(01 v '€1) RESAHME6T ETHFCOTE T LY 4 « Xy LAVEER SMYAYH

SR LA L e i e e M el eyt Bl iz

EEBETOS T I DIMEL
B VIhI P ORRICLSENRE N

TBEHRRS - FHATALL S | HiORA]

ERAY G- BRAEHARE S~  BHRAR
Phone: 03-5452-6251
E-mail: tsakurai@iis.u-tokyo.ac.jp

EMLHLME, RAMBEER< N

g:":k';'t‘l:';" PDA E-cashing
Reservatio Schedule E-trading
2 Address book E-banking
. &t ] ‘

Home automation
Game on net
Entertainment

~B
L Internet
~ —y Web brouse

", Web TV
ot PN i E-mail

Computer centric —
Communication centric,

WEShBME, Ak

QOo5VEL T CHRMET HLSIZRRT D
MO AT L, B, T34 ZAHA
(0.5V. GHzL R L7009 BifE)

O EHNIKRFOERILSH 2 BOERIL

@REtE

YL, VAT L,
[E2%, T/34 X, CADILY
SEHMOERIZ LDV 1—2avDRER

ISENO):- 2 3.1k 22[0) - PN

ey

" T.Sakural

HISERR
K# 2¥ BAK

| 7oz |

TNRAR - TAERMS
AT LAETHRRE

{EHRBHBEEICHL

st onn s

RO 23

TR ST ESL.Cor - ot o S NTOETIONRIO
T.Sakural

T.Sakural




ﬁﬂnﬁﬂﬁ ﬁﬁnﬁ‘?a

VU/IQFU 9—
BARR ERAPER - EEAEARE Y- #B

—E - T T F ¥
ES3E0M ERAYEREYHARR LY —Hi8
nam BAASEREYRHETAR L ¥ —BHE

RER— RREAFEERERRAEHE

Yy— YR BEEHIERSMAEARR KOMKA

Yr-3AVR BE¥HEHSMEBRAKOMER

E: 1201537 8 BEERAYRT YRR TFIYHBRE

—FIA4 R - TAtA

\ : WRA¥VDE Chis

EELR HREAPEEREARAENE

Ah-barsy BEPHERAMEERARIVER

—{f5D& - CAD
FREEwEN

RBRERFRTEHARBIR
Y

B (LBI5BALDA L /(—2

T.Sakural

0. SVIB{EH BB AL AT LLS R

-~

B Ll
A—IRMYT,

MBS A 77')
B 11
ﬂDDQt.H}@E

. i | REDIAT
AR

=Boosted Gate MOS CoEERHARAT.

ﬂﬂﬁlil!t\toxmvw *Dual tox, dual V,,D, dual V;,,

T.Sakural

0.5VEES AT ALSIO B

2.5

@
g 2 Nt EF
3 1/40~NEEB AL WARE=2.5V
815 -BGMOS (1GHz)
L oLEVLVERVE LT
1[ 1 HiM EALUEIRE
sl | mmEn “ALU
" BREE=04V [ FrRILE
= ...!4./ (1GHz) = 0.13um

0.1 0 041 0.6 0.7

LEWMERE V]

Dual T x..dual Vo, dual V.

Device / circuit cooperative approach for Iow-power

RO
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c‘nos logic
circuits
-low Vy,
| ~lowVp,
- thln Tox

]

i Leak cut-off
“  Switch (LS)
-high V;,, B

- high Vg, ]

= thick Tox

E:] Low voltage i High voltage

T.inukai, M.Takamiya, K.Nose, H.Kawaguchi, T.Hiramoto and T. Sakurai, "Boosted
Gate MOS (BGMOS): DevlceICircult Cooperatlon Scheme to Achieve Leakage-Free
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—controlling Vy,, and V., for low power _

Low power — Low Vpp — Low speed — Low
Vm — High leakage — V-V, control

Active Stand-by
Multiple Vy, Dual-Vy, MTCMOS
Variable Vy,, Vru hopping VTCMOS
Multiple Vyp Dual-Vy,
Variable Vp Voo hopping

Software-hardware cooperation
| achilpuve

A
*) MTCMOS: Multl-Threshold CMOS
*) VICMOS: Variable Threshold CMOS
* Muitiple : spatial assignment
* Variable : temporal agsignment

— o ™ — T.Sakural
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Jfyou don’t need to hussle.
Vpp should be as low as possible

Energy consumption is 1.0 l ] [ [ ] |

proportional to —

the square of V.. 5 081 — ¥|‘,'(’.',ﬁ"\',%¥d" ), /

L /
0.6 4
| -
Vo, should be | d % 0.4 /
shou! owere: -

to the minimum level 2 I};’.”s cheine!’

which ensures 0.2 % /

the real-time operation. ~Short |
o0 = (o?;t ';:hrmr

00 02 04 08 08 10
Normalized workload
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Transient characteristics in a sync frame

(Power) {Clock frequency)
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Measurad power characteristics Vmdependence

* Power saving ratio: approximately linear function of VIV,
for various ranges of V,,, and V,,,
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Introduction (cont’d)

Power Conscious RT/OS and « Motivation

Application SHCIHQ for Low-Power * Reducing power consumption of processor = expioiting

Embedded Real-Time Systems Idie time
* OS has better knowledge about idle time due to task
interaction

« Application has better knowledge about Idie time due to
execution time variation

Y.Shin & T.Sakural, “Cooperative Voltage Scaling (CVS) between OS ¢ Our approach
and Applications for Low-Power Real-Time Systems,” CICC'01, to be
published, May 2001, * Cooperation of OS and applications

* Sub-divide each application into a sequence of slices

T.Sakural T.Sakural




—rower Conscious OS & Application
e beeation.

