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ABSTRACT

This thesis presents OTAs and super MOS transistors. There are three different
proposed OTAs. All of them use capacitive compensation technique, quasi-floating
gate and bulk-driven transistors. The circuits can operate with rail-to-rail input and
output swingit. The first OTA operates from a 0.8 V supply while the second and
third operate from 0.5 V and 1V, respectively. All OTAs are designed using 0.18 um
CMOS technology. The performance of OTAs is verified using HSPICE. The simulation
results of the first OTA shows the DC gain of 65.8 dB, phase margin of 57° (C,= 20 pF)
and the gain-bandwidth product of 10.2 MHz. The power consumption is 59.4 puW.
The second OTA shows DC gain of 67.2 dB, phase margin of 68° (C,= 20 pF), and the
gain-bandwidth product of 24.2 MHz. The power consumption is 30 uW. The third
OTA shows DC gain of 62.2 dB, phase margin of 60°, and gain-bandwidth product of
15 MHz. The power consumption is 160 pW. Furthermore, this thesis presents 3
different designs of super MOS transistors. Bulk-driven and quasi-floating gate
transistor, self-cascode, and negative feedback are used in the design. The super
MOS transistors can operate from 0.4 V supply voltage and the bias current is 10 pA.
The simulation result shows effective transconductance of 11 mA/V, 11.57 mA/V and
1.72 mA/V. The effective drain to source resistance are 385.5 kQ, 551.3 kQ and 946
kQ while the effective source resistance are 168 @, 17.1 Qand 109.73 Q,
respectively. To verify the transistor operation, super MOS transistor is connected in a
common source and common gate amplifiers and the simulation results show

satisfactory performance.
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n
—Vps
2

J

VDS ’

VDS S Vdsat

(2.8)



ey

Kw 2
/D :Z(VGS _\/tO _7/»\f2¢f _VBS +7/ 2¢f ) (1+VDS)’ VDS ZVdSOf (29)

n

Tun19Ufus 15971500 NwUUTALIIIU Vas<Vpope 10871 Viope ABLIIAUIENINVIUDA
WagUaTa (Vo) HazvIUaRLasu AU (Vap) Qnludanss (Forward bias) @ediiuseana
0.6V

2.1.3 NIUTANBTUULLARLANADLDY (Self-cascode transistor) [8 - 10]

mssensnBamesuvunaalanduiiten uazgnihuldesnuuuinsverefudu
170 AFN1IHINA1ETITOLTLANNAIUNIUNIIF UL ANAYDII TUALIRLS M 1V 8B4
2aseeld egslsfinaiinisienanadesnisliliidesdeuinags Wmsonsudawesuuy
uealansaesiauandlusui 2.3 Wudamadeniliimineaniunisiauaeliln&esi

D
My m(W/L)

G :I 1.5 o_‘
My, "(L (W/L)

JUN 2.3 n51udamesuuuuaalaniiies (Self-cascode transistor)

Tumsesniuunsudanesuvuaalandaies My, gnesnuuulmingulugiudud
WATNIIUTANDS My, WITHEIUTUEY LA8NISANUADASIEIUVBIVUIATBINT1UTANDST
My, WRU0 I nIN0UIAURINIIUTALADT My, WU M 917 AIURIUNIUNNAIUDYINA
VOIMTUTARBSUUULARLARAIBINATNNIAY

ro g gmlb’?}larolb It rola —rolb =~ (m P 1)12716) (29)

A a i s Y] ¢ a s a ¢
LB 9. AD ATNNITUAADUANLLAUYVDINITULALAD T (LL@@I@JWL@UGU, A/V)

r, Ao anuimunuaiouvemudanes (leviy, Q)

2.2 ATeifetesvasisastefiafiiiumn

WITVYINTIUAADUANLAUTD (Operational transconductance amplifier; OTA)
wioreastefiie Aorsasiivhuthiudawseulimdunseua [11] 2eastefiefanudfy uas
gnitlursassiuwuuauzien rwaslefiegninluselssyndldnulanainvate dsasledie
anunsatiluseludnuaefiinisteundunuuauieatraduissveneldun 19asveneuuu
ndua 9asveresuuldndua 2995 0Wes wazasasaindaaiulszy (Switched



capacitor) [12, 13] Jusiu 299sleiiemsiidnsiveeguila (Open loop gain) g3 051013
MAndeyey1adnunsid (Common mode rejection ratio; CMRR) &4 8mn31agd (Slew rate) &
Age g1un1saavesdygyiadnunsid (Common mode range; CMR) N9 UagHARN
FTNINOATIVYBLAZLUUAIAYN (Gain bandwidth product; GBW) N34

SUTl 2.4 wannsesvnensudneudnuandiugu 19aTUszneufensLdames M,
- Ms NI1UTALNDS M, , ﬁmﬁwﬁwaaLLiqﬁuﬁumeLﬂuﬂizLLaﬁhaiﬁﬁ’uimﬂ R8¢
HNAFNVDINAITAWNY €1 o012/ Toza) LLiqé’fuLmeﬁwmjamﬁ]iamwaaﬁasﬁuﬁqqqmwiwf"fu
Vo - Visarsa mmzﬁﬁi’maﬁqaﬂlﬁﬁﬂqmﬁwﬁu Visarro + Vigsars

£
=1

= 9 1 o ¥
EU‘VI 2.4 'N"UTUEJ']EJV]T]uaﬂ@u@ﬂLL@uGU‘WUi']u

U7 2.5 wannsaslefiouvuiedwanasnadiliraasasieunszua (Fully differential
OTA) [14] 2995U52NaUMENIILTALN05 M, — Me NINWTAWDS M, MNsUasuLRY
sunadunszuaudiasiiounszudlduodnmsensudanes Ms, uaz Msg 80319818089
WATUANWINY @1 o5 6//To78) meﬁwmaiwamqﬁ]immmaﬁﬁuﬁqqqmwhﬁ’u Vop -
Vigsars.s SumzﬁLmﬁwma%aﬂé’ﬁwqmmﬁu V s

SUT 2.5 299slefilonuuiendnmrang (Fully differential OTA) [14]
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Ul 2.6 wanssasveenIudnousnuaudvizelefilouuumaalatn (Telescopic
OTA) [15, 16] 2995Us2NoUenTuTanes M, - My waznsudawes M, vmeiiilusa
nszualviuasaslefite nsvheuwensasesuneldsned dedmaralnunnasing (differential
mode signal) gnieawdnun nsudawes My, ssudatssudunszua nssuananailva
runsBanes Ms, luduednmdadinnusumuendmadeutrsgalaefiduszanamiiy
Om3.al 0127030/ 2 ﬁqﬁ?ué’mswmamamwﬂaﬁLaLLUUmeﬁwmmamqﬁﬁqﬁ@hﬂizmmmﬁu

Sm128m3.al01,203,0/ 2

gih‘?i 2.6 1Aslefionvuaalnin (Telescopic OTA) [15, 16]

295lefiefnaniisniveedoudnegs uaziiosensvalvea il 1Hesansasd
Inandniieslnalien aEJ'NiiﬁmmwaﬁﬂﬂdﬂﬂﬁmﬁuiwLgﬂaqa wazdgIuN15839U99
dyeyaudunalyun3an (CMR) kagn el suasda1aie1fng (Output swing) o8

gﬂﬁ 2.7 LAn95Le LU (Folded cascade OTA) [15, 16] adursasledie
Snuvunilefianansoudlunisaiwe sdyanaiednn vosaslefieuuuiniaalnUnle 199
UsENaUsensudawmes My - My, wasnsiudanas My, vmiidlusanssudlsiuasasled
10 11391191u989299503 U el ded dledygruluuanan1ali1u1 19 unnve91993
NIUTAT My, asudasnssiudunszua nszuaninanlaiiunsudanes Mo TUgs
LOVANG Lﬁ'mmﬂmmﬁmmuLaﬁaumqéhuLmfﬁwmam%ﬁﬁifquﬂsxmml,mﬁu Rout =
Oms.6r03.47 05,6/ /[6m7 8701 8 01.2//T09.10)] Fausns 181898929958 AN UsEUaTnAY Om1.2Rout
Feldsourensasiefeuuuiudiofiouiuasaslefiowvumaalntnie useulwiaeils
Atfesniuazeunmsaisesdaygialvininiidunn waziordwawindlaiunnndi
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sU#i 2.7 2995lefionuuiiu (Folded cascade OTA) [15, 16]

aslefiiefind1ninendesasauanieiin NMOS  w3e v PMOS iy 29936
nasnsaesiadamannIaluntsneuiuterunTemsstuB AT T LANs e
awlfedunedeluil WeResanguil 2.8 Fudursaseuassgin PMOS lsmuiusdudune
Tnungmansoaisadidne GND wazansoa s tuldviniy Vip = Vi, - Vier 2 [17] Fathy
usafuBump AT D N sENaRsTia PMOS lanusaaiatulfunnusaninsnaieadldd
Tumandufiu 2sasgnasissiin NMOS sauandluguil 2.9 figaensaiweussiudunnlvun
Sruftanunsoaiatulads Vop IummgﬁLLﬁaéﬁ’uﬁumeMméaummma’iﬂaﬂlﬁﬁwqmLﬁ/iﬂﬁ’u Voot
+ Vos12 NANIAD WSUBUNALMUATINYEII9RTANAA9TTA NMOS annsaaiwuldnusais
alaadlali

i I S i
VDD | Sm /m/l , ,
oS 1 | |
3 I I |
. & ] / 1 ]
" ol :Gll | |
= : T = |
-¥- Sm I
\/DD E\ :
| |
VBZ o < . A s = |
°—| < | TRNENVBIHY Y IUDUNA |
O
= ! Tvinsal |
M /\/, ) |
P1 P2

ViN | | Vin- ! !

