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nuclear physics

Particle Physics Homeland security

PET/SPECT
Space science

Well logging



�4

PMT - fragile, 
needs HV but 
low noise, 
well-established 
technology

Sodium iodide - best 
resolution ~ 7% 
Hygroscopic 
Relatively low cost

Typical scintillation detector
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New scintillators 
First Generation scintillators 

 
NaI(Tl): energy resolution of 7% at 662 keV, 
strong non linearity, bad time resolution 
BaF2: bad energy resolution, excellent time 
resolution 
BGO: bad energy resolution, bad time resolution, 
excellent efficiency 
CsI(Tl): good for the measurement of light 
charged particles  
 

Second Generation 
scintillators 

 
Lanthanum Halide: LaBr3:Ce, 
LaCl3:Ce 
New Materials: SrI2:Eu, CeBr3 
Elpasolide : CLYC:Ce, CLLB:Ce, 
CLLC:Ce 
Ceramic: GYGAG:Ce 

Material Light Yield 
[ph/MeV]

Emission Omax 

[nm]
En. Res. at 662 

keV [%] Density [g/cm2]
Pricipal decay 

time [ns]
NaI:Tl 38000 415 6-7 3.7 230
CsI:Tl 52000 540 6-7 4.5 1000

LaBr3:Ce 63000 360 3 5.1 17

SrI2:Eu 80000 480 3-4 4.6 1500

CeBr3 45000 370 <5% 5.2 17

GYGAG:Ce 40000 540 <5% 5.8 250
CLYC:Ce 20000 390 4 3.3 1 CVL 50, a1000

A. Giaz   -   Characterization of new scintillators: CLYC, GYGAG, SrI2 and CeBr3 3 EGAN 2014 
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Silicon photomultipliers
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2.3.2 Silicon Photomultiplier

Figure 2.6: Standard Geiger mode APDs’ microcell cross section for 3x2 array,
which are connected together. Quenching resistor has been used to limit and
rapidly reduce the signal current (active and passive quenching techniques) [47].

(after breakdown voltage VBR) with an amplified first photoelectron (Figure 2.7).

Avalanche photodiode gain is stable until the breakdown voltage. At this operating

Figure 2.7: Schematic diagram of Geiger mode process in SensL silicon pho-
tomultiplier [26]

bias (VBR), the semiconductor junction breaks down and becomes a conductor

called Geiger discharge as a result of more than 105 signal gain (because of a large

single photoelectron current). When the device is triggered, the junction breaks

down and the avalanche photodiode is stopped or reset. A large current flows to the

quenching resistor and then the voltage of the APD drops below the VBR. A single

photodiode device operates as a photo-triggered on and o↵ switch by using this

breakdown cycle [26]. However, a Geiger discharger current can not distinguish

between multiple photons and single photon trigger if multiple photons and a

single photon are detected at the same time. Optically and electrically isolated
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2.3.2 Silicon Photomultiplier

Geiger mode photodiodes are integrated and then summed through the output

signal to distinguish between multiple photons and a single photon.

Each element of an array refers to a microcell, which has an independent

quenching resistor as illustrated in Figure 2.8. Every microcell detects photons

Figure 2.8: SensL Geiger mode avalanche photodiodes are integrated in par-
allel, and each microcell has individual quenching resistance. Detected photon
numbers are shown on the oscilloscope, which is obtained from SiPM output [26].

identically and independently. The magnitude of the photon flux shows how many

photons are detected at the same time. Therefore, the silicon photomultiplier, or

multi pixel photon counter system, achieves to measure the number of incoming

photons per pulse, which is not possible with a single photon counting device (like

an APD).

2.3.2.3 Technical Terms and Performance Parameters of SiPMs

This section will discuss important technical terms and several performance pa-

rameters of a silicon photomultiplier, which is used in the next two Chapters (3

and 4).

Gain

The ratio of the total microcell output charge to an electron charge gives the

SiPMs gain. The total charge is calculated by multiplying the microcells’ capaci-

tance to over-voltage as given in Equation 2.2

Gain =
�V.C

q
(2.2)
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3.2 Experimental Setup

Figure 3.2: P-N junction structure for SensL B- and C-series silicon photo-
multiplier [24]. The depletion region is on the surface, which distinguishes it
from standard SiPMs by detecting short wavelengths.

