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Tanin Duangjan 2009: Design of Low-power VLSI Digital Circuit Using Multiple
Supply Voltages. Master of Engineering (Electrical Engineering), Major Field:
Electrical Engineering, Department of Electrical Engineering. Thesis Advisor:

Assistant Professor Chugiat Garagate, Ph.D. 106 pages.

This study proposes the multiple voltage supply technique for low-power design of
VLSI system. This technique applies difference levels of voltages to each of logic gate in circuit
to reduce power dissipation. C programming was used to develop the directed acyclic graph
algorithm to track path in network graph model. The processes were as follows. First, to
compute the delay time of each path, the algorithm starts from its primary input to primary
output. The longest delay time was the critical path and the other paths being shorter than the
critical path were called non-critical path. Second, the three supply voltages were applied to
each logic gate in both critical and non-critical paths. For the critical path, 5.0 volts were applied
to all gates. Regarding non-critical paths, 3.3 volts and 4.0 volts were applied to those paths,
which the total delay time must less than the critical path. Finally, the power dissipations of
logic gates in each path were computed. The results showed that, in the same circuit, the
maximum delay time applying the mixed 3.3, 4.0 and 5.0 volts were equal to those applying 5.0
volts only. In addition, the total dynamic power dissipation of the mixed 3.3, 4.0 and 5.0 volts

were reduced about 8.3-13.7% when compared to those of the maximum voltages.
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M9 1 HaNIIMINIUNTLAVUTIAULAZANINDAIN
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2.3 myaamasgydolagldmatia DVS $9un U550 Threshold voltage

v Y o ' 9y 9 9J 1 o @ d" I ax
naveasnanteduuaaliimiui msdsvaausedulideaiuitmsan

o w = Y v [ Y A [~ o w =
fasugade laiduedunnawaasfiiuauaunsi (6) iumsaaiidsaugadonn

a o 1 Y] ] dy :/‘ o Y a a A a [ .
MsaIng uamsdsvaaussiu Irlidsneniviliinanadeasinanainiiig (Delay time)
A dgl v o Y a o A dg‘ 2L o Y a A o
mvutazdai liinanszuas Inamindu 3k lddszansammshinuvesisanasmiy
Myanaved v, M3liulelse@nsnmmshaueedntns 19H1I5msaan a11ieg
a115071 18 Taemsilaeuaus @AY (Threshold voltage) 1911/Suanasaumsanasves
VDD

o Aawv o o L o
Martin ef al. (2002) ldimsAuahauddedmsumsilszgnd Iy
L4 { { a a [ {
1uTas Tsaneesninszaudsuuasaunainse Tasldmatiamsdsunlaeu
Y '

usedu lrlidsaazAus s uAUNS oA UA183F DVS 1az ABB (Adaptive Body Bias) 1143

v S a A a o dyo a 4
aanasnlnluTas T swmses Alidsz@nsniwgs nuddeiiiimsmseenuuuinsizd
AUNITVDIWITIAUTUAY (Threshold voltage) TUMNIRIAINUGYLAY (Power dissipation) 110

] 1 4
ANMIANIAMUN (Delay time) 1NOMIIANHNIZANVOILHAINIBUTIAU THIDo Az IS I U
. o [ ) A o A o Y Yo w o Y
Body bias M5 uiruannudnmnzanlumsiinuimldainsalesidenud 14
) [ a 4 v A o a 4
dm5uTuMINATIEHAUNITVDILTIAUSTUAY (Threshold voltage) YOINTIUFAIADTLULY
k4
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911 BSIM Tagldaumsn (26)

Vin =Vino + 7 (05 —Viy = VDS ) = Oy, Vi + AV, (26)
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awnsomldidugaduldlaounudie kv, duimdounuasluaumsi 26) awnsodion

aums & uaumsi 27)

