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Prototype of a front-end readout ASIC
the Water Cherenkov Detector Array in

Evaluation of a front-end ASIC for the readout of PMTs
over a large dynamic range
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State Key Laboratory of Particle Detection and Electronics, University of Science and Technology of China, Hefei 230026, China

Abstract: The Large High Altitude Air Shower Observatory (LHAASO) project has been proposed for the survey
and study of cosmic rays. In the LHAASO project, the Water Cherenkov Detector Array (WCDA) is one of the major
detectors for searching for gamma ray sources. A Charge-to-Time Convertor (QTC) ASIC (Application Specification
Integrated Circuit), fabricated with Global Foundry 0.35 pm CMOS technology, has been developed for readout
of photomultiplier tubes (PMTs) in the WCDA. This ASIC provides both time and charge measurement of PNIT

signals. The input charge is converted to a pulse width based on the Time-Over-Threshold (TOT) technique and
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Universiry of Science and Technology of China,
Jinzhai Road, Hefei, 230026, China
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linear discharge method; as for time measurement, leading edge diserimination is employed. This paper focuses on
the evaluation of this front-end readout ASIC performance. Test results indicate that the time resolution is better

than 400 ps and the charge resolution is better than 1% with large input signals and remains better than 15% @1

. X photoelectron (P.E.), both beyond the application requirement. Moreover, this ASIC has a weak ambient temperature
E-mail: anqi@ustc.edu.cn

dependence, low input rate dependence and high channel-to-channel isolation.

Key words: ASIC, time measurement, charge measurement, QTC, LHAASO, WCDA

ABSTRACT: The Large High Altitude Air Shower Observatory is in tH
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The Large High Altitude Air Shower Observatory
(LHAASO) project for the study and exploration of par-
ticle astrophysics has been proposed, consisting of var-
jous kinds of efficient detectors [1, 2]. One of the ma-

jor components is the Water Cherenkov Detector Ar-

ray (WCDA), aiming to survey gamma ray origins with
its high sensitivity to gamma ray showers above a few
hundred GeV [fi. i The WCDA is composed of four
150 mx150 m water ponds, each with 900 photomul-
ripl'lvl' tubes (PMTs) located at the bottom to collect

ics readout channels are required, as shown in Fig. 1.
The readout electronics of every 9 adjacent PMTs are
combined into one front-end electronics module (FEE).
which processes and digitizes the PMT output signals
before sending them to the Data Acquisition (DAQ) sys-
tem [5-8].

Both high precision time and charge measurement is
required in the WCDA readout electronics, and the sig-
nal dynamic range can vary from 1 P.E. (photoelectron)
to 4000 P.E. The resolution of time measurement should
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> SeEBEEAFPGA TDCSHEREITHEE.
> BUHIFISHEREEIT, ASEHSHAUMTFER.

The Design of a 16-Channel 15 ps TDC
Implemented in a 65 nm FPGA

Lei Zhao, Member, IEEE, Xueye Hu., Shubin Liu, Member; [EEE. Jinhong Wang, Qi Shen. Huanhuan Fan, and

Qi An, Member, IEEE

IEEE Transactions on Nuclear Science 60, 3532-3536 (Oct. 2013) 1 ’—‘

IEEE TRANSACTIONS ON NUCLEAR SCIENCE, VOL. 60, NO. 5§, OCTOBER 2013
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Abstract—We present the implementation of a high-re:
Time-to-Digital Converter (TDC) in a Field Programmaly #54
Array (FPGA) from Xilinx Virtex-5 family. The design of t
is based on a counter and interpolator method. Dedicated ¢

lines in CARRY 4 blocks of the Virtex-3 FPGA are utilized A S tepp e d_Up Tre e EHC Od er for the o S— —

interpolation, which realizes the fine time measurement ¥

system clock period. Simulation results show that the del . Flag Selector
CIN to COUT in CARRY4 block is as large as 104 ps. 1| 1 O_pS Wave Union TDC = bl

subdivide the delay cell into finer taps for a higher resolutio

sidering the inhomogeneous delay cells, multiple strategies Xueve Hu, Lei Zhao, Shubin Liu. Jinhong Wang. and Qi An

plied to perform the calibration and to enhance the TDC
tion. Meanwhile, we also apply Place and Route (PAR) con

