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Introduction
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➢ Intrinsic Timing Performance Influenced from Photostatistics

TAC LYSO LSO BGO

Density [g/cm3] 7.3 7.4 7.1

Decay Time [ns] 39 41 300

Energy Resolution 8.1% 10% 12%

Light yield
[photons/MeV]

33000* 26000 9000

*Tested using 1cm3 material against a calibrated standard

Principal Crystal Properties

𝐶𝑇𝑅 =
2

𝑅
∙ 𝜏𝑟𝜏𝑓 ∗ 2.36 ∙ 2

➢ Light Transport

▪ Crystal Size

▪ Surface Treatment and Reflector Materials

▪ Interaction Position Dependence

[1] Auffray, E., et al. "A comprehensive & systematic study of coincidence time resolution and light yield using 

scintillators of different size and wrapping." IEEE Transactions on Nuclear Science 60.5 (2013): 3163-3171.

[1]

𝑅 ∶ 𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝ℎ𝑜𝑡𝑜𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑠



Seoul National University FMISL

Detection Chain
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➢ Scinitllation Light Detection Chain

Crystals

▪ LGSO
▪ TAC LYSO:Ce:Ca
▪ TAC LYSO:Ce:Mg

Reflectors

▪ ESR
▪ Teflon
▪ Black tape

SiPM

▪ Onsemi 3 x 3 mm2

▪ Broadcom 4 x 4 mm2

▪ Broadcom 3 x 3 mm2

Electronics

▪ Fast Output
▪ Common-mode noise rejection
▪ Wideband MMIC amps
▪ High-pass filter

S
iP

M

Scintillation Crystal SiPM Low-noise

/ High-BW FED
Back-End DAQ

Data Acquisition Bandwidth

▪ 0.5GHz – 4GHz
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Readout Electronics Performance
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➢ Onsemi SiPM (MicroFJ-30035)

MicroFC−30035−SMT

microcell
Anode

Fast modeCathode

Fast output

Standard

V Bias

Energ

y

SiPM

HV

Timing

Fast 

Output

Standar

d 

Output MSO 9404A 

(4GHz; 20GS/s)

Onsemi SiPM readout electronics

Energy

Timing

Noise level
Std ≈ 500 μV

100 ns / div

𝒅𝑽

𝒅𝒕
>
𝟔𝟎𝒎𝑽

𝟏 𝒏𝒔

Active Area 3 × 3 mm2

Microcell Size 35 µm

Microcell number 5676

Terminal
Capacitance

Fast 1070 pF

Standard 40 pF
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Active Area 3.72 × 3.72 mm2 Microcell
number

15060

Microcell Size 35 µm
Terminal

Capacitance
990 pF

Readout Electronics Performance
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Active Area 3.0 × 3.0 mm2 Microcell
number

7396

Microcell Size 35 µm
Terminal

Capacitance
1nF

➢ Broadcom SiPM (AFBR-S4K33C0135L)

WL-type

➢ Broadcom SiPM (AFBR-S4N44C013)

WB-type
HV

HV

22Na

MSO9404A

4GHz, 20GSPS

RF amps

MAR-6+

Timing

Balun

Transformer

MABA-007159

AD 8000

SiPM

HV

Energy

CC

CC

CC AD 8000

CC

HPF

Broadcom SiPM readout electronics
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Measurement Optimization
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LGSO

LYSO:Ce:Ca

LGSO:Ce:Mg

182 ps
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Over Voltage

3 × 3 × 20 mm3

➢ Onsemi SiPM
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3 × 3 × 20 mm3

165 ps

LYSO:Ce:Ca

LYSO:Ce:Mg

➢ Broadcom SiPM
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➢ Optimal Threshold
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Crystal Configuration
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➢ Measured CTR values

3×3×20 mm3

LGSO
3×3×20 mm3

LYSO:Ce:Ca
3×3×20 mm3

LYSO:Ce:Mg
3×3×3 mm3

LYSO:Ce:Ca
3×3×3 mm3

LYSO:Ce:Mg

1. ESR 2. Teflon 3. Black Tape 4. ESR 5. Teflon 6. ESR 7. Teflon 8. Teflon 9. Teflon

Relative LY (%) 112 % 100 % 39 % 112 % 107 % 112 % 105 % 120% 120 %

SensL (MicroFJ-
30035) 203 ps 193 ps 263 ps 216 ps 182 ps 210 ps 190 ps 150 ps 158 ps

Broadcom (AFBR-
S4N44C013) 195 ps 191 ps - 178 ps 178 ps 165 ps 163 ps 150 ps 146 ps

Broadcom (AFBR-
S4K33C0135L) 249 ps 249 ps - 240 ps 236 ps 224 ps 211 ps - -

Broadcom

Onsemi (fast output)
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Measured CTR Values
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➢ Onsemi vs. Broadcom

3×3×20 mm3

LGSO
3×3×20 mm3

LYSO:Ce:Ca
3×3×20 mm3

LYSO:Ce:Mg
3×3×3 mm3

LYSO:Ce:Ca
3×3×3 mm3

LYSO:Ce:Mg

1. ESR 2. Teflon 3. Black Tape 4. ESR 5. Teflon 6. ESR 7. Teflon 8. Teflon 9. Teflon

Relative LY (%) 112 % 100 % 39 % 112 % 107 % 112 % 105 % 120% 120 %

SensL (MicroFJ-
30035) 203 ps 193 ps 263 ps 216 ps 182 ps 210 ps 190 ps 150 ps 158 ps