Vth =Vth1 - Klvdd - szbs (27)
A o Y I 1 ~
Wesmuald K, K, uaz v, 1iludiaei

Tudmvesaumsfasnugades (Power dissipation) 31nauM3N (17) A1K150911

mynaszy 1aluuldasaunmsn 28)
P=CV,* f +V K" + V|l (28)
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@ . & 9 = Y a s A
ABB 111 Mobile processor B4 141naTu1a8 0.18um Iaaldamisiilmesitmungauanaisiai
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1e99E19A8) 1aLIBNAABI31a09NTHINTUAY 0.18um process A1X1TDAANEINUAL]A 39

J 3 S A A @ yasy ~ ] =2
ieosiyua HJ’E]W]EJ‘Uﬂ‘UﬂﬁGlGB’J‘ﬁ DVS 1ne39819ia81
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A5 INMIINN) 1AM TUSUAMTIAUTUAY (Threshold voltage) 1HHAIA1N 1¥IAAMS

o w =\

. 4 \ . q 9 PN
57 Inavesnszualuages cMos Tuvaziiesihou mldlidasnugadeludutimuau

[ ~ 1 v A o A o' [] Y = 1 Y =) [ @
Lla$ﬂ1ﬁﬂiﬂlﬂaEJUﬂ”ILLNﬂuLﬁJﬂu%llﬂ”mﬂllﬁ"liﬂiﬂﬂimﬂaﬂuﬂﬂm%mﬂEJ’Jﬂ‘]_ILLiQﬂLl
dy A o a Y Y qg.: o 1 . . o [l

"Mmmmﬂuaﬂymwmau"lﬂ DNVINYIUHNAAND Noise margins uazmﬁmﬂizuﬁ‘luma

' '
v A o ' 1o

Subthreshold 1110991AUTIAUTUAUN AN UG Noise margins NGRS AT

Y
A o 9 Y 4

dmSumseonuuuesidlinnugendudouinn wioutuiidaidesinalunisly

0=

vy =) .

~ A 9 A g [ qg.:
malulaglumseenuuuiezdosldimna Tulagiily Dual well 150 Triple-well 111111
z:' a A as 9 .
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COMPARATOR
>
v
=
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q‘ 1 9 a Y
MNN 13 MIa19955 Iaalsmatia lasaa 1 auuuvUIY

nn: (Yeh and Kuo, 2001)
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.. & o T 9 9 a Y = a 9 o @
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995 2.15 Hudeemsammasnudmsulaseadansuuuvinu lddeaumsi G
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3N (Usami and Horowitz, 1995)
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OB_MVS ()

1 For (each gate G of the circuit) Do

2 Set the credit of G to 0;

3 Set the voltage of G to the lowest Vi such that d(G, Vyei) — d(G, Via) <= 3(G);
4 FS = POSA_FeasibleSet () ;

5 For (each path P in FS5) Do

[ For (each gate G in P) Do

7 If (voltage of G != Vi) Then Increase the credit of G;

8 Insert the gates with positive credits to a priority queue, P{Q;

3 Do

10 Retrieve a gate G from the top of PQ:

11 Increase the voltage of G;

12 If (the voltage of G != Vi) Then Insert G back to PQ;

13 For (each path P in FS) De

14 If (d(P) <= timing constraint) Then .
15 Decrease the credit of each gate in P; Delete P from F§;

16 While (FS 1= ¢)
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31 (Yeh and Kuo, 2001)
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A 9 A I Jd A 1 1 N
Wo G unuae ni1l v ae FAVOIIDI NNEHI B Tuauaaz Tuauunsw diu efno
J A ' 1 o 4 Ao o I 1Y A
IFAVDILDAD LEAAINITIFONTEHIN TUALUNT I naziond lwwa E vzlideuduaegumsn

(55)

e=(VLV2) (55)

v A

{ I A ¢ A 1 @ 10 o w [ @ 1
Tagf V1 wag v2 1y nesnng auanaiaiy Saaauldduneurataaddng vl

£

a o 1 9’l a 4 A P
A lildaanien Taease Gonnsliinnsmluaaaama (Directed graph) tiioesingn

