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Development of a Neutron Imaging Sensor using INTPIX4, 
SOI Pixelated Silicon Devices
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(0) Introduction

We have developed new time-resolving neutron imaging sensors using a pixelated silicon device embedded in a SOI wafer, INTPIX4, 
aiming to be utilized for applications of neutron imaging for monitoring lithium concentrations across battery electrodes [1,2], non-
destructive structural inspections, neutron reflectometies and imagings of gravitationally bound quantum states of ultra-cold neutrons [3].

(6) Summary
We have succeeded to measure neutron events obtained by SOI based neutron imaging 
sensors for the first time. Event identification scheme for neutrons is being developed.
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Clustering scheme:
1) find the highest-charged pixel, a seed of the charge cluster (threshold ~ 34 keV)

2) define 7x7 area around the seed as a cluster

+ Deposit energy is evaluated by sum over the defined area

+ Neutron incident position is estimated by charge-weighted sum over the area

(fired pixels: charged pixels over 10% level of the threshold for cluster seeds,
+ Neutron events are selected by scatter plots of “# of fired pixel v.s. cluster charge”

(5) Neutron events

(1) INTPIX4
+ Size: 512 x 832 pixels 

              ( 17 μm-square / 10.2 x 15.4 mm2 )

+ Thickness: ~ 300 μm

+ Readout time: 280 nsec/pixel (measured)

+ gain: 13.1 μV/e-  [4]

+ Monolithic / No mechanical bump bonding

+ Integrated sensor with a correlated double sampling circuit

+ Low frontend capacitance / first operation

+ FZ(N) wafer / fully depleted with a 200 V bias voltage
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(3) PVD of the conversion layer
Boron conversion layer is formed using argon RF 
sputtering (Shibaura CFS-4EP) at the University of 
Tokyo, Nanotechnology Platform Japan.

+ 400(100) W RF Power for Ti/B (pre-sputtering)

+ Sputtering rate for Ti(B): ~ 1.5(0.3)/10 [nm/sec]

(4) Neutron irradiation tests
Sensors were tested with thermal neutrons from Standard Thermal Neutron 
Irradiation Laboratory at KEK and Kyoto University Research Reactor at Institute for 
Integrated Radiation and Nuclear Science, Kyoto University.
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< Standard Thermal Neutron Irradiation Lab. >

+ Am-Be Neutron Source

+ Thermalized by graphite pile 
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(2) Principle of neutron detection
Neutrons are converted into charged particles 
through nuclear reactions in the “conversion 
layer(s)” and these daughter nuclear (nuclei) deposit 
their energy in the active volume of the sensor.
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