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A previous study [1] has shown that when submitted to A previous study [1] has shown that when submitted to 
Total Ionizing Dose, high current surges can be Total Ionizing Dose, high current surges can be 
observed during powerobserved during power --up of up of FPGAsFPGAs . . 

The aim of this study is to compare the behaviour o f The aim of this study is to compare the behaviour o f 
various FPGA types during the powervarious FPGA types during the power --up sequence up sequence 
while submitted to while submitted to 6060Co Total Ionizing Dose Co Total Ionizing Dose 
irradiation (TID).irradiation (TID).

[1] ESA_QCA0112T_C : Radiation evaluation of power-up behaviour of XILINX FPGA XQVR300 (Saab Ericsson 

Space)

Purpose of the studyPurpose of the study
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Devices under testDevices under test

Industrial grade

SRAM

FF672

XC4VFX40-10FF672I

AntifuseTechnology:

PrototypeQuality level :

CQ352Package :

Manufacturer :

RTAX-1000SType:

PARTS IDENTIFICATION

Non-releasable information
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Irradiation Test ConditionsIrradiation Test Conditions

36rad(Si)/h36rad(Si)/h ≤≤ Dose Rate Dose Rate ≤≤310rad(Si)/h310rad(Si)/hDose rate:Dose rate:

GIFGIFIrradiation Irradiation equipmentequipment ::

U.C.L (LouvainU.C.L (Louvain --lala--Neuve)Neuve)Source location:Source location:

6060CoCoIrradiation source:Irradiation source:

IRRADIATION FACILITYIRRADIATION FACILITY

Irradiation Irradiation facilityfacility



5ESTEC June 5 2013

Irradiation Test ConditionsIrradiation Test Conditions

1 RTAX1000S
1 XC4VFX40

Parts in OFF mode (all leads grounded)

1 XC4VFX40
Control parts (NOT irradiated)

2 RTAX1000S
2 XC4VFX40Parts biased in static ON mode

Irradiation conditionsIrradiation conditions
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Irradiation Test ConditionsIrradiation Test Conditions

168h @ 100168h @ 100°°CC

24h @ 2524h @ 25°°CC

225225

210210149149

210210132132

210210123123

310310102102

3103108080

2102105656

3103104141

3103102020

3103101515

2102101010

21021055

21021000

Dose Rate Dose Rate 
(krad(Si)/h)(krad(Si)/h)

Krad(Si)Krad(Si)

XilinxXilinx XC4VFX40XC4VFX40

168h @ 100168h @ 100°°CC

24h @ 2524h @ 25°°CC

153153

3636149149

310310140140

310310117117

310310102102

3103108080

3103106060

2102104040

2102102020

21021000

Dose Rate (krad(Si)/h)Dose Rate (krad(Si)/h)Krad(Si)Krad(Si)

Actel RTAX1000SActel RTAX1000S

Irradiation Irradiation stepssteps

Non-releasable 

Information table
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Test SetTest Set--UpUp

PowerPower --up profilesup profiles

Core
voltage

V (volt)

t

Power-up profiles

500ns 1ms 100ms
100 ms100 msSoftSoft

1 ms1 msFastFast

500 ns500 nsHard Hard 

Timing (0V to Timing (0V to 
corecore voltage)voltage)RampRamp TypeType

Three power-up profiles were applied on the four devices under test (DUT).
Hard switch, fast ramp, and soft ramp
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Test Results Test Results –– Parametric testParametric test
XC4FVX40
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� No significant drift parameter up to the total ioni zing dose
� Devices remain functional up to the total ionizing dose

Non-releasable information graphs
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RTAX1000S / Hard SwitchRTAX1000S / Hard Switch
0.15

-0.01
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Time (s)

1.5E-6-5E-7 0 5E-7 1E-6

0.15

-0.01

0.02

0.04

0.06

0.08

0.1

0.12

Time (s)

1.5E-6-5E-7 0 5E-7 1E-6

ON

OFF

100 ms100 msSoft Soft 

1 ms1 msFastFast

500 ns500 nsHard Hard 

Timing (0V to Timing (0V to 
corecore voltage)voltage)RampRamp TypeType

Test ResultsTest Results
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0.2
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0.125
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0.175

