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ABSTRACT

This thesis reports DTMOS technique for design optimization of low-power
system applications using nanometer bulk and SOl CMOS technologies. In
Chapter 2, a 0.5V bulk PMOS dynamic-threshold technique enhanced with dual
threshold (MTCMOS): BP-DTMOS-DT for design optimization of low-power
system application using 90nm multi-threshold CMOS technology is presented.
Via the BP-DTMOS type logic cell*technique generated by the gate-level
dual-threshold static power:optimization methodology (GDSPOM) procedure, a
0.5V 16-bit multiplier circuit has! been designed:tand optimized, showing a
reduction of in 22% static power at the operating frequency of 250MHz as
compared to the conventional HVT/LVT type counterpart optimized by the
GDSPOM reported before. In Chapter 3, a 0.5V SOl CMOS dual-threshold
circuit technique via DTMOS is explained for design optimization of low-power
VLSI system applications. Via the DTMOS technology for implementing the SOI
version of the GDSPOM, a 16-bit SOl multiplier circuit has been designed,
showing a performance with 30% less power consumption as compared to the

one designed purely in DTMOS, at Vpp = 0.5V.
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Chapter 1

Introduction

1.1

VLSI Trends)

I £% X (CMOS)

IANP EF ERAUFUTRF E 8% (CMOS

S e i N R 0 T JR A iE ead R B

[M]°R 4 BB I 2K PPt 4ol 1.1 5272l EF H * 5 # % | 3 5ehT %
140 X
130nm Conventional - Planer
o 120 [ i
= 100 L : FDSOI, Novel Materials
S i 90nm o
R 5 Multi-gate FETs
- 5 65nm 9
© 60 | : e
© ; 45nm
£ at ; 32nm »
9 : nm 45
@ . nm
= 20 8" | q2v FDSOI
5| ; > Multi-gate FETs
00 02 04 06 08 10 12 14
Year
W 110 R 8 AR © o ] e B AR
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% E FHy 2001 2004 2007 2010 2013 2016
45 (nm) 130 90 65 45 32 22
Voo (V) 1112 | 0912 | 0.8-1.1 | 0.7-1.0 | 0.6-0.9 | 0.5-0.8
dh L BRI 1684 4171 9285 15079 22980 39683
(MHz)
F-SREaBEK
(BEBE L) 276 533 1106 2212 4424 8848
BE& A QfJDRAM'@?é’- 0.54 1.07 2.15 4.29 8.59 34.36
(Gbits)
AFHBER R K
25 % () 130 158 189 198 198 198

% 11: X ERPiraEm
Gordon Moore B ek ket & N B2 PTG KW THicE 5 S & € W4 5 R ok
I Ei‘u{ﬂﬁ ey i & (Moore'skaw))| [3] BT f 48 B B 3 4 pF o # Fa
g0 R H A AR R RH SRS Faop o a ALY g R

R eR A T R R G B B R RS S e A

1.1 A< A HF T B(VLS) g BARF 1 2 5 F p Fef[4]o 2 d 27 38T+
FRAUAS Aol R PDA# L R G% - fehibd s B o B Fen

AR [1] - " F &K B P

RamRt AR kAR fe > T Al AR RS S o P TR Y e el ARk

£ QAR SR 0 R Bt AR kAR > B H G TR R

) Bfr.iaé“ ’Eff’_ﬁﬁﬁj?ﬁ%-@lied“ﬂ‘#xﬁimﬁk > oxxi_gmx——s—fm‘ﬂﬁj v,

2



BEAR R AR B R RS- L a7 ERAEITT RZT o FRE BT
Fem FARE A R o B G R B S A2 A E 0 RERT
B R b R ETRDE R TR RTBAIPE AN PR T
AR B R Bkt AE e KT R (Low Voltage ) x5 (Low Power) [5] -
% % 7 % (Low Power) CMOS =g % > 4o 1.2 #757 » & /& T & (supply voltage )
Vop # 45 2 7 [6] » Vo » B o ch¥g ] o Vpp i ] 1 & &L F] 5 ~ & G4z chig

e

,J» > B

3

Y

TR A DL IR o T RS R BABE o B s
Vop 738 > V= & F & o endge] oo Vigehifg > & F & 3 g ~ 2 ) 0IR % oh

AL > ¢ =Rl (subthreshold )| #h 3 \Vpp 550l 288 > 2 il § 15 MR R

1.2

1.0 p—o—eo

\\\),DD

0.8 |- \

0.6 - .ﬁhhﬁﬁﬁhh““*~.
0.4 \'

Voltage (V)

0.2

b

“‘*0—-.EHE£TH

o—e
-_-—____—'_'——-__
0.0 ] ] 1 | S— P ]
2002 2004 2006 2008 2010 2012 2014 2016
Year

