5\

University of

South-Eastern Norway

Development of the
Readout Electronics
Architecture for the
ASTRA-LEO Payload

@
BIAS_CTRL TP

ey
L

~ ETHERNET c1r-4r-lzu:mﬁ:

phFm-
“

{I'I_ll_ll_rl_rl_ri_rl_'rlL
PR P T

r A_E_A_E_A_A_AL
o o o o e e

R115%
e =

R117R116 R11k4

. R119

R&4 cg o_w " J

RLG
ll:'.i-l

CAL PULSE GEMERATOR

CAL_CTRL TP

(o
1

TR |
c —
reze-s 120 — &
c8

@ R43 ¢7 aZw [ “

El
B
—~ Blo

R45 [ |
B R | EU_J

i)

1

J
J8 - "
‘ P

=

| =

PHY RESET TPMCU ERASE TP MCU RESET TP

[l IC12
= s
(]

|—=JTJr

- 1D
ey

LT CECTTOLT LTI

i § @§ 8 6 @ & 68 6@ & -

R47TTPI®, - Cl4
Qi s ,% i1 R49 R136TP2™
S = = s U @—

J20

R135-0C®

TSUM_AL TP
TP3 @

o
-

L |
II—
-

S¥3avIH OAF30 NN
-
L UAR

Purpose and Aim

This project focuses on the design and development of a robust readout electronics architecture for the
ASTRA-LEO payload, intended for radiation detection in Low Earth Orbit (LEO). The primary motivation is to
enable accurate detection and characterization of high-energy particles in space, which is essential for space
weather monitoring, radiation mapping, and the protection of onboard electronics.

The readout electronics is designed to interface directly with silicon photomultipliers (SiPMs) coupled to
scintillator detectors, converting fast analog pulses into digital data suitable for further processing. The
system includes analog front-end circuitry for signal amplification and shaping, followed by digitization and
processing using dedicated ASICs, an FPGA, and a microcontroller. Key design goals include achieving low-
noise performance, high signal integrity, precise timing, and efficient data acquisition, while meeting strict
constraints on power consumption, size, and reliability for space applications.

System Design and Implementation

» Designed a complete readout electronics architecture integrating detector interfaces, analog front-end,
digitization, and data processing units

* Developed signal conditioning circuitry for silicon photomultipliers outputs, enabling reliable acquisition of
fast scintillation pulses with optimized gain and noise performance

* Designed low-noise power supply subsystems using DC-DC converters and LDO regulators to ensure
stable operation across all components

* Implemented a multi-layer PCB with careful mixed-signal layout, including grounding strategy,
Impedance control, and electromagnetic compatibility considerations

* Integrated key components including ASICs, FPGA, and microcontroller for efficient data acquisition and
processing

* Developed a scalable and modular architecture suitable for multi-channel detector systems and future
space-based radiation detection applications
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