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Abstract

In this paper, an analog-domain power-reduction technique for a low-voltage CMOS operational

amplifier and its application to clock-based VLSI systems are proposed. The proposed technique cuts
off the bias current of the op amp during a half cycle of the clock in the sleeping mode and resumes
the current supply sequentially during the remaining cycle of the clock in the normal operating mode.
The proposed sequential biasing technique reduces about 50 % of the op amp power and improves the
circuit performance through high phase margin and stable settling behavior of the output voltage. The
power-reduction technique is applied to a sample—-and-hold amplifier which is one of the critical circuit
blocks used in the front-end stage of analog and/or digital integrated systems. The SHA was

simulated and analyzed in a 0.8 gm n-well double-poly double-metal CMOS technology.

I.ME

AT Folg SISl te Aelasel 877} 57t
sfRA Al FH B4 A1 mEs AEs) 2ol
agae] wEdd sk At 7171Ee] whe
WAeta elom, e FF AYel el A7 B2
FAele AMd AR fze] pRe Axd Al

* IEER, FEIASK '8N

(Dept. of Electronics Engineering, Sogang Uni-
versity)

HZHF1997462A128, £ 199746 H4H

(383)

oA wi§- F8% 249 iR ARgskn gt
o9} 3l x| o7 7P| MAH 32 A sy
o] tiRg ¢ opdEa <delid | sE1 9)
o} 1117171

oA oddelly Alxd] AH 4nE Fol7] S
7P Al v 9] shue R I AE A
|3k Zlolv, o] A dAlE AelEe] xad AZke
Folal 1 AlzHle] 380 7Hs3lEE 3] s
$& T 2] BAS 2 Al AHRET gle
v T AR EkE A% AH (static) Y 4w
9] &7} 9 32 FE 39t (threshold voltage)e] 7}



38 AHAHE CMOS o4 22712 918 A 243 714 8 2 4 G2 N
g PR Wew gobs whge] gkl Bl whed mEe oF 50 % AZSIEAE AR Y Mg o

(adiabatic) Al~®)e] 7%, Add oUxE 4] 3
Aozl AY £2F IA 2d + o}, Y
22 a7 n5oR 538k AaEe] §-8l
= g7 ok P! 2 9ol pass-transistorg AR
Bl A 2Ele] A 7|&e] CMOS pass-transistor
9 &£55 A7 AR Bl sHste
2 she oot el dA" =2 327} AtEa
gle) F8 AgteR gt A% A3t BAFEejelvt
ghcp, 141 151

opdza FHAZ| ZefA} opdB e} TAY 327}
F&3h= it €4 2= (mixed-mode) 3HAHIZ
AzEoA S 7P Bol Awske BYE B2
shl= o34 ZE7| (operational amplifier)ols, #
Ay Axgle] 7S e A FAEhe
CMOS it ZF719] AV} B5Aelcl. 7|E9] A
At CMOS a4t $%7] AA A= e 275
23 A3 & 9 w2 Ay o5 7] A6
FE7)E gt FERE AP, sy tf uhE AR
Fhe 557] 2o s Aoz & HATS & &
v AHg Pa 2 sk o] vk o=y AE A
A AxE Sdold sidsr] A AR, oz g
2 749 7129 Fel=elel A/D WE] Az
A48 Q4 $F18 & 5 A0 T o] Azg
e shie] dod gl e o FX Y
N2 AEHshe 5 SE0t ARSI geng
o] ZESZ ANlEE FYox Exlsle A4 s
A A greesy AA Alade] HAs 4w A
2Hg 2d £ Aok 2, FF0)9 FR-E A
7hel g 29ix1e] A A3 g s AR
o2 glated A3 (settling) A7kl R kg 73
& glom, Alxg]l A o] ofe] Hahslzlvh=
o] qlrk

