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Fig. 5. Circuit configuration for SEE testing of ring oscillator. 

 
5) Flip Flop 

Individual D flip flops were configured as in Fig. 6. During 
testing, a divide-by-2 mode was used whereby a 1 kHz 0 V to -
10 V square wave signal was applied to the �Clock In� pin and 
the Q-bar output was fed to the D input pin. Both Set-bar and 
Reset-bar pins were tied to ground; VDD was 26 V and both the 
substrate voltage and VSS were held at -26 V. The Q output was 
monitored by oscilloscope. 
 

 
Fig. 6. Circuit configuration for SEE testing of D flip flop. 

IV. RESULTS 

A. JFET 
1) Heavy-ion tests 

JFET DUTs were irradiated with Ag, Xe, and Au ions at 
normal incidence. No destructive events occurred. 
2) Total ionizing dose tests 

Overall, the change in JFET performance as a function of 
total dose was minimal. The change in IDSS was within –1.5% 
of the initial values, with a general trend toward increasing 
values. Transconductance remained unchanged. Pinch-off 
voltage (Vp) showed a small increase with dose, but the change 
remained within 2%. Most of the increase in Vp occurred below 
1 Mrad(Si). The most notable change with dose occurred in the 
subthreshold region of the ID vs. VGS curves, where a 
subthreshold �hump� developed (Fig. 7). After remaining 
unbiased for two weeks, the subthreshold �hump� diminished 
or disappeared, re-emerging in subsequent measurements of the 
irradiated devices after the JFETs remained under bias. 

B. Operational Amplifier 
1) Heavy-ion tests 

Irradiation with Au ions did not result in any destructive 
events. No changes to the power supply currents were observed. 
Single-event transients (SETs) were observed, but were 
negative-going and typically only a few nanoseconds and tens 
of millivolts in size when irradiated with Ar, Cu, and Ag. Under 
irradiation with Au, a large, positive-going 400 mV, 150 �Ps 
transient was recorded. 
2) Total ionizing dose tests 

The gain of the op amps generally decreased with dose. The 
variability in the gain of the test parts remained within 21% of 
the initial values, whereas the variability of the control part 
remained within 1% of the initial value. Annealing at room 
temperature (2 weeks unbiased during shipping to GRC; 1 week 
biased at GRC) had little impact. The offset voltage of the 
irradiated DUTs remained within 9% of the initial value. The 
initial performance of the pristine op amps showed substantial 
part-part variability. The poorer performing op amps suffered 
greater degradation with dose (Fig. 8 vs. Fig. 9, for example). 

 

 
Fig. 7. Typical JFET ID vs. VGS curve as a function of dose (VDS = 20 V). 
Subthreshold region replotted in lower panel. Broken lines are after 2 weeks 
unbiased anneal, and subsequent 24 hour and 1 week biased anneals. 
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Fig. 8. Op amp DUT "A1" output vs. input voltage at select dose steps. Green 

line = pre-rad measurement; blue line = after 2-week unbiased anneal. 

 

 
Fig. 9. Op amp DUT “A3” output vs. input voltage at various dose steps. 

 

C. Clock Circuit 

Irradiation with Au ions did not result in any destructive 
events. Clock frequency was set to divide by 4 for all runs. 
Single-event upsets (SEUs) or transients (SETs) occurred in 
which the clock frequency toggled to divide by 2 (Fig. 10), or 
else maintained a high constant voltage for beyond the 
oscilloscope window of a few hundred �Ps (Fig. 11). This 
elevated steady voltage would then return the baseline divide-
by-4 state (Fig. 12). No upsets were recorded under Ne 
���/�(�7���6�L���� � �� �������� �0�H�9�´�F�P2/mg), but were found with Ar 
���/�(�7���6�L����� �����������0�H�9�´�F�P2/mg) and heavier ions.  

Application of an external square-wave clock to bypass the 
internal ring oscillator resulted in similar upsets and transients. 
(Figs. 13-14). 

D. Flip Flop 

Individual D flip flops were irradiated with Au ions under the 
configuration shown in Fig. 6. No SEUs or SETs were 
measured, suggesting that the upsets and transients occurring in 
the clock circuit result from events in the control logic. 

Fig. 10. Example SEU in clock circuit under Cu irradiation. Output changes 
from ÷4 to ÷2 clock. 

 

 
Fig. 11. Example SET in clock circuit under Cu irradiation. Output changes 

from a ÷4 clock to a higher DC voltage. 

 

 
Fig. 12. Example SET in clock circuit under Au irradiation. SET is captured 

as the output changes back from a high DC voltage to a ÷4 clock. 
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