- \ [

GND 1 > View
GND ‘ Voo
GIRRTGINTII A bt

U 2.8 29aseuasinsvila PMOS [17)
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r s

1 i /. 1
VDD | ) gm tail H
-3 1 1 |
] ] / ]
1 1 1
] ] ot — =
=4 | [ |
4 H !
% | / ’r gm
> ! ! //‘:
| / 1
1 \ 1
Myi Mz ! ! - ” < >
1 1 1
Ving Vi Ra ! ! Felevesdogaduwn |
N | ] ! |
: | | O 38 H . g |
1 1 1
5% | | |
Vg, N 1 1 1
T | | [
0—| GND =i i > Vicw
GND . . . Voo
e IBUNALIAT I

U 2.9 2s95gHassaTa NMOS [17]

SlotinsasAnaing NMOS wag PMOS ineenuuuiiuneasnindunmenasis P-N &
wansluzudl 2.10 (17] wasfldanunsoadetu wavadldd nisvhaumensasanninosungls
dail flodgnaduwagniloudiun 1wsgnanng P-N shwhiuaussuliidunseuadens
gnihlusaufuiinnedaluneuiiasgndsdaldannendnaussasasiefie lunsdiuseiy
Sunplvunsmiimsadliuann 299sanamg PMOS axliiviniaiu usisasauasis NMOS g
a11150v191ula Faglau mﬂLLﬁqﬁuﬁuwmimmiamaﬁﬂﬁﬁulﬂﬁq Vpp 3ATANAAS PMOS
wngan1Tie lusaiefinensgnasie NMOS feasaansavianuldsoly Tunismseda e
ussudunalnIngINEdeasds GND 19a3gnasiis NMOS agngansyinau Tuumeinaasy
AR PMOS §3a9a11130v1191ulaR

iaNTadwnAuled 299sARaRe PN aé’uﬁuﬁwmulmaﬁuﬁ’ué@@mﬁ@uwm
ndefiingans 29asanana P-N Fegnldiuegnunsvansy agnslsfiniu dounnsesnesnas
ANARY P-N A Amsudaoudnuauduesnasiialineiidedunaddygravunlng
yonamnivnussiulmassidenliiuiesiiadnis v, + 2V, 3995AHAR1 P-N 9zl
annsnvhauldidesanazingiune (Dead  zone) Tu nando 29asauamg PN Ll
annsovhaulsduandusui 2.11 @) [18]

Voo
VDD V4
DD _ o B2
S T [ i
0
N -
T s M M
= Vive |l PZ Vin- Current Vour
o
< |:|_0_I:'I Summation
3 A MNJ M/\/z
> 3
~
5% Vi,
l SRl o—[ I
GND ) .
P Pair N Pair 1

SUT 2,10 2995GNAFNS PN [17]
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VDD > 4Vdsot + 2Vrh

i

S
S

ol o ALY
R AN
\é>81—| i NMOS pair is ON

NN PMOS pair is ON

(n) (%)
g‘dﬁ 2.11 (n) mﬂauwm@jmasm P-N wa (v) a'mmw‘m'lmmmﬂﬁuwm@'mamq P-N [18]

JUN 2.12 uaneeaslefitenliisasnindunmdnasiie P-N  uasiilassadrauuuiv
193pndnauelag G. Olivera-Romero Uaz J. Silva-Martinez [19] laggnimu1u191n3993
Tugui 2.7 19335Us8N0UMENTUTANDS M, — My N3VNTLYB9TANNTa05 U larall

aNa o a

nsiindyarapunngnUauidnu 293sAHanR1e NMOS (M;,) uag PMOS (Ms,) wiadusesiu

a

sunalimlunseualvaniu Mos, Uaz Mg LLaslwashulﬂﬁLmﬁwm%aﬁmmﬁmmmaﬁau
WU Rowe = Crmzsoiollosse 107/ Mosai )/2 FausnsveousifureesIeaUsTna
WU (Gniot GmaaReut b3NENNATINLGTIN995TIRT 108 18G9 yonaniasesilwandniiies
Tnawierdawalinissmaeanudlidudou aEJN"Liﬁ’mmwiﬁaﬂﬁmﬁﬂwLgamauﬁﬁwga
LAZEUNNTENVDILTIAUIINATAIABUTNIINA (2Vert < Vousswing < Voo — 2Vetsar)

‘é’ IS Il o ay v 1 Y1 ¥ Q’lj
wonanisasivgymaing unie (Dead zone) Asnlananilineuntil

2.12 2saslefhouuuiuilléisasanasng NMOS uag PMOS [19]

=p

U

CaNl
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G. Ferri, V. Stornell, Wag A. Celeste [20] 1hnausnaslofioflirsasnadunng
wawing P-N faiuansluguil 2.13 2sasldgnesnuuuliiisnsvensgauar fsnagdas useiu
LDIANAVBINATANNITAFINANTI 2TVEENAAIYA NMOS Usenausmiensudanes M,
- Mhgs $8¥NITVYIENAA1YA PMOS Uenausmiensul@eaines My, - My NsuBanes
Mosps) %88 Moo gﬂ@iaé’ﬂwmsﬂauﬂé’uLLUUU’JﬂﬁﬂﬁmmﬁmmumﬁauﬁmLmu
NINUBAADT Mosps) WAE Mogpa) TR NIIWTAROT Moyyp1n) - Motagre SUUIRINTIATY
nszuaiiedoulfiunsasaunssuadalsyneusensudaines Mitsp1s) = Mnapaz)

n15v19uTeIsases el nsfldeyaruBunnveasiianvusiludyyin
Tnuanasisiinisadslsiann 2993Anass NMOS  uaz PMOS  azviaumiendulasuuas
u,iqéfuﬁuwmiﬁtﬂuﬂizLLa?ﬁqgﬂﬁﬂﬁﬁImm Vonsa WY Vont» HBSNNS LS00 Ms(ps) %88
Mrapa QNFOANYUZWUUTRUNAULUUUIN danaldrranusunuiilaug Vom() $8E Vonzpo)
firnge dsmaldnsveonseiulddnudananimgaruiu ussduiiluun vo, e, wae
Vonap QNU818R8LUE19959810UNANEDIUTENOURIENTIUTARNS Mosips) - Moo N50)
ST IAHIUNTIUTAABT Msps  WAE Mg  WRnssiulilosninmsdasuniasmes
GRIRTRYRANTT nszuanvarumsLdames Misiosy Mnsoe) 3200 30ULUES M7 (Mrsos)
WAE Mogips) Masopio) AszuET ARy Mises) Maopio) azaviunszuailnaniy Mos(os)
(Mrp7y) $829950UNTYUATIUSENOUNE Moisiors) - Misis) AzHATINAUALIZIAR1Y
Misip1n) Morapie) dnalinasiinssualudage vinldnssualvan 1w iuusequals Cunss
(Copsre) WNNuazRzsilinszualaludslnanliogesansy

19957iauslae G, Ferri, V. Stomelli, way A. Celeste gnosnwuuliiag
UAUANINI1 T8ns1veeussiugs wazlidnsnagdgs egalshony wsatulAenvesasd
AEaar99siUaMaIng ume (Dead zone) seitlinanalinenunthil
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Voo o
SR RPN SR B SR i R S S
| —i| — | | == jIT |
Mpy; Meg Mpr Mes Mps Mpq Mps | Mpg | Mp1o Mp1z
Vos Voa
V%urf My Mo Vour +