. . Binary Border code Bc::kr m m
to fit our TDC requirements. Finally, « sl of 16 ToC of - |EEE Transactions on Nuclear Science 60, 3544-3549 (Oct. 2013) ’+-+-
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with a timing performance of about 15 ps RMS are imple]
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in one FPGA.
to deal with the issue of non-thermometer-to-binary (NTH2
Index Terms—Compensation, field programmable gate} coding for a 10-ps wave union FPGA TDC. The encoder is
(FPGASs), time measurement, time-to-digital converter (TI§ up of two pipeline stages: pre-encoding and parallel encodin!
is capable of bubble error correction (BEC) as well. With t
coding algorithm applied in a Xilinx Virtex-4 FPGA, we ac
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Chinese Physies C Vol. 37, No. 10 (2013) 106102

A fast improved fat tree encoder for wave union TDC
in an FPGA "~

SHEN Qi(ib#)" ZHAO Lei(&5§)*" LIU Shu-Bin(XM#)'2? LIAO Sheng-Kai(&J!
QI Bin-Xiang(#8127)?  HU Xue-Ye(W7EF)*  PENG Cheng-Zhi( =4 AN Qi(
! State Key Laboratory of Particle Detection and Electronies, University of Seience and
Technology of China, Hefei 230026, China
2 Department of Modern Physies, University of Science and Technology of China, Hefei 230026, China
3 Hefei National Laboratory for Physical Sciences at Microseale, Hefei 230026, China

Chinese Physics C, 37, pp. 116102-1 - 116102-9 (Oct. 2013)

(NTH2B) encoding process should be finished within just one system clock eyele. So the implementation of the
NTH2B encoder is quite challenging considering the high speed requirement. Besides, the high resolution wave union
TDC also demands that the encoder convert an ultra-wide input code to a binary code. We present a fast improved
fat tree encoder (IFTE) to fulfill such requirements, in which bubble error suppression is also integrated. With this

encoder scheme, a wave union TDC with 7.7 ps RMS and 3.8 ps effective bin size was implemented in an FPGA
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REVIEW OF SCIENTIFIC INSTRUMENTS 85, 045115 (2014)

A field-programmable-gate-array based time digitizer for the time-of-flight

mass spectrometry

Chunfeng Ye,'2?2 Lei Zhao,'2? Zhongyue Zhou,* Shubin Liu,’2 and Qi An'?

'State Key Laboratory of Particle Detection and Electronics, University of Science and Tee
Hefei 230026, China

"Drpm:.un.--m af Modern Pliysics, University of Science and Technology of China,

Hefei 230026, China

2705 Research Division, Electronic Engineering Institute, Hefei 230037, China

*National Svachrotron Radiation Laboratory, University of Science and Technology of Chi
Hefei 230029, China

Review of Scientific Instruments, 85, 045115-1 —
045115-7 (2014)

