
• Spontaneous emission from a two-level system

Our plan: Demonstrate the first electrically driven CNT single photon source
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Future quantum technologies will require high-efficiency, on-
demand sources of entangled photons. A possible route to 
building such light sources employs two-dimensional (2D) 
semiconductors interfaced with a source of Cooper pairs. 
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• The “second quantum revolution,” a new era of technology 
with more secure communication networks, better quantum 
sensors, and universal quantum computers, relies on 
controllable quantum entanglement [2]

• Theoretical proposals: Entangled pairs of electrons in a 
superconductor can be converted into entangled pairs of 
photons by interfacing a superconductor layer with a 
semiconductor layer [3], [4]

• This approach needs high-quality n-type and p-type contacts 
to a 2D semiconductor that work at cryogenic temperatures; 
transferred metal VIA contacts have been shown to satisfy 
these requirements [1]

• Palladium (Pd) VIA contacts transferred to multilayer MoS2
• Expected p-type contact

Top hBN
Bottom hBN

Few-layer MoS2
Trans. Pd

1. Exfoliate hBN, identify 
~30 nm flake by color

2. EBL: Print etch 
pattern in PMMA

3. Etch hBN/evaporate 
metal†

† The metal pads are made 0.5 μm larger than the etch holes to ensure they are transferred 
with the hBN. Etch parameters: CHF3:O2 40:4 sccm with 60 W RF power and 60 mTorr gas 
pressure 

4. Encapsulate MoS2
with VIA-contact hBN

5. Evaporate onto VIA 
contacts

• Bad n-type 
contact, 
possibly due 
to open-air 
fabrication

• Next steps: 
Try 
fabricating in 
glovebox

Evap. vs Trans. Au
Evaporated Au

Transferred Au

Vsd = 100 mV

Vsd = 100 mV

• Evaporated 
contacts 
directly onto 
MoS2 through 
holes in hBN

SiO2, 280 nm

Evap/Trans. Au - 40 nm
hBN ~ 25 nm

MoS2 ~ 15 
nm

• Transferred 
contacts 
onto MoS2

Evaporated Au to 9 mK
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2->1 (Au->Au)

3->4 (Pd->Pd)

2->3 (Au->Pd)

Vsd = 100 mV

Vsd = 
100 mV

hBNMoS2
hBN
SiO2

• Evap. Au-Au are good n-type
• Trans. Pd-Pd are bad n-type

- Same as other transferred 
Pd and evaporated Au devices

• Au-Pd shows rectifying 
behavor with Vthres = 0.2 V

1, 2: Evap. Au
3, 4: Trans. Pd

10 μm 10 μm 10 μm 

• Vthres and Rmin increase at lower T, as in [1], 
due to decreasing carrier concentration [5]

Abstract

To investigate the possibility of 
such devices, we are testing 
methods to make high 
transparency transferred 
metal contacts to 2D 
semiconductors, following the 
pioneering work of Liu et al. 
[1] 
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