29959818 udRausnuaLS LU uRRRAR 1 Burseslefiiednulinfdenl i Ty
2995vNEEYAAUTINSUIMES I995vEn s It INgUNTRINTIIIU HaTUeeIAdesilatn
LAEI99INTBIAINA [21 - 35] JUT 2.14 (n) wansdaydnuahaaslefeuuudunanasnaidl 4
dunm LLawﬁaLmﬁwm NANIABIATHBUNG Viyg, Vine: Vinos W8S Vio. 4AETLBIANA vour gﬂﬁ
2.14 (3) uansdgydnvaisaslefionuudunauasiendyenassiisl 4 Suma uay 2 e,
NATIADIATUBUNG Ving, Viyy. Vingr H8E Vio. WASTIDIANA Vour W8T Vour,

Vini(+
VN
Vina(+
Vina(-

(¥)
JU# 2.14 (n) letllouuudunananie iag (1) leMlauuudunnuasiendnanasg [21 - 37]
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UM 215 uanesaslefonuuduwn uaziendwanasiafigniauslag Sh.-Ch.
Huang waz M. Ismail [23] 29asgnesnuuulidl 4 a1 laun sasuUaswssiudunseua
USLNOUMENTIULDELNBS M, - My, WIATVYIUNTELAUTENOUAIENIUTANDS My - My,
ATVYIGHUUNFUNAUTENOUAIENIUTANDST Mo - Mye HAZIIATVLIENIALDIANA
Usznoufensulanes My, - My, nMsvhauwesasesuie L Lﬁ@é’i’ﬂu@wﬁuwmwamq
G?jﬂmﬂﬁuumﬁﬂgﬂﬂauLﬁi’hmﬁ@uwm Vivis WAZ Vo, WAz uBunaNasi19gnauunndn
Qﬂﬂaw’u’wmﬁﬁuwm Vive. H8Z V. ’Nfﬂs%ﬁ’]miLU?{eruLmﬁu@uwmﬁmé'}ﬂﬁ@unszua
NIEUARINAINALTDULUVENEMIENTIUTANBS Mis1 WA Misie waziUasunszuaiu
wsesuilaun Vorz wsesuilun Vorz QNUEELAY My o0 - Mag 30 SRIIUBUNANARN iy,
WAY Vo, (V. WAE Vi) ﬁgﬂsumalﬂé’umﬁwm Vours  (Vour) 3935te7itelonsivgnaunn
ashﬂsﬁmmwﬂsﬁt,l,saﬁulwLﬁquq (Uszanad 4V, + 3V daunnsesandsenis AeYaens
aaiBunailraoudediia

Vour-

Uit 2.15 Tefiouuudunauazierdmmnasiidlag Sh-Ch. Huang wag M. ismail [23]

J. F. Dugue-Carrillo uagamug [24] danaiaaslofiiouuudunn uaslendnmxasig
Fauanslugud 2.16 29asAnABUNANAsNIUTENBUMIBNTIUTANET M, - M, 19959NBBALUY
lAgIFENEaNNITYBIITIIVLIBHAMAN WATAALBIINANAAIIUTENBUMENIIUTAWRST M, -
Mo ngﬂaamwiﬂﬂaaﬂﬁaﬂﬁugﬁmwwmaLL‘U‘U%aaiam

ns¥umesIsesuelagad Lﬁaﬁmmwmﬁuwma‘iqmﬂgﬂﬁiam’hﬁ Vi, U994
NIIUTALHDS My WaY Vi, VOINTIUTANDS M, LLazﬁ’zgzymSuwma%aaugﬂsiaLsé’h‘ﬁ' Vivg. V94
NIUTARNDS M, UAZ vy VOIMTIUTALADS My N3 1uBanes My way M, azviinisiUdeu

[ a

dyaradunadunszudluasenainlunun vo, sasdendu M, uas M, svinisasu

[ a

doyaraBunmdunszualvadnluug vy, dewalidygrufilnue vo, a3au vazifiediu

doyaaunlium vo, 390N FYYIUNIIUA Vo Wazlnum v, QNUEIEAILAIALDIRNAAIY

NIUTAWRT Myg deysuradiordnmilanwaisndulaiudyaaniuum vo,, 9n519878U89
WATHAWIAY (g1 + G010/ 03,0/ /705 6)Gm )07 8//709,10)
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& P VDD . &
Ves
| |
o S —
Mz Ms Mg Mg
Vout + Rc CC CC RC Vour -
o vW—| Vo1 Vo2 ¢———-W\——9—0
o Geoed G
M1 Mz T \/Bl M3 I M4 MlO

M
| ] |
| | - | |
My, My,

JUN 2.16 lafleuuusunauaziodnsnasislag J. F. Dugue-Carrillo wagaay [24]

H. Alzaher uag M. ismail (26] lfinisimunnsaslefitefigninausloe J. F.
Duque-Carrillo kazansz [24] maniseenwuuliisasmaidnaiaudnuuzaaa ted e
L.Lamiugﬂﬁ 2.17 ’miﬁgﬂﬂ’ﬁumﬂizﬂauﬁaam’m%aLm% My = Myg NININIUYDINITAIA
Sunnnaisddnwumieaduisasigninauedeuntid nsheurennsesueldded
NIUTAWRT My - My INI5ve0d ey dunanadaludaluun vo,  wasluun ve,
é’iyfywﬁgﬂmma%ﬁé’ﬂwmzﬂé’uL‘V\Iaﬁ’ué’fgmwéuwm Fuaaufilviun vo, waslinum vo, an
datoluiiloun X, uazluum X, %ﬂgﬂmmaﬁﬂﬂ%gﬂm&m%mﬂLmﬁwmé’wmm%mma% Mi112
LOENTIUTALNDT Mz 1 é’fyiyjmwwﬁwmﬁé’ﬂwmzﬂé’uLWaﬁuﬁmmﬂmﬁImum Vor Haz 1uun
X1z 9N I1VE8VR NI VTHA WA (1 54830010/ 703.6//T05,6/ /701516 Gt 12+ Gm13,10)
(ro1142//To13.14) m%Lﬁulé’inwsﬁgmauaima J. F. Duque-Carrillo uazaady [24] Loy
H. Alzaher wag M. ismail [26] Lﬁuaaﬂiﬁlﬂ%’u%uLLazﬁé'mwmquq p814l3NA1 W9
1‘1/\1LgﬂdmamqmﬁﬁhﬁawﬁwqqLLazsu'NiJﬁﬁﬁmimaaﬁy’qamw%ﬁmﬁ%f'f@

Vo

. = D
V,
Vewmrs | T 63 | Vewirs
[:“—%‘_ °—| 5[ |
My, M, Mis M My Mg Mg My,
V, v,
Vour - c Cc & 02 Cc c Vour +
O vAvAvA%] } { %‘v‘v‘v O
Vini- Vinte Ving+ Vino-
2é o—' '—o o—' '—o X9
Mis My v M, M, My Ma Mio Mg
'—«—gz V10— |
L |
Mecy Me,

5UN 2.17 letllanuuBunnuaziondnnuasislag H. Alzaher wag M. ismail [26]

JUT 2.18 Uana399sleilenuuduns wazioianarasisgniiauelag S. R Naqui
[28] 193501ATINTNYNBONRUVIINUANNITAUFINYNINATLOTBULUUNY 293501ALR AN
hauludnuazeaia 1l 21995UTENUMENIIUTANDT M, — My 1WITVYILARARNIT PMOS
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Qll % a [ o 1 (v a 6

MsENaUMENIWBaNes M, — My 31U 2 3937 QNABIUIUAN NINUTANBS Myy,, Uae
Mas 50 siRENBzIAAlAavIIINA lUSaNseualiiuI9asvensauan1a PMOS M 1q Wag Mis 1
fodnwazkAdlagyiutNludansewalinu Ms — My, N15919uYe99asesuelasell nsel

[

d mﬂmmmamqmmwauwmama% (Vints, W8 Vo, ) My - My ﬁwmiLLUaaLLsaﬁu

o

sunadunszualnaniu Mg wazlvaruiadnumuaiioudilaug Voiz W8 Vosg Foyeyoud
Imm Vorz $aE Vos o HanuwauenduwaiudayaauBuns Fain vo,, bae vose QNU81863e
My7.15 W8T My 0 BNUMENAULWARUYQYIN Vo, HAZ Vos 4 WelANvazaReInudy I

