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I. SUMMARY TABLE 
 

Parameter Tolerance 
1. Gross Functionality Passed 100 krad(Si) 
2. ICC Passed 72 krad(Si) for 25 mA spec 
3. Input Threshold (VTIL/VIH) Passed 100 krad(Si) 
4. Output Drives (VOL/VOH) Passed 100 krad(Si) 
5. Propagation Delays Passed 100 krad(Si) for 10% degradation criterion 
6. Transition Time Passed 100 krad(Si) 
 
II. TOTAL IONIZING DOSE (TID) TESTING 
 
A. Device Under Test (DUT) and Irradiation 
 

Table 1 lists the DUT information and irradiation conditions. 
 

Table 1. DUT information and irradiation conditions 
Part Number RT54SX72S 

Package CQFP256 
Foundry Matsushita Electronics Corporation 

Technology 0.25 µm CMOS 
DUT Design TDSX72CQFP256_2Strings 

Die Lot Number BP15146-01 
Quantity Tested 4 
Serial Number 23839, 23844, 23873, 23943 

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 
 
 

s

l3. Post-Irradiation Functional Test 

1. Pre-Irradiation Electrical Tests 

2. Irradiate to Specific Dose 
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4. Post-Annealing Electrical Tests 
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Table 2. Logic design for parametric tests 

Parameter/Characteristics Logic Design 
1. Functionality All key architectural functions (pins 

O_AND3, O_AND4, O_OR3, O_OR4, and 
O_NAND4) 

2. ICC (ICCA/ICCI) DUT power supply 
3. Input Threshold (VTIL/VIH) Input buffer (pin DA to QA0) 
4. Output Drive (VOL/VOH) Output buffer (pin DA to QA0) 
5. Propagation Delay String of buffers (pin LOADIN to O_AND4) 

6. Transition Time D flip-flop output (O_AND4) 

 
III. TEST RESULTS 
 
A. Functionality 
 
 Every DUT passed the gross functional test at pre-irradiation, post-irradiation, and post-annealing. 
 
B. ICC
 

Figure 2 to Figure 6 show the in-flux ICC plots.  An empirical equation is used to extract the total dose tolerance 
after a 10 years annealing.  The critical total dose (γcritical) for a 10-year mission to induce ICC to 25 mA can be 
obtained by the equation: 

 
mAII criticalCCIcriticalCCA 2529.0)(32.0)( =×+× γγ  

 
Use the worst-case ICCA(γ) and ICCI(γ) in DUT 23844 (Figure 3), the tolerance (γcritical) is obtained as 

approximately 72 krad(Si).  This extracted tolerance is very conservative because experiments showed that a DUT 
irradiated at high dose rate and then annealed for the duration of total mission time resulted a significantly higher 
ICC than that of a DUT irradiated at a low, uniform dose rate throughout the total mission time. 
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Figure 2 In-flux ICC of DUT 23839, PS2 supplies ICCI and PS3 supplies ICCA. 

 

 
Figure 3 In-flux ICC of DUT 23844, PS2 supplies ICCI and PS3 supplies ICCA. 
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Figure4 In-flux ICC of DUT 23873, PS2 supplies ICCI and PS3 supplies ICCA. 

 

 
Figure5 In-flux ICC of DUT 23943, PS2 supplies ICCI and PS3 supplies ICCA. 
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C. Input Logic Threshold (VIL/VIH) 
 
Table 3 lists the pre-irradiation and post-annealing input logic threshold.  All data are within the spec limits. 

 
Table 3 Pre-irradiation and post-annealing input logic threshold in volts 

Pre-Irradiation Post-Annealing DUT 
VIL VIH VIL VIH

23839 1.43 1.53 1.33 1.39 
23844 1.44 1.54 1.33 1.39 
23873 1.44 1.54 1.34 1.40 
23943 1.40 1.50 1.35 1.41 

 
D. Output Characteristics (VOL/VOH) 
 

The pre-irradiation and post-annealing VOL/VOH are listed in table 4 and 5.  The post-annealing data are within 
the spec limits, and 100 krad(Si) radiation has little effect on these parameters. 

