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Abstract: The Large High Altitude Air Shower Observatory (LHAASO) is designed to search for cosmic-ray
sources by the measurement of gamma rays up to 1 PeV, to survey the whole northern sky for gamma-ray
sources above 300 GeV, and to study cosmic-ray physics from 10 TeV to a few hundreds of PeVs. The LHAASO
observatory will be located at high altitude (4300m in the Yunnan province, China) and will include different
detectors with known techniques, each of them being optimized for one of these goals. The LHAASO detectors
have typically high channel density and require very low power consumption due to poor power dissipation
at high altitude. The front-end electronics based on ASIC application matches well such specifications. The
PARISROC chip (Photomultiplier ARray Integrated in SiGe ReadOut Chip) is a 16-channel ASIC with channels
that work independently, in triggerless mode and all managed by a common digital part. It is currently being
adapted to the WFCTA (Wide Field of View Cherenkov Telescope Array) detectors of LHAASO. In this paper,
the characterization of PARISROC chip and the obtained performances will be presented.
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1 Introduction
The Large High Altitude Air Shower Observatory
(LHAASO) is designed to search for cosmic-ray sources
by the measurement of gamma rays up to 1 PeV, to survey
the whole northern sky for gamma-ray sources above 300
GeV, and to study cosmic-ray physics from 10 TeV to a
few hundreds of PeVs where there is a discontinuity be-
tween direct and indirect measurements[1]. The observa-
tory will be built in Shangri-La, Yunnan Province, China,
at high altitude of about 4300 m a.s.l. It is composed of
several different detectors with known techniques allowing
a reliable measurement of cosmic observables. The main
detector components are: KM2A, using a 1 km2 array
composed of electron and muon detectors, WCDA com-
posed of 4 ponds of water Cherenkov detectors, WFCTA
composed of Cherenkov telescopes, and high threshold
core detector array SCDA. Each of them has been opti-
mized for one of these goals. The LHAASO observatory
is complementary to existing detectors in this domain and
can bring insight to several fundamental open questions in
the understanding of high-energy cosmic objects and phe-
nomena.

The high altitude and the combination of different de-
tectors yield several challenges for the design and con-
struction of such an observatory. The air pressure at
4300 m a.s.l. is only 60% of that of the sea level decreas-
ing the efficiency of the heat dissipation. On the other
hand, the large number of channels increase the density
and the complexity of electronics and therefore also the
power consumption. Furthermore, the stability, reliability
and maintainability of the system are crucial for detectors
at harsh environmental conditions and remote location.

Considering all these factors, a customized Application-
Specific Integrated Circuit (ASIC), would be a well-suited
solution. Integration all the analog and digital components
into a single chip will simplify the design of the system,
decrease the power consumption and increase the reliabil-
ity, especially for the WFCTA telescopes[2],which have
high density of electronics. In this paper, a front-end elec-
tronics for the WFCTA telescopes based on the PARIS-
ROC ASIC chip (Photomultiplier ARray Integrated in
SiGe ReadOut Chip) will be presented.

2 PARISROC ASIC chip and its test bench
The PARISROC chip is a complex System on Chip (SoC)
IC that processes analog signals up to digitization. It is
designed by the OMEGA microelectronics group (Orsay,
France) and fabricated with 0.35µm SiGe technology by
Austria Micro Systems (AMS)[3]. The PARISROC chip
provides several functionalities. It can auto-trigger asyn-
chronously and provide digitized time and charge mea-
surements. It has 16 independent channels and a common
digital part. Typically, it covers a dynamic range from 50
fC to 100 pC and the time tagging is better than 1 ns. It is
a low-power consumption chip requiring only 15 mW per
channel.

The main architecture of the PARISROC chip is shown
in Fig 1. It is composed of three main parts: trigger, charge
and time measurements. The charge measurement is ob-
tained by two gain paths (high and low) for small and large
input signals in order to obtain a good charge resolution
over a large range. The gain of each channel can be set and
adjusted individually. This adjustable gain has been imple-
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Figure 1: Block diagram of PARISROC 2

mented to compensate the gain variation of the PMTs. The
preamplifiers are followed by a slow shaper with variable
shaping time and variable gain. Both shaper signals are
stored in two analog memories with a depth of two to min-
imize the dead time during digitization. A discriminator al-
lows to select charge signals for analog-to-digital conver-
sion.

The time measurement is obtained by two time values.
The coarse time (time stamp) is performed by a 24-bit
counter at 10 MHz. The fine time is obtained by Time to
Digital Converter (TDC) and stored in the analog memory,
in parallel with the charge measurement.

The high-gain preamplifier followed by a fast shaper is
used to produce a trigger. An adjustable low offset discrim-
inator is used as an auto-trigger. All channels are handled
independently by the digital part and only channels that
created triggers are digitized and transferred to the internal
memory and then sent out. The PARISROC chip has 278
slow control parameters. However, based on the applica-
tion, the number can typically be reduced to 5. These slow
control parameters are selected prior testing.

