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Power crisis in VLSI processor
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Power & delay dependence on VDD & VTH
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Low voltage SRAM memory cell

Lowering VDD of SRAM cell is difficult.

WL
BL BL

Low VTH→ Leak current

Large capacitance
→ Needs strong current 
supply.

Long wire
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0.5-1V VDD SRAM

VDD=0.5V
High-VTH=0.35V
Low-VTH=0.15V

lWrite-port and Read-
port are divided in order 
to cut read error.
lPrecharge level of Bit　
line is lower because of 
leakage at low-VTH MOS.  

Low precharge → Low speed
High-VTH=0.35V → Leakage

(Takakuni Douseki et al.,  “A 0.5V-1V MTCMOS/SIMOX SRAM Macro with Multi-Vth
Memory Cells”, IEEE International SOI Conference, Oct., 2000)
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Conventional SRAM
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SRAM cell using half-swing bit-lines

VDD/2 VDD/2
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BL

A
B

Write-cycle waveform

(Mark A. Horowitz et al., 
“Low-power SRAM Design Using Half-Swing Pulse-mode Techniques”,
IEEE Journal of SSC, Vol.33, No.11, Nov., 1998)

l Power isn’t saved in write 
and read cycles.
l Swing level cannot be 
lowered below VDD/2.
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SRAM cell using low-swing bit-lines

WL

pre

SL

pre

WL

BL
BL

B
A

Write-cycle waveform

SL

A
B

BL BL

VDD-Vn,TH

VDD-Vn,TH-α

l Power is saved in write and read 
cycles.
l Can be lowered below VDD/2.
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Simulation result of energy consumption

0

5

10

15

20

1.5 2 2.5

Supply voltage (V)

E
ne
rg
y 
(p
J)

Conventional

Half-swing

Low-swing

5
1

2
1

Write and read cycles
Write and write cycles



13

Layout pattern of SRAM cells

256×256
cells

Precharge

55.3µm2Cell size

4.0mm2Core size

1.5V～2.5VSupply 
voltage

256×256 cellsOrganization

0.35µm CMOS 3-
metal (Rohm)

Technology
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Evaluation of read delay

WL

SA1

SA2

SL

cell

Sense amp

BL BL

βaccess

βswitch

3βaccess

β=
βaccess

βswitch



15

Simulation result of cell read delay

Cell read delay
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Analysis of static noise margin
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Simulation result of static noise margin

Analysis of static noise margin
(SNM)
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Layout pattern of 4 cells

11% large area 

1 cell 1 cell 1 cell 1 cell
nMOS
switch
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An SRAM architecture

Memory
cell

array

Column-address
decoder
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Memory
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High speed
level converter
is needed.

Data
Control signal
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Level converters  (0.5V → 1.0V)

IN
(VDDL)

VDDH

Conventional

VDDL

Rising delay : 1ns
Falling delay : 1ns

High-VTH MOS

Low-VTH MOS

OUT
(VDDH)

VDDH : High VDD
VDDL : Low VDD
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Level converters  (0.5V → 1.0V)

VDDL VDDH

Proposed
(Inverter type)

Rising delay : 0.6ns
Power increase

VDDH

VDDL

VDDH

VDDL

Falling delay : 0.4ns
Power increase

Proposed

IN
(VDDL)

OUT
(VDDH) IN

(VDDL)
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Summary

Power crisis in VLSI processor
→ Low-power logic technologies
→ Low-power SRAM technologies

Low-swing bit line
80% power saving at VDD=1.5V
11% area increase
5% delay increase at VDD=1.5V

Logic     : Low-VDD
Memory : High-VDD
→Needs high-speed level converter.
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Future works

Improvement of design
• Area
→ Improvement of layout

• Delay
→ High-speed level converter

Logic design
Decoder, buffer, control 

Measurement
• Characteristic
• Power
• Delay

Low-power High-speed SRAM circuit
as a memory for 0.5V 1GHz processor