Us2Fat V ABosnng V1 11091 V2 (V1->V2) Laaddaning 23
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) N3 lLaAINANIG (Directed graph)  ¥) 510 1idiMsL@AINANIG (Undirected graph)

MNN 25 MIuanIns1aI0e

~ < a A Aa B 1 A
ATUNINN 25 ) Llluﬂ'ﬂ“l/‘hlﬁﬂ\WIﬁVINLu@\iflﬂﬂiJ‘ﬂﬁ‘VlN“lﬂﬂIuﬂﬁH\iVlﬂqjuﬂ@uﬂ
1 ~ I~ ~ 1 a ~ A 4 d Y o
AIUNINN 25 V) LﬂuﬂiWwﬂU]’NLLﬁﬂ\?ﬂﬁﬂw NFIUNLAAY HENINIDTNNFLAZLOAILLA I
1 . M Y =R = A A A v
qTNISUYM (Weight) ‘Uul@ﬂ%hlﬂ G]NE)Wﬁ]ﬁﬂﬂﬁlﬂﬂigﬁlgﬂNﬁi@OﬁWﬁi@Lﬂuﬂ'ﬁiguﬂﬁ)uﬂUlﬂ

AULAAIATUNIND 26

Y]

MW 26 NSAVENVUIAYEIANNEIATY

9

4.1 anuvangnlaluns

A o Y <3| AAo o 1 @ @
maﬂmuﬂﬁ V1 uag v2 nJuTuﬂVlaJmﬂ‘uuﬂﬂmﬂﬂuuuﬂﬂw G=(V,E) a1

a ' { a o s A a 1T o 1
UszFaszninalauiogAnni (Neighbors/Adjacency vertices) MINUIDAFOUAAADAUTLHIN
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Tua VI waz V2 Fendueniey (Adjacent) aHduN194AY (Path) UHATIWHN8D 9816

A ~ s A \ e d <o
voelualu VAo VI, V2, V3, ..., V4 1agiiondlionss ti19anes i ngiue

Y a =2 o J Y 09; =
ANNNNUDAUTUNIUAU (Length) “lumwﬂwmammu’;m@@ﬂmﬁummuu

1 W ~ I~ o 091’
ANVEIUNINY n-1 Tua laeN n 1WuduIu Tuanamuauuns v

a I Aa A a 5 ]
02 lynanns 1M (Acyclic graph) Wunssianayvesnsviaasiannig galul

dugouuiluianay Sengedn DAG (Directed Acyclic Graph)

(W)——{%
© © O

i 27 o2 lynanns vl (Acyclic graph)
4.2 M3uanIni1m (Representation of graph)

| Y | a
nsl (G) vegnaruswdoyaiiv 2 dnvaz Tasldiluneaausudumsnd

(Adjacency matrix) wazueadIsUTaas (Adjacency list)
4.2.1 MILaaInIaremnIneg (Adjacency matrix)

A ¢ A o <3| a
msuaaansmdremnIng iWedmuald G = (v, B) Wlunsmuaaanania

#91 n Tua TagluTua v 1seasudie Vi, V2, V3, ....Vn a1ua1ni 28
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@ @ Vi VI V3 V4

Vi 0 1 0 1

F = v2| 0 0 1 0
Vil 1 0 0 1
@ v4| 0 0 0 0

d' Y a
MNAN 28 MsuaaInIaemnIne

{ A 4 o
AUMINN 28 1DBSNAY V 1J52N0UAE VI, V2, V3, ..., Vniasimuan1sg

< .. o a g o J { . . [ Qsll 1
Al T[] Ihwauansmilu n uodag naednd Taeh i > 1,j <n A9iU e=(v,v) 1Aay
o ] .. " W v s < a
funualuasng T azunudie 0 tag 181 T[] w10Y 1 Heanuiead e Wuaunsn

