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I. SUMMARY TABLE 

Parameter Tolerance 
1. Gross Functionality Passed 100 krad (Si) 
2. Power Supply Current (ICCA/ICCI) Extrapolated data to 10-year mission passed 90 krad (Si) per 25-mA spec.  

Post 100 krad (Si) and after 10 days room temperature annealing: average 
ICCA = 175.7 mA; average ICCI = 81.7 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.actel.com and 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.  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 D1N8A1 
Quantity Tested 6 
Serial Number 80981, 81038, 81066, 81091, 

81092, 81094 
Radiation Facility Defense Microelectronics Activity 
Radiation Source Co-60 

Dose Rate 1 krad (Si)/min (±5%) 
Total Dose 100 krad (Si) (±5%) 

Irradiation Temperature Room 
Irradiation and Measurement Bias 

(VCCI/VCCA) 
Static at 5.0 V/2.5 V 
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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 

80981 100 krad 282 166 213 84 
81038 100 krad 235 146 185 72 
81066 100 krad 324 179 226 76 
81091 100 krad 335 191 238 90 
81092 100 krad 320 190 227 87 
81094 100 krad 316 182 227 81 

A semi-log empirical equation is used to extrapolate the room temperature annealing for 10 years.  Using the 
worst case, DUT 81091, the tolerance is extracted as 90 krad for a 10 year mission. 
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Figure 2 DUT 80981 in-flux ICCA and ICCI

 
 

 
Figure 3 DUT 81038 in-flux ICCA and ICCI
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Figure 4 DUT 81066 in-flux ICCA and ICCI

 

 
Figure 5 DUT 81091 in-flux ICCA and ICCI
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Figure 6 DUT 81092 in-flux ICCA and ICCI

 

 
Figure 7 DUT 81094 in-flux ICCA and ICCI
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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) 
80981 100krad 1.33 1.43 1.48 1.48 1.33 1.54 1.41 1.59 
81038 100krad 1.32 1.42 1.46 1.46 1.32 1.44 1.46 1.49 
81066 100krad 1.32 1.41 1.45 1.45 1.36 1.42 1.42 1.45 
81091 100krad 1.32 1.43 1.46 1.47 1.33 1.43 1.42 1.51 
81092 100krad 1.33 1.41 1.45 1.44 1.33 1.45 1.46 1.48 
81094 100krad 1.33 1.40 1.46 1.45 1.34 1.41 1.42 1.44 
 

Table 4b Pre-Irradiation and Post-Annealing Input Thresholds 
In/Out Pin: ENCNTR/YO0 ENCNTRH/YO3H 

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) 

80981 100krad 1.32 n/a 1.46 n/a 1.31 1.55 1.52 1.57 
81038 100krad 1.34 1.49 1.47 1.49 1.32 1.41 1.46 1.45 
81066 100krad 1.34 1.41 1.48 1.44 1.32 1.40 1.46 1.43 
81091 100krad 1.33 1.41 1.46 1.45 1.33 1.41 1.46 1.45 
81092 100krad 1.32 1.40 1.46 1.43 1.32 1.42 1.45 1.46 
81094 100krad 1.53 1.38 1.57 1.46 1.33 1.38 1.46 1.41 
 

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) 

80981 100krad 1.33 1.42 1.46 1.49 1.32 1.42 1.45 1.48 
81038 100krad 1.33 1.40 1.46 1.44 1.32 1.39 1.46 1.43 
81066 100krad 1.33 1.41 1.48 1.45 1.32 1.42 1.47 1.46 
81091 100krad 1.32 1.41 1.46 1.46 1.32 1.53 1.46 1.53 
81092 100krad 1.32 1.39 1.46 1.43 1.30 1.40 1.46 1.43 
81094 100krad 1.32 1.38 1.46 1.43 1.33 1.38 1.47 1.43 
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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) 
80981 100krad 1.31 1.48 1.45 1.53 1.33 1.42 1.46 1.48 
81038 100krad 1.33 1.43 1.47 1.46 1.32 1.40 1.47 1.44 
81066 100krad 1.32 1.41 1.47 1.46 1.32 1.41 1.48 1.46 
81091 100krad 1.33 1.42 1.47 1.45 1.33 1.42 1.46 1.47 
81092 100krad 1.31 1.42 1.46 1.45 1.32 1.40 1.48 1.44 
81094 100krad 1.33 1.38 1.46 1.43 1.33 1.39 1.46 1.43 
 

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) 

