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2@@ Power Consumption of the World's
Processors through 2006

Reasons for Low Power Demand

Year (in mPec;V:\a;:atts) (ir:’ n%:;gis)
1992 160 87
1993 250 106
1994 392 128
1995 613 156
g) 1996 959 189
c | 1997 1,501 230
o | 1998 2,349 279
@ | 1999 3,676 339
— | 2000 5,752 412
= [ 2001 9,000 500
® 2002 14,083 607
2003 22,038 737
2004 34,485 896
2005 53,962 1,088
2006 84,439 1,321
Leakage Power

IDynamic Power
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Summary of Low Power Techniques
(Designer’s Arsenal)
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Static Power
Dissipation

Minimize I, by:

= Reducing operating voltage
= Fewer leaking transistors
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Dynamic Power
Dissipation

Factors Governing Power

t
ICV “op f dt
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Minimize lg;, bY:
lswitch « Reducing operating voltage

it
= Less switching cap
1 = Less switching activity
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S"U[] Basic Low Power Techniques
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g‘d[] Advanced Low Power Techniques

9008 summary

SLEEP '°I

Virtual VDD

Virtual VSS

Multi-Voltage (MV) Power Gating
. | E = I . : *l : ﬂ
Non minimum size gate lengths VTCMOS Stack Effect
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* Clock Gating

= Basic Understanding
= Advantages
= Concerns in the flow
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° Enable Timing

° Insertion delay increase
= Impact on OCV

* Peak Power during ON/OFF of clock

= IR drop as well
* Verification Impact
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Snl](] Managing Enable Timing
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sl](l Clock Gating Impact on Verification

SAN JOSE

* RTL functional Simulation

= None

* Gate level Simulation
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* Multi-Threshold Leakage Optimization

= Basic Understanding
= Advantages
= Concerns in the flow
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* Multiple Threshold Cells

Vdd 0.9v vdq 0.9v —+-Leakage & Delay

K““‘”V 100% \

- [ =\

40%
—| 16ps [T 10ps 20% .’)<
0% | f

Low-V,, Std-V, High-V,,
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* Looking at a different view of

- the problem, optimizations
D push towards zero-slack

* High-Vt cells tend to be

weaker and can be more
/\ susceptible to variability

v

+ve slack
Slack

-ve slack

Power critical
range
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e Multi-Threshold Flow Challenges

Violates min implan
width! ~_

* Implant Spacing
Violations

* Min Width Violations

* Chip Finishing
requires Proper filler
Cell Insertion

Unit  filler
cell cell Tile
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* Power Gating

= Basic Understanding
= Advantages
= Concerns in the flow
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SU[] Understanding Power Gating

SAN JOSE

2008
< VDDG >
. A 4
v = 4 )
SEEPT ) Voo Voo
— 15| Gating 3 = | I~ Always On
Control : W LT - Block
) vsg;i i i_Vas
I\ J

< \ 4 VSS¢ \ 4 >

SYNoPSys'

Predictable Success




)
SU[] Architectural Tradeoffs
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* Amount of leakage power savings that is
possible
* Entry and exit time penalties incurred

* Energy dissipated entering and leaving such
leakage saving modes
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Activity Profile for Power Gating
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Realistic Profile for Power Gating

WAKE SLEEP VW%KE SLEEP

SLEEP
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SU[] Architectural Tradeoffs
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GATED| VDD
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* Gate VDD or
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* Retention
VSS GROUND .
Mechanism
(——L - - ALl D) svsre
SYSTEM . "L - B | i\ X : iy
weursy _ T H B B | | P ¥ ?an
— "L | | LY [ (macmwe
L (L] | _D_;_\ 5 WHEN
— "L | | U ['_ * /ISOLATED
| T I W
- - BALANCIN
SCANIN SCANCHAINS CONFIGUREDFOR ~ FLOP ¥ SCAN-OUT
& RESTORE STATE SCAN RETENTION & SAVE STATE
DATA DATA

SYNoPSys'

Predictable Success



)
l][l Power Gating Flow Challenges
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Clock wiggling while

* Functional Verification power.gated

R \ Rail with Standby
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1
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Restore ]

[ RETENTION Rail EE 4 PWR GATED OFF |
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Power Gating Sequence/Coverage

S
Multi Voltag:

Design |

Design

B 7 test

L

Testcases

] "'J fremotefarch-work,
""" ¥ drowsy
""" I ¥ hibemate
""" ¥ sectionl

Voltage States: 8/8
Logical States: 2/3

Is the wakeup/shutdown
sequence cotrrect ?
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e Logic Synthesis

Active
Logic

Active
Logic

Insert Isolation Cell
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SUU Power Gating Flow Challenges

VDD

on/oft___# vDD BACKUP

Shut
Down

Insert Retention Register
Hookup Retention Register
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SU[) Power Planning the Switches

SAN JOSE

AR
4 U)@ #PWR
Area SWITCHE X_INC Y_INC
(%) Resistance S R R LIB_CEL_NAME

0.4 650.0 328.0 26.3 3.6 SXXZZYX8L
0.3 | 1300.0 328.0 26.3 3.6 SXXZZYXAL
0.2 650.0 164.0 26.3 7.2 SXXZZYX8L
0.2 | 2600.0 328.0 26.3 3.6 SXXZZYX2L
0.2 | 1300.0 164.0 26.3 7.2 SXXZZYX4L
0.2 650.0 164.0 52.6 3.6 SXXZZYX8L
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U(l IR-Drop Management
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SRR G :
ANV Turn On All Switches at Once
Limit the voltage
drop across the switch File Signal View Wavefom Analog Tools Window Help
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* Multi-Voltage

