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Trend of processor power

(Power consumption of processors publlshed N ISSCC)
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Power Crisis in VLS| processor
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Controlling V5 and V,, for low power

Active Power Standby Power
Multiple V; |Dual-V, MTCMOS
SCCMOS
BGMOS
Variable V;, [VTCMOS VTCMOS
Multiple Vg |Dual-Vyp (SCCMOS)
(BGMOQOS)

Variable Vyp |Variable Supply




Multi-Threshold CMOS (MTCMOS)
High-VTH:O.GV Beneflts
vbo Leakcutoff Switch o | ow |eakage current in
A
SL —IET> Virtual VDD standby
T, ~— Reducedby3or4
b /77 orders of magnitude.
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—] Low-V1,=0.3V

SL _57 Virtual VSS CV2
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Issues

e Large leak cut-off
transistor

e Difficult for ultra low
voltage

* Need for special Flip
Flop
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Super Cut-Off CMOS (SCCMOS)

CMOS circuits
- low V
- ultra thin Ty

Virtual Vgg . I E )
Leak cut-off switch

40_“]1 low Vs,

<Standby> <Act|ve> - preferably thick To,

N—

Vpp can be decreased to 0.5V
V1, can be decreased to less than 0.2V 10



lay characteristics

- - ——  SCCMOS
°| \ MTCMOS F.0.=3 0.2V V,, circuit
2t SCCMC ( donvYentional { with 0.2V V.,
c B cut-off MOSFET
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hi Inverter \_AX] MTCMOS
o g1 0.2V V;,circult
with 0.6V V4
cut-off MOSFET
0 ° X Measurement oY ———=x (Conventional
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Standby current = 1pA 1



Controlling V5 and V,, for low power

Active Power Standby Power

SCCMOS

Variable V.,
Multiple Vyp |Dual-Vpp (SCCMOS)

Variable V5 |Variable Supply
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Dual-

Drpe oD

Do—)y

— Critical paths ® Low-V;y MOS
® High leakage, High speed

— Non-critical paths ® High-V;, MOS
® Low leakage, Low speed

13



Controlling V5 and V,, for low power

Active Power Standby Power

SCCMOS

Variable V.,

Variable V5 |Variable Supply
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al Supply Voltage scheme

O Level converter
is inserted here

Gi

G2

lavael converier

—><y Critical paths ® High-Vy; ® High speed

% Non-critical paths ® Low-Vy; ® Low power

15

Needs high speed level converter.



Controlling V5 and V,, for low power

Active Power Standby Power

SCCMOS

Variable V.,
Multiple Vyp |Dual-Vpp (SCCMOS)

Variable Vyp |Variable Supply
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Variable Supply Voltage scheme (VS)

; V
Vo External voltage DP,W/
11 +” DC_DC
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Low voltage SRAM memory cells

LTS

Lowering Vpp of SRAM cell is difficult.

BL
WL 9 9

BL
/\ Large capacitance

Ij i 14 | - Needs strong current

2
! 7’:“_ - \/ supply.

2
I

Leak — Data will be lost. 19

/Long wire




Write-port

Write-port
Bit-line Pair

Word Line

Read-port

Word Line

-il;' Low-Vth MOSFET —1[.' High-Vth MOSFET

_ﬁ

Read-port

o ——————— S %
Bit-line Pair

Vpp=0.5V
High-V;,,=0.35V
Low-Vq,,=0.15V

®\\/rite-port and Read-
port are divided in order
to cut read error.
®Precharge level of Bit
line is low because of
leakage at low-V;, MOS.

Low precharge - Low speed
High-V;,=0.35V - Low reliability 2



Low power technologies will be most
Important technologies for future VLSI
processor.

- Low voltage logic technologies

Active Power Standby Power
Multiple V;, |Dual-V;, MTCMOS, SCCMOS
Variable V-
Multiple Vg | Dual-Vy, (SCCMOS)
Variable V,, | Variable Supply

- Low voltage SRAM memory cell
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For portable

e Ultra low Vp (<0.5V)

* High frequency (>1GHz)
 Low power (<10W)

» time

For High-end machine

* Low Vg, (>0.5V)

* Very high frequency (>10GHz)
e Large power (>100W)
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