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Design of Lightweight Parallel BCH Decoder for Sensor Network
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Abstract

This paper presents a new byte-wise BCH (4122, 4096, 2) decoder, which treats byte-wise parallel operations so as to enhance its
throughput. In particular, we evaluate the parallel processing technique for the most time-consuming components such as syndrome gen-
erator and Chien search owing to the iterative operations. Even though a syndrome generator is based on the conventional LFSR archi-
tecture, it allows eight consecutive bit inputs in parallel and it treats them in a cycle. Thus, it can reduce the number of cycles that are
needed. In addition, a Chien search eliminates the redundant operations to reduce the hardware complexity. The proposed BCH decoder
is implemented with VHDL and it is verified using a Xilinx FPGA. From the simulation results, the proposed BCH decoder can enhance
the throughput as 43% and it can reduce the hardware complexity as 67% compared to its counterpart employing parallel processing

architecture.
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Fig. 1. Block diagram of NAND flash memory.

Fig. 2. Architecture of BCH decoder.

Fig. 3. LFSR based bit-serial syndrome generator, S,.

Fig. 4. GFM based bit-serial syndrome generator.
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Fig. 5. Block diagram of key equation solver algorithm.
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Fig. 8. The proposed 8-parallel LFSR-based syndrome generator for
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Fig. 9. The architecture of the proposed 8-parallel Chien search
block.
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Fig. 10. VHDL simulation waveform results.
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Table 1. Comparison results of the operation speed between the pro-
posed LFSR-based syndrome generators and the conven-
tional GFM-based one

Approach Maximum Clock Speed
7 Frequency Saving
P=1 1.24Ghz -
Proposed - pp 893Mhz )
Syndrome 8 )
generator P=4 699Mhz 43%
P=8 575Mhz 30%
P=1 i -
GFM P ) _
Syndrome g
generator P=4 400Mhz -
P=8 400Mhz )

Table 2. Comparison results of hardware complexity speed between
the proposed LFSR-based syndrome generators and the
conventional GFM-based one

Approach Number of Siz‘e
XORs Saving
=1 9 0%
Proposed =2 18 33%
Chien search P=4 36 60%
P=8 95 67%
P=1 9 -
GFM P=2 27 -
Chien search P=4 90 -
P=8 290 -
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