e Structural view

e

peed control
Determine speed| chip
of processor fming y
J Speed Frequency &
4 pupply voltage

System ullsl Scheduler

\ 4
bl

Operating System (0s)| Speed
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Power Conscious QS.&.. | |
“Application Slicing {cont'd)
. 1

50 0
ate- g (power )

T N 111 = = = E

10 20 30 @ 50 60
8peed control with power-consclous 08 (power consumption=0.85)

fillgen o e,

Prop g of 08 and (power .24)

Controlling Vy,, and Vy, for low power

Active Stand-by
Mulitiple V,, Dual-V, MTCMOS
Variable Vyy VTCMOS
Multiple Vpp Dual-Vy, Boosted gate MOS
Variable V; Vpp hopping

K. Nose, M.Hirabayashl, H.Kawaguchi, S.Lee and T.Sakural, “VTH-hopping
Scheme for 82% Power Saving in Low-voitage Processors,” to be
published, CICC 2001.
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Schematic of V;,-hopping Power transition of Vy,-hopping
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—Microphotograph of RISC processor Measurement results (Delay)
1.1
Vpo=0.9V
Vru(Vee=0)=0.7V
> 1 ® Measured
0.6um process S 0.9 SPICE Ver=Voo-Vew
[ J
Overhead of V,,-hopping é Av.iﬁ‘."w
= 14% E 0.8 ! :
2 S
RISC core 0.7} 29% faster operation ~T—%
=2.1mm x 2.0mm P
Vs selector 0.6 Ll Ven=Vew
= 0.2mm x 0.6mm 0 0.1 0.2 0.3 0.4 0.5 0.8 0.7 0.8
Forward blas : V., [V]
" T.Sakural

Conventional bus circuit

10 Vipo=0.9V 7 * e = N e =
VolVeo=0}S0.0V AV, =0.1V Ry . .
¥ 1°J1 ® Memsurod s W — W
-4 SPICE E Ver=Voo-Vew cm‘r;;- Cc ;}_ -l— ;7_
E 101 91% power reduction : % A
: : 3 3 3
: ) e
2 7
Total power /!
) Leaka‘lge power/7' E E Vo™ Vw Control
10 0.1 02 03 0.4 05 08 67 0.8
Forward bias : V,, [V] o Bi-direction — buffer insertion is difficuit.
e ==2-delay-(interconnection length)2__ —
T.Sakural - T : T.Sakurai
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Ring bus circuit

Ty

Jo delay=(interconnection length)! : buffer insertion L

Control

e maximum length, area and power is about twice larger.




Branch circuit for dual-rail bus .. |

e

E} ﬁ/‘)_l j'}— "'j—ﬂﬁ‘_jc Clamp Acc.
~ [~ < oM it Do
N— Y S LA
Z,k V c / o Fast but small noise margin
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Noise resiliencx comgarison 7

Self-timed complementary regenerative
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0 1 2 3 4
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50
2525
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Staggered firing bus (SFB) scheme Simulation resuit of ed firing bus
1*t region 2" region
:9,"- p — _ 1.2
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SPICE simulation of benefit of DRB SPICE simulation of benefit of SFB
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0 . lntomo‘nnect 0 interconnect
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Coupling-Driven Bus Design for Low-
Power Application-Specific Systems

Youngsoo Shin and Takayasu Sakuraj

Center for Collaborative Research and | itute
Industrial Scfer:go nat of

University of Tokyo

Y. Shin and T. Sakural, “Coupling-driven bus design for low-power app))

to appear In Proc. Design Automation Contf. (DAC), June 2001, “Pecific systems,”
T.Sakural

Jntroduction

o Low-power bus coding
e Mostly for off-chip buses
o Reducing number of transitions
o Low transition encoding at the sender & decoding at the
recelver
¢ Tradeoff between coding logic and power

Sender; : Receiver
1 e m

¢
1
'
i

T.Sakural

Introduction

s M

e VLSl scaling
® Increasing wire-to-wire capacitance
e Power consumption of global buses are determingq by
effects from wire-to-wire cap. and area and load cap.
e On-chip bus coding
® Reducing number of transitions and effects from wire-
to-wire capacitance
o Extension of bus-Invert code [cicc2000, lccad2000,
aspdac2001]: applicability is questionable due to
overhead (delay and power)

T.Sakural

o Bus shuffling
e Virtually no overhead
e Pattern information is necessary: applicable to special-
purpose systems v
e Layout modification or compiler backend support
« Problem definition '
® Given a set of patterns or statistics of patterns

o Find order of bus lines so that power consumption due
to area and coupling capacitances is minimized

Y. Shin and T. Sakural, “Coupling-driven bus design for | P pplication-specific sy ,"”
to appear In Proc. Design Automation Conf. (DAC), June 2001,

T.Sakural




Bus Shuffling

Captans s g ” bt e o)

o Result of heuristic
e 7 data address sets
e % power saving compared to un-shuffled

¢ Example

b, b, : :
00011110 00011110 00011110 00011110 00011110 buses
) 01110001 01110001 01110001 01110001 01110001 100 Maetass
time | 00110000 00140000 ’ 00140000 * 00110000 00110000 ) meta=2
01001111 01001111 01001111 01001111 01001111 80 g:,‘::i
10000111 10000111 10000111 10000111 10000111 meta=5 e SOURlIng cap.
70 0 eta=infinity area cap.
\/ | | }
shielding lines tine with fine with line with &
highest highest positive highest positive g 50
transition prob. switching switching
corretation with correlation with R 40
b,
00011110 00001111 Bepr o »
01110001 11100001 partial order of 2
oco110000 W 00100001 o tuster:
by 10
01001111 11001110
10000141 10011010 °

wavelet finear laplace compress fjowpass L] ac3