3.2 Experimental Setup

(a)

MCA

Cs-137Scintillator

HV

SiPM50 Ohm

Amp Amp : ORTEC 571 Shapping Amplifier

Fast Output

MCA : ORTEC Maestro multi channel analyser

(b)

Figure 3.3: (a) SensL blue sensitive B series 6 mm SiPM with two separate
outputs (standard and fast timing signals). SiPM was coupled to 0.5 inch length
x 0.5 inch radius LaBr3 and wrapped with PTFE. (b) Experiment setup used for
initial SiPM tests. When the standard terminal was used in the measurement,
fast output was connected to a 50 ohm terminal.

The SensL B-series blue-sensitive silicon photomultiplier was coupled to LaBr3

to evaluate the character of B type SiPMs. The SensL SiPM has integrated cath-

ode and built-in resistance; the read-out electronics were set up according to the

scheme shown in Figure 3.3(b). The SensL blue-sensitive silicon photomultiplier

has two separate outputs: fast and standard terminals. A standard signal was

used to obtain characterisation measurements of the SiPM, such as temperature
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Silicon	Photomul-pliers

•Developments	of	large	arrays	of	SiPMs	

•Technology	directed	towards	simultaneous	PET	and	MRI	

•Bespoke	electronics	and	readout	developed	

•Suffer	from	high	dark	current	IMPROVING	

•Major	gain	instability	with	temperature	IMPROVING	

•Excellent	Iming	resoluIon	(100s	of	ps)



30 keV

662 keV

CsI(Tl) coupled to SiPM e.g. from 
Hamamatsu or SensL 

Typical energy resolution ~ 6-7%  
at 662 keV 

Crystal non-linearity an issue







Kromek	PLC	produced	D3S	product	

12000	units	ordered	by	US	government	

$6M	order	value	

Significant	employment	generated	

York	and	Kromek	working	to	upgrade	the	
system	to	be	more	sensitive	

Kromek	contributing	£60k/year	to	
nuclear	applications	group	at	York	

£1.25M	grant	income	in	last	three	years	
in	related	areas



Handling hygroscopic materials

Regulated N2 environment
Low H2O content (<0.5 ppm)
Low O2 content (<0.5 ppm)



 
3: Method: 
 
Twp different detectors were explored in terms of their energy resolution using both analogue and 
digital data acquisition sytems: CeBr3 and SrI2:Eu (see Fig. 1). Each crystal is cylindrical with 1” 
diameter and 1” length. Due to the hygroscopic nature of the crystals, they were all processed in a 
low-humidity glove box, where they were coupled to an array of four 6X6-mm SensL C-series 
SiPMs.  All remaining surfaces were wrapped with reflective material and PTFE tape. The canning 
procedure was described in detail in an earlier report. 
 
 

 
 
Fig 1: (Left).  SrI2:Eu, (Middle) CeBr3 and NaI:Tl (Right) canned crystals. The NaI:Tl can has a 
modified USB connector while the other detectors have a series of pins feeding through. 
 
Due to the strong variation in gain of SiPMs as a function of temperature, all energy resolution 
measurements were made using a temperature controlled box (see Fig. 2). An electronics-based 
stabilisation of the gain of the SiPMs is yet to be implemented. The detector can was grounded to 
the box. 
 
 
 

 
 

Fig 3:  Digital acquisition system in the York Applications Laboratory.  

 
In order to match the detector signals efficiently to the dynamic range of the digital acquisition 
system, a multichannel preamplifier board was fabricated at York (see Fig. 4). This is presently 
populated with 4 op amps each with 500 MHz bandwidth which is well tuned to the fast signals 
anticipated from detectors such as CeBr3. Each of the preamplifier channels has the design shown in 
Fig. 5.   The output signal height could be adjusted with a maximum gain factor of 10 using a 
variable resistor. The preamplifer board was grounded to the box (see Fig. 2). 
 

 
 

Fig. 4: The multi-channel pre-amplifier board 

Evaluating next-generation 
scintillators and SiPMs with 
CAEN digital DAQ 
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SensL C-series
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