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About Magics Technologies

Empowering pioneers in space and nuclear
technology by providing critical

electronics

Located in Geel, Belgium, Magics is a European fabless
semiconductor company specialized in radiation hardened integrated

circuits, becoming the reference supplier for radiation-hardened
electronics for the nuclear and space industry.
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Magics in Numbers

50+

Engineering & PhDs. Backed by
seasoned managers

150+

Years of combined expertise in RHBD:

design, modeling, testing &
qualification

10+

High-performance rad-hard chips
developed

€15M+

In custom projects for clients
worldwide

2018

ESA partner since 2018 with multiple
successful projects

10

Years of Magics Technologies




Markets

Nuclear graded cameras

Instrumentation & control Satellite communication



Our competencies

Rad-hard IC Design

Testing and Characterization

System Integration




RHBD: Enabling Integration,
Reducing Qualification Costs

RELIABLE PERFORMANCE H

Legacy systerns Radiation hardening Advanced,
by design (RHBD) integrated SoC solutions
Complex, bulky architectures relying Robustness is embedded at circuit level, Radiation-hardened systems integrated
on multiple stand-alone components. enabling compact, reliable, and high- on achip, reducing size, weight, power, and
performance systems. overall qualification complexity.
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Product offering

Time measurement &
clock generation - Time

Market leading, patented clock generation and
time measurement chips

Data acquisition, control &
sensor interfaces - Motion

A chip ecosystem for data acquisition & control.

Rad-hard digital imaging &
video transmission - Vision
World-first chipset for digital CMOS-based

camera solution for nuclear environments with
100Mrad radiation tolerance
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OUR RAD-HARD PLL



The classical analog phase locked loop (PLL)

Compares the phase of a reference to an adjustable feedback frequency
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source: https://www.cppsim.com/PLL Lectures/digital pll cicc tutorial perrott.pdf



https://www.cppsim.com/PLL_Lectures/digital_pll_cicc_tutorial_perrott.pdf

All-digital PLL for space

Benefits
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© Digital Loop Filter: ,/ ,/

Compact & integrated

No mismatch, adjustable -”-lw ref(t) Phase Analog | OUt(t)ﬂﬂm

P Detoct | |Loop Filter[

© Removes sensitive nodes: VGO

PD & filter 1 Divider |«

Challenges ‘

© Time-to-Digital Converter:
-, ref(t) Time - out(t) I““”
Quantization -”-”-”—r — Digital |
_‘t‘_" ] Loop Filter —>
© Digitally-Controlled Oscillator: Digital DCO Staszewski et. al.,
Quantization . Divider |4 TCAS I, Nov 2003
source: https.//www.cppsim.com/PLL Lectures/digital pll cicc tutorial perrott.pdf

https://ocw.mit.edu/courses/6-976-high-speed-communication-circuits-and-systems-spring-2003
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PLL phase-jitter performance trend
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[1]1 W. Bae, "Benchmark Figure of Merit Extensions for Low Jitter Phase Locked Loops Inspired by New PLL Architectures," in IEEE Access, vol. 10, pp. 80680-80694, 2022, doi: 10.1109/ACCESS.2022.3195687.



PLL product roadmap at Magics

» 3 GHz ADPLL prototype chip

- Market entry
2027
» 5 GHz ADPLL engineering models O PLLO0101
2025
- Leveraging our knowledge to PLL00002 32 GHz
improve performance & functionality A 5 GHz
» 32 GHz RF-ADPLL development 2020
PLLOOOO1
- Extended frequency support 3 GHz

- Phase noise improvements



MAG-PLLO0002: key features

Key features Architecture

Reference frequency 10 -100 MHz
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62.5 MeV-cm?*/mg, SET detection



MAG-PLLO0002: Phase noise performance
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RFDRV differential cutput power [dBm]

MAG-PLLO0002: RF output performance

Output power versus frequency Output spectrum at 3.7 GHz
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MAG-PLLOO0O0O1: TID measurement results

On-chip crystal oscillator stability ADPLL closed-loop phase noise at 2.5 GHz
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MAG-PLLO0O0Ox2: SET detection mechanism

SEE Latch-up Transient occurrence

» Insensitive up to 62.5 MeV-cm?/mg » Sudden phase jump variations
can be monitored
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OUR RAD-HARD TDC



PRODUCT OBJECTIVES

Achieve sub-10 picosecond single-shot precision, with more than 100 microsecond measurement range.

Zero dead zone

Multi-stop
support
High linearity PP
START
: 1
...... 010...
ITAR free
Applications
Flexibility



DC architecture
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DC architecture

PLLclk

Patent
pending
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SSP (ps)

Results: Single-Shot Precision

SSP vs Delay [0-20ns]

Single Shot Precision versus intput delay [0-20ns]

VDDANA=1.2V, VDDDIG=1.2V, VDD1P8=1.8V, VDD1P85PI=1.8V, Temperature:ZS"Cl
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Results: Conversion step size (LSB)

LSB versus temperature and supply variaton
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Results: Total lonising Dose, SSP
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Cross Section (cm?/device)

Results: Single Event Effects, SET
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Our TDC is on a mission

Application:
» 2D mass spectroscopy
> Detecting different ions

» Space weather

Flight facts:

» Launched earlier this month

» Now in the ISS
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Reference: C. Maldonado, et al., Small Satellite Conference, 2022
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