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Defect in Solid State

Memory Qubit
- Nuclear Spins

Communication Qubit
- Electron Spin

Flying Qubit
- Photons

Solid-State
Host Material



5 Title and bulletpoints

3

Ingredients for Quantum Applications
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A Few Essentials

• Nanophotonic platform

• Good ZPL photon detection

• High fidelity control of qubits

• …… 
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Silicon Carbide (SiC)

1st commercial blue LED

Nanophotonic Platform
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Silicon Carbide (SiC)

1st commercial blue LED

Nanophotonic Platform

[1]. Tsunenobu Kimoto 2015 Jpn. J. Appl. Phys. 54 040103

Power devices [1]
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Silicon Carbide (SiC)

1st commercial blue LED

Nanophotonic Platform

[1]. Tsunenobu Kimoto 2015 Jpn. J. Appl. Phys. 54 040103

Power devices [1] Electric vehicles

• Large-size wafers available

• Foundry ready

• CMOS compatible
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Silicon Carbide (SiC)

Nanophotonic Platform

[1]. D. Lukin, et al., PRX Quantum 1, 020102
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V2 Defects in 4H-SiC

[1]. Babin et al. Nature Materials (2022)
[2]. van de Stolpe et al. npj Quantum Inf. (2025) 

h

k

k

h

h

Two nuclear species A1 / A2 transition Spin 3/2
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V2 Defects in 4H-SiC

[1]. Babin et al. Nature Materials (2022)

2 um

Optical Stability

Stable optical lines in photonics Improve stability with PiN-diodes

[2]. L. Feiji, et al., Nano Lett. (2026) 26 (28): 9143–9150 [3]. D. Scheller, et al., Phys. Rev. Applied 24, 014036
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A Few Essentials

• Nanophotonic platform

• Good ZPL photon detection

• High fidelity control of qubits

• …… 
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Challenge

ZPL Photon Detection Probability

𝜂𝑙𝑖𝑛𝑘
∗ =

𝑟𝑒𝑛𝑡

𝑟𝑑𝑒𝑐
 ≈ 1𝑒3



5 Title and bulletpoints

14

Challenge

ZPL Photon Detection Probability

𝜂𝑙𝑖𝑛𝑘
∗ < 1

[1]. M. Pompili, et al., Science372,259-264(2021)
[2]. J. Fischer, et al., Nat Commun 16, 11680 (2025)

ZPL photon detection 𝑃𝑑𝑒𝑡 ~ 0.5% 
[1]

[2]
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Challenge

[1]. A. Reiserer and G. Rempe, Rev. Mod. Phys. 87, 1379 

ZPL Photon Detection Probability

Probability that the color center 
in bulk emits a ZPL photon:

𝛽0 =  𝜂𝐷𝑊𝜂𝑄𝐸 

Cooperativity:
𝐶 ∝  𝐹𝑃𝛽0 

Purcell enhancement:

𝐹𝑃 =
3

4𝜋2

𝜆

𝑛

3 𝑄𝑡𝑜𝑡

𝑉
𝜁𝑝𝑜𝑙𝑎𝑟𝑖𝑧𝑎𝑡𝑖𝑜𝑛𝜁𝑠𝑝𝑎𝑡𝑖𝑎𝑙 
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Challenge

[1]. A. Reiserer and G. Rempe, Rev. Mod. Phys. 87, 1379 

ZPL Photon Detection Probability

Probability that the emitter 
decays into the cavity mode:

𝛽 =
𝐶

𝐶 + 1

Coupling efficiency:
𝜂𝑐𝑝

Probability that a photon inside the 
cavity couples to the waveguide:

𝜂𝑜𝑢𝑡 =
𝜅𝑜𝑢𝑡

𝜅𝑜𝑢𝑡 + 𝜅𝑙𝑜𝑠𝑠
=

𝑄𝑖𝑛𝑡

𝑄𝑖𝑛𝑡 + 𝑄𝑒𝑥𝑡
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Motivation 

ZPL Photon Detection Probability

Analytic expression for quantifying the probability:

𝛽𝑒 =  𝛽 𝜂𝑜𝑢𝑡 𝜂𝑐𝑝 =
𝐶

𝐶+1

𝑄𝑖𝑛𝑡

𝑄𝑖𝑛𝑡 + 𝑄𝑒𝑥𝑡
 𝜂𝑐𝑝

Photonic Crystal Nanobeam Cavity Coupler
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Outline

WG Realization & Photon Collection SiCOI Fishbone Cavities

• Cavity design, fab. & characterization
• 𝑄𝑖𝑛𝑡  vs. 𝑄𝑒𝑥𝑡

Fab. method
• Bulk SiC
• SiCOI

Coupling
• 3D TIR coupler
• Tapered fiber
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Fabrication

