
Studying QD physics via blinking statistics

Towards mapping interactions in hybrid systems with active scanning probes: 
Probing quantum-confined electrons at room temperature
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Introduction

Setup

Measuring absorption of a single nanocrystal QD

Nanocrystal quantum dots are promising for 
applications ranging from LEDs, to solar cells, to 
fluorescent markers. To understand how these 
structures behave when incorporated into hybrid 
devices, we aim to study the nanoscale interactions 
between an individual quantum dot and a device 
fabricated on a scanned cantilever.

Funded by DOE Office of Basic Energy Sciences, Early Career Research Program

glass

ITO
PMMA

QDscantilever

microscope 
objective

V

0 50 100 150 200 250 300 350 400 450 500
−100

0

100

200

300

400

500

600

700

800

900

Time (s)

PL
 c

ou
nt

s

100 200 300 400

279 280 281 282 283 284 285 286 287 288

0

100

200

300

400

500

600

280 285
Time (s)

PL
 c

ou
nt

s

0

500

Excitation energy2.60 eV 2.07 eV

Threshold 
“on” level

2.1 2.15 2.2 2.25 2.3 2.35 2.4 2.45 2.5
10

20

30

40

50

60

2.1 2.15 2.2 2.25 2.3 2.35 2.4 2.45 2.5
0.4

0.6

0.8

1

1.2

1.4

2.1 2.15 2.2 2.25 2.3 2.35 2.4 2.45 2.5

0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

Ab
s.

 (a
rb

)

0.6

1

1.4

Energy (eV)
2.1 2.2 2.3 2.4 2.5

Ensemble absorption:

?? Largely featureless ??
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Single NCQD PLE:
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• Time-resolved 
photoluminescence 

• Correlation measurements

• Real-time imaging 
• Spectroscopy
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Photoluminescence blinking:
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Combined scanning probe/optical microscope:
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Optical setup:

Discrete optical transitions are 
obscured by ensemble broadening:

Photoluminescence excitation (PLE) 
measurement reveals single-QD 
absorption spectrum:
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• Reveals transition energies and room temperature 
broadening mechanisms.

Nanocrystal quantum dot “on” times follow a power-law 
distribution with an exponential cut-off:

P (t
on

) / t�m

on
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)

“universal” power-law m=1.5
Exponential cut-off Γ reveals 

information about the quantum dot 
and environment.

Single quantum dot blinking: 
(excitation intensity dependence)
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Tuning nanocrystal QDs with a local electric field
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Correlation of Γ with other 
quantum dot properties sheds 
light on electron dynamics.

First results with combined scanning probe/optical microscopy

• Can measure QDs with and without gate 
present. 

• Tunable air gap included in structure. 
• Simple device fabrication. 
• Proof-of-concept for next steps - active scanned 

probes.

Advantages of technique:

Time (s)
0 10 20

Co
un

ts
 (a

rb
.)

-13 V

+13 V

on

off

on

off0

0
negative voltage: QD is predominantly off.

positive voltage: QD is predominantly on.

• Mechanism: capacitive charging or modification 
of surface state electron transfer? 

• What is the spatial potential profile within PMMA? 
• Why do not all QDs show this effect?

Open questions:

Platform for engineering electron confinement at room temperature.

CdSe

• White light pulses 
• ~20 ps duration 
• 5 MHz rep. rate 
• Automatic tunable wavelength 

and bandwidth selection
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