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I. SUMMARY TABLE 

Parameter Tolerance 
1. Gross Functionality Passed 100 krad (Si) 
2. Power Supply Current (ICCA/ICCI) Passed 97 krad (Si) per 25-mA spec.  Post 100 krad (Si) and after 10 days 

room temperature annealing: average ICCA = 121 mA; average 
ICCI = 56.7 mA. 

3. Input Threshold (VTIL/VIH) Passed 100 krad (Si) 
4. Output Drive (VOL/VOH) Passed 100 krad (Si) 
5. Propagation Delay Passed 100 krad (Si) per 10% degradation criterion 
6. Transition Time Passed 100 krad (Si) 
 

II. TOTAL IONIZING DOSE (TID) TESTING 
This testing is designed on the base of an extensive database (see, for example, TID data of antifuse-based 

FPGA in http://www.klabs.org/) accumulated from the TID testing of many generations of antifuse-based FPGAs.  
One distinctive quality about this testing is the bench measurement of electrical parameters.  Compared to the 
automatic-tester measurement, the bench measurement provides lower noise, better accuracy and more flexibility.  
The bench measurement samples pins for some measurements.  However, since the tolerance is usually determined 
by the most degraded parameter, which is often either ICC or propagation delay, sampling the pins for measuring 
non-critical parameters is appropriate. 

A. Device-Under-Test (DUT) and Irradiation Parameters 
Table 1 lists the DUT and irradiation parameters.  There are two groups: DUT 66744, 66745 and 66746 are 

irradiated to 60 krad; DUT 66758, 66851 and 66861 are irradiated to 100 krad.  During irradiation each input or 
output is grounded through a 1-M ohm resistor; during annealing each input or output is grounded through a 1-
k ohm resistor.  Appendix A contains the schematics of the bias circuit. 

Table 1 DUT and Irradiation Parameters 
Part Number RTSX72SU 

Package CQFP256 
Foundry United Microelectronics Corp. 

Technology 0.25 µm CMOS 
DUT Design TDSX72CQFP256_2Strings 

Die Lot Number D1JW01 
Quantity Tested 6 

Serial Number/Total Dose 60 krad:  66744, 66745, 66746 
100 krad:  66758, 66851, 66861 

Radiation Facility Defense Microelectronics Activity 
Radiation Source Co-60 

Dose Rate 1 krad (Si)/min (±5%) 
Irradiation Temperature Room 

Irradiation and Measurement Bias 
(VCCI/VCCA) 

Static at 5.0 V/2.5 V 
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B. Test Method 
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III. TEST RESULTS 

A. Functionality 
Every DUT passes the pre-irradiation, post-irradiation, and post-annealing functional tests. 

B. Power Supply Current (ICCA and ICCI) 
Since the pre-irradiation ICCA and ICCI of every DUT are below 1 mA, the in-flux ICC-plots of Figure 2 to Figure 

7 basically show the radiation-induced leakage current.  The room temperature annealing effect on ICC is shown by 
Table 3, where the post-annealing data compares with the post-irradiation data. 

Table 3 Post Irradiation and Post-Annealing ICC

ICCA (mA) ICCI (mA) DUT Total Dose 
Post-rad Post-ann Post-rad Post-ann 

66744 60 krad 18.9 12 22.4 9 
66745 60 krad 15.7 12 22.7 9 
66746 60 krad 17.5 14 23.5 10 
66758 100 krad NA 99 NA 50 
66851 100 krad 244 157 190 61 
66861 100 krad 266 107 206 59 

 
The 60 krad group shows the post-annealed ICC passing the 25 mA spec.  For the 100 krad group, a semi-log 

empirical equation is used to extrapolate the room temperature annealing for 10 years.  Using the worst case, 
DUT 66861, the tolerance is extracted as 97 krad for 10 years mission. 
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Figure 2 DUT 66744 in-flux ICCA and ICCI, 60-krad total dose 

 

 
Figure 3 DUT 66745 in-flux ICCA and ICCI, 60-krad total dose 
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Figure 4 DUT 66746 in-flux ICCA and ICCI, 60-krad total dose 

 

 
Figure 5 DUT 66758 in-flux ICCA and ICCI, 100-krad total dose 
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Figure 6 DUT 66851 in-flux ICCA and ICCI, 100-krad total dose 

 

 
Figure 7 DUT 66861 in-flux ICCA and ICCI, 100-krad total dose 
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C. Input Logic Threshold (VIL/VIH) 
Table 4 lists the pre-irradiation and post-annealing input logic threshold.  All data are within the spec limits. 