Bulk SiC
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Fabrication

Bulk SiC
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Fabrication

SiCOI
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Fabrication

SiCOI

supports

rectangular
waveguide
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Signal Collection

suspended SiC WG
triangular cross-section

TIR 3D Couplers

cross support
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Signal Collection

suspended SiC WG
triangular cross-section

TIR 3D Couplers

cross support
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Signal Collection

TIR 3D Couplers

• Transmission @ 916 nm: -9.4 dB 
• Coupling efficiency:          ~30%
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Signal Collection

Tapered Fiber

• Transmission @ broadband
• Coupling efficiency > 90%
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Photonic Crystal Cavity in SiC

27

Fishbone Cavity

z
x

y

𝐶 ∝  𝜁𝑝𝑜𝑙𝑎𝑟𝑖𝑧𝑎𝑡𝑖𝑜𝑛

G. Timmer, et al., manuscript in preparation
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Fishbone Cavity

28

Device Fabrication

z
x

y
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Fishbone Cavity

29

Device Fabrication

z
x

y
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Fishbone Cavity

30

Measurement 

• Top-excitation & fiber collection
• 𝑄𝑡𝑜𝑡 obtained
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Fishbone Cavity

31

Measurement 

• Fiber-based excitation & collection
• Asymmetric reflection spectrum
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Fishbone Cavity

32

Measurement 

• Diameter correction method (DCM)
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Fishbone Cavity

33

Measurement 

→ 𝜂𝑜𝑢𝑡 =
𝑄𝑖𝑛𝑡

𝑄𝑖𝑛𝑡 + 𝑄𝑒𝑥𝑡
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Fishbone Cavity

34

Measurement 
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Fishbone Cavity

35

𝑸𝒊𝒏𝒕 vs. 𝑸𝒆𝒙𝒕

• Optimal 𝑄𝑒𝑥𝑡 depends on 𝑄𝑖𝑛𝑡

•  Generally, lies in the range from 
103 to 104 for realistically 
achievable 𝑄𝑖𝑛𝑡

•→ cavity should be over-coupled 
(𝑄𝑖𝑛𝑡 > 𝑄𝑒𝑥𝑡)

𝜁𝑝𝑜𝑙𝑎𝑟𝑖𝑧𝑎𝑡𝑖𝑜𝑛𝜁𝑠𝑝𝑎𝑡𝑖𝑎𝑙 = 0.4

𝑉 = 1.2 Τ𝜆 𝑛 3

𝛽𝑒 ∝
𝐶

𝐶 + 1

𝑄𝑖𝑛𝑡

𝑄𝑖𝑛𝑡  +  𝑄𝑒𝑥𝑡
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Fishbone Cavity

36

𝑸𝒊𝒏𝒕 vs. 𝑸𝒆𝒙𝒕

• Distinguish ZPL photon from the 
optical 𝜋 pulse photons

• Probability 𝜂𝑡 that the photon 
arrives at the detector outside the 
time-filtering window 𝑡𝑠𝑡𝑎𝑟𝑡:

𝑡𝑠𝑡𝑎𝑟𝑡 = 2 𝑛𝑠
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Fishbone Cavity

37

Optimal Purcell Factor

• Assumes instantaneous excitation
• Cross excitation not considered
• Double excitation not considered

𝑡𝑠𝑡𝑎𝑟𝑡 = 2 𝑛𝑠
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Fishbone Cavity

38

𝑸𝒊𝒏𝒕 vs. 𝑸𝒆𝒙𝒕

• Assumes instantaneous excitation
• Cross excitation not considered
• Double excitation not considered

𝑡𝑠𝑡𝑎𝑟𝑡 = 2 𝑛𝑠

G. Timmer, et al., manuscript in preparation
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Summary

WG Realization & Photon Collection SiCOI Fishbone Cavities

• Cavity design, fab. & characterization
• 𝑄𝑡𝑜𝑡 vs. 𝑄𝑖𝑛𝑡 vs. 𝑄𝑒𝑥𝑡

Fab. method
• Bulk SiC
• SiCOI

Coupling
• 3D TIR coupler
• Tapered fiber
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What’s Next

40

Characterization of Native V2 in Cavity
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What’s Next

41

Characterization of Native V2 in Cavity

V1/V1’

V2
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What’s Next

42

Hybrid Integration
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What’s Next

43

Hybrid Integration

4H-SiC chipletSiN grating coupler

SiN WGs

SiN WGs
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Taminiau Lab
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Backup Slides

45
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Photonic Waveguide

TE mode TM mode
Core

e.g., SiC (n=2.6)

Cladding

Cladding
e.g., air (n=1)

Cladding
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