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 Photodetector parameters
 Photomultiplier tubes (PMT)
 Semicondictor photodetectors
 Powermeters, joulemeters
 Measure of pulse duration

Photodetectors



Photodetector parameters
Photodetectors convert light into an eletrical signal

Photodetectors characteristics important for optical spectroscopy

 Sensitivity

 Efficiency

 Spectral range

 Time resolution

 Photosensitive area

 Dynamic range

 Dimensions

 Power consumption and electronics
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Photodetector parameters
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Photodetector parameters



Photomultiplier tubes (PMT)

Typical characteristics

N. of dynodes 9-12
Ud (×3-4 e-) 100-150 V
Uc (Power supply) 800-2000 V
Current multiplication 106 - 107
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PMT Characteristics
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PMT Quantum efficiency and 
photocatode sensitivity:

a typical chart

Photocathode response
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PMT Characteristics



PMT Characteristics
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Response time
 Rise time (~ 2-4ns)
 Transient time spread 

[ETT] (~ 20-30ns)

Radiant Sensitivity
~ 103-104 A/W

Gain
~ 105-106 A/W

Dark current
≤ 1nA
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PMT Characteristics



MCP-PMT: reduction of the ETT to improve temporal resolution
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PMT Characteristics
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PMT Characteristics
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PMT allows PHOTON COUNTING measurements

Photon counting allows detecting very-low light level signals

PMT Characteristics
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Distribution of the pulse heigth. By
appropriate discrimination one can count
only signal above a threshold level and
improve the S/N ratio

Example of a typical
circuit for photton
counting

We will come back to Photon Counting when discussing Time Correlated 
Single Phtoton Counting Spectroscopy

PMT Characteristics
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Semiconductor Photodetectors
Photodiodes, Avalanche Photodiodes, Photodiode Array, CCD

 Photodiode (p-n or p-i-n junction)

Photoconductive mode
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Peak Quantum Efficiency (tip. 40-90%) is typically higher 
than PMT, but no internal amplification.

Semiconductor Photodetectors
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 Avalanche Photodiode
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Amplification can be achieved in special designed photodiodes 
under high reverse bias voltage (1-2 kV).

 Amplification can be as high as 100-1000, contrary to PMT (~ 106).
 Can be used in Photon counting mode

Semiconductor Photodetectors
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 Si Photodiode linear array and CCD (charge coupled device)

 Charateristics similar to Si photodiodes
 Longer time transfer of the signal from internal registry to external electronics 

(board and PC)

Multichannel detection (very useful in spectroscopy)

Semiconductor Photodetectors
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 Intensified CCD (ICCD)

Voltage Gating of the MCP allows obtaining multichannel detection with good 
time resolution (min. ~ 1 ns) and variable gain to carry out temporally resolved 
measurements at lower light level.

Typically used in emission spectroscopy with time gating (we will see examples in 
Laser Induced Breakdown Spectroscopy). 

Semiconductor Photodetectors
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Semiconductor Photodetectors
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Measurement of light power and pulse energy

 High level : Powermeter

 Low light power: Photodiode

Example

S=0.5 A/W; R=10 kW  SU=SR=5×103 V/W

P=0.1 mW  Uout=0.5 V

Dark current of PD Idark100 nA

Uout dark (R=10 kW) = Idark × R  1 mV

Uout dark (R=1 MW) =Idark × R 0.1 V

Light power
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Pulse energy
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Energy meter or calibrated PD

Repetition rate can be limited by the integrating circuit

Example

S=0.5 A/W (@800 nm)

C=10 nF  Sp=S/C=5×107 V/J

E=1 mJ  Ud=50 V

C=10 mF  Sp=S/C=5×104 V/J

E=1 mJ  Ud=50 V

Spectral sensitivity implies calibration at different wavelengths

Pulse energy
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Measurement of pulse duration

 Direct measurement

The sensitive element can 
be PD or PMT
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 Indirect measurement (Autocorrelation)

Pc(Dt)Po(Dt)
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 Background Free Single Shot Autocorrelators (SSA)
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 Autocorrelation function is always symmetric, but this should not be
the case for the real pulse.

 Autocorrelation function and pulse can have different temporal shape, 
so the method provides only an estimate of the pulse width, but not 
the actual pulse profile.

 Pulse broadening in optical components of the autocorrelator and
mechanical inaccuracy of e.g. delay line or SHG crystal alignement can
affect the measurement.

Limits…

 Nevertheless, pulses as short as few femtosecond have been measured 
with this technique, which is good enough for optical spectroscopy 
applications.

… and Capability