B EEAE AHgEE 3ol AlnEle] T2
EgHolw, 2d FRHME %S ARIFIA w9
A, v AHE Fa3E ¢ e dit 35719
ohgdz a1 oA MY a3t e ARt Z
S Agsle e A2 A"l 8% 4t
Z2719] A, 7129 dab FFv)eke gl AREA
o 299 HF 7] Eok FEVC AR TFE A
okl U] vk 7] E]E vlelola HRE A4A
g Aol we} sxFoR FFFeRN FFy] AR

= A

| SR

ofrt

o= HA 32 AFg IARCE 1T FellMe
B =R Alokshe Y st s 7)1Ee] v
Wit wlsEslel =t felg =sty, I Aeld= A
okl el HAskE F27] Y wlelo|a 3EE
Sample-and-Hold £%7] (SHA) 3|2 #8351

29 AL Ea) o 84S A5tk
0. Motsts A4t SE7|9 M 435

71

F9L A83ke divtre AR Axded 82
A FE7)9] AS AEE oF FEPE YEY3)
£ 899 4l 5] Eekdle FEE A3 @O
B2 FE7] dplos 32ayele AR 35 A
T F, ueiR] wF F719 5F )2 w5 oA 53
of nloloix AFE FTFFoBH A AE LAnE
A3 4 4 glek e, 7189 e Ae o
b FE7)d R R ARE 3EY d it 2F
719] slel= 94 o (phase margin)7} vk Al
H1, o2 o HE EYE IS w7 el A
A7kl LR od3re 7xA "ok B =ielAde A
Aol upH& o83t A FHA43hel FAHE AN,
olHF AL rsl] Al $F71e nleleja A
5 AHds) ARy Y 2wnE FHAsEPEA
= AR A7kl 7o) FEs FA] Y= T H

7] nlolo| A 3 2F Ak}

=

(]

gl 1. AR dEds sl Ad¥Ae el AkE
folded-cascode CMOS <14} £%7]

Fig. 1. Conventional fully-differential folded-ca-
scode CMOS op amp with a com-
plementary input stage.

a8 1L B3] ¥ g sle 1+

AR 44 AE



1974 68 ETFIREWHLH

(complementary fully-differential) folded-cascode
CMOS <4t 2v)olck 2 &9 Adske] 35 2=
E Aol ga Euke] A9, A 2 29
55 ARl sk 54 3% 2= AF (dyna-
mic common-mode feedback) 324l CMFBE <
Asle] Qb FEv19 At o AHH FAE 8ol
shA stdck B o) Al FEole FHuela A WA
Z (dominant pole : wp)S 7HAIH, £A1E9 FA|
o]% 7 T1 % T2, T3 ¥ T49 7 kx=ofi ¥
%3} 72719 ¥ HA & (second pole : wp) & 7HA
A ek 22, PMOS E#AAE S HF olFE
(mobility)7} NMOS E#zxAe2] Az} olFxryct
zZtowm@ PMOS EMWAAEE NMOS EXAEE
o} BE 2uf ol ZA| AAEH, o2 <ls Ao
2 #7148 ARARAE 7R T 2 T2 k=4
9] Zo] 32 FA| ol & d%e Fokh o, Tl
9 T2 k=die] E8 38 vadlchd ©y o|5 F
#}= (unit-gain bandwidth | @uniey) o418l 14 o
F (P AT o Aoz 589 5 qlck

n

@PM 90° — tanvl( wum’b’)

@ g
° — & m,in / C‘L
= 90° — tan (=I5 E (0
( Em.s!Cp )
T
M:i] MPB2 MPB3 MPB4A | MPB4B MPB5J LA‘PBS
2 |
PP LT
swWi
o BASY I
wBIAS2
o HAS3 1BIAS
BIAS4

MNB1 FANEZ MNB3

m MNB5
s

A3l CMOS 4t £5714 HY HAi
315 H7 njolojx 32

Bias circuit for power reduction of the
conventional CMOS op amp.

g 2.

