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Abstract: Accurate acquisition of pulse energy is very important in the field of atomic energy
technology. In the existing energy characterization methods, the multiple voltage thresholds (MVT)
sampling method introduces prior information of pulse signals and combines it with trigger times from

multiple reference voltages to achieve direct energy characterization, without any pulse shaping
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techniques. It involves no extra hardware components and has high count rate, rendering it applicable
for a range of applications, including oil detection, medical imaging, etc. However, in conventional
MVT sampling process, to record trigger times from one reference voltage threshold would consume
one time-to-digital converters (TDC) unit. Since a TDC unit is not resource friendly, it would be notable
challenging to apply this strategy in a multi-channel scenario, due to the increased power and cost. To
address this, a resource-efficient multiple voltage thresholds (REMVT) sampling method was proposed.
REMVT harnesses the fact that trigger times from each reference voltage appear sequentially and at a
particular order, making it possible to record all of them using only a single TDC unit. To achieve this,
the trigger signaling from each reference threshold voltage was routed together and fed to a
combinatorial logic circuit. This logic circuit consumes few resources and can alter signal levels if an
effective signaling arrive. By this means, the trigger times from each reference voltage were
sequentially mapped to different edges. Deciphering interval between these edges would generate
sufficient information for pulse reconstruction and hence energy characterization. This “TDC chain
reuse” technique significantly reduces resource consumption. For example, in a configuration with 4/8
thresholds, resource consumption is reduced by 75%/87.5%. Additionally, this chain reuse technique
reduces measurement variations from using multiple chains, leading to fewer jitters in time
measurement and, consequently, better energy characterization performance. With REMVT, the energy
characterization errors of 79% pulses are within 20.5%. While with MVT, this value reduces to 72%.
Using this REMVT, an energy resolution of 13.2% for 511 keV can be obtained under practical
experiment conditions, which is only 1.1% worse than the results obtained from a general high-speed
oscilloscope. In addition, a new event detection and pileup event recovery algorithm was proposed in
this paper. This algorithm fully exploits the prior information of pulses, namely the sequential order of
each trigger time and the respective interval among them, to accomplish reliable event detection and
accurate pileup event recovery. Results demonstrate that 93% pileup events can be identified and
recovered.
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Fig. 1 Basic circuit block diagram
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Fig. 3 Conversion circuit design
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Fig. 4 Interference signal and detection circuit
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Fig. 9 Setup for energy spectrum measurement

ZME, LG MVT B2 8 145 R85/, REMVT
I R NI 75% g IR AL RE . 7E/NRE
B X, SRR A A s R, X E R

H A 5 FR AR 15 25 1 Al 4R M 1] gt Jli i . EL IR M,
FEXF /N R AT RE B AR, HAR2ZEK, R Z AL
/N, B 100 WAEH Tk — 151 . MEI e & 3, 76
N DI, AR R R AE 58 22 m 3T 20%, 1T 24 ik
HEE R KT 600 keV B, HAE & SR AF 3R 22 W) 7
10% 2247 o 3 — A R0 Ao A o 14 T ik vl 45 31—
(0 2 Ak, BV ST — A2 4R 3R, 45 S0 Bril) B 75 31 (1 g
HEERN—E W mEE. X kAR S
FFE Y5, WN7E PET &5 P ik — ik F AR 2,
K4 PET W oG Ay EE 5 2 RE & 511 ke VI v BT 46
7 A Y IR ke

b 1.0F ¢
—REMVT —REMVT
—MVT 0.8 __MvT ®
0.6 =
© 04 |
o
0.2
1 1 1 1 1 1 1 0.0 1 1 1
0 200 400 600 600 800 1000 18 19 20 21
it [l /ns figs/keV REY%

a—— @ gk b b—— A [ Ak o

FAFIR % ; c——CDF; d——FHREIE &

10 ko g 45

Fig. 10 Pulse reconstruction results
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