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Outline

1. Introduction of molecular spin 
quantum processors

2. Superconducting lumped element 
resonators for quantum processors

3. Hybrid devices for magnetic / electric spin control

𝐌𝒏+𝟐
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Quantum computing

• Basic unit of information: Bit  Qubit

SUPERPOSITION

I. I. Rabi. Phys. Rev. 51, 652 (1937)

Molecular spins as qudits!
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Quantum computing

• Basic unit of information: Bit  Qubit

Molecular Spin Qubit

Reproducibility

Identical 
microscopic 

qubits

Scalability

Error 
correction

Nature chemistry 11 (4), 301-309 (2019)

SUPERPOSITION

Tunability

Fine tuning of 
qubit properties

Phys. Rev. Lett. 108, 247213 (2012)

I. I. Rabi. Phys. Rev. 51, 652 (1937)

Molecular spins as qudits!

Á Gómez-León et al. 
arXiv (2021)
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173Yb(trensal) molecule
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V. Rollano et al. (In prep.)
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Spin qubit coupled (𝒈) to a superconducting resonator: 

Non demolition read-out

Two qubits entangling gates

Strong coupling regime:

𝑔 >> 1/T𝜅, 1/T2

Two level 

system

Spin Qubit

Photon 

2D resonant 
cavity

wr
ws
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Quantum electrodynamics on a chip



𝒇𝟎 =
𝟏

𝟐𝝅 𝑳𝑪

S21: Transmitted AC signal
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Superconducting lumped element resonators (LERs)

6

Superconducting LC resonator

𝜿

S. Doyle. J. Low Temp. Phys., 151, 530-536 (2008)
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Superconducting LC resonator

𝜿

Superconducting lumped element resonators (LERs)

S. Doyle. J. Low Temp. Phys., 151, 530-536 (2008)
Magnetic Coupling Electric Coupling
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𝑱𝒆𝒇𝒇

 Multiple read-out with a single transmission line.
 High power pulses to implement gates.
 Photon-mediated interactions between different qubits. 

Quantum electrodynamics on a chip

LERs for molecular spin quantum processor
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𝑱𝒆𝒇𝒇

 Multiple read-out with a single transmission line.
 High power pulses to implement gates.
 Photon-mediated interactions between different qubits. 

Fabricated and characterized chip

Quantum electrodynamics on a chip

LERs for molecular spin quantum processor



Design

10

How are LERs made?

LERs for molecular spin quantum processor



𝑓𝑟 =
1

2𝜋 𝐿𝐶

Resonance frequency 𝒇𝒓

𝑄 = 2𝜋𝑓𝑟
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑒𝑛𝑒𝑟𝑔𝑦 𝑠𝑡𝑜𝑟𝑒𝑑

𝐸𝑛𝑒𝑟𝑔𝑦 𝑙𝑜𝑠𝑠/𝑠𝑒𝑐𝑜𝑛𝑑
=
𝜋𝑓𝑟
𝜅

𝜅 : Photon decay rate (rad/s)
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LER Parameters

Simulated transmitted AC signal

Microwave electromagnetic 
simulations

𝑓𝑟

S21: Transmitted AC signal

1 2

𝜿

LERs for molecular spin quantum processor



Design

12

How are LERs made?

Fabrication

LERs for molecular spin quantum processor
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ISO 4

Substrate: Si

Superconducting
layer: Nb  / NbTiN

Resist

LERs nanofabrication in a Clean Room

13

Superconducting
circuit

LERs for molecular spin quantum processor



Design

Fabrication

Characterization
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How are LERs made?

LERs for molecular spin quantum processor



Electrical characterization harness set-up

LERs

Cryogenic characterization

He3/He4 Dilution Refrigerator

T ~ 12 mK 15

LERs for molecular spin quantum processor
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LERs for molecular spin quantum processor



17

Resonance frequency:

𝑓0 = 1.6618 GHz

Quality factor: 

𝑄 =
𝑓0
𝛿𝑓

≈ 105

Photon decay rate:

𝜅

2𝜋
=

𝑓0

𝑄
≈ 4.18𝑥10−5 𝐺𝐻𝑧

Photon lifetime:

𝑇𝜅 =
1

𝜅
≈ 0.2 ms1.6617 1.6618 1.6619 1.6620
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Transmission measurement

Long photon lifetimes

CRYOGENIC SPECTROSCOPIC CHARACTERIZATION

High-Q niobium LERs

Niobium 100 nm
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0.6 cm

LERs for molecular spin quantum processor
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𝑵~𝟏𝟎𝟏𝟎 − 𝟏𝟎𝟏𝟑spins

Increase the magnetic mode volume 𝑽𝒎

MAGNETIC FIELD PROFILE

LERs for magnetic coupling with spin ensembles

LER8

Free radical: PTM      S=1/2

𝒈 = 𝟓. 𝟗𝟖 𝑴𝑯𝒛
@ 4.2 K

LER8

SIMULATED CURRENT @ 𝒇𝟎

MAGNETOSCOPIC CHARACTERIZATION

fr

ห ۧ↓ 𝟏 − ȁ ۧ↑ 𝟎

ห ۧ↓ 𝟏 + ȁ ۧ↑ 𝟎

LERs for molecular spin quantum processor
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𝑵~𝟏𝟎𝟏𝟎 − 𝟏𝟎𝟏𝟑spins

Increase the magnetic mode volume 𝑽𝒎

MAGNETIC FIELD PROFILE

LER8

Free radical: PTM      S=1/2

𝒈 = 𝟓. 𝟗𝟖 𝑴𝑯𝒛
@ 4.2 K

LER8

SIMULATED CURRENT @ 𝒇𝟎

MAGNETOSCOPIC CHARACTERIZATION

Decrease the mode volume 𝑽𝒎 (reducing L) 

LERs for single (few) magnetic spin coupling

Localized brf

fr

ห ۧ↓ 𝟏 − ȁ ۧ↑ 𝟎

ห ۧ↓ 𝟏 + ȁ ۧ↑ 𝟎

M. Jenkins, NJP 15, 095007 (2013)

LERs for magnetic coupling with spin ensembles

LERs for molecular spin quantum processor



Conclusions and future work

LERs for scalable quantum spin processors
Magnetic coupling

𝑵~𝟏𝟎𝟏𝟎 − 𝟏𝟎𝟏𝟑spins

LERs-Spin ensembles
strong coupling.

Low impedance LERs
for single spin coupling. 

Superconducting lumped element resonators (LERs)

 Low losses.

 Long photon lifetimes.

 Frequency-multiplexable.

 Spatially separate magnetic and electric fields.

Future work

- Optimization of LERs for single spin magnetic 
coupling.

- Optimization of LERs for electric coupling.

- Development of superconducting circuits for 
local pulses.

Thank you for your 
attention!
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