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Introduction 

For more than 25 years, the Instituto de Microlectrónica 
de Sevilla (IMSE-CNM) has been specialized in the design 
and test of CMOS analog and mixed-signal integrated 
circuits and their use in different application contexts 
such as radiofrequency, microsystems or data conversion. 

Occasionally, some of these 
designs were developed for 
space application….. 



REMS (Rover Environmental Monitoring 
Station) Curiosity (NASA)  

(Subcontracted by Aurelia Space in 2006) 

Design of a 16-bits ΣΔ analog-to-digital 
Converter and Decimator Filter 

• Technology SOI XFAB 1µm 
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Radiation Tolerant Analogue/Mixed-Signal 
Technology Survey and Test Vehicle Design  

(ESTEC Contract No. 400010162110/ NL/AF) 
Subcontracted by Arquimea 

Development of IP Cores in the UMC 180 nm 
Technology 

• 1.8V, 100Msps, 15-bits Correlated double-
sampled ADC Core with digital calibration 
and embedded PGA  

• 1.8V, 100Msps, 15-bits Current Steering DAC  
Core with 12 ENOB using digital calibration.  



Main Differences Bettween Commercial and Space applicatio electronic 

Operating Temperature Range: 
• Commercial: 0 °C to 85 °C 
• Industrial: −40 °C to 100 °C 
• Automotive: −40 °C to 125 °C 

• Space: ? Depending on the specific mission 

Example. MEDA Instrument in  
NASA Mission in 2020: -135ºC to 100ºC 
 

 

Environment Conditions: 
• Radiation affects electronics: 

• Total Ionization Dose (TID) 
• Displacement Damage (DD) 
• Single Events Effects (SEE)  

Simulation models 
provided by Foundries: 
-55ºC to 125 ºC 

But…How the Space environment 
affects electronics? 



 MEIGA-METNET Project 

(AYA2011-29967-C05-05 & AYA2009-14212-C05-04, AYA2008-
06420-C04-02). Partially funded by FEDER 

Characterization of the AMS CMOS 0.35 µm 
Technology (ITAR free) for Space Applications 

• Development of equivalent simulation models of MOS 
transistors with specific layouts for radiation hardness. 

• TID Tolerance: 300 KRads 

• SEU and SET LET Thresholds above 70MeV/(mg/cm2) 

• Latch-up free up to 70MeV/(mg/cm2) 

• Operating Temperature Range : -90 to +125ºC 

 

Projects Carried out by IMSE in the Aerospace Field 



Remarkable Results obtained in Projects 

 MEIGA-METNET Project 

Development of a Rad-Hard by Design (RHBD) Library in 
the AMS CMOS 0.35 µm Technology with a fully operative 
mixed-signal design flow including: 

• Timing characterization 

• Parasitics extraction 

• Schematic, Symbol, Layout, extracted, abstract, & functional 
views… 

• *.lib, *.tlf, *.lef files for automated design. 

• Synthesis, place & route, and post-layout verification fully operative 
(CADENCE Encounter, Verilog XL) 

• Silicon verified with several FSMs. 
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DF0 

• 60 cells available in first version 

• 125 cells available in current 
version (v3) 



 MEIGA-METNET Project 

OWLS. Digital transceiver for diffuse-light 
intra-satellite asynchronous optical 
communications 

• AMS 0.35um double-poly 4-metal CMOS 
Standard Technology 

• Radiation Tolerant ELT transistors (RHBD) 

• TID Tolerance: 300Krads 

• SEU and SET LET-thresholds above 
70MeV/(mg/cm2) 

• Latch-up free behavior up to 
70MeV/(mg/cm2) 

• Temperature operation range: -90 to 
+125ºC 

• Power supply 2.7 – 5.5 V 

• Area 3.5 x 3.5 mm2 
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 MEIGA-METNET Project 

MOURA. Front-End ASIC for a 16-Bit, Three-Axis 
Magnetometer Based on Anisotropic 
Magnetoresistors, for Space Applications 

• AMS 0.35um double-poly 4-metal CMOS Standard 
Technology 

• Six 16-Bit (15-Bit + sign) Dual-Slope ADCs for 
Magnetic-Field and/or Acceleration Measurements. 

• Four Single-Slope ADCs for Temperature 
Measurements 

• Three 9-Bits (8-Bits+sign) Current-Steering DACs 

• SPI Interface for Configuration and Data Readout 

• TID : 300Krads.  

• Latch-up free up to 70MeV/(mg/cm2). SEU and SET 
LET thresholds above 70MeV/(mg/cm2). 

• Temperature operation range: -90 to +125ºC 

• Power supply 3.3 – 5.0 V 

• Area 4.7 x 4.7 mm2 
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16bADC ASIC:  A 1.8V/3.3V 16bit 100Msps 
Oversampled Pipeline ADC with Digital Self-
Calibration 

(ESA contract 4000108445-13-NL-RA.  
Subcontracted by Alter) 

• UMC 180 nm CMOS Standard Technology. DARE Rad-Hard 
Digital Cell Library  

• Resolution: 16 bits 

• Input Voltage range: 2.0Vpp fully differential  

• Bandwidth: 1MHz ≤ fin ≤ 100MHz 

• ENOB: ~ 12 bits for fin ≤ 10MHz @ 27°C  

 ~ 10.0 bits for 10MHz ≤ fin ≤ 100MHz @27°C ( 

• SNR: > 73 dB (fin ≤ 10MHz @ 27°C)  

• SFDR: > 83 dBc (fin ≤ 10 MHz @ 27°C) 

• Power Supply 1.8V for Analog and Digital Cores, 3.3V for 
CMOS Digital I/O 

• Temperature operation range : -55° to +100°C 
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To be industrialized soon 



IMSE Strategic Decision 

After  successful experiences in this field, IMSE decided to create a 
special group devoted to ASICs design for Space Application (GTIC 
Space) including researchers and technician from several research 
groups from CSIC and Universidad de Sevilla (12 people) to allow 
us to face more ambitious R&D projects  



MEDA (Mars Environmental 
Dynamics Analyzer) 

For the NASA’s Mars 2020 
mission 
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• AMS 0.35um double-poly 4-metal CMOS 
Standard Technology 

• Power Supply: 3.3V  

• 12 ΣΔ Control Channels (4 for each wind-
sensor) 

• 9 Digital-to-Analog Conversion channels  

• 16-Bit Dual-Slope ADCs 

• RS-422 Interface 

• Temperature operation range : -135° to 
+100°C 

• Area: 5 x 5 mm2 

Under Qualification Process 
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ASIC for the Solar Irradiation 
Sensor in the EXOMARS 2020 
Mission by ESA 

• AMS 0.35um double-poly 4-metal CMOS 
Standard Technology 

• Power Supply: 5V, 3.3V  

• Area: 4.5 x 5 mm2 approx. 

To be taped-out in June, 2017 



Other applications 

Occasionally, some of these designs 
were developed for space 
application….. 

….but as an additional application, 

knowledge acquired and technology 

developed can be used for front-end 

electronic in detectors.  

The example:CLARO8 ASIC 
included in the upgrade of 
RICH detectors for the LHCb 
experiment (planned to be 
installed in 2019-2020) 

Digital part has been 
implemented using RHBD 
Digital Library developed by 
IMSE and shared to a team 
lead by Roberto Calabresse 
(Senior Physicist at CERN) 
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LHCb-RICH needs about 28000 chips. 



Conclusions 

IMSE has: 
• Expertise in mixed-signal ASIC design  
• Suitable technology and tools 
• People 

to participate in projects where 
moderate rad-hard applied-specific 
electronic is required 


