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A B S T R A C T

This work describes the implementation of a 64-channel Application Specific Integrated Circuit (ASIC)
developed in a commercial 65 nm CMOS technology to readout the signals collected by a camera plane made
of Silicon Photo-Multipliers. The aim of the application is the identification of Extensive Air Showers (EASs)
by detecting optical Cherenkov light generated by Ultra-High Energy Cosmic Rays (UHECRs) and Neutrinos
(UHENUs) from sub-orbital and orbital altitudes. In this context, the ASIC is designed to store each event into
an analog memory based on 256 configurable cells per channel. Then the chip forms a hitmap sent to an Field
Programmable Gate Array (FPGA) to recognize a pattern of interest. If the signal is externally validated, the
digital conversion can occur on-board using an array of 12-bits Wilkinson analog-to-digital converters (ADCs)
at 200 MHz of clock. The readout is realized with two serializers running at 400 MHz in double data rate
(DDR). Both the number of cells and the resolution can be configured into partitions of 32, 64 or 256 cells
and in the range 8–12 bits respectively, becoming a key feature of this ASIC. The chip submission and testing
are planned for the forthcoming months.
1. Introduction

The interaction of UHECRs and UHENUs with the terrestrial atmo-
sphere produces EASs and these relativistic particles are characterized
by the emission of Cherenkov light. Since the latter is collimated with
the direction of the cascade propagation, spatial and energy infor-
mation of the parent UHECR/UHENU can be tracked detecting this
emission. To derive these EAS parameters the light can be collected
by a telescope equipped with a focal plane made of a matrix of Silicon
Photo-Multipliers (SiPMs). The signal acquired by these sensors from
sub-orbital height (∼30–40 km) or Low Earth Orbit (LEO, ∼500 km)
lasts tens of nanoseconds. Simulations show a dependency of this result
from the angle subtended between the EAS direction and the axis
perpendicular to the focal plane. Due to the durantion of the event,
at least a time resolution of the order of 100 MHz is required to
adequately process such kind of signals. Moreover, a full waveform
sampling system allows to distinguish an EAS-related event from the
interaction due to an impinging direct cosmic ray. Table 1 summarizes
some requirements for this application.

To satisfy these requirements a 64-channel ASIC is designed tak-
ing inspiration from current and future missions in UHECR and UHE
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neutrino astronomy such as Extreme Universe Space Observatory-Super
Pressure Balloon2 (EUSO-SPB2) [1], the planned POEMMA Balloon
with Radio (PBR) [2] which is based on a board stratospheric bal-
loon platform, the space-based missions Terzina [3] currently under
development and the planned POEMMA [4] mission.

2. ASIC architecture

This section is dedicated to the architecture of the Multi-channel
Integrated Zone-sampling Analogue-memory based Readout (MIZAR)
ASIC. The design is implemented in a commercial 65 nm CMOS tech-
nology with 12 low-voltage differential signaling (LVDS) lines which
include a Serial Peripheral Interface (SPI) to configure the ASIC. More
in detail, Fig. 1 illustrates a block diagram representation of a channel.
The current induced by the sensor is processed with an amplification
stage and its output is distributed into two branches. The first feeds
a couple of comparators used as trigger of the End-Of-Column (EOC)
module. This last module implements the digital control logic of the
ASIC merging the information from the channels to generate two
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Fig. 1. Block diagram representation of a channel connected with EOC.

Table 1
Summary of application requirements.

Requirement Value

Die area (5 × 6) mm2

Time resolution ≥100 MHz
ADC resolution 8–12 bits
ADC input range 0 ÷ 1 V
Voltage supply 1.2 V
Power ∼5 mW per channel

hitmaps. Since the pixel size is comparable with the size of the point
spread function of the optics, a double threshold allows to select the
spot contained in one pixel or that one distributed on more pixels. If
an event occurs, a read request is sent to an external FPGA. If this
signal is accepted, the hitmaps are serialized at 400 MHz in Double
Data Rate (DDR). For instance, an interesting pattern could be formed
by one pixel over the higher threshold or two adjacent pixels over the
low threshold. The second branch connects the output of the amplifier
with an array of 256 cells segmented in 8 blocks of 32 cells each. Since
the events follow a Poissonian distribution, these 8 partitions ensure the
derandomization of the signals [5] realizing the sampling, the digitiza-
tion and the readout in parallel. Each cell implements a configurable
Wilkinson ADC [6] where the waveform is stored in a capacitor (C)
during the sampling stage. When the digitization is enabled, the Gray
counter and the ramp generator start to operate with the same phase.
In this way the conversion takes place in parallel in each unit of the
32-cells partition. When the voltage on the top plate of a unit is larger
then a voltage threshold, the value of the Gray counter is locally stored
in the cell. The resolution of the converter is programmable in the
range [8–12] bits to guarantee enough adaptability for such kind of
application where a fine resolution is not mandatory. This represents a
key feature since the time saved can be remarkable. Indeed considering
the time required for the conversion 2𝑁𝑇𝑐𝑙𝑘 where 𝑁 is the number of
bits and 𝑇𝑐𝑙𝑘 is the clock period equal to 5 ns, in the case of a full 12-
bits resolution the digitization takes around ∼20.5 μs while only ∼1.3
μs are demanded for the 8-bits configuration. The readout of the data
is realized by sending out to the FPGA a stream made of 8-bits header,
6-bits packet information, 16-bits value for internal timestamp, 9-bits
addresses, then the converted data of the event.

3. Layout

Fig. 2 shows the layout of a section based on 32 cells which are the
building blocks of MIZAR. The area of each cell is (72 × 9.8) μm2 and
the estimated power is around ∼2.5 μW. At the bottom of the leftmost
module is located the digital logic of the partition and its domain is
separated from the analog one by two substrate lines. This block is
assembled with others to form a channel and it is integrated with the
EOC. The total area of the chip is (5 × 6) mm2 including padring. The
ASIC is currently under debugging and mixed-signal simulations are
planned in the forthcoming months.
2 
Fig. 2. Layout of a 32-cells partition and physical implementation of a single cell with
its schematic.

4. Conclusions

In this work a 64-channel ASIC to readout SiPMs was presented. The
technology target of the chip is a commercial 65 nm CMOS node and
its channels are partitioned in blocks of 32 cells. Each one is capable
of carrying out the sampling, the digital conversion and the readout of
the data. The output stream is serialized at 400 MHz in DDR. A MPW
production run is planned in the last quarter of this year.
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