapton substrate (flexible, for break junctions)

▪ E.g. Coherent manipulation of Andreev Bound States in an atomic contact, 
Camille Janvier
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Loss

• Annealing

• Trenches

• Holes in the film
o Vortex pinning

o Suppress spurious modes
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Appl. Phys. Lett. 106, 182601 (2015)



Loss

• Annealing
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Appl. Phys. Lett. 106, 182601 (2015)



TLS
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Resonator-device coupling

• Galvanic

• Capacitive
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Nature 560, 179–184 (2018) 



Resonator-device coupling

• Inductive
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arXiv:1711.01645v1



Kinetic inductance

• Drude model

o Low frequencies or short collision time → imaginary part is negligible

• Kinetic energy of Cooper pairs

o Strip of length l, cross section A

o Scales like resistance!

• From BCS theory:

• Tunability:

o Temperature

o Current

24

A.J. Annunziata et al., "Tunable superconducting nanoinductors," Nanotechnology 21, 445202 (2010)



Kinetic inductance

• Tunability:

o Temperature

o Current
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A.J. Annunziata et al., "Tunable superconducting nanoinductors," Nanotechnology 21, 445202 (2010)



Kinetic inductance, high-Z resonators

• Motivation

o 1D cavity

o Small volume / distance → large E field

o Coupling strength to qubits

o Strong coupling regime
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PHYSICAL REVIEW A 69, 062320 (2004)



Kinetic inductance, high-Z resonators

• Realization in CPW geometry
o SQUID array (32 SQUIDs)

o Z = 1.3 – 1.8 kOhm

o Tunable with B field
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Kinetic inductance, high-Z resonators

• Realization: CPW feedline + stripline

o NbTiN, Z = 4 kOhm
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Kinetic inductance, high-Z resonators

• Realization: CPW feedline + stripline
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Science 09 Mar 2018:

Vol. 359, Issue 6380, pp. 1123-1127



Kinetic inductance, high-Z resonators

• Realization in CPW geometry
o Thin, narrow center conductor (300 nm, NbTiN)

o Z = 1.3 kOhm
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Nature 560, 179–184 (2018) 



Remarks

• Kinetic inductance detector

o Distributed or lumped

o 20k pixels
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Journal of Low Temperature Physics 167 (3-4), 292-304



Remarks

• Off-chip resonator: stub tuner
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Appl. Phys. Lett. 101, 042112 (2012);



Remarks

• Off-chip resonator: SC meander inductor
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Many-qubit architecture

• SC resonator for/as

o Qubit read-out

o Quantum bus

o Purcell filter

34


