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A M4y BB &N E i, Rank 1 Bank |, 5 FF R
Wi, B 240 B M bl 3R A B R T R G
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FEER, TR BE M SR 48 440 T 3k R 22k o

R PRAE 2 148 3B N7 R 48 45 38, MRank 1
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%R 16 JE I8 AEIE B2k 4 4> 16 fEER 2 EH

Bank fAEE, FINABRERERAFBIL IR —FEadHibEL,

- | | | |

e TEN 15_0 | HEX 161 | JAIEX 16 2 | | EEX 163
__________ - F=F—-———F = =————-———F=F=F--
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¥R IFREREANFERG S RIS Z AL B iEE
43 548 B3 8 H bk CH, Rank b4k CS, 47 #bhk
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E 20 R E 314 ik

BIFEE 16 Bit BITEHE  -125
BETHE BAE T /R

gl 1.575 V 1 1.425V

rE 2Gb tREFI 6240 DRAM J5#
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g 2 iz,
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B 7E TR TS AR B Z RIS 5R 64 T SR
HITE 4,8 F116 NNFERSHER . BR X16 Ky
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=
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ZARETE P9 AE T 25 B SRR 3R O 800MHz, fif
FH 32mm T¥, R4 NEA T LHEENFERRLN
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Bk et, T2 MBI E M T N is a8
FIHEBAE 7 , Vi 77 BABI A7 B R F £ A B 35
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VifEBAFI BT A4 VA7 BA B I, BA B 45 il 18 45 AN 2
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Design of multiple micro-channel memory systems

Zhang Guangfei* ** ™ , Wang Huandong” , Chen Xinke* ** ™ | Huang Shuai” , Chen Liwei* ** ™
(" Key Laboratory of Computer System and Architecture, Chinese Academy of Sciences, Beijing 100190)
( ™ Institute of Computing Technology, Chinese Academy of Sciences, Beijing 100190)
( ™ Graduate University of Chinese Academy of Sciences, Beijing 100049 )
Abstract

According to the queuing theory, a memory system performance model was established, and the key factors af-
fecting the memory controller and then the performance of the memory system were analyzed. Further, a method for
design of multiple micro-channel memory systems ( MMCM) was proposed. The design can bring the advantages
below. By controlling DRAM devices concurrently, multiple banks can be opened simultaneously, which decreases
bank conflicts and promotes DRAM data bus utilization. All the channels share the same DRAM command bus in
sequence. The DRAM operation power is reduced to a large extent since fewer DRAM devices are involved in every
DRAM command. Different data streams corresponding to different DRAM commands can flow from or to DRAM
devices concurrently. The memory queuing latency can be reduced. MMCM systems can achieve the best perform-
ance/power efficiency. The experimental results show that, compared with conventional desgins MMCM can im-
prove the memory system bandwidth by 21.8% , and decrease the memory access latency by 14.4% with 26.2%
reduction in DRAM power consumption on average.

Key words: DRAM system, memory controller, chip multiprocessor, multi-channel, memory access charac-

teristic
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