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▪ Introduction intra-satellite connections

▪ Recent developments in rad-hard SiGe BiCMOS for SiPh TRx

▪ 4x56Gb/s driver IC for digital radio-over-fiber

▪ Ka-band MZM driver and TIA for analog radio-over-fiber

▪ Electronic-photonic co-design in Cadence

▪ Ongoing and planned work

▪ Recent literature on radiation tolerance of imec silicon photonics

▪ Wrap up
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Global high-speed low-latency connectivity
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High throughput satellites in mega constellations and in applications for 5G/6G

Adapted from K. Okada, “Foldable Phased-Array Transceiver for satellite communications”, ISSCC 2025 Forum 2.6

Typical System Architecture

▪ Space Segment

▪ Satellites

▪ LEO mega constellations

▪ Ground Segment

▪ Gateway

▪ Ground stations

▪ TT&C

▪ User Segment

▪ User terminals

▪ Network providers

▪ Direct to smartphone



Global high-speed low-latency connectivity
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High throughput satellites in mega constellations and in applications for 5G/6G

Adapted from NASA, online Feb. 2025. https://www.nasa.gov/smallsat-institute/sst-soa/soa-communications/ 
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Analog radio-over-fiber interconnects
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Digital interconnects
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Optical interconnects inside satellites
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Two distinct approaches are applied in space: digitized versus analog radio-over-fiber

Digital interconnects Analog radio-over-fiber interconnects

Advantage: 

• Digital means more flexibility, digital switching, 

digital signal processing and error correction

• Similar transceivers to datacom, however, there is 

no standard for intra-sat links

Disadvantage: 

• Requires high-speed RF-ADC and RF-DAC

• Requires high-speed digital signal processor

Advantage: 

• Straightforward using linear transceivers

• Less electronics needed

• Not limited to electrical mixing, opportunity for 

optical mixing, optical LO distribution and optical 

phase locked loops

Disadvantage: 

• Linear optical transceivers needed with sufficient 

dynamic range

Nevertheless, both approaches can be realized with 

silicon photonics. Integrations provides scalability to 

many channels, co-packaging, laser sharing, 

redundancy etc.



Rad hard 4x56 Gbps EAM Driver for intra-satellite links

▪ Custom 4-ch rad-hard differential EAM/ring mod driver IC in IHP SG13RH SiGe BiCMOS

▪ Driver provides both bias (-1.5V to 1.5V) and modulation (up to 1.5Vpp)

▪ Series and shunt peaking to extend bandwidth (39 GHz)

▪ Co-designed SiPh PICs and laser by PRG
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ESA ProtoBIX (lead by Mbryonics, imec as subcontractor, IDLab and PRG)

CONFIDENTIAL

K. De Bruyn et al, "Radiation assessment of a 56-Gb/s electro-absorption 

modulator driver for optical intrasatellite links", IEEE TNS, April 2025



Rad hard 4x56 Gbps EAM Driver for intra-satellite links
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ESA ProtoBIX (lead by Mbryonics, imec as subcontractor, IDLab and PRG)

PRBS-13

Electrical at 56 Gb/s

Optical at 56 Gb/s

Optical at 74 Gb/s 
with increased bias 
and supply voltage.

CONFIDENTIAL

K. De Bruyn et al, "Radiation assessment of a 56-Gb/s electro-absorption 

modulator driver for optical intrasatellite links", IEEE TNS, April 2025



Rad hard 4x56 Gbps EAM Driver for intra-satellite links
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TID characterization in collaboration with KULeuven – Geel

CONFIDENTIAL

K. De Bruyn et al, "Radiation assessment of a 56-Gb/s electro-absorption 

modulator driver for optical intrasatellite links", IEEE TNS, April 2025



Rad hard 4x56 Gbps EAM Driver for intra-satellite links
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Heavy-ion characterization at UCLouvain (BE)

Example of a single-event transient

CONFIDENTIAL

K. De Bruyn et al, "Radiation assessment of a 56-Gb/s electro-absorption 

modulator driver for optical intrasatellite links", IEEE TNS, April 2025



Rad hard 4x56 Gbps EAM Driver for intra-satellite links
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ESA ProtoBIX (lead by Mbryonics, imec as subcontractor, IDLab and PRG)

CONFIDENTIAL

K. De Bruyn et al, "Radiation assessment of a 56-Gb/s electro-absorption 

modulator driver for optical intrasatellite links", IEEE TNS, April 2025



Rad hard 32 GHz analog radio-over-fiber transceiver

IHP SG13RH 130nm SiGe BiCMOS
• K/Ka band 

• MZM driver + TIA

• Biasing for PD and MZM 

• SiPh MZM & Ge PD (iSiPP200) co-designed 

CONFIDENTIAL

G. Jongbloet et al, "K/Ka-Band MmWave Radio-Over-Fiber Transceiver With co-Designed 

SiGe EIC and SiPh PIC for Intra-Satellite Links", OFC,  March 2026



Rad hard 32 GHz analog radio-over-fiber transceiver
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G. Jongbloet et al, "K/Ka-Band MmWave Radio-Over-Fiber Transceiver With co-Designed 

