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Photonic Quantum Technologies

• Quantum system can be used to encode and manipulate information

Qubit

• Many candidate as quantum system (N-V centers, trapped ions, 

superconductive qbits, spins in Qdot, etc)

• Non classical state of light have low decoherence and are easy to 

manipulate
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Photonic Quantum TechnologiesCommunication

Security based 

on Physics

Ladd, Jelezko, Laflamme, Nakamura, Monroe, 

O’Brien, Nature 464, 45 (2010)

Computation

Tremendous 

power

MetrologyPrecision 

measurement

& sensing

Science

Gisin & Thew, Nature Photon. 1, 165 (2007)
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Photonic Quantum Technologies

Growing complexity

Integrated

circuit

• Scalability

• Stability

• Bandwith

• High efficiency

Advantages

[*] Politi, Alberto, et al. Science 320.5876 (2008): 646-649.
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Photonic Quantum Technologies

MANIPULATION OF QUANTUM STATE OF LIGHT

probabilistic CNOT gate, Courtesy of Dr. Petruzzella, TUe

• A complete quantum photonic integrated platform has to perform 

three key operations: (I) generation, (II) manipulation and (III) 

detection of single photons. 

• The realization of complex optical schemes consisting of many 

components requires the introduction of photonic technologies to 

achieve the desired scalability, stability and miniaturization of the 

device.

(I) Quantum dot (QD) and 

photonic crystal (PhC) 

(II) beams splitters (BSs) and 

phase-shifters (PSs) 

(III) SNSPDs
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Why 3C-SiC?

3C Silicon Carbide

Silicon compatible material Well-known process technologies

Epitaxial layers commercially available Vantages in fabrication

High 2nd non-linear coefficient
Efficient generation of non-

classical state of light

First order electro-optic coefficient Fast optical switches

Refractive index of 2.6 High EM field confinement

Wide bandgap No two-photon absorption

Thermal growth of SiO2 High quality optical cladding

Di-vacancy point defect Additional resource for QI   
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Why 3C-SiC?

http://www.rochester.edu/newscenter/2-million-nsf-grant-to-add-efficiency-to-integrated-quantum-photonics-

175132/
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Why 3C-SiC?
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SNSPDs on SiC
• single photon counting from X-ray to 

MIR

• low dark count rate

• low jitter <100 ps (record 12 ps), 

• fast count rates ~GHz;

• Integration in photonic circuits (PICs)NbN

meander

VB

+

-

Bias-T

Vout~ IC Rout

Gol’tsman et al., Appl. Phys Lett. 75, 705 (2001)

J. R. Gao et al., “Monocrystalline NbN Nanofilms on a 3C-SiCSi Substrate,” Applied Physics 

Letters 91, no. 6 (2007): 3–6, doi:10.1063/1.2766963 
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Design

𝑆𝐷𝐸 = ηInt⋅ηAbs⋅ηCou

ηInt
Depends on the temperature and on the 

material properties 

ηAbs Probability of absorbing a photon

ηCou Efficiency on coupling the photon in the 

meander area
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Design

ηAbs

SiC 9.5µm

Si

PMMA NbN
Fiber

0.6µm 6nm

2µm
3C SiC

void

silicon
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Design

SNSPD 

meanders

Alignment 

mirror

100µm
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Design ηCou

1µm

𝑆𝐷𝐸 = 4.8-5.5%



Cw laser λ= 1550 nm attenuated 

down to 0.1 pW ≈ 1Mph/s

SNSPDs characterization

23/07/2019F. Martini, LTD18,  Milan



23/07/2019F. Martini, LTD18,  Milan

Results

Tc=8K

Ic=6µA
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Results

80nm-width SNSPDs

60nm-width SNSPDs



Conclusion

• We developed a novel alignment method

• We fabricated NbN SNSPD on to of 3C SiC substrate

• Approaching ηInt⋍1 for 60nm-width SNSPD
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What’s next?

• Integration on top of SiCWaveguides

• More complex architectures



Thank you for the attention!

PoC: 3D count Progetto premiale
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