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SRAM Archltecture
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P =f C. V.2 fo ik - clock frequency C, :load capacitance
CLK~LYDD Vv, : supply voltage

Lowering Vpp IS the best solution to power
reduction in logic circuits.

Lowering Vpp of SRAM cell is difficult.
o _ —— Low Vpp ®

/.® Read delay increases.
> Large C

I Low Vi, ® |
Leak current increases.
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Sense-amplifying cell (SAC) scheme
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Read delay
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Noise margin analysis
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Microphotograph of 15t SRAM test chip

Technology:
- 0.35-nm CMOS 3-metal
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Write power consumption
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| otal write power consumption
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— 0.35-mm CMOS 3-metal

Area overhead 11%-
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Summary of SAC scheme
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€ Sense-amplifying cell (SAC) scheme saves
total write power of 4AMbit SRAM by 81% at
bit width of 256.

& Test chip is fabricated at b=3, N=4.
€ Read access time increases by 5%.

€ Noise margin increases by 0.05Vpp.
€ Total areaincreases by 11%.
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Dual VDD SRAM archltecture
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Conventional and proposed converter
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Power consumption of 4Mbit SRAM

Peripheral Bit-line (bit width = 256)
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Layout of 2Kbit SRAM with level converter

496.16mMn

Technology:
0.25-mm SOl
3-metal

v (NEC)




. Background

. Write power saving scheme

. Power saving scheme for peripheral
circuits and decoders

. Power saving scheme for register
file

. Conclusion



Register file cell with NMOS switch
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Register file cell with NMOS switch
(one write port and two read ports)

Area overhead is small compared with SRAM



Layout of register file
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Power consumptlon of reglster flle

64-word ~ 256-bit register file

@ Vppy = 1.50V 2 read ports 1 write port

Voo, = 0.75V |

f = 1T00MHz Peripheral

Peripheral Bit-line | ¥~  Bit-line
Conventional 17.9 16— €15 123 33.3 mW
§82% —
<
SAC 07 35% 21.7 mW
v47%
- <

Dual-Vyy & SAC 9.5 U5 60% 13.3 mW




gister file

_ bit re
___With level converter

-word = 16-

I 16

Layout o

=
N
Y
—i

9]1IPA
..”_.:.. \ {

Wl 26191

Technology:
0.25

mm SOl

3-metal
(NEC)




Summary

owpower SRAM design

1. Write power saving by SAC scheme
® 81% total write power saving
® 5% delay increase
® 11% area overhead

2. Power saving of peripheral circuits by
dual-Vyp SRAM architecture
® 54% power saving of peripheral circuits in write cycle
® 90% total write power saving with SAC scheme

3. Application of both schemes to register file
® 60% power saving
® 6% area overhead in SAC scheme