Time (s)

1.5E-3-1E-3 -5E-4 0E+0 5E-4 1E-3

ON

OFF 100 ms100 msSoftSoft

1 ms1 msFastFast

500 ns500 nsHardHard

Timing (0V to Timing (0V to 
corecore voltage)voltage)RampRamp TypeType

RTAX1000S / FAST RAMPRTAX1000S / FAST RAMP

Test ResultsTest Results
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Timing (0V to Timing (0V to 
corecore voltage)voltage)RampRamp TypeType

RTAX1000S / Soft RAMPRTAX1000S / Soft RAMP

Test ResultsTest Results
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ON

OFF

100 ms100 msSoftSoft

1 ms1 msFastFast

500 ns500 nsHardHard

Timing (0V to Timing (0V to 
corecore voltage)voltage)RampRamp TypeType
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XC4VFX40 / Hard SwitchXC4VFX40 / Hard Switch

Test ResultsTest Results
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ON

OFF

100 ms100 msSoftSoft

1 ms1 msFastFast

500 ns500 nsHardHard

Timing (0V to Timing (0V to 
corecore voltage)voltage)RampRamp TypeType
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Test ResultsTest Results
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ON

OFF

100 ms100 msSoftSoft

1 ms1 msFastFast

500 ns500 nsHardHard

Timing (0V to Timing (0V to 
corecore voltage)voltage)RampRamp TypeType
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Test ResultsTest Results
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•••• HARD Switch / parts biased ON

•Maximum core current according

to the cumulated dose

• Best configuration to assure « no drift » under irradiation

• Not recommanded by manufacturers

• High surge currents

ResultsResults summarysummary

Test ResultsTest Results

Non-releasable 

information graph
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•••• SOFT Ramp / parts biased ON

•••• Maximum core current

according to the cumulated

dose

•••• 3 trends

: XC4VFX40                       

•••• Surge currents depends on part type: from 0.2 mA to 1.1 A

: RTAX1000S         

ResultsResults summarysummary

Test ResultsTest Results

Non-releasable 

Information graph

Non-releasable information
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•••• Fast Ramp / parts biased ON

•••• Maximum core current

according to the cumulated

dose

•••• 3 trends

: XC4VFX40                       

•••• Surge currents depends on part type: from 0.2 mA to 1.1 A

: RTAX1000S         

ResultsResults summarysummary

Test ResultsTest Results

Non-releasable information

Non-releasable 

Information graph
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• No critical degradation of the power-up current against TID for each FPGA 

of this study :

•Up to 150krad(Si) for RTAX1000S.

•Up to 225krad(Si) for XC4VFX40.

• No significant differences between fast and soft voltage ramp.

• ACTEL RTAX1000S shows different behaviour depending on bias mode.

ConclusionConclusion
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Thank you for your attentionThank you for your attention

QUESTIONSQUESTIONS
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The test The test benchbench shouldshould ::

-- ApplyApply the power the power withwith
differentdifferent powerpower --up profiles.up profiles.

-- Capture the Capture the correspondingcorresponding
currentcurrent waveformwaveform ..

-- Check the Check the functionalityfunctionality of of 
the the devicedevice ..

Test SetTest Set--UpUp
Init

Start

Get ID

Valid ID?

Prog Supplies units

Apply Hard Switch

Functional Test

Apply Fast Ramp

Functional Test

Apply Soft Ramp

Functional Test

FT Pass?

Parametric Test

Save file

Y

Y

N

N

N

Y
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Init

Start

Get ID

Valid ID?

Prog Supplies units

Apply Hard Switch

Functional Test

Apply Fast Ramp

Functional Test

Apply Soft Ramp

Functional Test

FT Pass?

Parametric Test

Save file

Y

Y

N

N

N

Y

Test SetTest Set--UpUp

Logic Low Input CurrentIIL

Logic High Input CurrentIIH

Logic Low Output VoltageVOL

Logic High Output VoltageVOH

Logic Low Input VoltageVIL

Logic High Input VoltageVIH

Logic levels

ParametricParametric testtest
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Functional test : 8 Shift RegistersFunctional test : 8 Shift Registers