VDD

e L

I—-\-/gH

Vs Vea Vs Vg Vours Vour-
!%,L:]Foo—ﬂf::ll—o by L
o;/]i M My, My,

FEN Y rlMﬂ 45M18
: 1

sUN 2.18 letllauuuBunauaziondnanasidlae S. R. Naqvi [28

V.

inl- l

| Vino+

3sleiefinauslag S. R. Nagvi 0R5UYE (9m1s60) Smzg@mizis + Smioz0)
Fos s(112 o7 0,10\ T017.18//To1920)) 88 13b5ARIM 29951 WUINALES (BV e + 2Vip) uaE
doyayradunalianunsaaislaning

2.3 unagy
s Y & A a a o ¥ LY xg{l ° =
1ATVINIIUARDUANIAUT T 99T LTIl N saheunglanssauliae s &

o

gninluuszgndldnudneasdoundunuvay dunauazie1dnnveeasdndudedvas

Y
a wa

UfuRn1ning N%I@ﬁmﬁumwﬁqmﬂ uazasanAgnaeniuUlannaiauiussiuly
Aeasld LLm"L:uawmiamNﬂgw}miﬂfmim mmwiuammaaﬂqulmwmmwgummw
uFpailN TN ST LTI s svihaulaA amaimwmmaaawLanmenﬂsuu ns
ponuuunaslefefinudnuazdinanaunsaildfensliniudanesiadounnass

WATNTIUTAHNBIN LTV VDA



unil 3
2995VY1YNITUAADUANLAUTNUNLEUD

uniindnfesasvenenaniaiiugiu n130nLUY #&NN19EITY N15IiATIZ
AnENTAANS 9 Uazn3IIABINTTNIILBNNRsIEIENTILdRsuUfnuALS (lafie) Mitiaue
2avsilefiieitiauei 3 2933 i 2saslefieuvuiodnanasiisiiairsanvsudames
aslounnasy 2aslefileuvuiodnanasuaiioufiai v uianefiaiounnasy waz
aslefhoutuduna uasiodwanassiiaisannsudanesildoued 1saslefiefind
Lazsasfiaesgnesniuulngedendnnsvaeaudseiuivuszgdailiaesiing
povALDInNLRRTY warndnnsteundunuuuanidleatiindumunuuaufiofiudini
fumuLednn nMskfiueANE UL RTINS RS IUNEPuYeIsas 2995leTie
flanugnesnuuulaglimdnnstauludrmt (Feedforward) 1sastiouludrsviisiliisass
Sasveneus LT LazMAndyaIMdunaluns mMsauveneslediefitiaue 3
1993lAgndraeansvinaulaglusunsa HSPICE

3.1 aaﬂiwﬂﬂawaﬁiwﬁugm

Ui 3.1 uanssasvenenassiiugiulagldnsiudamesiatiouinnany 2993
Usznousensulawmes M, waz M, duiuuseq Co waz Co %"’qﬁmﬁwﬁﬁqmu@uwm Vin
AU My, lusmgiderfufianidduidestuussdulnmns vy Lailignderuluds
wrasndndeyanBung Me1uniu Ry way Ry, uddiunuiaiiounesunassnadunm
FIRTUNIY Ry WaY Re %aﬁmmﬂmyjﬁmﬁ’]ﬁﬁmummﬁu%é’a WAL AR TIRUDUN
Vip TUNNATBI M, 5

UM 3.1 19sveeradanugulagliniuiawesialiounnasy

M58 Y AUNUANAAIIUDINATVEUHARNAINTALAIN Ay = -GRoye 11D

G,y ADAMIIUAADUANADITVDINATVYNENAAI UAE Ry ABAIMINUAIUNI WAL DUTILBANS
1 P P A a < [ 1 a I I3 =

VBINATVYIUNAR L nTilvue X ledunadudyaralvuanadadidndunsnaaiou
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N153LATIENNTAT1VE 18 INUANAA1ITIAIUITATATIZA LT DUAUINN VY80 TATINAD
BRIV IVUANAFIVBINITVIURAR LT IUT AW

Ag = Smip (ro1,2 / RDLZ) (3.1)

[y

1:4' A [ 1
e A, A dnvvenedyyiadvannasiig

¢ ., fB AmsudasudnuaugnvInaves M;, (AV)

r,, Ao aenudunudygiaundn (Small-signal resistance) finue1dng

w03 My, (oviy, Q)

R, , fo fmmununesenituasunuwraeglibes (Vo) Geviy, Q)

G R

5UN 3.2 193siailou FrusnauunaaniagianuUszul

gﬂﬁ 3.2 uanvIsadoudyaauuntanuazi i ulsr U099 eRas 19
MleTRmilsidusslouiiolasEinsnoUaLsIIA N SuINaNMSNTZLATTIUA
Gro HAEMUA Vo, WEIWININITIATIERMAATUR181o Y3995 Ve URaR1 LA AR
Re12 HANGUN WAE ro 5 >> Rpiy Wqﬁﬁﬁ’umdau%aﬁmwhﬁ'ué’ﬁmdauizwj’mLLsaé’fuLaw‘?wm
(Vouds)) HagUTnUBUNA (v,(s) HAwiny

S
_9m1,2RD1,2 1= ;
174
A (s)= - (3.2)
Vin s s
1+— |1+ —
@y @,
dlo . Wy, ¥ @, ey
g
o, =" (3.3)
C
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1
@, =-— (3.4)
R51,2 |:ng1,2 (1 + §m1,2R01,2 ) + Cg51,2:| + Rm,z (ng1,2 + Cdm,z)
Rsl,Z |:ng1,2 (1 + gml,ZRDl,Z ) + Cgsl,Z :' + RDI,Z (ngl,Z + Cdbl,z )
W, =— (3.5
Rsl,ZRDl,Z |:Cgsl,2 (ng1,2 + Cdm,z ) + ng1,2cdb1,2 :|

o C,, Ao dufusvqudsszninuinaiunesavemandanes M, (Wi, F)

A v @

w1z A8 ALAUUsE Ul TE NIV UNATUVNATUVRINT TS M, (W15A, F)

C,., AO é’hLﬁ‘uﬂszﬁ;LLmizijmLmuﬁ’wwaammmm%ﬁma% M, , (W59, F)

ilesamssvenenasislisnsverefiliannnimils dealifaiulseq Cu,, fign
avviou (millen) unflvnnadvualngainnavesdiaaes (Miller's effect) TnouUstiunseiu
dasvenefanan vilinrwilnandunaluaunisd 3.5 e ldganntnuagluiigavili
WUUAIATUe999siia1dn Tadtefiudlodgmsenadieniseenwuuasasiefienuy
waalan wazasaslefieunalanuuuiy ogndlsinunassananndoddussuliides av ., +
2V; Gefiengaislimmnganlunistanesnuuuisaslefiofidesiauiiussiuliidewtls

U7 3.3 2asenenainlnglivsudawesialiouwnnaesias nsvaveiiiuusey

dlofinsandnsvenswsesuluaunisd (3.1) Liwwujwmﬁié’ﬁﬁiﬂﬁqqmﬂﬁfﬂimmaww
funsusamesnfivuiadnlulegiuidesandanudumuiaiousuierdwnves
mm?ﬁama%ﬁﬁﬁﬂﬁqmné’fmﬁumamﬂfjfgméuaasﬁaamqLauﬂﬁml,aszazg’u (short channel
effect) uonaninasvegluguil 3.2 Suuufiaviflsigeanumraildnariluwdtrei

gﬂﬁ 3.3 LLﬁW\n\‘if\]iﬁlJ‘EJ’l‘EJNa@i’mﬁugﬂuﬁﬁ’IMﬁOLLfﬂ‘Uﬁﬁp}Mﬂﬁgﬁﬁaﬂiﬁﬁ’JEJ%%MT‘U@L“UEJ@]J’J
Aulsey [36] Aonssofnnulszy Gy, 52WINlnue vo, waslnum Vi, WezmLe
wansznuiiataes (Miller effect) MANINGUAUYTEY Coun

SHTIVENBLITUVDIITAWTANTAIN Ay = GoRoye W8T G, 1ldann1ston
”agzgmmaamﬁwﬁ%uwm (Vi) 482VININITEALBIANAVDINATAUNTIIN (ghorr) éfumﬂﬂugﬂﬁ
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34 LLiﬂ{;fu VFGl,Z = CGl,Z/(CGl,Z + CF1,2 + Cgsl,Z) V?ir] Gm = ishort/vt/N/Z M%E] Gm =
(©m12/2Ce12/(Corz + Crrp + Cos1 )] W18 Copp >> Cryg, Coorzo AN Gy WT8ULATN

G /2 (3.6)

