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Abstract
Under a strong radiation environment such as space and nuclear power plants, processors must have high-radiation tolerance. Currently available processors
are always weak for radiation and are easily broken by radiation for a short period. Therefore, we have been developing a triple-modular-redundant processor
to increase the radiation tolerance. This poster presents one design example for an Arithmetic Logic Unit (ALU) and a register file.
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Design example of a triple modular redundancy ALU and a register file for RISC-V processors
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Although TMR 1s always used for increasing soft-error tolerance, here, 1n
order to increase the total-1onizing-dose tolerance of a processor, we have
introduced triple modular redundancy (TMR) for ALU and register file of
the processor.
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BEDLIORIT7A4ILDEEET(Design of a normal register-file)
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Fig. 1: Block diagram of a
normal register consisting of
register cells.
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Fig. 2! Block diagram of a

register cell.
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Figures 1 and 2 show the block diagram of a normal register-file. In the
register-file, 1if one transistor i1s broken, the function 1s down.
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F{LALU (Triple-modular-redundant ALU)
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Fig. 5: Triple modular redundant ALU Fig. 6: RISC-V instruction set.
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Figure 5 shows a triple-modular redundant ALU design. The ALU includes
three ALU units which 1s same as a normal RISC-V ALU. Although the
calculations on the triple-modular redundant ALU never include any majority
voting operation, the majority voting operation 1s executed automatically
when the calculation result 1s written back to the register-file.

FELORIDIZaL— a3 #EF8 (Simulation result of the
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Fig. 3: Block diagram of triple
modular redundancy (TMR)
register-file.
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Figures 3 and 4 show the block diagram of a triple modular redundancy register

FIELORZT7AILDEXETHIZ
D-flip- ﬂop~ ‘lzl/7’5‘75\b$%m'§*b%> 1ED
_EDAIRETHS.

Fig. 4: Block diagram of a TMR register cell.
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Fig. 8 Simulation result of the triple-modular-redundant ALU.

file. A triple modular redundant register cell consists of majority voting circuits,
flop-flops, and selectors. At every clock cycles, the majority voting operation 1s
automatically executed on the circuit. The entire triple modular redundancy
register file was constructed by using the triple modular redundant register
cells.
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Figure 8 shows the simulation result of the triple-modular-redundant ALU.
The correct operations could be confirmed.



