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Fast Imaging 
•  “normal” cameras: 0.1 ms  

•  Burst mode cameras 1 µs 
 
•  Self-triggered cameras: 0.1-10 nsec 

•  Streaking cameras: 10 psec  
 
•  Repetitive “pump/probe” cameras with 

lasers :  10 fmsec resolution 
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Normally signal is integrated in 
a slice of time  

1 msec 



Two configurations 

Detection of ions 

MCP  Phosphor 

pixel sensor 

Detection of single photons 

MCP  Phosphor 

pixel sensor 

PhotoCathode 



single photon counting 



Imaging with photon counting 
Single frame Integrated image 



Lifetime imaging with 10 ns timing  



TimepixCam & Tpx3Cam 

•  Optical cameras with 10 and 1 ns time 
resolution 

•  Use hybrid pixel approach – developed for 
particle and x-ray detection 



M.Campbell 



Photon absorption in silicon 
•  Blue photons are absorbed near the surface (~0.25 um for 430 nm, 

P47 max emission) 
•  Others penetrate deeper (~1 um for 500 nm, ~10 um for 800 nm) 

d, m 

λ, nm 
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A photocathode converts light into electrons. This conversion efficiency 
depends on the wavelength of light. The relationship between this 
conversion efficiency (photocathode radiant sensitivity or quantum 
efficiency) and wavelength is called the spectral response 
characteristic. (See spectral response characteristics on page 1.)

An MCP is a secondary electron multiplier consisting of an array of 
millions of very thin glass channels (glass pipes) bundled in parallel 
and sliced in the form of a disk. Each channel works as an 
independent electron multiplier. When an electron enters a channel 
and hits the inner wall, secondary electrons are produced. These 
secondary electrons are then accelerated by the voltage (VMCP) 
applied across the both ends of the MCP along their parabolic 
trajectories to strike the opposite wall where additional secondary 
electrons are released. This process is repeated many times along the 
channel wall and as a result, a great number of electrons are output 
from the MCP.
The dynamic range (linearity) of an image intensifier depends on the 
so-called strip current which flows through the MCP during operation. 
When a higher linearity is required, using a low-resistance MCP is 
recommended so that a large strip current will flow through the MCP.
The channel diameter of typical MCPs is 6 µm.

Please select the desired type according to the readout method.
MCP Structure and Operation
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Figure 6: Typical Decay Characteristics
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The phosphor screen generally absorbs ultraviolet radiation, electron 
beams or X-rays and emits light on a wavelength characteristic of that 
material. An image intensifier uses a phosphor screen at the output 
surface to convert the electrons multiplied by the MCP into light. 
Phosphor screen decay time is one of the most important factors to 
consider when selecting a phosphor screen type. When used with a 
high-speed CCD or linear image sensor, a phosphor screen with a 
short decay time is recommended so that no afterimage remains in the 
next frame. For nighttime viewing and surveillance, a phosphor with a 

long decay time is suggested to minimize flicker. Figure 5 shows 
typical phosphor spectral emission characteristics and Figure 6 shows 
typical decay characteristics.
We also supply phosphor screens singly for use in detection of 
ultraviolet radiation, electron beams and X-rays.
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Figure 4: Typical Transmittance of Window Materials

Figure 5: Typical Phosphor Spectral Emission Characteristics

■Structure of FOP

The FOP is an optical plate comprising some millions to hundreds of 
millions of glass fibers with 6 µm diameter, bundled parallel to one 
another.
The FOP is capable of transmitting an optical image from one surface 
to another without causing any image distortion.
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Optical fiber

Reflection

Light

Light
6 µm

Light is transmitted from one end to 
the other while reflecting from the 
surfaces repeatedly.

An FOP is made up of a bundle of 50 million
optical fibers.

Light

Light
Each individual optical fiber transmits light 
and this light can be received as an 
image.



Thin window sensors 



Quantum Efficiency 

Wavelength, nm 



TimepixCam 



Ions in BNL Chemistry with 
TimepixCam 

•  BNL imaging MS 
group: Matt 
Kershis, Amanda 
Muraca & Mike 
White 

•  Use Timepix 
optical sensor 
since Mar 2015 

 



Image Intensifier + TimepixCam 



Better ASIC: Timepix3 
•  Next generation of time stamping ASIC  

– 1.5 nsec timing resolution 
– multihit capabilities (pixel deadtime = 500 nsec) 
– High throughput (80 Mpix/sec) 





Tpx3Cam 



Ions in Tpx3Cam in SBU 



Freeman Dyson 
“New directions in science are launched by 
new tools much more often than by new 
concepts” 