 
Table 4 Pre-irradiation and post-annealing VOL (in volts) at various sinking current 
1 mA 12 mA 20 mA 50 mA 100 mA DUT Pre-rad Pos-an Pre-rad Pos-an Pre-rad Pos-an Pre-rad Pos-an Pre-rad Pos-an 

23839 0.009 0.009 0.103 0.102 0.171 0.170 0.432 0.430 0.887 0.883 
23844 0.009 0.009 0.101 0.101 0.169 0.169 0.427 0.427 0.880 0.877 
23873 0.009 0.009 0.102 0.101 0.171 0.169 0.431 0.426 0.886 0.877 
23943 0.009 0.009 0.105 0.105 0.176 0.176 0.443 0.443 0.911 0.912 

 
Table 5 Pre-irradiation and post-annealing VOH (in volts) at various sourcing current 

1 mA 8 mA 20 mA 50 mA 100 mA DUT Pre-rad Pos-an Pre-rad Pos-an Pre-rad Pos-an Pre-rad Pos-an Pre-rad Pos-an 
23839 4.98 4.99 4.86 4.87 4.65 4.66 4.10 4.10 2.99 2.99 
23844 4.98 4.98 4.86 4.86 4.64 4.65 4.08 4.09 2.94 2.94 
23873 4.98 4.99 4.86 4.86 4.65 4.66 4.09 4.11 2.94 2.98 
23943 4.98 4.98 4.86 4.86 4.64 4.64 4.06 4.06 2.87 2.87 

 
E. Propagation Delays 
 

Tables 6 and 7 list the pre-irradiation and post-annealing propagation delays, and radiation-induced 
degradations.  The radiation-induced degradations are less than 10%. 
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Table 6 Low to high delays (in nanoseconds) 

DUT Pre-Irradiation Post-Anneal Degradation (%) 
23839 1326.5 1379.1 3.97 
23844 1302.7 1360.1 4.41 
23873 1299.3 1357.1 4.45 
23943 1322.1 1404.6 6.24  

Table 7 High to low delays (in nanoseconds) 
DUT Pre-Irradiation Post-Anneal Degradation (%) 
23839 1046.0 1099.1 5.11 
23844 1073.9 1145.6 6.68 
23873 1061.3 1120.5 5.58 
23943 1118.8 1215.8 8.67 

  
F. Transition Time 
 

The pre-irradiation and post-annealing rising edges are plotted in Figure 6 to Figure 9, and the pre-irradiation 
and post-annealing falling edges are plotted in Figure 10 to Figure 13.  These figures show that the radiation effect 
on the transition time is negligible. 
 

 7



 
Figure 6(a) Pre-irradiation rising edge of DUT 23839, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 

 
 
 
 
 
 

 
Figure 6(b) Post-annealing rising edge of DUT 23839, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 
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Figure 7 Post-annealing rising edge of DUT 23844, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 
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Figure 8(a) Pre-irradiation rising edge of DUT 23873, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 

 
 
 
 
 
 

 
Figure 8(b) Post-annealing rising edge of DUT 23873, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 
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Figure 9(a) Pre-irradiation rising edge of DUT 23943, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 

 
 
 
 
 
 

 
Figure 9(b) Post-annealing rising edge of DUT 23943, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 
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Figure 10(a) Pre-irradiation falling edge of DUT 23839, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 

 
 
 
 
 
 

 
Figure 10(b) Post-annealing falling edge of DUT 23839, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 
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Figure 11(a) Pre-irradiation falling edge of DUT 23844, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 

 
 
 
 
 
 

 
Figure 11(b) Post-annealing falling edge of DUT 23844, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 
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Figure 12(a) Pre-irradiation falling edge of DUT 23873, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 

 
 
 
 
 
 

 
Figure 12(b) Post-annealing falling edge of DUT 23873, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 
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Figure 13(a) Pre-irradiation falling edge of DUT 23943, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 

 
 
 
 
 
 

 
Figure 13(b) Post-annealing falling edge of DUT 23943, abscissa scale is 2 V/div and ordinate scale is 2 ns/div. 
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APPENDIX A DUT DESIGN SCHEMATICS 
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