Table 4a Pre-Irradiation and Post-Annealing Input Thresholds 
In/Out Pin: DA / QA0 DAH / QA0H 

Pre-Irrad Post-Ann Pre-Irrad Post-Ann Pre-Irrad Post-Ann Pre-Irrad Post-Ann DUT Total 
Dose  VIL (V) VIH (V) VIL (V) VIH (V) 

65838 60 krad 1.36 1.36 1.44 1.48 1.38 1.33 1.45 1.47 
65878 60 krad 1.37 1.22 1.44 1.5 1.37 1.36 1.44 1.43 
65891 60 krad 1.36 1.38 1.43 1.44 1.37 1.36 1.43 1.46 
65907 100 krad 1.36 1.40 1.45 1.47 1.37 1.42 1.45 1.49 
65981 100 krad 1.36 1.38 1.44 1.46 1.36 1.39 1.43 1.45 
62926 100 krad 1.34 1.27 1.44 1.49 1.37 1.46 1.43 1.52 
 

Table 4b Pre-Irradiation and Post-Annealing Input Thresholds 
In/Out Pin: ENCNTR/YO0 ENCNTRH/YO0H 

Pre-Irrad Post-Ann Pre-Irrad Post-Ann Pre-Irrad Post-Ann Pre-Irrad Post-Ann DUT Total 
Dose  VIL (V) VIH (V) VIL (V) VIH (V) 

65838 60 krad 1.36 1.39 1.44 1.46 1.38 1.38 1.44 1.47 
65878 60 krad 1.36 1.36 1.44 1.44 1.36 1.34 1.43 1.44 
65891 60 krad 1.39 1.37 1.44 1.45 1.37 1.37 1.44 1.44 
65907 100 krad 1.38 1.42 1.44 1.48 1.36 1.40 1.43 1.47 
65981 100 krad 1.36 1.37 1.43 1.47 1.36 1.37 1.44 1.43 
62926 100 krad 1.39 1.41 1.44 1.46 1.36 1.43 1.43 1.49 
 

Table 4c Pre-Irradiation and Post-Annealing Input Thresholds 
In/Out Pin: IDII0/IDIO0 IDII1/IDIO1 

Pre-Irrad Post-Ann Pre-Irrad Post-Ann Pre-Irrad Post-Ann Pre-Irrad Post-Ann DUT Total 
Dose  VIL (V) VIH (V) VIL (V) VIH (V) 

65838 60 krad 1.38 1.38 1.45 1.45 1.38 1.37 1.44 1.45 
65878 60 krad 1.36 1.33 1.43 1.44 1.36 1.29 1.44 1.46 
65891 60 krad 1.36 1.37 1.44 1.43 1.36 1.36 1.45 1.45 
65907 100 krad 1.37 1.42 1.44 1.47 1.36 1.43 1.44 1.51 
65981 100 krad 1.35 1.37 1.43 1.43 1.36 1.38 1.44 1.44 
62926 100 krad 1.36 1.41 1.42 1.47 1.37 1.17 1.44 1.56 

 
Table 4d Pre-Irradiation and Post-Annealing Input Thresholds 

In/Out Pin: IDII2 / IDIO2 IDII3 / IDIO3 
Pre-Irrad Post-Ann Pre-Irrad Post-Ann Pre-Irrad Post-Ann Pre-Irrad Post-Ann DUT Total 

Dose  VIL (V) VIH (V) VIL (V) VIH (V) 
65838 60 krad 1.36 1.29 1.44 1.44 1.37 1.39 1.45 1.45 
65878 60 krad 1.36 1.37 1.44 1.43 1.37 1.32 1.43 1.44 
65891 60 krad 1.37 1.38 1.44 1.43 1.37 1.38 1.45 1.43 
65907 100 krad 1.36 1.41 1.44 1.47 1.37 1.44 1.45 1.49 
65981 100 krad 1.37 1.39 1.44 1.45 1.37 1.39 1.43 1.48 
62926 100 krad 1.37 1.41 1.44 1.48 1.38 1.40 1.45 1.47 
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Table 4e Pre-Irradiation and Post-Annealing Input Thresholds 
In/Out Pin: IDII4/IDIO4 IDII5/IDIO5 