80981 100krad 1.33 1.41 1.47 1.46 1.33 1.39 1.47 1.43 
81038 100krad 1.73 1.40 1.74 1.43 1.32 1.37 1.46 1.41 
81066 100krad 1.33 1.41 1.46 1.46 1.32 1.37 1.46 1.42 
81091 100krad 1.32 1.42 1.46 1.47 1.32 1.37 1.47 1.42 
81092 100krad 1.32 1.75 1.46 1.75 1.32 1.36 1.46 1.41 
81094 100krad 1.33 1.40 1.47 1.44 1.34 1.37 1.46 1.42 
 

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) 

80981 100krad 1.32 1.38 1.41 1.42 1.33 1.43 1.46 1.47 
81038 100krad 1.32 1.60 1.45 1.61 1.32 1.40 1.46 1.44 
81066 100krad 1.32 1.36 1.43 1.41 n/a 1.40 n/a 1.45 
81091 100krad 1.32 1.37 1.46 1.42 1.34 1.45 1.46 1.46 
81092 100krad 1.32 1.36 1.44 1.41 1.33 1.39 1.46 1.43 
81094 100krad 1.33 1.37 1.47 1.41 1.34 1.38 1.48 1.42 
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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 

80981 100krad 0.009 0.009 0.104 0.106 0.173 0.179 0.437 0.452 0.898 0.931 
81038 100krad 0.009 0.009 0.106 0.109 0.177 0.182 0.446 0.458 0.916 0.943 
81066 100krad 0.009 0.009 0.107 0.109 0.178 0.183 0.450 0.461 0.925 0.951 
81091 100krad 0.009 0.009 0.105 0.107 0.175 0.181 0.441 0.456 0.906 0.938 
81092 100krad 0.009 0.009 0.104 0.106 0.173 0.177 0.436 0.446 0.896 0.918 
81094 100krad 0.009 0.009 0.104 0.106 0.174 0.178 0.439 0.448 0.902 0.923 

 
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 
80981 100krad 4.98 4.98 4.86 4.86 4.64 4.63 4.05 4.02 2.73 2.60 
81038 100krad 4.98 4.98 4.86 4.85 4.64 4.63 4.05 4.02 2.71 2.59 
81066 100krad 4.98 4.98 4.86 4.85 4.64 4.63 4.03 4.01 2.66 2.54 
81091 100krad 4.98 4.98 4.86 4.86 4.64 4.63 4.04 4.02 2.69 2.55 
81092 100krad 4.98 4.98 4.86 4.86 4.64 4.63 4.05 4.03 2.70 2.60 
81094 100krad 4.98 4.98 4.86 4.86 4.64 4.63 4.05 4.02 2.69 2.59 

 

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

degradations in percentage.  In the 100-krad group, DUT 81094 has the worst degradation of 3.64%. 
Table 7 Radiation-Induced Propagation Delay Degradations 

DUT Total Dose Pre-Irradiation 
(µs) 

Post-Annealing 
(µs) 

Degradation 

80981 100krad 1.147 1.182 3.10% 
81038 100krad 1.174 1.205 2.55% 
81066 100krad 1.124 1.157 2.90% 
81091 100krad 1.151 1.184 2.85% 
81092 100krad 1.156 1.193 3.25% 
81094 100krad 1.168 1.211 3.64% 
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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 not significant. 
 
 
 

 
 
Figure 8(a) DUT 80981 pre-irradiation rising edge, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 

 
 
 
 

 
 
Figure 8(b) DUT 80981 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 81038 pre-irradiation rising edge, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 

 
 
 
 
 
 

 
 
Figure 9(b) DUT 81038 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 81066 pre-irradiation rising edge, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 

 
 
 
 
 
 

 
 
Figure 10(b) DUT 81066 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 81091 pre-irradiation rising edge, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 

 
 
 
 
 
 

 
 
Figure 11(b) DUT 81091 post-annealing rising edge, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 

 13



 
 
 

 
 
Figure 12(a) DUT 81092 pre-irradiation rising edge, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 

 
 
 
 
 
 

 
 
Figure 12(b) DUT 81092 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 81094 pre-irradiation rising edge, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 

 
 
 
 
 
 

 
 
Figure 13(b) DUT 81094 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 80981 pre-irradiation falling edge, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 

 
 
 
 
 
 

 
 
Figure 14(b) DUT 80981 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 81038 pre-irradiation falling edge, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 

 
 
 
 
 
 

 
 
Figure 15(b) DUT 81038 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 81066 pre-irradiation falling edge, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 

 
 
 
 
 
 

 
 
Figure 16(b) DUT 81066 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 81091 pre-irradiation falling edge, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 

 
 
 
 
 
 

 
 

Figure 17(b) DUT 81091 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 81092 pre-irradiation falling edge, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 

 
 
 
 
 
 

 
 
Figure 18(b) DUT 81092 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 81094 pre-irradiation falling edge, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 
 
 
 
 
 
 

 
 
Figure 19(b) DUT 81094 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 
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