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 Abstract– Recent developments in the area of Positron Emission 
Tomography (PET) detectors using Silicon Photomultipliers 
(SiPMs) have demonstrated the feasibility of higher resolution 
PET scanners due to a significant reduction in the detector form 
factor. However, reduced size implies a corresponding increase in 
the detector density, resulting in a proportional rise in the 
number of channels interfacing a SiPM array with the digital 
backend.  This paper explores a row-column-diagonal decoding 
architecture to simplify and reduce the required channels 
between the individual elements in the SiPM array, and the 
backend digital electronics.  Accumulation of noise presents itself 
as a challenge to the row-column summation architecture. This 
may lead to an increased chance of false triggering as compared 
to a more traditional approach with dedicated single-channel 
readout for each individual SiPM. This work explores various 
circuit implementation approaches for threshold detection as 
applied to front-end electronics, which minimizes the 
accumulation of dark noise, and reduces the possibility of a false 
triggering event. Current comparator topologies are explored in 
the context of fastest turn-on time and the impact of realizing 
these threshold detection techniques in the context of our row-
column summation architecture. The proposed readout 
electronics is currently being realized in STMicroelectronics 130 
nm CMOS process.  

  

I. INTRODUCTION 

HE recent realization of Silicon Photomultiplier (SiPM) 
devices as solid-state detectors for Positron Emission 

Tomography (PET) holds the promise of miniaturized PET 
scanners. These SiPM devices feature a detector vastly smaller 
in size as compared to bulky vacuum photomultiplier tubes 
(PMT), which enables a denser detector array, promising 
higher resolution PET images. In addition, SiPM devices have 
higher quantum efficiency, higher gain, operate at lower bias 
voltages, are insensitive to magnetic fields, and provide 
excellent timing resolution, all of which are characteristics 
favorable for Magnetic Resonance Imaging (MRI) 
applications. In addition, this technology facilitates the 
interconnection between the detector and the read-out 
electronics.  
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SiPM devices have been implemented in CMOS technology 
in recent years, thus potentially enabling integration of a 
significant portion of the interface electronics on the same 
substrate with the detectors, which would reduce interconnect 
parasitics, and lower power consumption. With respect to 
readout channels for SiPM detectors in PET applications, a 
majority of the circuits have been derived from previous 
discrete or integrated implementations developed for PMTs 
[1-3]. In contrast, recent efforts have attempted to integrate the 
readout electronics on a single die with dedicated designs for 
use with SiPM detectors [4-6].  However, a number of 
challenges exist for highly integrated front-end detectors. 
Specifically, the reduced size of the SiPM devices compared 
to PMTs implies an increase in the detector density, resulting 
in a proportional rise in the number of read out channels which 
interface to the digital backend. With the advent of 3D 
positioning architectures, X, Y, and Z components of an event 
can be captured, improving both spatial and image resolution. 
However, 3D positioning architectures lead to further increase 
in the array density, and hence the number of read channels 
also grows proportionally, requiring significantly more 
amplifiers and Analog-to-Digital Converters (ADC). In an 
effort to reduce the number of channels for high-element 
arrays, multiplexing techniques have been utilized, however 
this is done at the cost of losing spatial information. This 
paper describes an architecture which attempts to reduce the 
number of readout channels for highly dense SiPM arrays, 
while recovering all X, Y, and Z, spatial and timing 
information. This approach uses a row-column summing 
architecture (RCA), analogous to decoding methods used in 
digital memory arrays. This effectively reduces the number of 
channels from N2 to 2N, for an N by N SiPM array. The row 
and column channels convey information about the position of 
a detected event. In addition, a single high-speed channel is 
used to extract timing information for all elements in the SiPM 
array. This reduces the number of high-speed ADCs from N2 
to a single channel which captures the timing information, 
while the required Nyquist frequency of the 2N row and 
column ADCs is significantly lower as compared to the 
bandwidth required of converters used in traditional interface 
electronics where each detector has a dedicated channel. 

Although the RCA reduces the number of channels in an 
array, there are challenges introduced by this approach.  
Mainly, the accumulation of dark noise generated by all the 
SiPM devices along a given row or column channel may lead 
to falsely triggering an event. This work makes use of 
threshold detection circuitry to minimize the impact of dark 
noise current events. .  
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The threshold detection circuitry runs in pa
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lines using the switches, as shown in F
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Fig.5. Block-level diagram of the Analog 

 

V. RESULTS 
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Table I Summary Results 
 

Detector Module  LYSO/SiPM 
Applications Pre-Clinical and Organ 

specific PET 
Process STMicroelectronics 1.2 V 

130nm 
Die Size 3.9mm X 3.6mm 

SiPM cells 64 
Output Channels 16 + 1(common pickoff) 

Power Consumption 30 mW/channel 
Bandwidth 500 MHz 

Transimpedance Gain 500 V/A 

VI. CONCLUSION 
 This work presents the design of a new front-end readout 

ASIC dedicated to PET imaging systems which facilitates the 
integration of the SiPM with the front end electronics. The 
Row Column architecture (RCA) reduces the number of 
channels between the SiPM array and the backend digital 
signal processing. Over the coming months, the ASIC 
described in this paper will be measured in the lab. In addition, 
we will design data acquisition boards which interface the 
CMOS front-end chip with the ADCs and the Phase II FPGA. 
. Our program seeks to eventually integrate the RCA design 
with on chip digitizing of the signals and a compact package 
to allow it to be tightly coupled to SiPM array elements with 
techniques such as bump bonding.   
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