
Radiation Transducers

1) Photon transducers: 2) Multichannel photon transducers:) o o a sduce s
- Photodiodes
- Photomultiplier tubes
- Vacuum phototubes

) u c a e p o o a sduce s
- Photodiode Arrays
- Charge Transfer Devices 
(CID, CCD)
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CHEM 51613) Photoconductivity transducers (FTIR)

4) Thermal transducers



Criteria of choice for a detectorCriteria of choice for a detector

• Wavelength regionWavelength region
• Intensity of radiation

N i l l i d• Noise level required
• Time response required
• Detector surface area required
• Environmental conditionsEnvironmental conditions
• Cost



Photocathodes

Source: “Building Scientific Apparatus” by Moore, Davis 
and Coplan 3rd Edition

Source: Skoog, Holler, Crouch



Photomultiplier tube (PMT)
• Low radiant powers
• Low Noise• Low Noise
• Highly sensitive in the 

UV d i iblUV and visible
• Extremely fast 

response time
• Combine high g

sensitivity and high 
dynamic rangey g



Charge Injection Device (CID)
• Multiplex advantage
• High sensitivityHigh sensitivity
• High dynamic range
• Two dimensional• Two dimensional
• Allows for non-

destructive readoutdestructive readout
• Capability of 

successivesuccessive 
measurements 
while integrationwhile integration 
takes place



Charge Coupled Device (CCD)

G t iti it t• Greater sensitivity to 
low light levels

• p type Silicon• p-type Silicon
• 3 electrodes (“three 

phase clock circuit” for p
readout)



Wavelength region (mid and far IR)

Source: “Building Scientific Apparatus” by Moore, Davis and Coplan 3rd Edition



Detectivity D*
• What signal will be obtained for unit irradiance ?
• Spectral Detectivity D* (λ 900 1)• Spectral Detectivity D  (λ, 900, 1)
• Units: [cm Hz1/2 W-1]



Ideal limit of D*Ideal limit of D
Ideal limit of D* assumes thermal coupling as radiation only

Thermal detectors: D*max =1.8×1010 cm Hz1/2 W−1

Ghan 1984 J. App. Phys. 55(5) 1243

Photoconductive detectors: 5x1010 < D*max < 1014 cm Hz1/2 W−1

The maximum D* of a cooled photoconductive detector is limited by the noiseThe maximum D  of a cooled photoconductive detector is limited by the noise 
in the photons from 300 K background radiation. 



Photoconductive and 
photovoltaic transducersphotovoltaic transducers

(Photodiodes)

• Semiconductor based: Resistance 
decreases upon absorption

• Applied in the near IR (0.75 – 3 μm)Applied in the near IR (0.75 3 μm)
• Materials: sulfides, selenides, stibnides of 

lead cadmium gallium indium (mostlead, cadmium, gallium, indium (most 
popular: PbS, InSb, HgCdTe)
Cooling to suppress noise level can also• Cooling to suppress noise level can also 
be used to extend spectral range



Thermal transducer

• Applied in the IR (where photons lack energy to 
cause photoeffect)cause photoeffect)

• Absorption by a small backbody
• Temperature rise is measured (few 1/1000 K)Temperature rise is measured (few 1/1000 K)
• Low heat capacity (small size and thickness)
• Examples:p

– Golay Cell
– Thermocouple
– Bolometer
– Pyroelectric Transducer




