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MCP electron amplifier for UV/neutron detection

Circular pores ~8 m 

V1

V2

Single pore

~1 mm 
absorption 

length

Walls between pores ~2 m

10B and Gd
doping in glass
For thermal 
neutron detection;

Plastic MCP
For fast neutrons

n

7Li

4He

1 mm absorption length
~2 m escape range

High detection efficiency!!
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64 data lines
@100 MHz

MCPs

Timepix
readout 

FPGA

64 data lines
@100 MHz

FPGA

PCPC
10 Gb interface10 Gb interface

~1.8 
Mb/frame, 
up to 1200 
frames/s

~1.8 
Mb/frame, 
up to 1200 
frames/s

Up to ~6 Gb/s

Vacuum ~10-6

Torr

MCP/Timepix detector for neutron imaging: principle of operation

 Active area with 2x2 Timepix

chips (28x28 mm2)

 Fast parallel readout (x32) 
allowing ~1200 frames per 
second and ~300 s dead 
time

 Wide transmission 
spectrum measured 
at the same time.

A.S. Tremsin, et al., NIM A 787 (2015) 20–25.
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Time resolved imaging
and imaging of cyclic dynamic 

processes
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Quantification of water dynamics

Toy steam engine 
cylinder @ 10 Hz
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Dry cylinder operation 
(1 ms time slice)

Operation with steam 
(1 ms time slice)

Dry cylinder operation 
(1 ms time slice)

Operation with steam 
(1 ms time slice)

Quantification of water dynamics
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Images of water only
1 ms slices

Leaking 
valve: a 

droplet is 
formed in 

each cycle

Quantification of water dynamics

JINST 10 (2015) P07008
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Quantification of water in cylinder
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Water quantification as a function of time within the cycle

Water thickness averaged 
over all phases
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Dynamic imaging of magnetic fields and domain walls

All phases are measured simultaneously (unlike in stroboscopic imaging)

R.P. Harti, et al, Scientific Reports 8 (2018) 15754
A.S. Tremsin, et al., New Journal of Phys. 17 (2015) 043047 

3 kHz field measured 
with 10 s frames

2 phase flow

A. S. Tremsin, et al.,
IEEE Trans. Nucl. Sci
57 (2010) 2955



Fast neutron imaging workshop, Garching, Oct. 2019

High spatial resolution through 
event centroiding
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Single neutron detection: 
Charge accumulated in each pixel

Each pixel measures charge accumulated in a frame 
(Time Over Threshold method)

Only one event per pixel is allowed in a frame
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Single frames: event centroiding

Each pixel measures charge accumulated in a frame 
(Time Over Threshold method)

Only one event per pixel is allowed in a frame
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Event centroiding for photons

High resolution imaging with up to MCP pore size is possible
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Nucl, Instr. Meth. A 787 (2015) pp. 20-25.
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High spatial resolution: event centroiding

Neutron radiography. 
Centroiding mode.

1.9 mm

Nucl. Instr. Meth. A 784, pp. 486-493 (2015).

Resolving ~12 m features

Different mask (broken), 
measured at ORNL

Measured at ORNL 
with fast processing mode

50 µm/line pair

25 µm/line pair
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All energies are imaged

at the same time!

Propagating neutron pulse

Neutron counting

2D detector

Time

X

Y

Trigger synchronized to the source

X,Y,T for every 

detected neutron

Pulsed Neutron Source

20 - 60 Hz

~100 ns pulses

Sample

~250,000 spectra is measured 
simultaneously!

Energy-resolved neutron imaging: time of flight
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Plastic MCPs for fast neutron 
detectoin
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Plastic microchannel plates for fast neutron detection

 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

Arradiance, Inc.
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MCP manufacturing process

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
0.002 mm pores

Furnace H2 Firing
Pulls lead glass impurities to 

surface creating slightly 
conducting high SE yield 

surface layer 

Substrate Fabrication Substrate Functionalize

Mature (1960s) Process

• Low yield - expensive 

• Bulk materials determine 
performance

• limited size (<10cm) 

The ALD process replaces 
the Furnace H2 Firing 
process, separating the 

bulk substrate material from 
device performance  

Current MCP Fabrication Process

Arradiance, Inc.
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ALD Cycle for Al2O3

Arradiance, Inc.
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Graphic Courtesy J. Elam Argonne National Labs

Arradiance, Inc.
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 MCP performance tied to glass 
composition

ALD:

 Device optimization is de-coupled 
from substrate.  