Pre-Irrad Post-Ann Pre-Irrad Post-Ann Pre-Irrad Post-Ann Pre-Irrad Post-Ann DUT Total 
Dose  VIL (V) VIH (V) VIL (V) VIH (V) 

65838 60 krad 1.38 1.32 1.45 1.47 1.38 1.18 1.45 1.46 
65878 60 krad 1.37 1.31 1.45 1.47 1.37 1.17 1.44 1.45 
65891 60 krad 1.36 1.40 1.44 1.43 1.36 1.36 1.44 1.44 
65907 100 krad 1.38 n/a 1.45 n/a 1.37 1.39 1.45 1.44 
65981 100 krad 1.36 1.40 1.43 1.53 1.36 1.38 1.44 1.43 
62926 100 krad 1.37 1.39 1.44 1.46 1.37 1.25 1.43 1.47 
 

Table 4f Pre-Irradiation and Post-Annealing Input Thresholds 
In/Out Pin: IDII6/IDIO6 IDII7/IDIO7 

Pre-Irrad Post-Ann Pre-Irrad Post-Ann Pre-Irrad Post-Ann Pre-Irrad Post-Ann DUT Total 
Dose  VIL (V) VIH (V) VIL (V) VIH (V) 

65838 60 krad 1.37 1.29 1.45 1.45 1.37 1.22 1.42 1.43 
65878 60 krad 1.36 1.30 1.44 1.44 1.36 1.19 1.42 1.45 
65891 60 krad 1.38 1.36 1.44 1.44 1.37 1.37 1.42 1.42 
65907 100 krad 1.37 1.41 1.44 1.49 1.36 1.37 1.44 1.44 
65981 100 krad 1.35 1.37 1.43 1.44 1.37 1.38 1.43 1.42 
62926 100 krad 1.36 1.17 1.44 1.46 1.37 1.34 1.43 1.45 
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D. Output-Drive Voltage (VOL/VOH) 
The pre-irradiation and post-annealing VOL/VOH are listed in Tables 5 and 6.  The post-annealing data are 

within the spec limits; in each case, the post-annealing data varies minutely with respect to the pre-irradiation data. 
Table 5 Pre-Irradiation and Post-Annealing VOL (V) at Various Sinking Current 

1 mA 12 mA 20 mA 50 mA 100 mA DUT Total Dose Pre-rad Pos-an Pre-rad Pos-an Pre-rad Pos-an Pre-rad Pos-an Pre-rad Pos-an 
66744 60 krad 0.009 0.010 0.104 0.107 0.174 0.179 0.439 0.450 0.902 0.926 
66745 60 krad 0.009 0.009 0.106 0.107 0.177 0.178 0.447 0.449 0.918 0.923 
66746 60 krad 0.009 0.009 0.104 0.105 0.174 0.174 0.440 0.440 0.904 0.904 
66758 100 krad 0.009 0.009 0.106 0.107 0.176 0.178 0.445 0.448 0.916 0.921 
66851 100 krad 0.009 0.009 0.104 0.105 0.173 0.176 0.437 0.442 0.899 0.908 
66861 100 krad 0.009 0.009 0.104 0.106 0.174 0.176 0.439 0.444 0.903 0.912 

 
Table 6 Pre-Irradiation and Post-Annealing VOH (V) at Various Sourcing Current 

1 mA 8 mA 20 mA 50 mA 100 mA DUT Total Dose Pre-rad Pos-an Pre-rad Pos-an Pre-rad Pos-an Pre-rad Pos-an Pre-rad Pos-an 
66744 60 krad 4.98 4.98 4.86 4.85 4.64 4.63 4.04 4.02 2.68 2.59 
66745 60 krad 4.98 4.98 4.86 4.86 4.64 4.64 4.03 4.03 2.64 2.63 
66746 60 krad 4.98 4.98 4.86 4.86 4.63 4.64 4.03 4.03 2.64 2.63 
66758 100 krad 4.98 4.98 4.86 4.86 4.63 4.64 4.03 4.03 2.64 2.60 
66851 100 krad 4.98 4.98 4.86 4.85 4.63 4.63 4.03 4.02 2.63 2.56 
66861 100 krad 4.98 4.98 4.86 0.49 4.64 4.63 4.04 4.03 2.66 2.60 

