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Single S1PM readout 2o VIEX
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Multlple S1PM n Muography SiPM array in PET system
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Dual-polarity QDC circuit prototype

2 VIX

B ? ; Ilﬁx signals

| |l6x signals

FPGA development board 32-ch front end
analog board

Z. Liu, et al, IEEE TRMPS, (2023) 7(1),pp.11-17

Different versions:
1. 32-cha prototype: C5G starter development board;

2+ 64-cha dQDC: 70mmx70mm;

3. ASIC->lower consumption & compactness. - -

l!ll|l

Top view
(a) (b)

= Bottom view
(a) (b)

Top view

Bo Wang (F1H), et al, NIM 4, 2024
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1. FPGA LVDS receiver: two pins in FPGA
» FPGA-dQDC needs three 1/0 pin;
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2. FPGA voltage-referenced receiver: all share one or
two VREF pins (threshold)

» SSTL-2, SSTL-1.8, HSTL-1.8,

> INL :0.87%, 1.00%, and 1.06%
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2 VIX
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Timing performance of QTC circuit #e VI
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Application 1: PET & TOF PET detector evaluation
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Results

#e VIX

8x8 scheme flood image 8+8 scheme flood image

§ 5
=) o 5
- e 0
v ?
05 0s
0 0 0
x-dwectior x-directio
(a) (b)
|
[ | |
|
|
(9 (d)
Energy spectrum of 8x8 scheme Energy spectrum of 8+8 scheme
=~12%-~18%
ER="12%- o . )
3 <]
(&) o
Energy(keV) Energy(keV)
(® ®

15x15 array of 1.5x1.5x20mm3 LYSO bars

y-direction

Flood source of top-readout

8+8 channels scheme

05
o
3
a’ |
°
0 )
N
-
|
o
z
0.5
1 ] ‘ : .
Channel of SiPM
0.5 0 0
x-direction
(@) (b)
Energy resolution error bars Energy spectrum of 8x8 scheme
+-ER=~15%-~23%
«ER="15%- 0
. 24
8 2 4 =
2 e i 3 S x
8 " !
c
w . -

numbers of LYSO Energy(keV)

(© (d
15x15 array of 1x1x20mm3 LYSO bars

Nuclear Electronics Lab 14

SDU-NEX



Timing performance evaluation 2 VX

PCB hit
Op amp 7000 T - : : Delay Tap '>
|<—30 mrn—»{ sic G Dc],ay\.rlp
o 6000 1
: Na22 Source Det23: System clock
3x3x10mm LYSO 3x3x10 mm’ LYSO
5000 = =
Cathode_output Cathode_output 5 h:l A El
& 4000 A “'* "'*
V‘l’/: K _[-\ 5 X
i | ey 38 E Thermometer-to-Binary : Decomposition + Adder
L L G 3000 § —
=
‘ TDC | |E ‘ TDC | |E 2000 E Online Calibration: DNL histogram+Lookup Table
nergy nergy|
(3
| | [ 1000 % -
Tnggebr;gi’;f‘g“’;fm"“’ o Fine Time : Buffering FIFO
, 0 . —
KC705 0 200 400 600 800 1000 S e —_— F——
Energy (keV) el —~
(a) Time Stamp Output: Coarse Time + Fine Time
7000
1diode ( t ) 6000 400 o onm
_— 1 =
Diode —— R=50 0hm
5000 380—
1c (t) w 4000 C
|/ — T 360 —
= [
Q _— [
! o @
L (t) A== I\ o a0
@
— A C " £ 5 L
fo) o - 1T 2000 B
O 320—
/ 1000 B
To L
d 300—
V. . . -
0 200 400 600 800 1000 =
Y ) N NS NN NN OO R
Viis Energy (keV) 4 6 8 10 12 14 16 18
™ Vth (mV)

The ER can be lower than 10% The CTR can be lower than 300 ps
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Application 2: Muography

Nuclear Electromics Lab 16 SDU-NEX



{;ﬁ@#@

HEEA

Scintillator-based muography e WIX
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O The scintillators :
v’ triangular cross-section:
v' arranged in an overlapping configuration along the X and Y directions.
v’ charge centroid method for muon hit position reconstruction,
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Scintillator-based muography e WIX
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Summary #e VX

v Developed compact FPGA-QDC/QTC system for SiPM based
radiation detector;

v' Applied to electronics system for PET and muography:
v' In the future, we plan to achieve more channels of

electronics system. The QDC/QTC based ASIC is
another option.

Thanks for your listening!
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