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Sub-threshold current one of most compelling issues
In low-energy circuit design!



Reverse-Biased Diode Leakage
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Reverse Leakage Current
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JS =10-100 pA/pm2 at 25 deg C for 0.25pm CMOS
JS doubles for every 9 deg C!



Subthreshold Leakage Component
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e Leakage control is critical for low-voltage operation



Static Power Consumption
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Pstat = Pin=1)-Vdd - lstat

Wasted energy ...
Should be avoided in almost all cases,
but could help reducing energy in others (e.g. sense amps)



Principles for Power Reduction

2 Prime choice: Reduce voltage!

» Recent years have seen an acceleration in
supply voltage reduction

* Design at very low voltages still open
question (0.6 ... 0.9 V by 2010!)

a Reduce switching activity

1 Reduce physical capacitance
» Device Sizing: for F=20
—f,,(energy)=3.53, f,,(performance)=4.47



Impact of
Technology
Scaling




Goals of Technology Scaling

1 Make things cheaper:

» \WWant to sell more functions (transistors)
per chip for the same money

* Build same products cheaper, sell the
same part for less money

= Price of a transistor has to be reduced

a But also want to be faster, smaller,
lower power



Technology Scaling

0 Goals of scaling the dimensions by 30%:

» Reduce gate delay by 30% (increase operating
frequency by 43%)

* Double transistor density

= Reduce energy per transition by 65% (50% power
savings @ 43% increase in frequency

Q Die size used to increase by 14% per
generation

a Technology generation spans 2-3 years



Technology Generations

Table 2, Time averlap of semiconductor techaplagy gangration




Technology Evolution (2000 data)

International Technology Roadmap for Semiconductors

Year of

. 1999 | 2000 | 2001 | 2004 | 2008 | 2011 | 2014
Introduction
Technology node | g, 130 90 60 40 30
[nm]

Supply [V] 1518 | 1.5-1.8 | 1.2-1.5 | 0.9-1.2 | 0.6-0.9 | 0.5-0.6 | 0.3-0.6
Wiring levels 6-7 6-7 7 8 9 9-10 10
Max frequency 14.9
GHalLooal-Global | 12 | 1614|2116 | 352 | 7.4-25 | 113 | °¢
Max uP power [W] | 90 106 130 | 160 171 177 186

Bat. power [W] 1.4 1.7 2.0 2.4 2.1 2.3 2.5

Node years: 2007/65nm, 2010/45nm, 2013/33nm, 2016/23nm




Technology Evolution (1999)

(@ Vas= Voo

Year of Introduction | 1994 | 1997 | 2000 | 2003 | 2006 | 2009
Channel length (pum) | 0.4 | 0.3 | 0.25 | 0.18 | 0.13 | 0.1
Gate oxide (nm) 12 7 6 4.5 4 4
Fon (V) 33 | 2.2 | 22 1.5 1.5 | 1.5

Ve (V) 0.7 | 0.7 | 0.7 06 | 06 | 0.6

NMOS I, (mA/pm) | 0.35 | 0.27 | 031 | 0.21 | 0.29 | 033

(@ Vizs= Von)

PMOS I ,; (mA/pm) | 0.16 | 0.11 | 0.14 | 0.09 | 0.13 | 0.16




ITRS Technology Roadmap
Acceleration Continues

(Including MPU/ASIC "Physical Gate Length” Proposal)
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Technology Scaling (1)
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Technology Scaling (2)
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Technology Scaling (3)

1 ¢, decreases by 13%/year
1 50% every 5 years!

gate delay (ns)
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Technology Scaling (4)
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Technology Scaling Models

* Full Scaling (Constant Electrical Field)

ideal model — dimensions and voltage scale
together by the same factor S

* Fixed Voltage Scaling

most common model until recently —
only dimensions scale, voltages remain constant

* General Scaling

most realistic for todays situation —
voltages and dimensions scale with different factors



Scaling Relationships for Long Channel Devices

Parameter Relation Silllilrllg (gs:ﬁ;agl Fixgﬂ;ﬂ;ﬂge
W, L, to, 1/8 1/8 1/8
Vpp, V1 1/8 1/U 1

Neti VIW i S S*/U S$?
Area/Device WL 1/8° 1/8* 1/8*
Cox 1/t S S S
€y C WL 1/8 1/8 1/8
Ky, Ky C o W/L S S S
I, Kyp V7 1/8 S/U? S
t, (intrinsic) | CpV /Ly 1/8 U/s? 1/8%
P, CLV*/t, 1/8> s/U3 S
PDP Cp V2 1/83 1/SU* 1/8




Transistor Scaling
(velocity-saturated devices)

Parameter Relation Full Scaling General Scaling Fixed-Voltage Scaling
W It 1/8 1/8 1/8
Voo Vr /s I 1

Nonrs VIW i’ S SHU 5
AreaDevice Wi 1/8" 145 1/8*
Cor 1/t S S S
Coi C, WL 1/8 1/8 1/8
k, &, C. WL S S S
i C, WV /s L 1
Current Density 1 JArea S SHU s
Ron VA 1 1 1
Intrinsic Delay RolC e /s IFAY IFAY
P 1.V 1/8° /17 1
Power Density PlArea 1 SHACE s




uProcessor Scaling

1000 2X Growth in 1.96 Years!
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P.Gelsinger: pProcessors for the New Millenium, ISSCC 2001



uProcessor Power
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uProcessor Performance
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2010 Outlook

Q Performance 2X/16 months

= 1 TIP (terra instructions/s)
» 30 GHz clock

Qa Size
= No of transistors: 2 Billion
= Die: 4040 mm
a Power
= 10kW!!
» | eakage: 1/3 active Power

P.Gelsinger: pProcessors for the New Millenium, ISSCC 2001



Some interesting questions

a What will cause this model to break?
a When will it break?

2 Will the model gradually slow down?
= Power and power density

* Leakage

* Process Variation