~y
m — gml,Z

. Rmé équ
lsholi> Ishort
b q j
Vg _L__‘ C'fz 1_ Vs
Rer n Re2
Car C::ll Coz
+ Ve E Vig2 —
Vi /2 M, — - M Viny /2
o +

3U% 3.4 nsUauusariunaseuNBUNALNENIAN G, YDINATVLILHAAY

Rout 0AANSUBUAY I nAda Ui e10ng (vioyr) BagM iour (A3UT 3.5)
AUURALA rop, TANGININ AT Ry WINAUBRTIIUTENIN Vioyr/2 WAE iiour Y130
R
% D12
N (3.7)
by 09m1,2R01,2
e a JAvany
Q\
&, F1,2

CGl,Z E CF1,2 e Cgsl,Z

I v @ [y

We  C,,, Ao fduNuUszsiesyninadunaiuvinavemsiugawmes M, , W3a, F)

C.,, A8 AIANNRFBTENINVANAVDMNIIUTANDS M, 5 NUDIANA Vourps (W3R, F)

AIUUEN TV NUANAF 1T TIFUATUBINDTVENBNAR TG IUT AU

_9m1,2RD1,2

12

1=ag,,1,Rp1,
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RDlé é RDZ
<

<

|_> —
c —
Viout /2 :?2 Ve Veour /2
- Rm " Rey +

U 3.5 msﬂauLLiqﬁumaawmewmwamm Ro1.2 VBIIATVYIENAN

) .l,_rr
5

- a W @ a
INAUNTTN 3.9 YN @ AAWVINTY 1€ ,Rp1 > EATIVLBVBNNATAEE AN Tu
NMTAATIZININANBUAUBIVN9ANDVE9RTV8lugUT 3.3 Isltheasiaiioudyaiaauin
@ v -
dndawandluun 3.6

Vout1 Voutz

1 %Rm RpyS lo2

d o/

3UN 3.6 2995L@loU 3y Uﬂmsll‘mﬂl,aﬂLLauG]’JLﬂ‘UUiuQLLNQ
A153LAFILINHINTUA 1O UMD ILATIZITNITADUALDINIAIUASUINNATT ANAUA
AUNIINTZUATIIUA G 5 UATIIUA Vo o WWEANURLA 1,15 >> Rpy o WAE Qi oRpro << 1 WD
ARG Buiiuaudues Cor, o) Aauilsnduiglouvassasianiniu

_9m1,2R01,2 1@ ;
\
M (s)x Z (3.10)
in S S
1+ {1+
C()pl a)pz
dlo . Wy W8T @, AAvinfy
g
W, =" (3.11)
C

ed1,2
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1
W, = (3.12)
Rz [gml,ZRDl,Z (ngl,Z ~Crip ) TCip :l T Rp12Co12

Rs12 |:§m1,2RD1,2 (ng1,2 ~Crip ) TG :| T Rp12C012

@, = (3.13)
Rs12P01, |:C/1,2 (Cg'dl,Z T Copr2 ) ~Connp (ng1,2 ~Crip ):I
dle Civp WA Copp AAMYINAY

Cite = Corz T Coanp T Cri (3.18)
Cotz =Coinz TCria T Capro (3.15)

Fovhmaisuiieunriinaveonsasiugud 3.2 fuanuilnavonsasluguil 3.6
smuteudlnadifidesiaviuia egaslsAnuanudlnagiwsniiduanssiunanie
AR TnafLsnEmoy i i Splarg sy smnisteonwuuli Crrz UAWIAY Conn
e ilnaiisunnfazilauiumndu

dloRasaNHansENUves Crr, MOBRIWENE WazLUUMIATRT AT UIededy 157
WU Cryz mmmgﬂaaﬂufuuL'ﬁiaLﬁmé’mwmml,amwﬁﬁmﬁ Snednusaduillddenld
M08 Crr, LlBWILASNT V8N UazluudInnwszanlngd1ves G, ansnsanildann
NIINANMUENRUTTENIN Cry» AUTHTIVEIY LAZATINANENRUSTZNIN Crp , AULUUAINA
fauandlugul 3.7 uag UM 3.8

16

14

124

DC Gain (dB)
o
1

-4 > I5 8
10 10 10
Frequency (Hz)

I = v =~ IS !
E‘U‘VI 3.7 NaNIRDUAUDIN NANUDLALDATIVYIULUD Cryp UATRN 9
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13.5 30
13.0
12.5
~N
= T
3 z
[9)
S 120 pe
G} 2
3 :
a ©
®
11.5
11.0
10.5 T T T T T 0

0.0 0.5 1.0 1.5 2.0 25 3.0
n of Capacitance (CF = nC,)

JUT 3.8 WUUMIAILAEENTIWENEID Cry,p HAAS 9

NIUN 3.7 13WUNVIN Cryp HANNINY 2C,, 3ATVEIBHAANTITIN1TTALYY
A Ao fa  eaa & a '
AINUDITUDNIIVYIYLRASULUUAIANTIA WBNANNUNIN Cryp HANUINNT 2Cq: Inaagnany
udnudounasdilndinudunnim (imagine) dwaliiinnisgalas (Overshoot) Tuwa
NNSRBUANDIWINAIND nwaiziruiusuaninisasenavieulagludi@dosain (Unstable)

3.2 2993leiilenuuIANARaANTldnTIUTamasialaunaaae

(Fully differential OTA using Quasi-floating gate transistor)

3.2.1 29vslefieuuudnananislaglinsudamesiaiounnasy

U7 3.9 uanarsaslofilanuutendnanadiiefiinaue 2aslefieiilassairady
1995 IEBINIA - ATALIAUITNIUMIENIIUTANDS M, - M, LazniaTidesuszneusie
NITARDT M; 5 WAz Mosp dUQIMBUNATBINITAIALIAREAURIAUUTEY Copp Fudouse
FENINBUNATUVUNAVINTIUNTANDT My Uag M, Fuduwasiouwnnaoy ussulusadian
WU Vg, loeludanusinsumu Rs, , %agﬂa%fwmﬂmm%aLma'gv‘hmﬂuzhuﬁmaaw L5719
N1500nWUULALIIIU Vg, kay Ve AU Vo

Nﬁ]ﬂaﬁwﬁﬁﬂLaualm%ﬁuﬁwizg Crio AOTENININUALDIANG vy, WAEIVIUA
LANDUNAADY Vi, Woannansznufaaes (Miller's  effect)  Anaan Cegr2 0B
NIIUTARDS M, Bay M, VNNAABULENIUVDINIUTANDS Ms LATNIIUTANDS M, HBnUum?
AUUsEY Cry wazALAUUSEY Cryg ﬁﬁaﬁ’mmﬁwm Vg1 NIUTAWDS M, uaz M, gnludarie
WIS Vi HIUFIAIUNIY Resg %qgﬂa%ﬁw'1ﬂmaamm%ama%v‘hmuiushuﬁmaawLsu'uﬁ'u
MIEEANAUUIEY Crs W8T Crg sananfumsrefidanvazifunistlounduuuuuindeuali
puduUETouTivesuIemMIILBaRes M; waz M, RGN
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LOIANAVIINATNIARIN Vo, ABAUTMARVBINTIUTARDT Mo 1o AAUUTEY Casa
AETENINDIANG Vo, WATVNALDUNAADY Vigs s VOINTIUTANDT My 5 danalvinIALE AN
Yaasinsnauluanwaziasaana-ad [37]

VDD

| | Vg3 VrGa I:] e I:J
My ’:ll | M, [:l Ma 1= Mio

Vour + CC1 RCI RCZ CCZ Vour -
o {—wWv VW—{|— 0

L - Ver  Rar Re, Vi C.n
@ oW = W\t-o &
Il
v+ Cat C" Cer Vi
o—— M fi —{—o
VFe1 |':| \ I_VFGZ Y R
B3 G6

