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Microchannel plate (MCP) background 
Key MCP film performance Metrics 
MCP functional thin film technology 

Secondary electron emissive films 
Conductive films 

Application examples 
Large area, high aspect ratio detectors 
High Energy Physics 
Fast neutron detection  

Summary 
 
 

Outline 
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Electrons are 
accelerated 
 
Strike a surface 
This creates > 1 
electron 
 
The process is 
repeated along the 
length of the pore 

What is a Micro Channel Amplifier? 

Input Electron 

Amplification 
(SE Cascade) 

High Gain up to 1e6 
Low noise  – Very fast pico second response 

Single Micro Channel Amplifier  
(Pore ~ 0.002 mm in diameter) 

Micro Channel Plate 
(MCP -Array of pores) 

Micro Channel Plate 
Used In Light Amplification 

Finished NV Tube NV Application 

Very Fast – Very Low Noise - Charged Particle Amplifier 

Bias Voltage 
1000 V 

pore diameter ranges from 5-10 
um in with an AR of >50:1 

Presenter
Presentation Notes
Night vision goggles
Mass spectroscopy
Astrophysics
Synchrotron instrumentation
Biomedical research (FLIM, FRET,…)
X-Ray and UV photon detection
Neutron radiography and Bragg edge spectroscopy
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Critical MCP processing 

1” Etch-able Core  
Lead Glass Rod 
 
Draw Tower 
 
 
Stacked 
Draw Tower 
Repeated 
 
 
Boule 
5-100mm Dia 
 
Diced 
0.2-0.3 mm thick 
 
Etched  
Producing >5M 
2-10 um pores 

H2 Reduction conduction & emission layers 
produced simultaneously & cannot be 
optimized independently 

Substrate Functionalize 
Wiza, Nuclear Inst. & Meth., Vol 162, 1979, 587 
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Channeltron electron multiplier handbook (Burle) 

Substrate   
Mechanical structure  
Electrically insulating 

Conductive layer 
Conformal & uniform 
~1014 Ohms/Sq  
Low field effect 

Emissive layer 
Conformal & uniform 
High secondary yield 

MCP Device 
 High Gain  
Resistance stability and 
matching 
Stable gain following 
“scrub” 

 

Alternative MCP Substrates: Key Findings 

MCP performance tied to glass composition  
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Designed for extreme surface area, high aspect ratio structures: Multi-channel  precursor 
delivery system isolates & distributes precursors combine with a tapered exhaust to  provide 
exceptional nanofilm uniformity.   
Differentially pumped system seals eliminate gas permeation which along with separate  and 
actively heated Oxidant and Metal-Organic manifolds eliminate parasitic nanofilm production.   
Metrology Interface for QCM, ellipsometry , FTIR, OES  and room for up to six high capacity 
precursor cylinders (2 heated) with 2 independent gas lines, maximizes system productivity. 

Experimental: GEMStar 8 Equipment 
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Layer materials and properties 

Conductive nanofilms 
Zn doped CuO nanolaminate with 
alternating layers of Al2O3  
Pt nanoclusters formed within an 
Al2O3 nanoalloy 

Conductivity control over 7 orders 
Ohmic conduction  
Stable resistance in the presence of 
applied field 
TCR < 1% - comparable to Pb-glass 
MCP values 

 
 

Emissive nanofilms 
Thin, conductively doped Al2O3  
 Thin MgO 
 Thin MgO – TiO2 nanolaminate 

ALD enables wide range of material 
selection  
SE yields range from ~1 to ~ 5 in 
energy region of interest 
MCP Pb-glass SE yield ~1-2 
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Process  
characterization 

 

Mechanical - using specialized fiber optics and index 
matching, optically locating the depth of penetration. 
Internal fiber diameter (pore width) is 14.9µm and the 
length of penetration is measured to be  4803µm, resulting 
in AR coverage of 322:1.  
 

Electrical - AR 
Penetration of 
conducting film 
into fiber optic 
structures of 
constant 
diameter & 
varying length.  
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AAO: 
Pores 50 µm x 
150nm double sided 
Surface area 1.3 m2 

Nanofilm on AAO test structure 

46nm 

32nm 

20nm 

AR = 330:1 

Backscatter SEM – nanofilm highlighted on AAO 
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Large Area MCP results 
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MCP Gain Lifetime 

A.M. THEN and C.G. PANTANO Journal of 
Non-Crystalline Solids 120 (1990) 178-187 

Presenter
Presentation Notes
“Accelerated” Test conditions (Input Current, Charge extraction rate, duty cycle)
Typically High Temp (350C) and High gain operation
Removes H2, N2, H2O, CO, CO2, alkalis, residual gases & evil spirits
Produces stable gain
Procedures closely held…
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SNM detection technology overview 

Hydrogen-rich PMMA 
microchannel structure 
Graded Temperature ALD 
deposition 

Active films deposition at 140C 
Neutron-proton recoil reaction 
within plastic at better than 1% 
efficiency 
Proton initiated secondary 
electron cascade 
Output pulse 103 – 106  electrons 
Standard readout electronics  
Technology is scalable to large 
format 
 

V1 

V2 

Fast Neutron 

Recoil Proton 

Secondary Electrons 

1kV, 
ultra  
low  
current 

Presenter
Presentation Notes
Substrate: Paradigm Optics Inc.: http://www.paradigmoptics.com/
PMMA
5mm thick
> 10,000 pores
50 um pore diameter
70 um pore pitch
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Timing histogram of time delta 
between two detectors in response 
to Co-60 and Cf-252 sources.  

Plastic substrate MCP 
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Phosphor screen 
images of events 
detected with Co-60 
gamma source (left) 
and Cf-252 gamma 
and neutron source 
(right). 
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Summary 

Emission and conduction layers for MCP technology 
have been developed 
Emission layer improves the performance of glass 
MCPs 

High gain 
Longer lifetime 
Reduced outgassing / ion feedback 

Substrate independent conduction and emission films 
open new possibilities 

Large area micromachined and plastic substrates  
Temperature compatibility over a wide range 
Novel photocathode materials/configurations 
Low noise – no radioactive traces 
Better uniformity / reproducibility / spatial resolution 

Presenter
Presentation Notes
Emissive Layer
Optimized SE yield for application
Conductivity tailored for application
Gain stability (night vision)
Speed – analytic and detection applications
Conductive layer
“Ohmic” conduction
Low TCR
Similar conductivity – along and across pore
Substrate - Mechanical 
Uniformity
Stability
Tailored for application
High temperature capable
Reactive (e.g. nuclear)
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