: . =
digital conversion, is one of the important parts in modern TOF mass spectrome
implemented with analog circuitry or application-specific-integrated-circuit (AS
ever, il is difficult to achieve a high density with the analog approach. Furthermor
long design cycle and the function cannot be easily revised for different applica
we present a highly flexible, accurate, yel low-costing design ol time digitizer
a field-programmable-gate-array (FPGA) and time interpolation method. Test ¢
the bin size ol this time digitizer is 390 ps with an average standard deviation (2
differential nonlinearity is in the range of —0.10 to +0.05 LSB (lcast significant
surement time range is larger than 107 s. Compared with other technigues. it ©
complexity while providing a good flexibility. In addition, this technique can also
or more STOP pulse measurements [or each START pulse reference, enabling me:
ple times-of-flight with a common start trigger. Besides, a time stamp is recorded f
rendering this time digitizer versatile in other applications. Moreover, hecause of
characteristic of a FPGA, more functions can be integrated in the time digitize
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Kernel Task Requirement
Bin size of time measurement <1ns
RMS of time measurement <0.5ns
Dynamic range of time measurement 2 us
Minimum interval of two hit signals 100 ns
Dynamic range of charge measurement §PE
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Resolution of charge measurement 300/:/0@%(8)0%5 1’2
Channel number 3600
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Precise Clock Synchronization in the Readout Electronics of WCDA in
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Time Measurement System Based on Waveform
Digitization for Time-of-Flight Mass Spectrometer
Xiaofang Hu, Lei Zhao. Changqing Feng, Wei Zheng, Shubin Liu, and Qi An

IEEE Transactions on Nuclear Science 60, 4588-4594 (Dec. 2013)
|

Abstract—To guarantee a good resolution of a Time-Of-Flight l L :
Mass Spectrometer (TOF-MS), a high-performance time mea- E T
surement system was required. This paper presents a time  Apaiyte o® |7 o+ o+ Ui_it_c"i_
measurement system based on wavelorm digitization. The critical input _'_1 ‘-"r; I::I 04:‘—: oV — acqul‘smon

part, the 2-GSPS analog-to-digital converter is implemented using
the Time-Interleaved Amnalog-to-Digital Conversion (TIADC)
technique. Through a digital post-processing algorithm, the
mismatch errors between the interleaving TIADC channels are
corrected, which significantly improves the ADC performance. A

Chinese Physics C Vol. 37, No. 11 (2013) 116102

. . . . - Fig. 1.
Peripheral Component Interconnect (PCI) bus interface is used = . . LIS S - ] ] 4
to communicate with a computer. achieving a data transfer rate A new method of waveform digitization bas:.ed on time-interleaved
up to 2l! M}!_\'lea’s using Direct .\le‘m(.lr_\' Au‘e.s's. (D_\.IA]. Initial test AXD (.'.UllVEl'SiUn i
results indicate that the system timing precision is about 196 ps The
Root-Mean-Square (RMS), which is good enough for the given  p )
requirements. |ati0; YE Chun-Feng(M-{7#i%)423  ZHAO Lei(Bi0)M*Y  FENG Chang-Qing (34 )42
er 1 e - e A -
Index  Terms—Direct  memory access, time-interleaved locitie LIU Shu-Bin( A1) M Hi]l'ﬁ AN Ql[ "1.'}.”:}"“
analog-to-digital conversion, time-of-flight mass spectrometer, 1o dect
waveform digitization. . g o
sddersl Chinese Physics C 37, 116102-1~116102-9 (Nov. 2013)
I. INTRODUCTION ;E:T::_ 3 705 Resenreh Division of Electronie Engincering Institute, Hefei 230037, China
o . . . Now

OF-MS 15 widely used i many domans due to its large by tin Abstract: Time interleaved analog-to-digital conversion (TIADC) based on parallelism is an effective way to meet

dynamie range, lugh scan speed and sunple architecture. Conve the requirement of the ultra-fast wavelorm digitizer beyond Gsps. Different methods to correet the mismateh errors
Fig. | shows the block diagram of a TOF-MS. The molecules e I among different analog-to-digital conversion channels have been developed previously. To overcome the speed limi-
to be analyzed are firstly converted to different 1ons with corre- quent tation in hardware design and to implement the mismateh correction algorithm in real time, this paper proposes a
sponding values of m /g (m refers to the mass: g refers to the there fully parallel correction algorithm. A 12-bit 1-Gsps waveform digitizer with ENOB around 10.5 bit from 5 MHz to
charge of the ion). These ions are then accelerated to a final ki- are to 200 MHz is implemented based on the real-time correction algorithm.
netic enerey W in acceleration region by a known electric field, ainad