 Semiconductor processes & 
process control.

 Materials engineering at the 
nanoscale

 Functional films composed of 
abundant,non-toxic materials.

 Advantages: 
– High conformality (>500:1)
– Scalable to large areas 
– Digital thickness control
– Pure films
– Control over film composition
– Low deposition temperatures (50-300°C)

 Thin film growth that relies on self-
limiting surface reactions

 Gas A reacts with a surface 
– excess precursor & reaction by-

product removed.

 Gas B is introduced to the evacuated 
chamber – reacts with surface bound 
A

– excess precursor & reaction by-
product removed.

 Repetition of A – B pulse sequence to 
build film layer-by-layer

ALD MCP Technology

Arradiance, Inc.
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Plastic MCP: ALD resistive and conductive films

Resistive and conductive films were developed for compatibility 
with low temperature ALD deposition process.

Pores ~50 m, center to center spacing ~70 m, L/D ratio ~20:1 and ~27:1

Arradiance, Inc.
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Neutron detection efficiency

Pdetection = P1 * P2 * P3

P1 – interaction of neutron within the MCP glass

P2 – reaction product(s) escape into MCP pore

P3 – electron avalanche is formed (MCP ~1)

A. S. Tremsin, et al., IEEE Trans. Nucl. Sci. 52 pp.1739-1744 (2005).
A.S. Tremsin, et al., Nucl. Instrum. Meth. A 539, pp. 278-311 (2005).
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Plastic MCP: probability of proton recoil P1

PMMA (C5-O2-H8)n

N of monomers per cm3

7.16+21
N of H atoms per cm3

5.73E+22
N of C atoms per cm3

3.58E+22
N of O atoms per cm3

1.43E+22
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Plastic MCP: probability of proton recoil P1
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Recoil proton escape probability P2




,0;
)sin(

)()(
),(

2
01

2
01

00 



yyxx

yxSi

))((),( 00 pi ERyxS 

   20
2

,
2

01 )(cos0)(min)( xDtgxx xi  

n

p

E

E
)cos(

(,)

Ep  [0, En]

 
)(cos

1

4
)(

2

22
2

,
2

, 
 










d
OOtgD xixi

yiOxtgy ,00 )(  

 0011 )()( xtgyxtgy  

),( 00 yxSi

),( 00 yx



Fast neutron imaging workshop, Garching, Oct. 2019

Recoil proton escape probability P2
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 2 & 5 mm PMMA MCP, ~50 
µm pores, 20 µm walls, 5o

bias angle

 installed above a chevron 
stack of 50:1 L/D MCPs 

 Phosphor screen readout

 Canberra preamp and post 
amplifier

Detector Hardware Experimental Setup

Pb-glass 
MCP Chevron

H-rich MCP

Readout

Arradiance, Inc.
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D-T Source (Thermo 320) 
Experimental Setup

5 mm PMMA MCP, 
~50 µm pores, 20 µm walls, 5o bias angle

installed above a chevron stack 
of 50:1 L/D MCPs 

Filters: Lead (2”), polyethylene (1”, 2”), borated plastic (1”)

Lead shielding around the detector

MCPs

~30 cmSource

Polyethylene shielding 
around the source

Arradiance, Inc.
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Coincidence gamma rejection through TOF

Gamma photons travel with the speed of light –
detection in two detectors happens within ~1 ns 

Recoil neutrons (colder than original Cf-252 spectrum)
arrive with a delay dT to detector2
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Coincidence measurements with Cf-252
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Arradiance, Inc.
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Some results on plastic MCP have been published

Arradiance, Inc.
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Thank you for your attention! 

This work was done within the Medipix collaboration.

We would like to thank Medipix collaboration for the readout electronics and data acquisition 
software (Advacam, Prague and Espoo, NIKHEF, Amsterdam  and IEAP, Prague). 

This work was supported in part by U.S. agencies: NASA, DOE, NSF, NIH and NNSA.