B 1.2 &RT RS TR AEE T B



Tinends ) o & &0 F @ (high speed) kit £.73 flohe #r a0 i & Jkehk
F P enSOC R B A5/ 3 o AR * Vpp o] o e AP A KRB P
;\g{iiﬁ%‘:& Box PR o AR ET) Vinendg ) > FF L Vi 2 F A5 0 2
& g F] o ﬁk{rﬂ % = feR (subthreshold) 4L % chBf ¥ iB T m B 81t o 2
B RIEET RO P EF Linspdea 4 My 52 T O RRAAE VT
VI ETRILT R Y A g T Bk B A 4 o R TR R E E E P K o i K T

Bro® B #3142 f % & (subthfeshold region ) sk @ 7 % € 3 4v £ @ 3§ = 7 &

250

[l Dynnamic Power

B static Power

200

0.25um 0.18um 0.13um 90nm 65nm

Technology

Bl 1.3 6 fint S fnt 5 e e SRR PN 1%



FAE g A FP T FF SR N TR RE D] M R F RE R
P FIM AR MR ROE R 2B DR SR AR XIS A

b AR R R T B AR G RSAN F R R RS

-0

4eB 1.3[7] For FEAAFHF R AP LES FAPE o TP AR kgt ¢ o

)
k.

FRA o i Gt a M BREEAYEL o P 0F § TRR O IIE

=
Ly

i

MR BRET, I IFIENTRIANP £33 £ 2 23 (multi threshold CMOS
technology ; MTCMOS ) [8][9] > & i¢ * B m & X graien= j2 2. — | * g ' 18+
B ETRR T RP £F L A @ (SOl DTMOS) ok ae[10][11] » 5% 5 48
(SWmmmHmMMm:Sm)Hﬂ?ﬁiiﬁuﬁbﬁ%%%\A&,%ﬁ?&

A dE E 2 — o

1.2 8%MWI# &5 % (SOIMOS)

STI
p-type

Buried Oxide

p-type

W 1.4: SOI~ @i



EEA KPR AT BRI P AT LR E G F SRR A B RAR
M AR F s 2 o] s Fif S 4 R 2 T AR F NI A A < AW R B
PigE om DT ERAP I fpy SR T Y AP FASS P B oo AR
BAFE T - AT R RGBS o 4oR 14 ¢ 5 SOl ~ 2@ 2P SOl ~ it
& & & (siliconsubstrate) * § - %4 § i & (buriedoxide) - @ A
§ it & (buried oxide ) + e &5 (thinfilm) + 7 * 1z = < i 2 ¢ > SOl MOS
Add At AT E YR IRAES 2HE 230k - LK (substrate )
2.+ > #712 SOl MOS ~ 2 B 5 5| ifgkel +F 2 Bm s it & (buried oxide)
WP k2B a4 o Fl & SOLMOS ¢ 7 € 5 latch-up chR 4% - $odg 5 i
455 0 F 4 T pes ) o @I (transconductance Vgt bulk & i > =t fRsAAL
F (subthreshold slope) # & "> 4% *F » 208 @ (silicon thin-film) 4 -
i % s bulk MOS ~ i 5] & WP 0 = Sl 0 Eid i sy (short
channel effect) # 3 ] > A2 BAEF > Vol g < AF T HITPF £ B -

PR E* ¢ § SOl ~ i a2 i1 B @ 4 g2 & = (Microcontroller)

F_*

[13] ~ # f& % # {5 €48 5 P~ a8 (DRAM ~ SRAM) [14]% & ;¢ T [15] > izt 7

i

B ey b 3o bulk 3 #dF ik R @ (7 SOICMOS = & T — (M jis(ids g 3% o

[ER



1.3 # Fj'# (Power Consumption)

Gnd

W 1.5: CMOSK & BT ik K ikin e

A Y- AR RS T B et a5 sk # F (dynamic power) #2 4 i # 3 (static
power) & f&[16] - B] 1.5 £ - B CMOS 5 » BT Beergh A T ininw o 8 i 7 F &
%ﬁ%—%%ﬁqﬁ*@ﬂ)?%ﬁﬁﬁﬁﬁ’%ﬁiﬁ*ﬂﬁﬁﬁ°@%ﬁ$i
& Fd R~ 2 p 3R 5 (internal power) {eiE < 37 5 (net switching power )
A fEr F e fa A o fRE NI K Ay TREHE VDD & GND 2 &
g&@%ﬁ%@@%i@%ﬁﬂ$ﬁ#’ﬁ%kﬁﬁiﬁﬁﬁiﬁﬁiiﬁ?ﬁ
B% o 4rB 1.5 9177 » 2B 7 ¢ (short-circuit current) s 4% & ~ 2 p 2R F i