 

E. Propagation Delay 
Table 7 lists the pre-irradiation and post-annealing propagation delays, and also lists the radiation-induced 

degradations in percentage.  The 60 krad group shows negative degradation, indicating that the radiation effect is 
negligible.  In the 100 krad group, DUT 66861 has the worst degradation of 3.48%. 

Table 7 Radiation-Induced Propagation Delay Degradations 
DUT Total Dose Pre-Irradiation Post-Annealing Degradation 
66744 60 krad 1331.6 1336.7 0.37% 
66745 60 krad 1340.0 1343.1 0.22% 
66746 60 krad 1333.3 1336.7 0.26% 
66758 100 krad 1308.1 1339.6 2.43% 
66851 100 krad 1336.7 1377.4 3.08% 
66861 100 krad 1330.8 1376.6 3.48% 
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F. Transition Time 
Figures 8 to 19 show the pre-irradiation and post-annealing transition edges.  In each case, the radiation effect 

is negligible. 

 
 
Figure 8(a) DUT 66744 pre-irradiation rising edge, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 

 
 
 
 

 
 
Figure 8(b) DUT 66744 post-annealing rising edge, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 
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Figure 9(a) DUT 66745 pre-irradiation rising edge, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 

 
 
 
 
 
 

 
 
Figure 9(b) DUT 66745 post-annealing rising edge, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 
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Figure 10(a) DUT 66746 pre-irradiation rising edge, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 

 
 
 
 
 
 

 
 
Figure 10(b) DUT 66746 post-annealing rising edge, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 
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Figure 11(a) DUT 66758 pre-irradiation rising edge, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 

 
 
 
 
 
 

 
 
Figure 11(b) DUT 66758 post-annealing rising edge, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 
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Figure 12(a) DUT 66851 pre-irradiation rising edge, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 

 
 
 
 
 
 

 
 
Figure 12(b) DUT 66851 post-irradiation rising edge, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 
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Figure 13(a) DUT 66861 pre-irradiation rising edge, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 

 
 
 
 
 
 

 
 
Figure 13(b) DUT 66861 post-annealing rising edge, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 
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Figure 14(a) DUT 66744 pre-irradiation falling edge, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 

 
 
 
 
 
 

 
 
Figure 14(b) DUT 66744 post-annealing falling edge, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 
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Figure 15(a) DUT 66745 pre-irradiation falling edge, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 

 
 
 
 
 
 

 
 
Figure 15(b) DUT 66745 post-annealing falling edge, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 
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Figure 16(a) DUT 66746 pre-irradiation falling edge, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 

 
 
 
 
 
 

 
 
Figure 16(b) DUT 66746 post-annealing falling edge, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 
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Figure 17(a) DUT 66758 pre-irradiation falling edge, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 

 
 
 
 
 
 

 
 

Figure 17(b) DUT 66758 post-irradiation falling edge, abscissa scale is 2 V/div and ordinate scale is 2 ns/div.
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Figure 18(a) DUT 66851 pre-irradiation falling edge, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 

 
 
 
 
 
 

 
 
Figure 18(b) DUT 66851 post-irradiation falling edge, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 
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Figure 19(a) DUT 66861 pre-irradiation falling edge, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 

 
 
 
 
 
 

 
 
Figure 19(b) DUT 66861 post-annealing falling edge, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 
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APPENDIX A DUT BIAS 
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APPENDIX B DUT DESIGN SCHEMATICS 

 

 24



 

 25



 

 26



 

 27



 

 28



 

 29



 

 30



 

 31



 

 32



 

 33



 

 34



 35



 

 36



 

 37



 

 38



 

 39


	March 10, 2005
	J.J. Wang
	Tolerance

	A. Device-Under-Test (DUT) and Irradiation Parameters
	B. Test Method
	C. Design and Parametric Measurements
	B. Power Supply Current (ICCA and ICCI)

	D. Output-Drive Voltage (VOL/VOH)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