SiGe EIC and SiPh PIC for Intra-Satellite Links", OFC,  March 2026

10 GBd 32QAM @28 GHz1 GBd 128QAM @28 GHzTx assembly Rx assembly

MZM

Tx EIC

PD

Rx EIC

FA

• Tx-Rx link functionality confirmed up to 1 GBd 128 QAM

and 10 GBd 32 QAM (~50Gbps)

• TID testing planned soon, SEE tests under discussion



Rad hard 32 GHz analog radio-over-fiber transceiver
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MZM co-design & co-simulation

SiPh MZM Ge PD
ORx EICTx EIC

C-band Laser

Bondwire

Simulated Link Gain

System-level electro-optical testbench for Cadence Spectre

• Top-level model of the EIC

• Electro-optical model for SiPh MZM and Ge PD

• EM model for electrodes

• Verilog-A model for (electro-)optical effects

• Verilog-A models for other optical components

G. Jongbloet et al., “Electro-optic Co-design for High Baudrate Communication”, 

CadenceCONNECT, San Jose, US, Oct. 2025.

Streamlined electro-optical co-design and fast system verification
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High-density Si Waveguides (0.5-2dB/cm)

LPCVD SiN WG

840nm x 400nm
LPCVD SiN EC

130nm x 400nm

Integrated LPCVD SiN Waveguides 

Ultra-Compact Si WDM filters (193nm immersion)

with high thermal tuning efficiency

Under

CUT

112Gbps NRZ

110GHz TSV 
(300mm, 200mm under dvlpmt.)

iSiPP200 available for foundry processing today

iSiPP300 available for prototyping, foundry processing in near future

iSiPP: imec’s Silicon Photonics Technology on 200mm and 300mm

100GHz Ge Photodetector (0.93 A/W)

J. Declercq et. al (ECOC 2025)

320Gbps PAM-4

Silicon Ring Modulator

K. Lu et al., JLT 2025

300Gbps PAM-4

GeSi Electro-Absorption Modulator

Silicon Mach-Zehnder Modulator

350Gbps PAM-4
A. Ostrovskis et. al (OFC 2025)

C. Bruynsteen et. al (ECOC 2025)

425Gbps PAM-4



Imec Silicon Photonics

▪ SiPh foreseen to be used for next-generation IM/DD optical links in high-energy physics 

(HEP) experiments

▪ Co-package PICs with particle sensor read-out electronics
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Extensively used in the rad hard optical TRx community

CONFIDENTIAL

Simone, could you please make a few 

slides based on literature from e.g.

Santa, CERN, or your ecoc

presentation… 

S. Cammarata et al, "Compact silicon photonic Mach-Zehnder 

modulators for high-energy physics", JINST, March 2024



Imec Silicon Photonics

▪ Radiation-tolerance SiPh modulators qualification (iSiPP50G platform) 
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Extensively used in the rad hard optical TRx community

CONFIDENTIAL

Simone, could you please make a few 

slides based on literature from e.g.

Santa, CERN, or your ecoc

presentation… 

Mach-Zehnder modulators Ring modulators

M. Lalovic et al, "Ionizing Radiation Effects in Silicon Photonics Modulators", IEEE TNS, July 2022



Imec Silicon Photonics

▪ Radiation-tolerance Ge photodiodes qualification 

(iSiPP50G platform) 
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Extensively used in the rad hard optical TRx community

CONFIDENTIAL

Simone, could you please make a few 

slides based on literature from e.g.

Santa, CERN, or your ecoc

presentation… 

Vertical PIN (VPIN) PD Lateral PIN (LPIN) PD

L. Olantera et al, "Effects of High Fluence Particle Irradiation on 

Germanium-on-Silicon Photodiodes", IEEE TNS,  April 2024



Imec Silicon Photonics

▪ Radiation-hardened high-speed MZM 

designs for +50G HEP links
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Extensively used in the rad hard optical TRx community

CONFIDENTIAL

Simone, could you please make a few 

slides based on literature from e.g.

Santa, CERN, or your ecoc

presentation… 

S. Cammarata et al, "Radiation-Hardened Silicon Traveling-

Wave Mach-Zehnder Modulator for Beyond 50 Gb/s 

Readout Links in Particle Detectors", ECOC 2024

50 

Gb/s

P-doped slab 

pinch-off

Electrical continuity 

maintained

TCAD simulations of 1 Grad(SiO2) TID exposure



Wrap up

▪ Optical intra-satellite links have two approaches

▪ Analog radio over fiber

▪ Digital interconnects

▪ Integrated photonics offers great potential

▪ Investigations on imec’s SiPh platforms so far show high radiation tolerance 

▪ Flexible architectures allow for redundancy and new functions like OPLLs

▪ Scalability is a given supporting many parallel channels

▪ Small footprint and 3D co-integration with electronics

▪ Silicon based electronic ICs can provide the required high-speed, low-power and 

radiation tolerance 
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