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PET: Positron Emission Tomography

• How	it	works?

üDrug	(Glucose)	is	labeled	with	positron	
emitting	radionuclide.	

üGlucose	mainly	concentrate	in	
cancerous	cells	

üTrace	distribution	of	the	drug	in	body	
üRadiation	dose	fairly	small

How does it work 

� Drug is labeled with positron 
( +) emitting radionuclide. 

� Drug localizes in patient 
according to metabolic 
properties of that drug. 

� Trace (pico-molar) quantities of 
drug are sufficient. 

� Radiation dose fairly small 
(<1 rem = 0.01 Sv). 
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PET: detection
PET: detection 
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PET: Camera

Positron Emission Tomography (PET)

2Stefan Gundacker 14th VCI, 18 February 2016 

 
In 18F-Fluorodeoxyglucose 

(FDG) the radioisotope 
Fluorine (18F) emits a 

positron.

Positron range in FWHM 
is 0.22mm. Half life of 

FDG is 110min.

Instead of 18F as well 
possible: 11C, 13N, 15O, 

68Ga,82Rb
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Time of flight in PET

Time of flight can effectively 
confine the positron 

emission point. 

Timing is determined by the 
full width at half maximum 

(FWHM) of the coincidence 
time resolution (CTR).

4Stefan Gundacker 14th VCI, 18 February 2016 
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114 kg; BMI = 32.2 
13.4 mCi; 2 hr post-inj  

State-of-the-art clinical PET: coincidence resolving time (CRT) ≈ 500 ps 

TOF (CRT ~650 ps) 

Non-TOF 

Images: J. Karp, University of Pennsylvania 

Colon cancer, left upper quadrant peritoneal node 

Time-of-flight PET  

Colon cancer, left upper quadrant 
peritoneal node 
13.4 mCi; 2 hr post-injection Time of flight in PET

100ps FWHM CTR 
corresponds to 
1.5cm position 

resolution.

For whole body PET 
(D=40cm): 

CTR=1ns → G=1.6

CTR=500ps → G=2.3

CTR=100ps → G=5.2

M. Conti, Physica Medica (2009) 25, 1-11

G=
SNRTOF

SNRnonTOF

=√ 2∗D

c∗CTR

5Stefan Gundacker 14th VCI, 18 February 2016 

àWithout	timing	the	
positron	emission	could	
have	happened	anywhere	
along	the	line	of	response	
(LOR).	

à Time	of	flight	can	effectively	
confine	the	positron	
emission	point.	

à Timing	is	determined	by	the	
full	width	at	half	maximum	
(FWHM)	of	the	coincidence	
time	resolution	(CTR).	

PET: Time of Flight (TOF)
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CERN Technology transferCERN technologies 
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Hadron 
therapy 

Tumour 
target 

Detect particles 

Medical imaging 

Accelerate particle beams 

Large scale Computing 
(Grid) 

Grid computing for 
medical data 
management and 
analysis 
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9 CMS PET	camera

PET vs photon detection in High Energy 
Physics (HEP): same challenges 
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From HEP to PET
Requirements	for	HEP	
crystal	calorimeters

v Crystals
- High	density	(>6gr/cm3)
- Fast	emission	(<100	ns,	visible	spectrum)
- Moderate	to	high	light	yield
- High	radiation	resistance

v Photodetectors
- Compact
- High	quantum	efficiency
- High	stability

v Readout	electronics
- Fast	shaping
- Low	noise

v Software
- Handling	of	high	quality	data
v General	design
- Compact	integration	of	a	large	number	of	

channels	(>>10’000)

Requirements	for	PET	
scanners

v Crystals
- High	density	(>7gr/cm3)
- Fast	emission	(<100	ns,	visible	spectrum)
- Moderate	to	high	light	yield
- High	radiation	resistance

v Photodetectors
- Compact
- High	quantum	efficiency
- High	stability

v Readout	electronics
- Fast	shaping
- Low	noise

v Software
- Handling	of	high	quality	data
v General	design
- Compact	integration	of	a	large	number	of	

channels	(>>10’000)
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Tagus LIP activities

• Development	and	validation	of	medical	imaging	
technologies	(readout	electronics	and	detector	modules)

• Design,	produce	and	test/validate	prototype	imaging	
equipment.

• Design	of	new	ASICs	and	front-end	boards	for	the	CMS	
upgrade
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• PET	detector	dedicated	
to	breast	cancer	
screening	

• Extremely	sensitive	to	
small	tumor	masses	

• Spatial	resolution1-2	
mm	

• High	counting	sensitivity	

Clear PEM 

� PET detector dedicated to 
breast cancer screening 
� Extremely sensitive to small 

tumour masses  

� Spatial resolution1-2 mm 
 

� High counting sensitivity 
 

� Short PET exam 
 

� Coupled to ultrasound 
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LYSO+APD

ClearPEM (2010)
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• PET	detector	dedicated	
to	pancreatic	cancer	
screening	

• Spatial	resolution	~1	
mm	

• Timing	resolution	˜350	
ps FWHM

• High	counting	sensitivity	

LYSO+SiPM

EndoTOFPET (2013)
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• Highly	integrated	
readout	
electronics	
scalable	to	
several	hundreds	
of		channels

Front	end
module
128ch

FEBD	1024ch

64chASIC	
(5x5mm)

BIAS	and	DAQ	mezz

TOF ASIC for PET and HEP
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2048 SiPM channels



ASIC for TOF applications

PET HEP

TOFPET1

TOFPET2

TOFEE	(CT-PPS)

TIGER	(BES	III)

TOFHiR (CMS:	BTL)
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Thank	you	for	you	attention

Any	question?

