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* The Limadou Project
* The Lithosphere-Ionosphere Coupling.

* The China Seismo-Electromagnetic Satellite (CSES)

* The High Energy Particle Detector 02 (HEPD-02) part of CSES-02
* Overview of the High Energy Particle Detector (HEPD-02).

* The HEPD-02 silicon tracker and its readout system.



Limadou Project

The Limadou project is a Chinese-Italian collaboration to build a constellation of satellites to
monitor electromagnetic field and waves, plasma and particle perturbations in the
magnetosphere.

* CSES-01: launched in 2018 and operative
* CSES-02: projected lunch date around 2023

* Further satellites under discussion
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Seismo-Electromagnetics

Seismo-Electromagnetics is the field studying the Litho/Atmo/Ilono/Magnetosphere coupling.
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CSES-02

The China Seismo-Electromagnetic Satellite (CSES) is designed to perform precise correlated
measurement of EM fields and particle fluxes.

GNSS-RO

Instruments:
 EM fields detectors (EFD, HPM, SCM)
* Plasma physics (LP, PAP)
e Particle detectors (HEPD, PAP)

Fields of interest:
* Lithosphere-ionosphere coupling
* Solar Physics (space weather)

* Cosmic ray fluxes T~ O




High Energy Particle Detector (HEPD-02) to measure fluxes of trapped particles in the magnetosphere
in the 3-150 MeV range for electrons and 30-300 MeV for protons.
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ALTAI sensor

The ALTAI sensor is a CMOS Monolithic Active Pixel Matrix sensor (variant of the ALPIDE sensor

developed by the ALICE collaboration for the LHC LS2 upgrade).
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ALTAI sensor

The ALTAI sensor is a CMOS Monolithic Active Pixel Matrix sensor (variant of the ALPIDE sensor
developed by the ALICE collaboration for the LHC LS2 upgrade).
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¢ Readout performed on groups of two columns,
with zero suppression and efficient cluster
coding.

* Fast readout port (up to ~1.2 Gbps) + Parallel
port for local bus (daisy chain configuration 1
master + max 6 slaves).

* Control port offering a slow readout side-
channel (~3-5 Mbps data rate).



Power Consumption Reduction

The tight power budget available requires the development of a custom tracker readout system:
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Stave structure

The basic unit of the tracking detector is a stave with 10 chips (2 master with 5 slaves each)
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2%%\ * The high speed serial line on the two
master is not connected.

CTRL
CLK 1

T° sense

* The two masters share the same CTRL
line, used for the readout of the entire

Master chip — CTRL line
—— Local bus[3:0] stave.
Slave Chip —— Power

A single CTRL line shared for the entire stave is acceptable considering the expected event rate:
max ~100-200 bytes @ ~400 Hz typical, ~1 KHz peak.
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Tracker

The tracker is divided in 5 turrets
aligned with the trigger bars.
ALPIDE Chip

Each turret is composed by piling
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Tracker DAQ Board

% %{j The entire tracker is managed and read out by a
% %% “Tracker DAQ" board.
cle e

Single low-power FPGA.
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Firmware Implementation

<& Stave l:lMasterchip l:lslavechip
P g (x15) CTRL stave readout cores:

* Handle commands to the staves.
* Implements a readout FSM.
* Additional zero-suppression.
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Firmware Implementation

Sparse readout of the tracker and use of clock gating to
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Firmware Implementation

‘@& Stave l:l Master chip I:I Slave Chip
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Event packaging:

* Generation of an event package.

* Data is transmitted or decoded and passed to the CPU
(for calibration)

i CICIEC]

1

I
I
I
I
I

71 JO_—

| s il

|

| P Te e

LD

payload CRC32

event timestamp

15 31
OxfEEf ‘ payload length
Header

=)
S|

Multiplexer trig count ’timestmp fine cnt

K Payload

Event Builder Trigger[0:4] X (chip data)
I —_— Packager \

off-chip communication [« ] MCU Microblaze \’

= Decoder DP RAM
Trigger Frame data
HEPD Main DAQ E}w MCU

17



Firmware Implementation
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Firmware Implementation
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Micro-Controller Unit:

* Based on a Xilinx Microblaze soft-CPU.
* Implement routines for configuration, calibration,
and gather telemetry data.
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Tracker Subsystem Integration Testing

Main CPU
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Tracker
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Conclusion

* Developed a readout system to fit the CSES-02 mission’s constraint.
* Sparsified readout of the tracker.

* Efficient test and calibration procedures.
* HEPD-02 integration in the final stages.

* Testing and beamline characterization to begin soon.

* Launch expected between end of 2022 and begin of 2023.
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