He - @BFZE > 7 uF THNT LF2



P.

internal = 'sc " Vdd
EX P FIALHE o - BIRELET ﬁ»;ﬁﬂﬁig?l:h.:%g;tag » Bt T cirs
FAE BB HFPEABES F PRI T A F 15 0 TR

(switching current) sy £ & # (% 237 Fehi & R ¥l o E s FenfeB B2

B R LS B Gl o B LR R T ERTE (fa) o 24 %

e (o) 2% k2 £ QEREBEER > N EEIHEHFTI T

I:)switching = Cload *Vdd * @ *fok

B S A PR g s o g TR LT TR (steady state)

T ek i5[17] - 4o® 1.5 #1775 A i (leakage current) Iy iy AR F R IRF ¢ o

TER AT 7 € TR i S R T N T AT A5 S A
Pleakage = |2 Vad
Ay R FEA & R TN d A=

f&% (subthreshold) =& 7 /x> @ i B

TEE T RMBRLERETE > TR SCREBRAF BTN X TRh BT N

<) E A= eh £ & (threshold voltage 5 Vi) «1%1% » @ 3 1ot © /B ~ i &2 MR

?L;ﬁ@mx LLﬁ{a ﬁ}\,j‘:'(q"g;,}"sj%ﬂd-m m;}.&_r}[»]S]o_r;] N34

T2 5T Hto

F RS R e 425 19]

Vgs Vi Vs

|subthreshold = Ke | 1-e



g = gate terminal

s = source terminal

d = drain terminal

Vi = threshold voltage

Vr = thermal voltage

K,n = technology dependent constants

I:)total = I:)internal + I:)switching + I:)Ieakage

1.4 =~ #if (Thesis Organization)

im= P o ) * SOl DTMOS. gkt & MTCMOS shi sk - g * &
GRTELY S pAEALARS £ ¢ bR #BP-DTMOS-DT (Bulk PMOS DTMOS
with Dual Threshold ) & & &/ TR CHVT )aotiiE ~ i 34 & &2 BP-DTMOS-DT

4%+ 7 GDSPOM 3% 5 i 2 B it 1t 0.5V 16-bit o2 BT R » # fi2 Biv £ 5| KT

RS A AR T S R R G B Y KTRR R (LVT) 3 TR
TR (HVT) ~ & TR RS GDSPOM #if it K3 3ki2 B2 Baian it o 3%
Furog? ok * 854 (SOl ¥ 22 SOIDTMOS 5§ ~ i FR £

¥ %% & Non-DTMOS - # ~ 2 L 2 » £ 5 d SOl DTMOS %% 4 77 GDSPOM #
#1433+ 0.5V 16-bit SOl 3 Bhci= T B - @ # T B % SLE B 3 2cay MT R M4

FRPTE AR AR R AR R PR v T IR EA

L

K FTE BB A B - 2



Chapter 2

0.5V Bulk PMOS #* i 523 7 B F i
T BERERA TR ARGV EA F 0

0.5V Bulk PMOS Dynamic-Threshold
with Dual Threshold(BP-DTMOS-DT)
Technique for Design Optimization of
Low Power 90nm: CMQOS System
Application

21 IAFNP LI TR LERNTRY £F L ikhd

(MTCMOS and DTMOS Trends )

7% % & (Vt; threshold voltage) ¢ #2531 # L (MOS) = i e g
R BET - a s LR RFWATR (HVT) D htl g § RSAET

R E R E BB g F 2 B RETER TR (LVT) T hil ¢

10



FTRBAETMEREr GBARFF O ARHMF LATRORY Y 5 FERA
TRIAAF £F L <2 (multi-threshold CMOS ; MTCMOS ) 7 gadjts > @ &
Wt Ffog i B chBc & T RK Y LU P ehE A Ak ¥ [20][21][22] -
% 90 2 A S ERARTRIAAY £5 2~ (MTCMOS) $jis» &7 @ 4t
E 2 HER I WA EE R T REL S B & g 82 (gate-level dual-
threshold static power optimization methodology ; GDSPOM ) [23] - # A& 5&2*Y 7.
BRI £F L1t (DTCMOS) T R$ive Sdn gy R4 T V3
% %% M F (Low Power) [10}i& T Beni 48+ (SOI) 7 #3lw &3 £ =~

# (CMOS) #ici= T it & chfhi o BF by & el LRI A3 £ 3

%r
e
Kl
T

(CMOS) T pdtjtrs ¥ it 3 B hbulk 54 A #4 § L A2 Hpren P Alp &
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0.5V SOI DTMOS Technique for
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