The PARISROC chip was designed for PMT readout in
PMm2 (square meter PhotoMultiplier) project[4]. A proto-
type of front-end electronics with PARISROC 2 fulfilling
the requirements of PMm2, was successfully designed and
tested. This specific prototype was used as a test bench to
evaluate the PARISROC 2 chip for the requirements of the
WFCTA telescopes of the LHAASO observatory.

3 Test results and comparison to WFCTA
requirements

In order to evaluate the PARISROC 2 chip against the
WFCTA requirements (see Table 1), different groups of
tests including the dynamic range and linearity, the width
of the signal, the pedestal and the event rate, has been
performed. The input signals were simulated by a signal
generator.

As shown in Table 1, the first challenge for the WFCTA
front-end electronics is its large dynamic range. The re-
quirement is a dynamic range from 160 fC to 240 pC with

Property Specifications
Signal polarity Negative (Anode)
Dynamic range 160 fC to 240 pC
Resolution <20% at 160 fC

<5% at 240 pC
Nonlinearity <2%
Time resolution 20 ns (RMS)
The adjustable threshold 5 pe to 100 pe
Single channel event rate 10 kHz/channel
Width of the signal 6 ns to 50 ns
Pedestal monitoring Electronics and Sky
Channels 1024
Power consumption 260 W/telescope

Table 1: Specifications of WFCTA.
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Figure 2: Dynamic range of PARISROC 2. The symbols
of circle and plus represent the outputs of the first channel
and the second one respectively (see text).

nonlinearity less than 2%, which is equivalent to a range
from 10 pe to 15000 pe at PMT Gain = 105. It covers 3
orders of magnitude and exceeds the typical limit of stan-
dard configuration of PARISROC 2. According to the tests
performed under standard configuration, the upper limit of
the dynamic range of a single channel only reaches 147
pC with nonlinearity less than 2%. Therefore to reach the
required dynamic range, two PARISROC channels have
been combined into one. As shown in Fig. 5, the 50 Ohm
matching resistor has been replaced by a voltage divider
to change the voltage distribution between these two chan-
nels to extend the dynamic range of the second channel
while keeping good linearity. As an example, the sum of
the value of RX and RY (see Fig. 5) must be 50 Ohm and
if the value of both resistors would be 25 Ohm, the upper
limit of the dynamic range of the second channel would
be twice of the first one. The lower limit would also in-
crease accordingly. Figure 2 shows the result of this exam-
ple. The dynamic ranges of the first channel are from 0.52
fC to 13.8 pC with nonlinearity less than 0.02% (HG chan-
nel) and from 15.6 pC to 208 pC with nonlinearity less
than 1.2% (LG channel). Meanwhile, the dynamic ranges
of the second channel are from 1.04 pC to 28.3 pC with
nonlinearity less than 0.06% (HG channel) and from 30.2
pC to 260 pC with nonlinearity less than 0.52% (LG chan-
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Figure 3: Width of the signal vs. output signals of PARIS-
ROC 2. The symbol of circle, cross, asterisk and diamond
represent the amplitudes of the signals which are fixed at 2
mV, 10 mV, 40 mV and 80 mV, respectively.

nel). It is obvious that by using this configuration, PARIS-
ROC 2 can easily reach the dynamic range required by the
WFCTA and even beyond. The other advantage of this con-
figuration is that it avoids the output discontinuity when
switching from HG to LG channel.

Based on the WFCTA specifications, the width of the
signal varies from 6 ns to 50 ns in Cherenkov mode. Figure
3 shows the results obtained for input signals with fixed
amplitude and variable width. The results show that, by
choosing the slow control parameters, the width of the
signal can be increased to 50 ns with nonlinearity less than
0.4%.

The single channel event rate of the PARISROC 2 chip
has also been evaluated. In the best case, the single chan-
nel event rate can reach 20 kHz with TDC unit power-on.
However, the number of triggered channels will affect the
single channel event rate. The results show that when all
16 channels are triggered, the event rate decreases to about
8.4 kHz. This is mainly due to the FPGA on the applica-
tion board which cannot generate enough trigger signals to
receive the data decreasing in the read-out rate. The event
rate of the PARISROC 2 chip could reach 20 kHz, if the
performance of the FPGA was improved. This characteris-
tic will be further studied with the new front-end prototype
board.

The capacitor in series installed at the input port of the
chip stops the DC component of the input signal. There-
fore, the only pedestal observed is an artificial pedestal
from ADC conversion and the pedestal cannot be obtained
from the output directly. One solution for this is to use the
external input to monitor the electronics pedestal.

In conclusion, the performances of the PARISROC 2
chip have been evaluated against various requirements
of the WFCTA telescopes. The results suggest that the
PARISROC 2 would be a suitable candidate for the
WFCTA front-end electronics.