Tahereh	Niknejad	(tniknejad@lip.pt) 14



Backup	slides
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Depth of interaction

PhD	Thesis	Defense

àWithout	DOI	wrong	LORs	are	
assigned	to	the	events

àDepth-of-interaction	determination	

PhoswichDual Ended Readout Stacked Detector dual	Layer	with	Offset	
Multiple	layer	
with	offset	

àDrawbacks:	Complexity	and	costs	



New method for DOI

àOnly	one	side	readout

àA	light	guide	is	placed	on	the	top	of	the	module	(same	
dimension	of	the	matrix).	

àThe	reflector	recirculates	the	light	and	redirects	it	to	
the	MPPC	array.

àOptical	treatment	of	the	lateral	surfaces	of	the	
crystals:	depolished
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 Abstract– A SiPM-based PET-ToF demonstrator featuring a 
highly integrated readout and DAQ system has been developed. 
The PET ring comprises 24 compact Detector Modules. Each 
module integrates 128 gamma-ray detection pixels of 3.1x3.1x15 
mm3 LYSO crystals associated to MPPC photosensors. The 
module has two 64-channel readout TOFPET ASICs integrating 
signal amplification and discrimination circuitry and high-
performance TDCs for each channel, featuring 25 ps r.m.s  
intrinsic resolution and fully digital output. The data acquisition 
system comprises three frontend digital boards, each collecting 
the data of 1024 channels (8 Detector Modules) and 
transmitting assembled data frames through a serial link (1.6 
Gb/s), and a single DAQ board connected to the PCIe bus of the 
acquisition PC. In this work, we present results on the 
performance of the system with a partially assembled ring (16 
Detector Modules) corresponding to 2048 SiPM readout 
channels.  

I. INTRODUCTION 

 
The present work expands the research in SiPM-based 

PET-ToF pursued by the authors since several years, in  
particular developing the TOFPET readout ASIC, a 64 
channel mixed-mode chip designed in 130 nm CMOS 
technology [1]. In the 2014 edition of the IEEE-NSS-MIC 
Conference we have presented preliminary results of the 
development of a compact Detector Module integrating 128 
gamma-ray detection LYSO:Ce scintillators crystals 
associated to MPPC photo-sensors [2]. In this work, we 
present the first results of a PET-ToF demonstrator scanner 
based on these components featuring a highly integrated 
readout and DAQ system, obtained with a partially 
assembled ring (16 Modules) corresponding to 2048 SiPM 
readout channels. 

 

II. PET-TOF DEMONSTRATOR AND DAQ SYSTEM 
 

The PET-ToF demonstrator ring has an inner diameter of 
230mm and comprises a total of 24 Detector Modules (DM) 
(Figures 1 and 2). The DMs are mechanically independent 
units that fit in the slots of a dedicated aluminum support 
ring. The mechanical precision of DM positioning is about 
100 µm.  
                                                             

 

 

             
 

Fig. 1 – Photo of the PET-ToF demonstrator ring . 
 
The Detector Module is composed of 8 matrices of 4x4 

LYSO scintillating crystals, each with a size of 3.1 x 3.1 x 15 
mm3 produced by CPI Inc. separated by 0.1mm Vikuity 
Enhanced Specular Reflector foils. These matrices are 
optically coupled to 8 arrays of Hamamatsu TSV-MPPCs 
(S12642-0404PB-50). The photo-detector cells have an 
active area of 3x3mm2 and are arranged in 4x4 arrays. Both 
components, the crystal matrix and the MPPC array, have a 
pitch of 3.2 mm. 

The crystal matrices and associated MPPCs plug directly 
in the FrontEnd Boards type A (FEB/A) forming a compact 
detecting unit with active area 59x29 mm2. The unit together 
with a copper cooling plate is placed in a 3D printed plastic 
box to form a Detector Module (DM) (Figure 2). 

The ring of DMs is placed inside a dedicated 3D printed 
plastic enclosure (see Figure 1) specially designed to assure a 
laminar flow of cooled air over the copper plates of the DMs. 
Cooled air is produced by an external unit that stabilizes the 
DM temperature within 1 oC. 

 
 

     
 

Fig. 2 –Photo of the Detector Module . 
 
 

A SiPM-based PET-ToF demonstrator featuring a 
highly integrated readout and DAQ system 
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Fig. 2 –Photo of the Detector Module . 
 
 

A SiPM-based PET-ToF demonstrator featuring a 
highly integrated readout and DAQ system 

à 16	Detector	Modules	(8	on	each	side)
Ø Ring	diameter:	235	mm

à Each	module	2x4	array	of	crystal à LYSO	crystal	block
Ø Array	of	4x4	LYSO	
Ø Pixel	size	3x3x15	mm3

Ø Separated	by	Vikuiti foils
Ø Pitch	3.2	mm

à SiPM from	Hamamtsu

Ø Active	area	3x3	mm2

Ø Array	of	4x4

à Using	cooling	system:	~19°C

Design and fabrication of TOF-PET demonstrator