= Basic Understanding
= Advantages
= Concerns in the flow
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SU[] Multi-Voltage Design Style
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* Static Voltage
* Multi-Level Voltage Scaling
* Dynamic Voltage and Frequency Scaling
* Adaptive Voltage Scaling

Voltage Island  Voltage Island ‘ Voltage Island  Voltage Island Voltage Island  Voltage Island
A B A B Monitor A Monitor B
1.2V,350 MHz | | 1.0 V, 250 MHz /'y i :
- Mode
Voltage Island Control
C Voltage Island Volt%;e Island
1.5V, 500 MHz C Monitor C

»
Predictable Success



)
SUU Understanding Multi-Voltage/Scaling
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* Avoid completing tasks early — energy is wasted
* Use only enough energy required to complete task in time

Reduce Reduce Reduce
Voltage Voltage Voltage Voltage

t ~~ ~~ ~~

““- IIIIIIII [ nergy
Run Task in
Available Time
*
Run Task Slow B cscnnusnnunnnnnnnnnnnnnnnns .‘"“
as Possible r
e —— » Time

Task 1 Idle Task 2 Task 3
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gx b ] CU requests \
U Voltage Scaling Facts v o
2008 ock bertrator

to lower

Fr n
Voltage VCU Interrupts SRR
Control CU when Target
Unit(CU) Voltage Reached
requests VCU to
ramp up Voltage

generator to maximum
Frequency

F 5 —\
FI'Eq ucncy f CU programs clock

* |dentify the various operating voltages under which
blocks will be operating at any point of time

* Do we have libraries characterized at these V points?

b
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U(l Voltage Scaling Flow Challenges

SAN JOSE

* Accurately represent effects of dynamic change

in voltage values during simulation Vdst
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5Ub Voltage Scaling Flow Challenges
2008« synthesis

RN
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U[J Voltage Scaling Flow

* Placement, CTS and Route

= Minimize Skew
= MCMM
= Placement of Level Shifters

= Temperature Inversion i

Egl'll’l CARAKARD FAEAET CAKANANT FAKA KT CARANRED CANAET CREANANT FANANT CARAKAD CANARART FANANT FARAKTNT FANAED KART o
RIS LR E IR LRI LA RN ARy LIRS AR IR LSRRI LR YR IR AR LR RS LI EARIRIRS ENRARY LIRI RIS LARIRI LIRY|

Reduced Skew Across Large Skew Across
Domains Domains
3000 3000
‘_i;z 2000 7 —VDDMax j:‘ 2000 A /A\
. 1000 M\ —VDDMin "#" 1000 / \ \/ \
0 —\VDDMax 0
3539414447 353839 4 424445
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* Functional or Performance Failures

Set-up Time Met
VDD=1.0 VDD=1.0 VDD=1.0 VDD=1.0 P

—
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1
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y V 5 V o )
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CLK
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CLK
DFF \V/
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o VvDD=1.0 |DFF
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* Functional or Performance Failures

VDD=1.2 VDDO0.95 VDD=0.99 VDD=0.91

Set-up Time
Failure_>:: «—

1
CLK CLK e
7’ n
V V Pid n
7
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P I
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e n
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DFF
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* Back Biasing

= Basic Understanding
= Advantages
= Concerns in the flow

SYNoPSYS'
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VTCMOS (Variable V,, CMOS) A
ks s "L
| i
Vi—a #_— Vou §:j
e
} CJ 92— 6 0.8 | 0 04
— Substrate bias (V)
- Wake-U
FHHHH HHHHHHHHHHH HH/ShUtDown | Hﬂ
\Short Stop Long Stop
Body Bias (VTCMOS) MTCMOS
Reduced Leakage Zero Leakage
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Sll[] Reducing Leakage using Well Bias
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2 FILLBIAS Source G?te Drain
ey
VDD
Connect \\\ T N T
N-Well to \ m
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VNW \ -
p-well
/ Connect l
P-Well to >
vPwW B¢ VSS - 0.3V VPW
VSS
e When VPW < Source PN
= V,, increases Gate — VPW | |
D

= |, decreases
> Leakage decreases

Source
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SU[] Well Biasing Flow Challenges
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* Impact on Area due to extra Pick-Up cells

* Multi-Corner Analysis required for Sign-Off
= VBB =1V, VBB =2V...etc

* Sleep to Transition Power Overhead
°* LVS complexity
* Well RC extraction

SYNoPSys'
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Power Savings Data
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Technique Used | Technology % Leakage % Total Power
Savings Savings

Clock gating 90nm NA 57%

Multi-Vt 90nm 31% NA

Power Gating 130nm 25X 13x

Power Gating 65nm 2X NA

DVES 45nm 98% during NA
Standby

b
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Thoughts on Efficient Leakage
Power Management

SYNOPSYS
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hll[l Efficient Leakage Power

5008 Management 1_
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. VIRTUAL_VSS

Gate Voltage

Voltage Generator

© 2008 Synopsys, Inc. (45)
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U[] Multiple Power Mode Implementation

N
1 0 0

Snore
0 1 0 Dream
0 0 1 Sleep
0 1 1 Active
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GND
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SU[] Recycle Leakage
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VDD
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TEMP_GND

Charge
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SU[J Recycle Leakage
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-
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5U[] Where Best to Manage Power and How?
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L_BTL_J UPF

Design
Intent

VCS with MVSIM

Verification

DFT MAX, TetraMAX
IC Compiler

Implementation

-
N 7

Formality
N

MVRC

Signoff

PrimeTlime PX

PrimeRail
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