Fig. 2.

o] o, 9J E@l~AYel~ (transconductance) gmin
2 MNI1 % MN2Z FA=l= NMOS sl¥se] =
2AYE A g, MP1L 2 MP22 F4=+= PMOS
gty Bl AYEs guol R A,
g MP7 2 MP62] Edlaadels 2 S

(385)

B ClR O £6%8 39
OUTT % OUTCelIM®] 53} AAAE, Corz T2 ¥
T1 x=elxe] 714 FAfARIzelc) o] il FEr|
£ a8 29} o] EjHog HAE 5% nleloln
g gie npololx MRS FEker) ¥ 2604
SW1e Ee ol Fabsle ~9x84 249 ut

Z7] Eab 7AW MPB4A¢] 32& AR AL F
Fo] = MPB4Be| 3=2& Afe Addnz,

MPB4B2} MPB4ASl W / L =7] |8l w=} =
7)ol AF Tgol Y wvx 9AE AuiEle AY 8
7 2 Fabsha, F9e] uR| vk F] F}b
SWie] AXH thA] £E7]e)] upoldx 277} 55
of Mab Fxt w7 FaRgicl e, AY st =
oA A T2k o] AR FF|E MNB4
o) 2|3} BIAS47} WA =2, oo g MPB2¢}
MPB3ell 28] BIAS] ¥ BIAS27} 3522, 13
19] ZE7]ollAd= BIASAe 23 J=wke] AFrt
MP63} MP7xc} A B2 sch wepi, ¢7h8 e
2 gmin®] gmprBTh AXA EH, Al (Del] o8] A4t
FE7] 249 A dht iR, A HE: S
He dg g7k AHels AR Azte] Aok ol
3 JAe AE ) muAd AR{E sk Apdst
7] 918l MPB4AE AAE 34 ol& A vepd
t} 23 2414 BIASSE 54 35 o A% 32E
sl T, Yo o sl 52 39 F
Lo] Alsluz FE7]9 thE ulolois At Rl
o] Aok

F%7] 2929 A ARE A /RIS =
AE AHel Aas 27) fsiMe B2 2ee] A

gmin®] gmpr Rl QA A RS A
Z83lc}. o1& Slsl FF7]2 MP6 % MP7¢l vlo]e]
2 AFE FF81 gmprd WA 71 T3 olddl F%
HOB gnins 719 TOoEM, B3t o AA] A4
53 modxe ¢4 ofxcl e ¢ dRE
2w2 gt oebd, 28 39 AkE A4k 227 3
2|4 BIAS1-S #e2|AA BIAS6S F7lslglen, 1
3 49 Ak FE7] wlelols 32 7|EL] nlolo]
2 3Zol= o] FEy)d o) HARE AT
sAlell mE) A o2 I =S A
Z SWleo] #=A" MPB4, MPB5el| ¢]3] BIASI,
BIAS27} &7 114 FF=3, oh§ MNB3el £
3 BIAS47} £E7]9] NMOS &thel 3=
gna s A%} ohA] MPB2ell 2)3] BIAS60] 5%



40 A4 CMOS |4t £%7)&8
712} PMOS si¥wdel] 355 gnns BATCEH
Az A 54 2o gppnell =8 =io) o] At
BIAS6S BIAS4RT) A4 3538 o248 AN ¥
’Jr 228 gnpdl ke AR £ o AdAzL

o, o]#} FApHQl vlelolx AR FHE ¥ o
iy ZHE ARHEZ wp7t "R AF (pole
splitting effect)& A& § 33, 52 2= AH «
5 A B3 Bed olF HzkA] A ke
4% 4 gk o, o] A &8 AR THE
28 F71HQl AF 47| (current mirror) & ARE-
A HEE, A B A A 4we Pt Fv)
A Flck e, AY ) e FAE de vl
ol FE AT ~$]x] SWiel o8] AFrT At
HA 522, SHA AA 29 Y L¥ele A2
FaE 7|1AA et

I Bass
2 [
" y st
s A =
N1

R ﬁ{H o

"’{ J NS N7
_' I —|= Bas3

_I.VS

A gahs

a8 3. Ak Ay Has)
CMOS 4t $37]
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