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Defect in Solid State

Flying Qubit
- Photons

§ Solid-State

Communication Qubit ’ / Host Material

- Electron Spin ’ﬂ

Memory Qubit
- Nuclear Splns
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A Few Essentials

Nanophotonic platform m%
Good ZPL photon detection * h

High fidelity control of qubits ’ﬂ
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Silicon Carbide (SiC)

Platform

1st commercial blue LED
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Silicon Carbide (SiC)
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1st commercial blue LED
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Silicon Carbide (SiC)

Platform
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Silicon Carbide (SiC)

Platform

* Large-size wafers available
* Foundry ready

* CMOS compatible



Silicon Carbide (SiC)

Nanophotonic Platform
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V2 Defects in 4H-SiC

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

Optical Stability

Stable optical lines in photonics
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A Few Essentials

Nanophotonic platform @ m%
Good ZPL photon detection * h

High fidelity control of qubits ’ﬂ
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Challenge

ZPL Photon Detection Probability
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Challenge

ZPL Photon Detection Probability

/] Communication qubit |

Alice \
Lab 2

NG Memory qubit
Long-distance S0 m : Fiber Sample
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. Bob %
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) Charlie Optical fjber .
connection ZPL photon detection Py, ~ 0.5%
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Challenge

ZPL Photon Detection Probability

a b
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Probability that the color center —
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Challenge

ZPL Photon Detection Probability

a b

Probability that the emitter —

i © |B)
decays into the cavity mode: i
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ZPL Photon Detection Probability

Analytic expression for quantifying the probability:

C Qint
c . Nep
+1 Qint + Qext

WA

Photonic Crystal Nanobeam Cavity Coupler

Be = B Nout Nep =
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WG Realization & Photon Collection SiCOl Fishbone Cavities
E:a;; l’;;témd ??SLIIDP'Il'Illl?{gcoupler * Cavity design, fab. & characterization

 SiCOl * Tapered fiber " Qint V8- Qext
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Fabrication

SF
Mask pattern vertical stch
Bulk SiC

SFg
angled etch ‘
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Fabrication SFs
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SiCOl sic £5Si0, | ]Si = HSQ
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HSQ spinning ICP-RIE of SiC with SiO,removal
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Signal Collection

TIR 3D Couplers

suspended SiC WG
triangular cross-section

i Qulech cross support 2
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Signal Collection

TIR 3D Couplers

* Transmission @ 916 nm: -9.4 dB
e Coupling efficiency: ~30%

Transmission [dB]

910 920 930 940 950 960 970
Wavelength [nm]
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Signal Collection

Tapered Fiber

* Transmission @ broadband

e Coupling efficiency = 90%



Photonic Crystal Cavity in SiC

Fishbone Cavity y
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Fishbone Cavity

Device Fabrication

|
_ ' Adiabatic
Strong mirror Weak mirror Converter
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Fishbone Cavity
Device Fabrication y
i ' o i o, zé—.x

Adiabatic
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Strong mirror Defect
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Fishbone Cavity

Transmission Transmission
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Fishbone Cavity

Measurement

Transmission Transmission

| | |
I I I
| up to 99% | | up to 99% |
! I I I
I I | = I
| | : | ! Adiabatic ! ! ! !
Strong mirror Defect Weak mirror Converter Directional Coupler Fiber Coupler
1.0 -

* Fiber-based excitation & collection 08 -
* Asymmetric reflection spectrum

0.6 -

0.4 - Q] = 1.85ed = 2.9%2
2y = 8.91ed + 1.62e3

| ' | ' | !
930.1 930.2 930.3 31



Fishbone Cavity

Measurement

Transmission Transmission

| | |
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Fishbone Cavity

Measurement

Transmission Transmission

| | |
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Fishbone Cavity

Measurement

Transmission Transmission
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Fishbone Cavity

Cpolarization(spatial =04

1% B V=12(/n)3

108 1.0
C Qint
Be
C+1 Qint + Qext 10 - 0.8
* Optimal Q,, depends on Q;,;; 10° 0.6
* Generally, lies in the range from g %
103 to 10* for realistically T
achievable Q;,; o 04
* = cavity should be over-coupled
(Qint > Qext) 10° 0.2
QuTech * 102 10° 104 10° o

.........

o Qim



Fishbone Cavity

Qint VS. Qext _
tstart = 2 NS

105 =
- 0.35
* Distinguish ZPL photon from the
. - 0.30
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* Probability n; that the photon e
arrives at the detector outside the
time-filtering window tg;4¢: 0.20 £
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Fishbone Cavity

Optimal Purcell Factor

t =2ns
106 start
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Fishbone Cavity

Qint VS. Qext _
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WG Realization & Photon Collection

Fab. method

* Bulk SiC
* SiCOl

i QuTech

Coupling
* 3D TIR coupler
* Tapered fiber

SiCOIl Fishbone Cavities

* Cavity design, fab. & characterization
* Qtor VS. Qine VS. Qext
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What's Next

Characterization of Native V2 in Cavity

1.4 4 Binned (1000 ps)
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What's Next

Characterization of Native V2 in Cavity
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What's Next

Hybrid Integration

5t

Align PDMS stamp

Break theathers

)

n

i

[ —

Pick up chiplet

Release stamp

-

Push chiplet on
SiN waveguides

- —

Align above
SiN waveguides
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What's Next

Hybrid Integration

SiN grating coupler 4H-SiC chiplet
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Photonic Waveguide

TE mode TM mode
Core
e.g., SiC (n=2.6)
. Magnetic
Cladding Field 2
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