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Abstract; Integrated circuit chips work in complicated electromagnetic environments, which is susceptible to soft
errors caused by high-energy particles. In a chip, the memory accounts for more than half of the total area, making
it important to improve the reliability of the processor by hardening the memory. Therefore, a dual modular
redundancy hamming (DMRH) code is designed and proposed in this paper, which can mitigate one-bit and two-
bit upset in memory. First, logic optimization was carried out in the hamming code encoder to reduce the delay of
the circuit, and the parity generated by this module was processed with dual modular redundancy technology, which
was used as the output of the DMRH encoder. Then, the combinations of each parity and original code were
processed according to the hamming decoding rules, and the revised data and two-bit upset flag were obtained.
Through analysis, it was found that when the two-bit upset did not happen in the original code at the same time, the
correct output could be obtained according to the two-bit upset flag. Finally, the layout segmentation technology was
used to suppress the two-bit upset in the original code, which further improved the reliability of the memory. In this
study, three types of DMRH codes with word lengths of 4, 8, and 11 were realized. Compared with other correction
codes, results show that the circuit delay of the codes obtained in this study was 85% , 89% , and 96% of the
eight-bit hamming code, which was lower than the BCH codes.
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Tab.1 Contrast between status code and different error types

S, Sy RRZEA!
0000 0 o H 4
X X X X 1 — Vi gl
X X X X 0 Wi 4

E: x X x x AT 0000.

TED IR AR N 5 SR W 7 R i or
S 2err_flag , W HA K R A
S_ 2err_flag = (S, =0 &&S, #4'b0000) 7 1’561 :1'50.

(2)

B S AL B I, S_2err_flag {E 0 15
A IZAE R 0.
1.2 MR ARNABAIZIT

b T #E SRAM FAoTHT MBU [H6E 1, A SCHERT
REEE e ioamt) QUI E TR o -3 R UIPA'Y WIS
P, DMRH A 45 By AT
1.2.1 it

DMRH % R e i 1 fiezw |, i A B4 &
Vi uky AT O G T T s S T TR R N 0P
TEACSS B Rt B Py il i 4 Py ~ Py B9 AR LK
RN P A L, B IR no+ kALY S BB 51 647
T AL, ARG T L R SEIR

B | BBy | [EEHE
o Ty X >
AL B B
5 i
Hith
ST A2 5 BT S

B 1 XU TTAR N AR 4 65 A B
Fig.1 Encode circuit for DMRH code
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Tab.2  Analysis for results of one-bit and two-bit upset
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memory with layout segmentation technology
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Tab.3 Parameters of area, power, and delay for different ECC circuits
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