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Abstract

In a memory, most power is dissipated in high capacitive lines such as predecoder lines, word
lines, and bit lines. To reduce the power dissipation in these high capacitive lines, this paper
proposes three techniques using charge recycling and charge sharing. One is the charge recycling
predecoder (CRPD). The second one is the charge recycling word line decoder (CRWD). The last
one is the charge sharing bit line (CSBL) for a ROM. The CRPD and the CRWD recycle the
previously used charge in predecoder lines and word lines. Theoretically, the power consumption
in predecoder lines and word lines are reduced to a half. The CSBL reduces the swing voltage in
the ROM bit lines to very small voltage using a charge sharingtechnique. The CSBL can
significantly reduce the power dissipation in ROM bit lines. The CRPD, the CRWD, and the CSBL
consume 82%, 72%, and 64% of the power of previous ROM designs respectively. A charge
recycling and charge sharing ROM (CRCS-ROM) with the CRPD, the CRWD, and the CSBL is
implemented. A CRCS-ROM with 8Kl16bits was fabricated in a 0.35um CMOS process. The
CRCS-ROM consumes 8.63mW at 100MHz with 3.3V. The chip core area is 0.51 mm’

Keyword : VLSI design, low power design, ROM, charge recycling, charge sharing, bit line,
word line, predecoder line
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Table 1. Performance Comparison.
CV-ROM [ HCCS-ROM |CRCS-ROM
Predecoder 1.48 L70 121
Word Line Decoder
P (worst case programmed) 1.36 13 0%
ower
[mW] | BitLine, MUX andSA | 7.92 312 19
at 100MHz|  Column Decoder 0.62 065 062
Control Unit 2.23 37 383
Total Power 13.61 1078 863
Maximum Speed [ns] 36 48 84
ROM Area [mm’] 047 0.84 0.51
ROM Organization [Kbit) 128 128 128
Bit Line Swing Voltage [V] .25V 0.3v 0.6V
Number of Bit Line used for a Data 1 3 1
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Fig. 10. Charge recycling and charge sharing ROM.
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Fig. 11. Power consumptions in ROMs(8K x 16 bits)
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Table 2. Features of the test chip.
Technology 0.35 CMOS
Supply Voltage 33V
Maximum Clock Frequency 120MHz
. 8K x 16bits ROM
Organization (512 word lines x 256 bit lines)
, 0.51 mm’
Chip Core Area (0.62mmX0.83mm)
Power (HSPICE simulation) 863 mW at 100MHz
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Fig. 12. Simulated waveforms in (a) charge
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Fig. 14. Measured waveforms of test chip.
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