Broadcom (AFBR-
S4N44C013) 195 ps 191 ps - 178 ps 178 ps 165 ps 163 ps 150 ps 146 ps

Broadcom (AFBR-
S4K33C0135L) 249 ps 249 ps - 240 ps 236 ps 224 ps 211 ps - -
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195 ps 191 ps
178 ps 178 ps

165 ps 163 ps

150 ps

146 ps

Broadcom

Onsemi (fast output)
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Measured CTR Values
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➢ TAC Doubled-doped LYSO

3×3×20 mm3

LGSO
3×3×20 mm3

LYSO:Ce:Ca
3×3×20 mm3

LYSO:Ce:Mg
3×3×3 mm3

LYSO:Ce:Ca
3×3×3 mm3

LYSO:Ce:Mg

1. ESR 2. Teflon 3. Black Tape 4. ESR 5. Teflon 6. ESR 7. Teflon 8. Teflon 9. Teflon

Relative LY (%) 112 % 100 % 39 % 112 % 107 % 112 % 105 % 120% 120 %

SensL (MicroFJ-
30035) 203 ps 193 ps 263 ps 216 ps 182 ps 210 ps 190 ps 150 ps 158 ps

Broadcom (AFBR-
S4N44C013) 195 ps 191 ps - 178 ps 178 ps 165 ps 163 ps 150 ps 146 ps

Broadcom (AFBR-
S4K33C0135L) 249 ps 249 ps - 240 ps 236 ps 224 ps 211 ps - -
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191 ps
178 ps

163 ps

150 ps
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LGSO LYSO:Ce:Ca LYSO:Ce:Mg

3×3×3 mm3

LYSO:Ce:Ca
3×3×3 mm3

LYSO:Ce:Mg



Seoul National University FMISL

Measured CTR Values
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➢ Reflector

3×3×20 mm3

LGSO
3×3×20 mm3

LYSO:Ce:Ca
3×3×20 mm3

LYSO:Ce:Mg
3×3×3 mm3

LYSO:Ce:Ca
3×3×3 mm3

LYSO:Ce:Mg

1. ESR 2. Teflon 3. Black Tape 4. ESR 5. Teflon 6. ESR 7. Teflon 8. Teflon 9. Teflon

Relative LY (%) 112 % 100 % 39 % 112 % 107 % 112 % 105 % 120% 120 %

SensL (MicroFJ-
30035) 203 ps 193 ps 263 ps 216 ps 182 ps 210 ps 190 ps 150 ps 158 ps

Broadcom (AFBR-
S4N44C013) 195 ps 191 ps - 178 ps 178 ps 165 ps 163 ps 150 ps 146 ps

Broadcom (AFBR-
S4K33C0135L) 249 ps 249 ps - 240 ps 236 ps 224 ps 211 ps - -

100%112% 112% 107% 112% 105%
120% 120%

39%
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263 ps
Broadcom

Onsemi (fast output)

ESR

Teflon

Black
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Light Transport
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➢ Interaction Position Dependence
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Depth of irradiation
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ESR Teflon
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3 × 3 × 20 LYSO:Ce:Ca + Teflon
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Data Acquisition Bandwidth
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Leading Edge Threshold (mV)

C
T
R
 (

p
s

F
W

H
M

)

Data Acquisition Bandwidth

C
T
R
 (

p
s

F
W

H
M

)

measured

expected



Seoul National University FMISL

Second Thoughts on RF amplifiers
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RF amps

MAR-6+

Timing

Balun

Transformer

MABA-007159

SiPM

HV

Energy

CC

CC

CC
AD 8000

CC

Detailed Talk at FTMI 

Sun. 11:45
A Comparative Study on Various Capacitance Compensation Technique for SiPM based TOF-PET detector
Hyeong Seok Shim

Fully Differential Amplifier

▪ LMH6554
▪ 2.8GHz BW
▪ Low Input Voltage 

Noise: 0.9 nV/√Hz

Bipolar Input Amplifier

▪ OPA855
▪ High GBP : 8GHz
▪ Low Input Voltage 

Noise: 0.98 nV/√Hz
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Better Timestamp Pickoff
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Detailed Talk at FTMI 

Sun. 12:00
Comparison of time-walk compensation methods for Leading Edge Discriminators
Sangjin Bae

Apply Dynamic Thresholds

t1 t2 t3

𝑡ℎ1
𝑡ℎ2
𝑡ℎ3

Generate thresholds

Feed to NN Find crossing points

Fixed

threshold

Rising edges

𝑤1, 𝑤2, 𝑤3

Original waveforms Shift & Crop

𝑤′1, 𝑤′2, 𝑤′3

➢ Dynamic Threshold Discriminator (DTD) method
CTR after correction

Broadcom 
5GS/s
500 MHz bandwidth
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Conclusions & Next steps
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➢ Correlation between the crystal’s LY and its potential time resolution, emphasizing once 

more the photostatistical impact on the temporal resolution.

➢ More mature circuit design and proper shielding for reduced circuit noise.

➢ Highest bandwidth might not be an optimal option in noisy environment.

➢ Further study on array crystals and multiplexing method based on.

➢ Investigation on a transition to system applicable level using low-intrinsic jitter FPGA-based 

TDC with ~12 ps time bin.

➢ Will be presented at IEEE MIC 2022 in Milano, Italy. 
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