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Introduction 

IC Products 

Until 2013 From 2014 

ST
O

P 

• SPACE IC takes over development 
and manufacturing of rad-hard 
IC products (exclusive license) 

rad-hard 
IC products 

Wafer Manufacturing 

• Closure of IC product business 
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Introduction 

TELEFUNKEN Semiconductors  
• SOI technologies: 0.35µm, 0.8µm 
• Robustness: ≤ 200V, no latch-up 
• Efficiency: LV & HV on die, isolation ≤ 100V 
• Low power: low leakage, precise currents 

 
SPACE IC 
• ITAR free, high quality, radiation hard 

integrated circuits from Germany 
• Power management and distribution 
• Robust interfaces 
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Advantages of SOI 

Full dielectric isolation with deep trench 
• Enhanced integration density i.e. smaller chip size (more than 50% is possible) 
• Superior leakage control  
• Inherent prevention of latch-up 
 

Reduced substrate coupling 
• Enhanced device performance due to reduced parasitic coupling 
• High voltage capability, device stacking and even negative well voltages 

3.3V: ~1 µm 
40V: ~5 µm 
120V: ~14 µm 

p+ 

p-BL 

p-well 

P-substrate 

n+ 
active device 

Fox FOx 

HV-n-Drift n-sinker 

n-BL 

bulk                     SOI 
(isolation: pn-junction) dielectric isolation 

0.8 µm 

active device 

Si - handle wafer 
SiO2 
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Radiation Effects on SOI 

• SOI devices are known to be immune to SEL, which is a typical latch-up event 
triggered by prompt ionizing particles (ions, protons) entering into silicon.  

• Other like SEB, SEGR, SET and others can also be mitigated by the use of SOI  
due to much smaller charge collection volume compared to bulk devices.  

• The body tie improves the single event immunity of SOI by providing the 
possibility to divert generated charges to the device ground. 

• TID effects are mainly relevant to the insulator properties. 
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Products & Availability 

• Point-of-Load (POL) Converter       SPPL12420RH 
• Extended Common Mode LVDS Receiver    SPLVDS032RH 
• Extended Common Mode LVDS Transmitter   SPLVDS031RH 

2014 2015 2016 
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 

POL LVDS TX LVDS RX Screened according to ESCC: New Products 

ESA ISD Innovation Award 2014 Project 
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LVDS 400 Mbps 

SATELLITE 
SYSTEM 

Module A 

Module B 

TX 

RX 

GND-B 

GND-A 

-7V … ∆V … +12V 
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LVDS 

Box-to-box communication 
• Fast point-to-point data transfer 

with exceptional ground noise 
immunity 

 

Advantages 
• Compliant to TIA/EIA-644-A 
• Extended Common-Mode 
• 400Mbps over single wire pair 
• High voltage robustness 
• Latch-up immunity 
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LVDS Driver 
SPLVDS031 

Features: 
• Ceramic hermetic flatpack 

package 
• SOI technology 
• 400Mbps quad LVDS line driver 
• Low skew 
• 23mA max supply current 

(loaded) 
• ESD HBM >8kV 
• -55°C to +125°C extended 

temperature range (target) 
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LVDS Receiver 
SPLVDS032 

Features: 
• Ceramic hermetic flatpack 

package 
• SOI technology 
• 400Mbps quad LVDS line receiver 
• -7V to +12V extended common 

mode 
• Low skew 
• 7mA max supply current 
• ESD HBM >8kV 
• -55°C to +125°C extended 

temperature range (target) 
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SPLVDS031 & SPLVDS032 
Application 

SpaceWire Networks: 
• First application in space is for 

SpaceWire networks 
• Initially with single point-to-point 

links between high-data-rate 
instruments and mass storage 

• Rapid growing of SpaceWire usage 
on board a satellite in the unique 
type of bus / network present on the 
payload part of spacecraft 

• Transfer of scientific data but also of 
housekeeping and command and 
control messages issued by the on-
board computer (OBC) 
 

High Data Rate 
Instrument 

Instrument 

Instrument 

Instrument 

Mass 
Storage 

SpW 
Router 

Data 
Processor 

Control Unit Instrument 

Payload 

Platform 

Spacecraft 
Control Bus 

Platform 
Data Link 
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SPLVDS031 
Conditions: 
• TID without applied bias 
• Dose rate: 75rad/min (60Co source) 
• Room temperature annealing 
• Hot temperature annealing 100°C for 5h 
Results: 
• Minor shifts in key data sheet parameters 

after TID irradiation up to 100krad 
• None of the specifications are violated 
• All tested parts keep full functionality 
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SPLVDS032 
Conditions: 
• TID without applied bias 
• Dose rate: 75rad/min (60Co source) 
• Room temperature annealing 
• Hot temperature annealing 100°C for 5h 
Results: 
• Minor shifts in key data sheet parameters 

after TID irradiation up to 100krad 
• None of the specifications are violated 
• All tested parts keep full functionality 
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SPLVDS031 & SPLVDS032  
TID Tests 
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SPLVDS031 & SPLVDS032 
Heavy Ions Test (I) 

