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Single photon sensor with color resolution
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Single photon sensor with color resolution



François Léonard

https://www.nature.com/articles/s42005-023-01193-1
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Single photon sensor with color resolution

1) Design & assembly 
of photon transducers

2) Scalable integration of 
transducers with CMOS

Durham Smith Lin Du
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Design & assembly of photon transducers
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Design & assembly of photon transducers

1. Carbon nanotubes

2. Quantum dots

?
3. DNA!

How can we assemble such an 
architecture in subwavelength area?



DNA Nanotechnology
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Rothemund, Nature 2006

DNA origami

Paul Rothemund

DNA scaffold

Staple strand

DNA scaffold

Staple strands
DNA origami
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Rothemund, Nature 2006

DNA origami

Paul Rothemund

20 nm

DNA scaffold

Staple strands
DNA origami
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Endow molecules with a programming language!
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ATACG….
TTCGA….
GCGAC…

StaplesDNA scaffold

+



Maune et al, Nat. Nanotechnol. 2010

100 nm

100 nm

100 nm

Increasing size of DNA structures
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Tikhomirov et al., Nature 2017

Increasing size of DNA structures
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100 nm 100 nm 100 nm 100 nm

Automated design and experiments

Tikhomirov et al., Nature 2017
16
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Design & assembly of photon transducers

1. Carbon nanotubes

2. Quantum dots

?
3. DNA
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Design & assembly of photon transducers
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S1: 5'–GATGCGAGGCTATTCTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGT–3'

binds to QD

binds to CNT

G* - phosphorothioate G nucleotide

S2: 5’–G*G*T*T*T*G*G*T*G*G*AGAATAGCCTCGCATC–3'

Durham Smith

Design & assembly of photon transducers

Tikhomirov et al, Nature Nanotechnology 2011



Tikhomirov et al, Nature Nanotechnology 2011

Design & assembly of photon transducers



Durham Smith
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Self-assembly carbon nanotube-quantum 
dot sensors

20 nm 20 nm



Durham Smith
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Self-assembly carbon nanotube-quantum 
dot sensors
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Single photon sensor with color resolution

1) Design & assembly 
of photon transducers

2) Scalable integration of 
transducers with CMOS

Durham Smith Yunjeong Park



Challenge: How to precisely assemble structures?

?

“Spray and Pray”

Towards ideal nanotechnology: Chemistry



1. “Spray and Pray” 2. “Hunt & Peck & Connect”

Tikhomirov et al, JOC 2008

3. Dip Pen Deposition

Barth et al, Optic Letters, 2009

Current approaches to integrating top-down 
and bottom-up components are not scalable

100 nm

Maune et al, Nat. Nanotechnol. 2010
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Single photon sensor with color resolution



Nanometer-precise DSA with DNA
Lin Du

Beihang Yu Ricardo Ruiz

Yunjeong Park Leo Huang



Single photon sensor with color resolution

1) CNTs are a pain (aggregation, polydispersity). Look for alternative 1D 
carriers (Te wires?). 

2) Continue development of precision placement.
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