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Abstract

LSI techniques have advanced remarkably during
past 30 years and are expected to continue to progress
more and more. But an increase of power dissipation
has become one of the most significant problems.
Lowering the supply voltage (Vop) is the most effective
way to achieve low-power application. However, the
performance is degraded drastically. One solution is to
decrease the threshold voltage (Vtn). But reducing Vrn
cause a significant increase of leakage -current.
Optimization of both Vpop and Vtn is needed. Many
studies of low-voltage and low Vtn application are
reported.

In this paper, some kinds of low-voltage CMOS LSI
technologies, such as MTCMOS, VTCMOS, SCCMOS,
Dual-VtH, Dual-Vop and Variable Supply scheme are
reported. And low voltage SRAM memory cells are
discussed.
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Year 1999 | 2002 | 2005 | 2008 | 2011 | 2014

Tech.(nm) 180 130 100 70 50 35

Lg(nm) 140 | 100 | 70 50 30 20

Vaa(V) 1.5 12 | 09 | 06 | 05 | 03

Freq.(GHz) | 1.25 | 21 35 6.0 | 10.0 | 135

Power(W) 90 130 160 170 174 183

Tech.: Technology Node, Lg: Gate Length of microprocessor,
Vada: Minimum logic Vad for lowest power,
Freq.: Frequency, Power: High-performance with heatsink
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Table2
Active Power Standby Power
Multiple Vtr Dual-VTH MTCMOS
SCCMOS
BGMOS
Variable Vtr VTCMOS VTCMOS
Multiple Vbb Dual-Vop (SCCMOS)
(BGMOS)
Variable Vpp Variable Supply

Table 2 Controlling Voo and V1w for low power
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3.1.1 MTCMOS (Multiple Threshold-Voltage CMOS)

[17]

MTCMOS (High-VtH)  MOS
(Low-VtH)  MOS CMOS
0.5u m High-Vtw 0.6V

Low-Vtv 0.3V MTCMOS

Fig. 3 Low-VtH MOS

VDDV GNDV
High-Vtn MOS
Q1,Q2
SL
Q1,Q2 ON VDDV

GNDV CMOSs

Low-Vtv MOS 1V

High-VTH Q1, Q2 OFF

Low-Vtv MOS
3
4

Voo e Conled Tr,
8L |_]>‘01
-IL' ' = WOV
LowsnTe | SR O : : l oV
0 0 i
i = [
Lesa v s I;I I—_}l | I : ™
|r IO
TRl Lvih
Hgr-An gaw | & [[ClRey ek T' cwz

Fig. 3 MTCMOS circuit scheme
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Fig. 4 The effect of power switch transistor size and
capacitance of virtual power line (a) Simulation results
(b) Circuit model
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3.1.3  SCCMOS (Super Cut-Off CMOS) [20]

MTCMOS VTCMOS MOS

(@ Wh/WL
Veff Veff
VDDV GNDV
(b)
Fig.5 MTCMOS NAND
High-Vtv CMOS
1V 70% Low-VTH
CMOS
High-Vtv CMOS
50nA
MOS
[18] VTH
Vbbb
3.1.2 VTCMOS (Variable Threshold-Voltage
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3.1.4 BGMOS (Boosted Gate MOS) [21]
MTCMOS
VTCMOS
MOS
pn
BGMOS
Fig. 11
Cl.ulDS circuits
- e Vo,

- ulira thin Ty

Laak curt-off Switch (LS}

- high Wy,
« thick Ty,
Fig. 11 BGMOS circuit scheme
Low-VTtH MOS
nMOS High-VTH
MOS
nMOS
Vbb MTCMOS
MOS
50nm
MTCMOS
2

3.1.5 Dual-Threshold Voltage technique [22]
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4.3 MTCMOS SRAM [32]
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