Res Vs
E |_V % VrGe M

JUN 3.9 2aslefiiawuunand - Lol Ingldnudamesiaiiounnase

o a

A5Y19IUVBI93TEUTROT U lAR el iedryayiuBunenangndaudnuni vy,

T q

a v

WA Vy_ NI1UTELRBST M, way M, ‘v‘hmiLﬂﬁauLLiaﬁuauwmiwLUuﬂizLLa nszuanananilua
TUllwun Vorz %qﬁmmmé}'ﬁummaﬁauLmsﬁwmLﬂ/iﬁﬁ’u Rovz ValAiAnus Ui Vor.z iiosan
29asgnoenuuulilinIssedniuusey G, 58MINIUA Vor, kazliunaliounnaey (Vi o)
nszuAeTBune e usiNAuUsEY Cy, gnumwesnenseualadeunduann vy, , i1y
Fiudsey G dma’tﬁmanswuﬁaLaai‘ﬁlﬁ@mﬂﬁuﬁwim Corp VBIMIWTANDS M,
way M, anas uaﬂmﬂﬁﬁalﬁwizq Y @ ﬁgﬂ@iaﬁé’ﬂwmsmiﬂamé’uLmeﬂ MlAIAY
AUNULATOUATULDIANAVBINIINT AN DT M, WasNITALNDS M, fenfiutu uenantu
ms‘ﬂauﬂé’uLLUUU’mﬁuawsm%ama% Ms Wae M, saitnanluudviliaausunuiaiiou
i Volzmmm MBAANARINATY STV INUANARINYDIIATAALINHATLUUATIANT T
mmﬂsuu N%maamwﬂmamwmammmwamﬂ‘wammmwmumqawauwmum
anas

o auilvnun vor, mamwﬂaﬁwmﬂLLiﬂaﬂsumsJImNﬁ]iﬂumamﬂﬁaaﬁq
Useneusensudames My uae Mg, ominnaudanes Mg ’Lﬁumm%maﬂauamﬂm
a0y daalidun uiivadouinnany vegss ummmuammmmmmmsummmsmmai
Mo 10 Founsasnafigessuneiludnuazaaiaed namie Wedyaa Vors Wit
mmmmm%ama% My g Wa% Mg 1 mm%ama% My W Moo aunsaeLashanseLale
mﬂmﬁﬂmmawuwaa My g Wag M 1o 118997029950 1ATid0 IR0 AN w1 5v8NE s ST
ety FYIUDIINA Vour, HaY Vour mmmauaﬂwmuﬂauLWaﬂuammmeMum Vo 1
AUV Ry, WBANAUYTEY Coy sy mwmmmL%mmmamwﬂama



27

Lﬁaﬂmimﬂiﬁﬁ@uwmﬁu Foyadlnunu nuTawes M, azlinovausne
Fuaaudinanuntnidenin Mo Suiminiiduwasensewaasidyaindnuasau
ANATOU My aqmalmmmuiwmmmmamam YWINNUNALAZ YDAV My, LAIUBE
uenniu AAuiunEeuTivnaTunTBanes  Ms, fdfeslaefifidusyana

WAy 1/gmgy4 ﬁ\‘iNﬂIﬁ’N‘ﬁI@ﬂL@ﬂ’]ﬂLLiﬂG]BUﬂuaﬂﬂ@ﬁmQWMIﬂuﬂiﬁmuaEJ‘J,J’]ﬂ

3.2.2 mMsieszimsanvenslnuanaiisvasasiefieiiiiaus

BN 31V NUARAANNL AN UNAANUBIBATIVEEIMUARAAINAIALSN Ay 11U
SnsveeTnunnan198In1ATiaed Ay, sns1venslnuanamaLiaza1adiaiuAmMSIuE
ADUANWAUT (G,,,) VDIARZNAGUIUAIINAMUNIUNNAIULD AN

NMTIATIEAMIAMIUEADUANUAUD (Gy)  VBINIALITNEINNTOVI AlAen1sUou
Lmﬁumaauﬁﬁuwm (Vi) @fummiugﬂﬁ 3.10 %aﬁawmaﬁaué’mmmwmLﬁmLamﬂugUﬁ
3.11

Gy AAWAINUSATIEIUTEAIN frgpor O Vip/2 BAZHANNNAY
/2 (3.16)

Gm1 N gml,Z

iy Vs o—|

= Me

5UM 3.10 M3UuLIFUNAZRUINENIAN G,y WATAIAKSN
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WS IIUIAANTDIITTTNIAUSA

5UN 3.11 2%asiaile

N153ATIEINIAIAIUATUNTUETIUNMNATUBENA Ry, @0150911ARINNTS
Anszieslugui 3.12 Gedhesedendyq nawindnduanduui 3.13

Vop

Voi

5UM 3.12 15U ULTIRUNARBULNBTNAT Ryy » 395NIALIA
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UM 3.13 wasadondyaraawindnidienidn Ry, ,

Ro1s UAWNAUSNTIATUTENIN Vipur/2 WaE iroyr WazliANNY

o1,2

Rol,Z = (3.17)
1 e rol,Z (Ogml,Z + b N 1)

= a1 W
W a kag b Aty

a= ’ (3.18)

) ; (3.19)

A 1 s

e ¢, Ag AmTudeeusnUAUENUINAYemMIUTARDT M; . (AV)

¢ .. AD AMTTUARDUANUANTNVUNAVBINTTUTANDT Ms s (A/V)
= 1 % d! = 1 2
A1 UAWANNY -G,1Ro1 o BILAWNNAY

—g r
A — ml1,2'01,2 (3.20)

vdl
1=r,,(ag,, , +b6—=1)
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gﬂﬁ 3.14 (N) LERINISIIANIIUAADUANLAUS (G,,,,) YOINIINIATIED T 2995A7A
Lmﬁwmhams{]aqLLsaéﬁ’umaaU (Vi) WaZAINTEWERAINDT (irshor) E‘U‘ﬁ 3.14 (9) WANINIT
@dloudygraundn

Gy FRWVNAUSAINEIUSENIN frgery WA V2 DelATINTY

GmZ = gm?,S + gm9,10 (321)

A I L4

e g . Ap AMTTUARBUANUANTNVUNAYBINTIUTANDT M/ g (A/V)

g . AB AMTTUARDUANUAUTNVUNAVRINTIUTANDT Mo 1o (A/V)

Vi
|
M
" 4 | 9
Vi
= i
Vourh tshort +
L Vi
L A s
CG3 o
Ves  Res
= vy M
VEGs

(n)
U7 3.14 (n) Mstounswiunadouiiien G, was (1) 39astaiioudyaauunan

JU 3.15  (N) waAINISMIAIAITNAIUNIWETDUAIULDANG (Royr) V04193510110
q' ) q' ¢ h P
mﬂwaaﬂmamiﬁaummumaawmewm (Viour) WAEMINIZUE joyr 3UN 3.15 (V) uang
MTATIEsstalloudyauunn
Rour HANVINAUDRINEIUSENIN Vigy/2 WA ioyr WagIANAY

(3.22)

QZU
S

I
O\
<\l
oo
S
Q\

9,10

M5 U818 YY1 UINUANARIIIATNIANADY A, ANV

Az = (gm7,8 T 8mo.10 )(ro7,8 /l roQ,lO) (3.23)
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VDD
T
%) Em9Vsg9 % Fo9
+
Vour + touT —r"—
+ = ltout
1 Viout VouT+4
Ces F -
= Viout
+ X2
V, V, r
Vs Res gs7 SmVe § o7 L
O_W\/_ M7 =
VEes

5UN 3.15 (ﬂ) mii’]amméﬁ’wmaamﬁam Roue Wy (¥) 29asiaiioudyanauuinidn

9TV FYYIULUNANAFN9YBIIATLOMBNUNAUDNANYINU Ay = AwiAvas

9m1,2(§m7,8 T8 10) fo12 ( for8 I, 09 10)
(ag) [ g Atill

12

(3.24)

1=r,

3.2.3 nsaeszdmsnvenelnunsanesisaslefiafivnaus

§n51987819UASINV992995 0T LeTANNIRY Auh o 1o A Was A, Ao
Sn310818TUNATINVDIINATVHIDATALINLATAIATIADIAINANY SRI1VE1ETNNATINYD
FITVYILAIARIN Ay YIAINKARYBL Grney WAZAY Roey s guﬁ 3.16 WAAINISI Gy
f?hEJmiﬂauLmﬁummaaﬂmm’mﬁ@uwmLLé"ﬁmiwﬁmﬂimaé’mwa id 4 guﬁ 3.17 Wans
2easialloudygnauIndniienan G,

Grmer UAVNAUBATIEIUTENINNTEUATAIINT fipor HATUIIAUNATBUBUNG vy LAY
Aziandu

Sm
G =—1m2 (3.25)

mc1l
1+2g R

=~ = ! Y Y] & v 3 a s ¢
b ® RSS A8 ATAITHATUNIU fy]ﬁyﬂmmu’]@LﬁﬂﬂWULEﬂmwmmaﬂmiqusﬂalﬁaﬁ M (IE]M@J, Q)
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Voo
Ms Iy [:" Vigs Veea Il:] Mo Mg
Cra C'F'S
I " v
Itshort Rg3 Itshort
= B2 =
Va1 Re Cry N Rea Vi
LL)
IL
C " C
Vv, Séla Chy G2V
M
+ VrG1 I':l M; 2 |:'"_“/F62 +
Ven /2 Vi /2

