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Performance impact of MRR fault to binary optical full adder
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Abstract : Aiming at the problem of large number of micro ring resonator (MRR) required by current all-optical full adder, an optical
full adder with three Cascaded MRR structures is proposed for the first time. In view of the fact that MRR is sensitive to temperature
fluctuation and process variation, the MRR fault model is established. The mean error distance of reliability metric ofoptical full adder
(OFA) is designed, and the influence of MRR single fault model on OFA is analyzed. Simulation results of insertion loss show that the
proposed OFA architecture is superior to existing OFA architecture in general. Compared with the current scheme, the hardware overhead
of the proposed OFA architecture is reduced between 50% and 70% . Experimental results show that the average error distance of scheme
1 and scheme 2 is large, while the average error distance of the proposed scheme is moderate. For the multi-bit binary full adder, the
absolute value of the average error distance increases with the number of bits of the multi-bit binary full adder in the single fault model
with the highest bit. For the single fault model with the lowest bit, the absolute value of the average error distance remains unchanged
with the number of bits of the multi bit binary full adder. Physical verification and experiments based on Modelsim platform verify the
correctness of the effect of MRR fault on the performance of full adder.
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stuck at 0 fault

X1 X2 Ccl Y co
0 0 0 1 0
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1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
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Fig. 17 Mean error distance of highest bit single fault model
for multi-bit binary all-optical full adder
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for multi-bit binary all-optical full adder
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Table 5 Voltage output of MRR1 fault stuck

at 0 in the scheme 3

TR LA/ V
Ul U2—U3 u4—u7 SUM Cco
0 0 0 5.15 1.73
0 0 1 1.40 5.15
0 1 0 1.53 5.15
0 1 1 5.15 5.15
1 0 0 5.15 1.73
1 0 1 1.40 5.15
1 1 0 1.53 5.15
1 1 1 5.15 5.15

F6 FAR3ITEMRRI ZAERE 1 FENEERH
Table 6 Voltage output of MRR1 fault stuck at

1 in the scheme 3

TR MR/ V
Ul U2—U3 U4—U7 SUM [ol}
0 0 0 1.35 1.45
0 0 1 5.15 1.49
0 1 0 5.15 1.41
0 1 1 1.56 5.15
1 0 0 1.36 1.45
1 0 1 5.15 1.49
1 1 0 5.15 1.41
1 1 1 1.56 5.15

227 M8 4 BIARE A4, UL B MRR1 4331 &
SR O R 1 BB B i 1 P_SUM Al P_CO 7EAR
AT UL-U3 ARFFF AR AR,
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Table 7 Voltage output of MRR1 fault stuck at

0 in the proposed scheme

TR HLURAE/V
Ul U2 U3 P_SUM P_CO
0 0 0 4. 69 2.74
0 0 1 2.67 4.69
0 1 0 2. 66 4. 66
0 1 1 4. 66 4. 64
1 0 0 4.69 2.74
1 0 1 2.67 4.69
1 1 0 2.66 4. 66
1 1 1 4. 66 4. 64

£ 8 RHMFEAE MRRI £ 47 1 BB ERH
Table 8 Voltage output of MRR1 fault stuck at

1 in the proposed scheme

TR HUE{E/V
Ul U2 U3 P_SUM P_CO
0 0 0 2.38 2.36
0 0 1 4.61 2.52
0 1 0 4.60 2.45
0 1 1 2.48 4.59
1 0 0 2.38 2.36
1 0 1 4.62 2.52
1 1 0 4. 60 2.45
1 1 1 2.48 4.59
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