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Single-wavelength technique

- TCSPC and Upconversion
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Introduction

- used for characterizing the dynamics of chemical and biological systems.
- studying complex or low-barrier reactions, 
- continuous relaxation process (such as solvation dynamics)

complete time- and wave- spectra are required

Time-resolved emission (kinetic information)

TCSPC (Time-resolved single photon counting)

Upconversion

Streak camera

Optical Kerr gating
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TCSPC (Time-resolved single photon counting)
- Coupled to stabe
- High repetition rate lasers
- High sensitivity 
- Large dynamics range
- disadvantage TCSPC method : can’t be pushed beyond the tens of picoseconds range

Upconversion
- High temporal resolution ( < 200fs)
- Exacting optical alignment
- Low to moderate sensitivity
- disadvantage upconversion method : low spectral resolution (< 20 wavelength are recorded)
- Phase-matchig requirements

Streak camera detection
- Broad spectral coverage available
- Simple optical alignment 
- streak camera of drawback : low dynamic range
- Limitation on the time resolution (1~3 ps)
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Kerr-gated fluorescence spectroscopy
- high time resolution (200fs~400fs)
- wide spectral range
- Ease of alignment comparable to that of streak camera based systems
- like fluorescence upconversion

gate  (upconversion : ultrafast laser pulse , Kerr gate : transient birefringence in Kerr medium)

Similar to singe 
photon200 ~ 400fs

200mJ @ 1kHz
100nJ @ 200kHz

large background 
signals from long-
lived samples

complete spectra 
with good time 
resolution

Kerr gating

Similar to current 
mode of PMT2 ~ 10ps

1nJ @ 100MHz
10μJ @ 1kHz
1mJ @ 10Hz

limited sensitivity 
and time resolution

ease of use, broad 
spectraSteak camera

Limited by SFG 
efficiency100 ~ 200fs

1nJ @ 80MHz,
1μJ @ 4kHz

difficult alignment, 
limited sensitivity

excellent time 
resolutionUpconversion

Single photon20 ~ 30pspJ - nJ, ~ 4MHzelectronics-limited 
time resolution

high sensitivity, 
mainly statistical 
nose

TCSPC

Sensitivity
Instrumental 

Resolution
Laser 

characteristicsDisadvantagesAdvantagesMethod 



Theoretical background

n Iγ=
Birefringence (change of refractive index)

:  nonlinear refractive index
I :  light intensity
γ

2
s f

L nπφ φ φ
λ

= − =
Phase shift

Optical Kerr effect refers to the light induced change in the anisotropy of the refractive index 
or birefringence

Pump beam

Probe beam

L
λ

Transmission 2sin ( / 2)T φ= φ : function of the wavelength, birefringence, and medium 
thickness, and by choosing a proper combination of L and Δn 
for a particular wavelength

The phase shift of an emission 
signal being gated is then
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Transmittance of the signal

s fn n n= −
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Pump beam

Probe beam

L
λ

Time-resolved signal detected using the optical Kerr shutter

( ) ( ) ( )
t

gate emI t T t t I t dt
−∞

′ ′ ′= −∫
t : delay between the excitation and gate pulse.

s fn n n= −

Time delay

Gate
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75
25

225 mm

Solute concentrations : 
~30% of the excitation light 
is absorbed by the sample

~ 200 μm

500 mm



Experimental 

Selection of the kerr medium and gate efficiency
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