The Rise of Multi-Orbit
Satellite Networks:
Implications for
Semiconductor Desigh

Exploring how integrated GEO, MEO, and LEO systems are
transforming space communications and driving revolutionary advances

in semiconductor technology.




From Single-Orbit to
Multi-Orbit: A Paradigm
Shift in Satellite
Communications
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GEO Era Dominance MEO & LEO Emergence
Geostationary satellites provided Recent surge driven by demands
broad coverage and stable links for reduced latency, increased
from 36,000 km altitude, defining capacity, and truly global coverage
commercial communications for including polar regions.

decades.
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Multi-Layer Integration

Integration of all three orbits into seamless Multi-Layer Satellite Systems
(MLSS) creates resilient, adaptive networks unprecedented in capability.
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e 15+ year e Balanced o Ultra-low latency
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antennas constellation e Starlink,
« Stable size OneWeb scale
broadcast links e SES O3b
MPOWER
example

Multi-orbit integration ensures continuous connectivity, optimizes costs
across service tiers, and enables unprecedented service diversity from
loT to high-throughput broadband.




The Multi-Orbit
Challenge: Complexity
and Interoperability

Dynamic Signal Environments

Diverse orbital environments impose dramatically varying signal
propagation characteristics, Doppler shifts up to £50 kHz, and link
budgets spanning 40+ dB ranges.

Simultaneous Tracking Requirements

Ground terminals must track fast-moving LEO satellites (crossing
overhead in minutes) while maintaining connections to stable GEO
assets simultaneously.

Critical need for multi-band (Ku, Ka, Q/V), multi-waveform support
and dynamic beam steering without manual reconfiguration or
hardware changes.

Software-Defined Future

Industry rapidly moving toward virtualized waveforms and
electronically steered arrays (ESAs) enabling flexible,
reconfigurable software-defined ground terminals.

| Multi-Band Flexibility



Semiconductor Design:
The Heart of Multi-Orbit
Satellite Systems

Extreme Environment Resilience

Components must operate reliably across temperature extremes,
intense radiation exposure, and power constraints unique to each

orbital regime.

High-Performance RF Front-Ends

Support for Ku, Ka, and emerging Q/V bands with multi-band
antenna systems requiring sophisticated mixed-signal and RF
integrated circuits.

Phased-Array Integration

Integration of electronically steered antennas with advanced

beamforming capabilities demands cutting-edge MMIC and

beamforming IC architectures.

Power and Size Optimization

Power efficiency and aggressive miniaturization critical for mass-
constrained LEO satellites and portable ground terminals requiring
extended operation.




Innovations Enabling Multi-Orbit

Semiconductor Solutions

Software-Defined
Radio

SDR chips host multiple
waveforms simultaneously,
enabling rapid
reconfiguration between
DVB-S2X, 5G NR, and
proprietary protocols without
hardware changes.

Radiation-
Hardened
Processing

Space-grade processors and
memory devices with total
lonizing dose (TID) tolerance
exceeding 300 krad ensure
mission-critical reliability
throughout mission life.

Advanced RF
Technologies

GaN-on-SiC and advanced
CMOS processes enable
high-frequency (Ka-band and
beyond), high-power RF
amplification with superior
efficiency and thermal
performance.

Onboard Al
Acceleration

Integration of Al accelerators
enables adaptive network
coding, interference
mitigation, dynamic resource
allocation, and autonomous
orbital traffic management.
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1 Orbital 5G/6G Integration

Fully orbital 5G/6G core network functions integrated on
radiation-hardened System-on-Chip (SoC) platforms,
enabling native cellular service from space.

2 Laser Mesh Backhaul

Inter-satellite optical communication requiring ultra-low
latency (<1ms), multi-terabit throughput photonic and
electronic ICs for seamless space-based routing.

3 Nanosatellite Networks

Growing role of CubeSats and nanosatellites in Distributed
Satellite Information Networks (DSIN) demanding scalable,
ultra-low-power semiconductor solutions at sub-watt
levels.

4 Software-Defined Architecture

Cross-layer optimization and Software-Defined Networking
; _ (SDN) pushing semiconductor flexibility further with FPGA-
il e _« based reconfigurable processing and Al-driven

| S ' orchestration.




Visualizing the Multi-Orbit Semiconductor
Ecosystem
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O=| RF Front-End @ Beamforming ICs
Multi-band transceivers, low-noise amplifiers, and Phase shifters and digital beamforming processors
power amplifiers supporting Ku/Ka/Q/V bands with enabling electronically steered arrays with thousands
instantaneous bandwidth exceeding 2 GHz. of elements and sub-degree pointing accuracy.
11
JUJE Radiation-Hard Processors @ Al Accelerators
UL
Fault-tolerant computing platforms with triple Neural processing units optimized for inference tasks
modular redundancy (TMR) and error correction for including interference detection, traffic prediction,
mission-critical control and signal processing. and autonomous network optimization.
@é Power Management %9 Timing & Synchronization
High-efficiency DC-DC converters and power Ultra-stable oscillators and clock distribution
distribution ICs operating at 90%+ efficiency across networks ensuring phase coherence across

extreme temperature and load variations. distributed phased arrays and multi-satellite links.



Desighing the
Semiconductor Future
for a Multi-Orbit
Connected World

Unprecedented Semiconductor
Connectivity Innovation

Multi-orbit networks redefine Imperative

global connectivity with Advanced semiconductor
seamless coverage, sub-50ms solutions are pivotal to
latency, and resilience through meeting the diverse,

orbital diversity and automatic demanding requirements of
failover. integrated satellite systems

across all orbital regimes.

Ecosystem Collaboration

Success requires deep collaboration across satellite operators,

ground system designers, and semiconductor manufacturers to co-
optimize system architectures.

The next decade promises
transformative advances enabling
seamless, high-performance multi-
orbit communications worldwide.

As we stand at the threshold of ubiquitous space-based connectivity,
semiconductor innovation will continue to be the enabling technology
that turns ambitious multi-orbit visions into operational reality, connecting
every person and device on Earth.