Test facility 
• At RADEF located in the Accelerator 

Laboratory of the University of 
Jyväskylä (FIN) in June 2013  

• Cyclotron used at JYFL is a versatile, 
sector-focused accelerator for 
producing beams from Hydrogen to 
Xenon 

• Heavy ions exposure of an LVDS 
chain based on SPLVDS031 (driver) 
and SPLVDS032 (receiver) composing 
a SpaceWire transmission channel 

• Driver and receiver have been 
irradiated separately 
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SPLVDS031 & SPLVDS032 
Heavy Ions Test (II) 

Test setups for 4 device ports 
• Static test mode #0: 

“ 1” and “0” set at one driver input 
and differential output monitored for 
SET.  One receiver input unconnected 
and output monitored for SET 

• Dynamic test mode #0: 
One driver and one receiver fed with 
clock and outputs monitored for duty 
cycle variation > 10-20% 

• Dynamic test mode #1: 
2 ports used for SpW transmission 
(data & strobe) at 100 Mbit/s link 
speed fed and monitored  by Star 
Dundee Conformance Tester and Link 
Analyzer 

 

D

R
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R

SpW
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SpW

100 Mbps

DSO

Trigger IN

Probes

DUT#1 DUT#2
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SPLVDS031 & SPLVDS032 
Heavy Ions Test (III) 

Irradiation 
• Xenon, Krypton, Iron, 

Argon ions 
• In air at normal direction 

(normal incidence) 
• For each irradiation run a fluence of 5x106 ions/cm2 has been reached 

Observations 
• No SELs for both parts (up to 65.2 MeV/mg/cm2, 75°C, 3.6V, 1x107 ions/cm2) 
• Few SET events during Xenon irradiation of SPLVDS031 with LET of 65.2 MeV/mg/cm2 

(no effects on duty cycle, no disconnections, no parity errors) 
• SETs at SPLVDS032 receivers irradiated with Xe, Kr, Fe - not observed with Ar with LET 

of 12.7 MeV/mg/cm2  
(disconnection / parity errors on the ports used for SpW link, but the communication 
with SpW protocol was still working ) 
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SPLVDS031 & SPLVDS032 
Heavy Ions Test (IV) 

SPLVDS032 
Conditions: 
• Static test mode #0 (external fail-safe NW)  
• LET 65.2MeV/(mg/cm2)  
Results: 
• No fails (SEL, SEGR, SEB) 
• SET event - single bit error 

SPLVDS031 
Conditions: 
• Static test mode #0 
• LET 65.2MeV/(mg/cm2)  
Results: 
• No fails (SEL, SEGR, SEB) 
• SET Event - small variation of output 

magnitude (<100mV, 25ns) 
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SPLVDS031 & SPLVDS032 
Heavy Ions Test (V) 

SPLVDS032 
Conditions: 
• Static test mode #0 (external fail-safe NW)  
• T = 75°C  
SET cross section: 

SPLVDS031 
Conditions: 
• Static test mode #0 
• T = 75°C  
SET cross section: 

(The upper limit for SEL is represented by blue points.) (The upper limit for SEL is represented by blue points.) 
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SPLVDS031 & SPLVDS032 
Heavy Ions Test (VI) 

SpaceWire Link 
Conditions: 
• Dynamic test mode #1: SpaceWire data and strobe signals (RX external failsafe NW)  
• T = 25 °C 
Results: 
• SET disconnection on SpW RX 
• Autonomous reset and return 

to normal operation mode 
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SPLVDS031 & SPLVDS032 
Heavy Ions Test (VII) 

SpaceWire Link 
Conditions: 
• Dynamic test mode #1: 

SpaceWire data and strobe signals 
• T = 75 °C 
RX DISCONNECTION EVENT cross section: 

 
Conditions: 
• Dynamic test mode #1: 

SpaceWire data and strobe signals 
• T = 75°C  
RX PARITY ERROR cross section: 
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SPLVDS032 
Laser Test 

 
Conditions: 
• Steady-state “1” (external fail-safe NW)  
• Solid-state laser with 915nm wavelength 
• Laser spot 5-10um 
• Working distance of about 12mm 
• Pulses length of 1us 

 
Results: 
• No effects induced by the laser beam 
• Supposed reason: 

The suspected sensitive areas (SETs) are 
the two capacitance areas at the 
differential inputs  that are covered by a  
thin metallic layer 
 

SPLVDS032 and prototype of improved LVDS RX 
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Conclusion & Outlook 

 

• Components show good SEE behavior  
– SETs on SPLVDS031 don’t influence SpaceWire communication 
– SETs on SPLVDS032 create data errors which are corrected by the SpaceWire 

protocol (link BER figures to be considered) 
 

• Further investigations on Extended Common Mode LVDS Rx 
– Laser beam test didn’t show any sensitivity  ̶  improved test intended 
– The new design of the LVDS Rx by SPACE IC is subject to a new heavy ion 

test campaign in fall 2014 
 

• Low dose rate TID test with applied bias will follow 



Thank you for your 
attention! 

 

www.space-ic.com 
www.esa.int 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