4 Measurements with PMTs
The performance of the PARISROC 2 chip was also eval-
uated with signals from the PMT currently planned to be
used for the camera of the WFCTA telescopes. A candidate
PMT is CR303, which is manufactured by Beijing Hama-
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Figure 4: The single photoelectron spectrum. The dash
line and the solid line represent the results obtained by a
standard NIM system and by PARISROC 2, respectively.

matsu. Two prototype bases have been designed and fabri-
cated for this PMT. The tests were performed by standard
NIM system and by using the PARISROC 2 test bench. As
a first evaluation, the single-photoelectron spectrum (SPE)
and gain of it have been measured.

Figure 4 shows the single-photoelectron response mea-
sured by the standard NIM system and by the PARISROC
2 test bench. The high voltage = -1250 V was applied to
the PMT. As shown in this figure, the two SPE distribu-
tions seem very similar. However, there are two factors that
need to be considered. The first one is the different gains
of preamplifiers between NIM and PARISROC 2. This af-
fects the location of the pedestal and the peak of the single
photoelectron. The second one is that the PARISROC 2 is
an autonomous, trigger-less ASIC, which uses a threshold
to trigger an acquisition instead of a synchronized trigger.
Therefore, it is not easy to control the ratio of single pho-
toelectron events to total events. This affects the number
of the effective events. These two points explain the slight
differences seen in the spectrum measured by the standard
system and by the PARISROC 2 test bench.

According to these results, the SPE peak-to-valley ratio
of CR303 is around 1.87 with the NIM system and around
1.35 with PARISROC 2. In case of PARISROC 2, the ra-
tio is smaller than in case of NIM system. This can be ex-
plained by a slightly larger σ of the pedestal distribution
due to noise. There are also some high-energy events form-
ing a small tail of the distribution obtained by PARISROC
2. This tail could be due to cosmic-ray events.

These measurements with CR303 PMT clearly show
that PARISROC 2 has ability to distinguish the single pho-
toelectron from the background noise confirming therefore
its good performance in terms of resolution. Further stud-
ies, in particular linearity measurements, with the CR303
PMT combined to PARISROC 2 are in progress.

5 Design of the front-end electronics based
on PARISROC 2

A new front-end electronics board adapted to the WFCTA
telescopes has been designed. Although the design takes
the PMm2 front-end board as a reference, it takes into ac-
count the requirements for interfaces, the mechanical lim-
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Figure 5: System block diagram of the front-end electronics for WFCTA telescopes.

itation, the power supply standards and the communica-
tion protocols of LHAASO. The design is currently fin-
ished and the prototype board is under fabrication.

A system block diagram of the front-end board is shown
in figure 5. A single WFCTA telescope is composed of
1024 PMT channels, divided into 16 clusters. Therefore,
the board is designed for a cluster of 16 PMTs. The out-
puts of the PMTs are connected to the board by using
coaxial cables and SMA connectors. In the the front-end
board, the signals are divided into two groups which are
processed by two PARISROC 2 chips separately in order
to achieve the requested dynamic range and to improve
the event rate. As mentioned above, the matching resis-
tor has been replaced by a voltage divider consisting of
two resistors to extend the dynamic range. A new power-
ful FPGA (Xilinx Spartan-6 LX150) is used to control the
two chips. The digitized charge and time measurements
are acquired and processed by the FPGA and stored in an
on-board high-speed memory. The clock distribution will
be implemented with the White Rabbit protocol compli-
ant. For this purpose, a Gigabit Ethernet transceiver is in-
tegrated on board to transfer data packets and control com-
mands though ethernet. At least 4 pairs of the Low Voltage
Differential Signaling (LVDS) connections are reserved to
exchange data. They can be used to transmit data, to dis-
tribute clock signals and to send control commands. The
Low dropout regulators and the DC-to-DC converters are
integrated on board to match the voltage requirements and
to satisfy the power consumption limits. The input voltage
scale is from +5V to +12V.

The front-end board will be tested with a cluster of
16 CR303 PMTs. Based on current test results and future
evaluation by the front-end board measurements, slight
modifications of the ASIC chip are foreseen prior to pro-
duction. Although this board is designed for the specifica-
tions of WFCTA, it can also be easily adapted to any other
experiment with similar requirements.

6 Conclusion
The LHAASO project is a complex multi-purpose cosmic-
and gamma-ray experiment in a challenging environment
of very high altitude. A natural choice for electronics
of high density and low power dissipation requirement

is based on ASIC. An ASIC chip, PARISROC 2, has
been tested and evaluated against the requirements of the
WFCTA telescopes of LHAASO. The current test results
show that the PARISROC 2 chip fulfills the requirements.
A new front-end electronics board based on PARISROC
2 is currently under fabrication and will be tested with a
cluster of 16 CR303 PMTs.
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