- Vs 0—| Ress B

I
<
a
1

5UN 3.16 nsUauusaiunaaeUlMUATIILNENY G,y

2Rss

JUN 3.17 wasiadioudyaaauindndion G

L31ANUNTOTIATIEENANAINATUN AT DUDIANG (R 2) VBIIITNIARINLABNTT
Jeudyaamaaeuioinadandndbusui 3.18 udhnismnssuanaaauntnadioidng
YDINAIMENMTBATITsETloudy g wIndndwanslugui 3.19

1 1
Rocl,z ; // (326)

gm3,£1 gn’)5,6
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Voo
Ms MgHI Vs Vega IEIM M
| |
Cra F3
Res Rea
. Voi Vo2
ito I
I ) 1o
Vio B2 Vio
o Va1 Rai Cra Re Vi >
- oW\ 1 VW -
1L
= Vins C?_ C'F'1 Iy I___Cf2 Viv- =
_I:= VGt |:| M ’ |:| Vre2 :L=
V340—| Rss

Yepiez s st
Sms Sm3 Sma Eme
Ito itO
I Vo1 Vo2 I
Vio &Y TR,
=2 /= = 2
— CFZ e
CA il
Il
Ca1 I Coz
LIS ' 1L
Cost T Vst Sm1Vest ? fo1 "02% Sm2es2 Ves2 T Cos2
2Rss 2R¢s

JUT 3.19 asiadioudyanuundnifion Ry,

dnsveedygiadnuasiunIangss A, Sawindudnsvensluaunisi 3.23 Aetu
dnsveedygIalnuauvesasleneMauelaAinhu

%E%Mgm+%m) 1/1

1+2¢ R Sm3a

(3.27)

(ro7,8 / roQ,lO)

gm5,6

PN o < Y1 v o ! 1Y = =
INAUNITN 3.27 Li?ﬂﬂLﬂfﬂLMUIWJ’]’EJG]T]‘U‘EJWEJﬁﬁylﬁUw’]mI‘iﬂiJ@i'JlliJﬂﬂuaEJL‘Ll@fl'ﬂ']ﬂ Rss U
1 1 v & e 1Y
AMADUVINEN WBNANUU 1/¢,,54 WY 1/¢,,5¢ NHATUBEY
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[y

NANNTT 3.24 WAz 3.27 L31EWNSATIUINTINIANARFYY Ul uNATIN (CMRR) V9
29sleielugud 3.9 b

Smi,2 (9m7,8 T 9o 10 )rol,2 (ro7,8 | ro9,10)
1—r,,(ag ., +b—1)

ol,2

CMRR = (3.28)

desanusadiulnassiiendnavensasiiamnsatimuaaild faduasaslefied
Unauedndudeldsunisusuls Fnendnusaduildisastoundudyalnuniau
(common-mode feedback) LilafvuausstulwassiinadnaLasluvugfofufae
Sandanalnunsuiududndaenarlumdedaly

3.2.4 2395UsundudyaIluunsIu (Common-mode feedback circuit)

JUN 320 wannaasteundudygrailvuniiudavimtnmandyaialnunsiui
LDIANAYDI9TLBTIL WAL MNUAAILIIRULDIANAYDIINDT MITUTENOUMIENTIUT AN DS
My - Mg Wagiae Ul Reg - Res AINUMMUAINATINAIaMAYAS19MENI1UTawmas PMOS
FeyUlug AN AIUNIUY Res WA Res VINMTNTIATIITULIIAUINUATINALD AN
Vours 8% vour UMERRIGIUNU Re  Yiantngagmuuanssnuludanasdygialiiu

a ¢ o @ ° v A e Yo
NINMTARNDS Myy FIAVYTEY Ces hay Cog MMTNNYAWEAUATAN U

Vour-

5UN 3.20 2sastoundudaaailvuniiy

ASYINIUYBINATANNNTOOTUELARIT  NTUVDITUIUTLBIRNG Vour, WA Vour X

Snuuniudyaananis dugiuilaun vie Saad egalsfny LﬁaLmﬁuLmﬁwm
Vour, 4% vour Sanvasiludgyanalnuniin wssiudina1nasgnuengludalnum va, fae
29959818Kar9 Ayanadnuasiliun v gnuetemensudanes M, farodnuas
WATVYOUUUYOTATIN FEYYIN Voo ﬁgﬂmmawﬁmmﬂuwj LLaz%Qﬂﬂauﬂé’UMﬁLmﬁwm
Vours 8% Vour 1893395107 flesanndnyaia Vemt.2 fulansadusudyaaivunsiud

(%
v o

AR Vour, $aE Vour MIUUAYIMDMNALINATIN Vour, $aY Vour V043935L071L039gN

AR}

ANNBUN
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U aa 3 o v Y Y ¥ a
WSITURTLOIANG Vour, WAE Vour VBTRNITANNTOMNUALAMIELIIAUSINEDI Vige oy
AIBEINAUNINADINITIAUTIIU Vour, WAE  Vour AANEUU L5IE1U15OUSURTIOU Vagr om
LU

3.2.5 msamssimileiduaielauvasiasioioadnanasing

msdnszimiladdudeloufiedinszinuanisnovavemnsaudansayile
'TmamﬁLﬂi']zﬁawmﬁauﬁ@wmmmLﬁﬂﬁQﬁLLamﬂugﬂﬁ 3.21 () wag (4) NMT1ATIEREH
PNMIMTATIVEBLTITUTERsoTIe A1ALSN LardnIrensusifuTenaslefiioniail
#0alaeisaUNFNAUYTEY Cor g0 10 TANTDENI Cyp 10 Heridueneloudianiniu
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S S
Smi2 (§m7,8 + 9910 )Rol,ZRout+,— 1= 1=
Yot (5)= Der @ (3.29)
Vin s s s S
1+ — |1+ || 1+— || 1+—
w,, @, w,, @,
o ., @, @ W, W W0 @, Ty
g
o, =" (3.30)
ng1,2
1
®,=— (3.31)
RCLZCCLZ
1
0, == (3.32)
RSl,Z I:gml,ZRol,Z (ngl,Z y CFLZ ) + Cil,Z :l + ROI,ZCol,Z

A Rsio |:§m1,2Rol,2 (ngl,Z ~Crip ) TG :I T Ro2Cor2

p2 (333)
Rs12f012 I:Cil,Z (ng1,2 T Copr2 ) T Conp (ng1,2 ~Crip ):|

1
@, == (3.34)
Ccl,ZRcLZ = Ccl,ZRout+,— + Couz‘+,—Rout+,—
R..+R
I~ cl,2 out+,—
@ BIA (3.35)
R_..R C

cl,2" out+,— - out+,—

W19 Rot 2 Routs.- Cito Corr WBY oy HAWVINAU

Rol,z :rol,z // ro3,4 // ro5,6 (3.36)

Rout+,— - ro?,8 // ro9,10 (3.37)

iz TCrio (3.38)
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+C +C +C .. +C +C (3.39)

C =C +C gd3,4 53,4 gs5,6 57,8 ¢59,10

01,2 gd1,2 ab1,2

Cout+— = Cabrs T Cavoro (3.40)

3.2.6 MTIATISHAFYYIUTUNIUVDII935T07ILD
NTHATIATYYIUTUNIUYRNAT LT UUBUNA wazle1NANAR1aNULEUD
aunsavililaen1sinseiasialoudyayiusuniuleuunll (Thermal noise) AIuaAAS

lusun 3.22
Tngn1siasigsisasiadloudugravuiaan smuinflsiduaieleudyausuniy

o

a ay a ia 2 .2 1 ()
Lﬁjaqmmumdmﬁauwm v, Wag |, dannu
Voo
M M
Kl | | Zz@ Vi3 Ve = (Me Mo, =
Ino | | Ins. In3 in4 /.né | | In10
Mo Ms Cra Crs S
da R R R R, €
v, 1 1 @3 G4 2 Lo Vour-
ot :C c by, Vs v'\;v/‘—“c Qur
Ve
VPR, Crz "~ Y
4., 81 Mot - I G2 Vg Con =
"C
Vi Car "5 X 7, | t '_ Cor vy
M VGt i n2 VrG2 Mg 4
- { Res Vs My - v : M, Ves  Res -
7 VG5 %_| Mey Ve e