Key words: waveform digitizer, time-interleaved analog-to-digital conversion, time-skew error, digital correction
algorithms

PACS: 07.05.11d DOI: 10.1088/1674-1137/37 /11 /116102

1 Introduction readout electronics for LHAASO (the Large High Alti-
tude Air Shower Observatory) KM2A [8], which is based

Compared with the traditional method based on on 12 bit ADCs with a sampling rate of 500 Msps. Con-

UNIVERSITY OF SCIENCE AND TECHNOLOGY

charging integration, shaping. and low speed data acqui-
sition, modern waveform digitizers (WFDs) can be uti-
lized to obtain the most comprehensive physies informa-

sidering that the rising time of photomultiplier tubes
(PMTs) is about 3-4 ns, the sampling rate is not ad-
equate to record the original waveform directly; thus a

64
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Beam Position and Phase Measurement System for
the Proton Accelerator in ADS

Lei Zhao, Member, IEEE, Xingshun Gao, Xiaofang Hu, Shubin Liu, Member, IEEE. and Qi An, Member, [FEE

-- Chinese Physics C, accepted. F—1EE
-- Nuclear Science and Techniques, 26(3), 030402-1
—030402-6 (Jun. 2015) wBIREE

IEEE Transactions on Nuclear Science 61, 538-545 (2014)

Abstract—A prototype of a beam po
ment system is designed for the proto
Accelerator Driven Sub-critical systen
the Beam Position Monitor (BPM) d
with a repetition frequency of 162.5 ME
would vary for more than 40 dB. By
high-resolution analog-to-digital conve
radio-frequency (RF) signals are directl
onal streams by precisely adjusting the
Compared with the traditional meth
and quadrature-phase (1Q) data, it sim
digital processing circuits. All signal
integrated within one field programmal
for a good system simplicity. Initial te
this prototype achieves a phase resolu
a position resolution better than 5 pm

range from —44 dBm to —4 dBm, well

Index Terms—ADS, analog-to-digital
and phase measurement, IQ sampling.

I. INTRODUCTI

HE China ADS is now i the R
solution for the reduction of rad
shown m Fig. 1. the proton beam fr
(LINAC) is extracted to the target, trax
nuclear material and meanwhile pro
A high-current proton accelerator is
parts in ADS. The accelerator includ
jector and a main LINAC section. Th
ated by the mjector to 10 MeV and t
1.5 GeV [1].
In the R&D phase. two different d
the injector are proposed, with Schem
Scheme I based on 162.5 MHz. These
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Optimization of the Sampling Process for the
Close Orbit Data in the Digital Beam Position
Measurement for SSRF

Weihao Wu, Lei Zhao, Member, IEEE, Erlei Chen,
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DECOIE A1l INIPOITanl PIAtornl 00 VAIlous  SCICHe
research [1]. In the SSRF, Beam Position Measurement (BPM)
15 an indispensable diagnosis system that can monitor the beam
position information i the storage ring. Among the different
types of data that the BPM provides, the Close Orbit (CO) data
15 an unportant one which 1s apphed to beam monitoring, as
well as feedback to keep the beam orbit stable [2]. A digital
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s e

D09 R 02

BPM (DBPM) system has been designed [3]. [4]. the block

diagram of which is shown in Fig. 1. The DBPM receives iSRS, 201410440504.5 RIS 2014090200414330
signals from four position-sensitive detectors (PSDs) with a

repetition rate of 499.654 MHz [1]. The input signals are i g 2 i g

manipulated by the Radio Frequency (RF) circuits in four HIFARERAA: FERFERARS

sampling channels, before digitized by 14-bit ADCs with a

sampling rate around 117.28 MHz, through which digital BT — R AR AR A B IR BN AR B B R

[lllt‘tlllt‘dldle I 1eque1|L\ (IF) suzll.als of 30.5 MHz are generated.
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