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    

Abstract–This paper documents the R&D undertaken jointly 

by the ISIS Neutron Detector Group and the Oxford University 

PImMS collaboration. The aim of this project was to develop a 

high resolution, energy resolved, neutron imaging detector 

named GP2.  This conference record introduces the GP2 

detector and lists its key physical properties; however the 

emphasis here will be on the earlier proof-of-principle work 

performed with both Gadolinium thin films and thick rolled 

sheets and using the prototype PImMS1 sensor and the larger 

PImMS2 sensor. 

I. INTRODUCTION 

HE increased interest in energy-resolved neutron 

radiography (ERNR), often shortened to ‘neutron 

imaging’, has driven the construction of new dedicated 

beamlines at spallation sources worldwide. At ISIS (UK) the 

IMAT [1] beamline specified day-one imaging capability for 

2015/6, prioritising this over large area diffraction detector 

coverage. This paper reports on a new type of neutron 

detector, named the GP2 detector, which was developed to 

facilitate the proposed science program. A comprehensive 

description of the optimised GP2 detector will be published 

separately [2]. This conference record highlights the earlier 

proof-of-principle work; a small part of the last three years of 

R&D. It demonstrates the feasibility of combining the 

PImMS CMOS sensor with Gadolinium thin films neutron 

converters.  

II. DETECTOR INTRODUCTION 

The GP2 detector utilises the PImMS CMOS sensor, so 

named as it was developed for Particle Imaging Mass 

Spectrometry, a physical chemistry technique [3]. The sensor 
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records the time and the spatial position of a detected 

neutron, generating ‘event-mode’ data. The PImMS sensor 

has been made neutron sensitive by sputtering gadolinium on 

the sensor, meaning the sensor directly detects the generated 

conversion electrons. The sensor is driven and read out by a 

compact camera assembly, Fig 1. 

 

Fig 1. The GP2 detector. Protective cover [RIGHT] removed to reveal 

the PImMS sensor [LEFT]. The active area is 22.6mm x 22.6mm, with the 

complete detector measuring 15cm x 15 cm x 11cm,  

III. DETECTOR SPECIFICATION 

The active area of GP2 is 22.6 mm x 22.6 mm, with a pixel 

size of 70 µm x 70 µm. Each of the 104976 pixels has four 

independent 12-bit SRAM registers recording the time of 

neutron detection. Consequently, each pixel can record four 

independent hits per frame with 4095 available time 

increments. The sensitivity of each individual pixel can be 

adjusted, as can the global discrimination threshold 

parameters. As such, once correctly set-up there is no 

requirement for a dark-field correction, which is common 

practice for CCD based imaging. The smallest time binning 

available is Δt=12.5 ns, although a typical bin width at a 

neutron source is Δt~1 µs, giving a 4.1 ms aperture time 

using the 4095 time increments. The option to set up time-

gated measurement windows within each frame is integrated 

into the camera firmware. The user controls the detector at 

software level instructing the sensor to sample different parts 

of a TOF spectrum with different time binnings or to pause 

recording when there is no data of interest. This means that 

all 4095 time bins and all four independent registers can be 

used efficiently. Detailed information on the PImMS CMOS 

sensor is given in [4].  

 

IV. GADOLINIUM CONVERTER WITH THE PIMMS CMOS 

On capture of a neutron the excited gadolinium nucleus 

decays to its ground state via the release of gamma rays. 

These in turn produce conversion electrons, which can 

generate further radiation such as X-rays and Auger 
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electrons. The energy distribution of the decay products for 

this wide range of channels has been modelled extensively by 

D. A. Abdushukurov [5] with theoretical detection 

efficiencies calculated allowing for geometry and the 

propagation/range of the electrons. For any detector to 

efficiently utilise natural gadolinium as a conversion material, 

it has to be sensitive to electrons in the energy range ~29keV 

to ~132keV, as ~97% of all ejected electrons have energies in 

this range.  The first experiments with the PImMS sensor 

were to demonstrate that enough energy would be deposited 

into the charge collection diodes, approximately 15µm under 

the sensor surface, to register a neutron hit. This depth is 

comparable to the maximum range of the low energy 

electrons generated. It also had to be demonstrated that 

injecting charge across the entire sensor area would not 

disrupt the CMOS logic or cause unexpected behavior, as the 

sensor is designed for detection of visible light, not charged 

particles.  

 The first experiments (2012) were performed with the 

smaller PImMS 1 prototype, in which both spatial and 

temporal resolution were demonstrated. Later experiments 

used the larger PImMS 2 sensor with gadolinium directly 

sputtered to the sensor surface. These proof-of-principle 

experiments are described below.  

V. SPATIAL RESOLUTION 

To demonstrate coarse spatial resolution a cadmium mask 

was used with a 1 mm hole in the center. For this experiment 

a 4 µm film of gadolinium was pressed against the surface of 

the sensor. Fig 2 shows the TOF spectrum as measured with 

the whole sensor and also indicates the two integration ranges 

used to make the images. The images demonstrate that the 

spatial resolution is much better than 1mm. The pronounced 

peak in TOF is due to the combination of the gadolinium 

cross section increasing as a function of energy and the 

cadmium becoming ‘opaque’ later in TOF. The PImMS 

detector first ‘sees’ electrons from the square of gadolinium 

on the sensor surface and then the cadmium mask as it 

absorbs colder neutrons. 

 

Fig 2. [TOP] TOF spectrum measured, integrated over the whole sensor area. 

[LEFT] The spatial image obtained for early TOF neutrons showing the 

gadolinium square. [RIGHT] the spatial image obtained for late TOF 
showing the 1 mm aperture in the cadmium mask. One pixel is 70 µm. 

VI. TEMPORAL RESOLUTION 

This experiment was performed with the GP2 detector 

using the larger PImMS 2 sensor and a 4 µm gadolinium thin 

film directly sputtered onto the surface of the sensor. There 

was no loss of functionality by sputtering a metallic layer 

onto the sensor itself.   

To demonstrate high temporal resolution, Bragg edges 

were measured from a 10mm thick copper powder sample. 

Bragg edges from a strain-free powder sample are very sharp 

features in the TOF spectrum and this must be clearly 

resolved in order to gain maximum information about the 

sample. The PImMS sensor can measure at 12.5 ns intervals, 

which is substantially faster than the sampling rate required 

to gain strain information from a Bragg edge. This is 

confirmed by the clearly resolved copper Bragg edges seen in 

Fig 3, where the detector sampling rate has been reduced to 

use time bins of 1.125 µs.  

 

 
Fig 3. Bragg edge measurement of a copper powder sample. [TOP] 

The normalized TOF spectrum as recorded. [MIDDLE] The TOF spectrum 

with the sample out of the beam, used for background subtraction. 
[BOTTOM] The resulting copper TOF spectrum with clearly resolved Bragg 

edges. 

VII. CONCLUSION AND OUTLOOK 

The results presented document the early proof-of-principle 

work undertaken at the start of the development of the GP2 

detector development program. We have successfully 

demonstrated that the GP2 detector is sensitive to neutrons 

and that the sensor is not affected by sputtering thin film 

gadolinium directly onto the surface of the sensor. This 
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means that it can operate as a high temporal and spatial 

resolution neutron imaging detector without additional 

mechanics to support the conversion layer. The continued 

development of GP2 since the proof-of-principle work 

documented here will be published shortly.  
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