= s A ' 19 .. ' v ' G s A
o9 E taziitondionszninlua v uaz v, udd T[i,j] iy 0 vineanud lilieadiyen

lu§anesnndglag lunsiu
422 MsuanInsMA8aIRa e (Adjacency list)

9 a Jda o 3 [ =S v W ~ 9
msuaansmaeasnaanduanvuz@enunumsununngilalewn

d A Yy =X

a A £ 1 = s A o
INY ﬂ@fﬂzmﬁmTuﬂmﬂuuaﬂmwumlmaﬂuw%zmm’mmmﬂﬂmamm’m Tuﬂu@ﬂm

A o A <3| A 1 1 = s A o 9
LB UE ANHNINN 29 HJuﬂ']3Llﬁﬂ\‘]ﬂ']3!ﬂf'ﬂ3Jﬁ'E]GU'E]QLLWQZIH@?WN!@@%L%@N“?JENTuﬂtlﬂ'll'l\‘]

3. — 1 —— 4 A
(4 )

t:’ d' 9 a Jda 4
MNN 29 Msunuinnsaleasnaan
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4.3 MIAUNNUUNT N (Traverse)

MIAUNVUNTNIZHANUTUAUNN 1103910 TuatunT Iz ey Teany
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d’ a 4 !d‘ a
MNN 31 ’JQ"!]S@‘L!L’J’E]?L@]’E]?L&JB‘I/\lil"limﬂﬁaﬂ
a
NN (Wolf, 1998)
' Y
3.1 MsUsEMMIANNAIUNIY

A a 4 a 4 I o o Y 1 ld? . .
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na1laas (Fall time, t) a1 lumsdaiudayana (Propagation time) MIHUINUDIT YD
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a { ] a <}
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a: (Rabaey et al., 2003)
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_~'saturation

\J
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0.5(Vpp - Vss - Vo) Voo - Vss Vos
d' 1 9 a 4
NINN 33 mi1J'iz3J1mﬂWﬂ’ammumummmmcﬁﬁmai

3: (Wolf, 1998)
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AND 4 2.1/1.05 5.95/1.05 6.3/1.05 2.1/1.05
AND 5 1.75/1.05 7.525/1.05 9.275/1.05 2.1/1.05
AND 6 1.75/1.05 10.75/1.05 10.325/1.05 2.1/1.05
AND 7 1.75/1.05 13.3/1.05 12.25/1.05 2.1/1.05
AND 8 1.75/1.05 15.925/1.05 14.7/1.05 2.1/1.05
NAND 2 2.1/1.05 2.625/1.05
NAND 3 2.1/1.05 3.85/1.05
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33V 4.0V 50V 33V 4.0V 50V
INV 1 3034.06 2230.05 1612.20 1935.2 1443.3 1079.6
AND 2 3034.06 2230.05 1612.20 1885.4 1443.3 1079.6
AND 3 3034.06 2230.05 1612.20 1885.4 1443.3 1079.6
AND 4 3034.06 223005 161220 1885.4 1443.3 1079.6
AND 5 2060.87 151475 1095.08 1885.4 1443.3 1079.6
AND 6 1851.29 136071 983.72 1885.4 1443.3 1079.6
AND 7 1560.37 1146.88 829.13 1885.4 1443.3 1079.6
AND 8 1300.31 955.73 690.94 1885.4 1443.3 1079.6
NAND 2 9102.17 6690.1 4836.6 2774.4 2309.2 1727.3
NAND 3 9102.17 6690.1 4836.6 2837.4 2361.7 1766.5
NAND 4 9102.17 6690.1 4836.6 2448.0 2037.5 1524.1
OR 2 3034.1 2230.0 1612.2 685.6 524.82 392.57
OR 3 7281.7 5352.1 3869.3 335.2 256.58 191.92
OR 4 9102.2 6690.1 4836.6 239.4 183.27 137.09
OR 5 12136.2 8920.2 6448.8 195.9 149.95 112.16
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33 0.38 0.36 0.28 0.26 1.37E-03 2.10E-05
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