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Flash Storage Controller Systems )
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Abstract

In order to increase its performance, NAND flash memory-based storage is composed of data buses that are shared by
a number of flash memories and uses a parallel technique that can carry out multiple flash memory operations
simultaneously. Since the storage performance is strongly influenced by the performance of each data bus, it is important
to improve the utilization of the bus by ensuring effective scheduling of operations by the storage controller. However, this
is difficult because of dynamic changes in buses due to the unique characteristics of each operation with different timing,
cost, and usage by each bus. Furthermore, the scheduling technique for increasing bus utilization may cause unanticipated
operation delay and wastage of storage resource. In this study, we suggest various dynamic operation scheduling
techniques that consider data bus performance and storage resource efficiency. The proposed techniques divide each
operation into three different stages and schedule each stage depending on the characteristics of the operation and the
dynamic status of the data bus. We applied the suggested techniques to the controller and verified them on the FPGA
platform, and found that program operation decreased by 1.9% in comparison to that achieved by a static scheduling
technique, and bus utilization and throughput was approximately 4 - 7% and 4 - 19% higher, respectively.
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Table 1. Specification of test platform board.
T =1 AFE
FPGA Virtex 5 (XIGVAX 130T IF1733-1) lea
PC440” (Frequency: 400MHz,
MCU I-$: 32KB, D-$: 32KB, Zea
FPU, Timer)

SRAM K6R4016V1D-UCI10 (512KBx2EU) 1MB
DDR HAMS1G22mP (128MBx*32EU) 512MB
NAND H27UDP8VSAT (16GBx32EU) 512GB
Host I/F | PCI Express 1.1 (4 lane) 1GB/s
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Fig. 10. Experimental Setup.
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Table 2. FPGA resource utilization.

Resource BASELINE PROPOSED
Slice Registers 26,837(32%) 28,476(34%)
Slice LUTs 31,275(38%) 35,148(42%)
Occupied Slice 15,146(73%) 16,048(78%)
BlockRAM 293(40%) 293(40%6)
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Fig. 11. Effects of PP on buffer.
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