JUN 3.22 N3RSy anaTUNIY

2 2 1 Sm3a + Sms6 8kT
VvV 8kT X — + + 3 (3.41)
3 gml,Z gml,Z gml,ZRGBA
2 2 2 1 Emsa T s 8KT
i = (ngsu ) 8kT X — + — — |+ 5 (3.42)
3 St St gml,ZRGBA

o

2 ) Aa a 2
fio dyausunmuiidunavensasiedive (V/Hz)

?
Ao ArpsTiueaduay (Boltzmann constant) (1.38 x 10 JK)
Ao

AU (1nAIW)

~ > <
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3.2.7 11331899 HANTTINEY WALN1TIATAINE

TUsunsu HSPICE gnldiitedrassmanisiauvesisasiiiaus weluladiléiiu
wuuFueadifivunaindy 0.18 lulasiuns washauneldlidsasitu 0.8 Tad navua
asuils (Quiescent current) AinABUW waziednmiianvitiy 20 Lailasuend dafumu
Riap R WA Raqp NATNAIENTIUTANDT NMOS vIuluguAnean uazdIsuniu Ry,
gNaIeIENIINTawas pMOS lagyinaulugruaneem

lunsdrassnisvhauliinisseduiuiszgliilulunanuaziidaugwindu 20
farh3n m91ed 3.1 wansnsssuludaliaaslefiioiendnanasisiinaue

A15199 3.1 wsseuluda

usenuluda Than
Voo 0.8 V
Vi 0.75V
Vao 0.314 V
Vi3 0.54 Vv

A1997 3.2 wanavunavemIudanesiidlulsaslefiie uazAiamguesiLiy
Uszqﬁlﬂumiaamwmws AANNY Cryp gneenuuulvitidnvindu 32 fF Falaviniu
2Ca12 \oannansznufiatass (Miller Effect) mméfuﬁuﬂizﬁ; Cos12 MANUY Gz N
senuuuliilvunalnguagdawiiu 1 pF ileliranuiumuaiouinsudanes Ms,
WU -1/8m34

A1319% 3.2 VWV IUTAMBITHavAgUnsalnldluersletie

NIUTAADS YU (W/L) NSUYeLn3 U (W/L)
My - Mg 30 pm/0.5 um Mi314 30 um/0.5 pm

Mqg 4.45 um/0.5 um M5 16 33.6 um/0.5 um
M 10 33.6 um/0.5 um Mi7 18 33.6 um/0.5 um
M1z 30 um/0.5 um

AUy AR AIAIUNIY MOS vun (W/L)
Coi2 1 pF Mgy 2 0.75 um/200 um
Crin 30 fF Mpsa 0.75 um/200 um
Crsa 1 pF Mgs ¢ 0.75 um/50 pm
Cesis 3 pF ARTUNTIU ANANUATUNY
Ceis 2 pF Reis 15 kQ
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Ul 3.23 uanswansneUauBIIAIivenaslefitefilaus JUR 3.23 (n)
LEAAIHAYDINTTINR098n 5198189 UUn (Open loop gain) AANVINTU 65.8 ATLUA fiduile
youwd (Phase margin) 3A1NTU 57 83 AUBRTEEN (f,) SA1WINTU 9.61 AlaBnd
LAZHAAMIENININTIVYIBLATLULALIAY (Gain  bandwidth product) Ty 10.2
wnzidsnd SUT 3.23 (¥) LanINaYeINISIaesns1wenelvuasia (Common mode gain) il
AU 372 Wedlua JUR 3.24 WaggURl 3.25 uansraneuaLeIAveNnIaslefie
figminaue  Feseludnuarisasvensuuundumanaziidnsvensiniunis Inandafu
Uszaileiniu 20 Alawnsn 5U7 3.24 uanawamstoudyaalediunnvindy 1.4 Tad
frnudiiiu 40 Aladsnd anavesmssiasnsmuin wasamsavhaulussufiRnig
nald sUl 3.25 wanssansdeudaqawadiidunaisidvindy 800 fadlaad e
WU 100 Alalsed AMNNATeINITINRBBIINUTIRTAUBIANATIAYINAY 772 Tadliad
19938nTagduiy 6.76 Tiadsislulasiuni

[dB], Phase [degrees]

n
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900

Vin

800 ———— ——— ] — — Vo
[

700

500

|

600" ,,
|

|

|

400

Vin, Vour [MV]

3007

200

1007

-100 T T T
0 5 10 15 20

Time [ps]

JUN 3.25 naneuaupsaadliedunadudyaaiadaudvindu 100 Aladsed

260
240 7
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200
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120 7

100 7
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20 7 —

OO T T T T T s
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35U 3.26 NanaUALDIANNIVRIFYINTUNIWTIQUNYT

Y

EU‘V] 3.26 LL?{GNSUU']WUI’N?{QJIEQ’]M’EUﬂ’JUVI@UWG’ﬂU'EUGUENLLNWU Vv, TUINTBIEY YN

[y

SUNUTIALAINEEN (F ) SNy 135 nV/vHz
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3.3 2995109N 1929959 1eNafBEloUkANIIUT NS IalauINAaDeY

(Pseudo fully differential OTA using Quasi-floating gate transistor)

33.1 2eslefiefildrsasvenenadisaiiounasnsudanediaiounnasy

gﬂﬁ 3.27 wan999slefiofiviauel9asiians 1995UEN0URI8I995VE18d09AA
AALSNUITNOUMENITIUTANDS My, waz My, GuAUUTEY Corp UAE Cosg ABITNIN
doyarBunaiurnnasElouremIIUTANDS My, war Ms, NTIUTamas M, , gnluda
Fousauinty Ve Tngludanuidumiu Ry, vaeiinsudawmes My, gnludasie
WSIFUNAY Vg, Tagludasiiudiadnuniu Ree FIANUNIY Rey, WaE Rag 9NA3199TN
nuFaneTvinulug Ao dwaliAIAIURIUNIY Ry, WAE Rase HANEINNN LIIAUY
Viy AAWIINAUAUE Wazusanu Ve, TAWNAY Vop MSTMUARILTIRY Ve, kae Vg, AINET7
damalisasanunsavheruneldusasuldossinle wasteieldndnnsdesiiulsey Co .,
WA Crsg T8WINMAUALDIANG Voyy WALIMUMALDUNAGDY Vig s WAE Vigsq H180NLUY
2aslefieriivanuansenuiiaians (Miller’s effect) MinandLfiuyssqursseninewing
WAEUNATY (Cogrp 488 Cogy2) VOMTIUTANDS M, , ROENTIUTANDT Msy yonaniinisee
Crio W% Crag Tudnvazsananilia s unuaiioudilnu Vor 2 A8 denalvinasie
NoN1ALINTDNTIVLIBNIA 6‘2’5@6&3aiﬁé‘fzyﬁgmwmué”wéqﬁ%uwmﬁﬂ'wﬁaa AATiaes
USENOUMIENIIUTANDT My, Wa% My s ANAUUTEY Cas e WAZ Corg HBIZMINNMASIOTIONA
SN WS NANDUNARREY Vigs s HaY Vi s NIIUTANDT Ms,s QNLUSARIRIINY Vs LUYINUBY
WAL NIUBARDS M, 5 aNbUTHMIBUIIRU Ve W33 Vgs gnesnuuulvlidniiiunsin
LAY Vi Sdwiniu Vo dawaliiinsvensniafiaesanunsorinaunielduseiulide e
LUy

! Vl Y ResV, Ve, R Voo
Vemn Vegs  Nes 83 Voo 83 Res  Vigs Ve
Ii —\VW—o 4'
C Ve C
Ms VN + Gl VFG1_||¢- M1 ? M, -.'I VG2 :GIZ \gN— Mg
Ces L N Cﬁz P
0N Rer 1r Rea T Cos
Vour + it Vour -
o— 2 Cr Vi1 —0
CCI RCl RCZ CCZ
— WV Vo1 Vo2 VWW— |
V, % V,
Viga B2 Crq B2 B4
= Cor I Cos ==
Rer Res 1 Rea Res
Cos - Caa
|_

NMSYNIUUR993TANTRRS U LA

VGt

Crs
e

Vs EMS

5UN 3.27 29aslefienuunand - ol Inglivsudawesiaiiownnase

1Y

NU L
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Il IS

aUaudy B UNANAAINTINN vy, LA

a L4 [ [ a I [ 1 1 J
Vne I91UTEW0S M, - M, vinmsudasdygrasunailunszua nszuaninanalnandiuen

v 9

AUANUNTULETDU Ry, NIVUR Vo WaE Vo, WIBIAIN R,y HANES YIAEN108189043995



43

Teflonausniings 1senafiansanliinesmausnasludnuazisasdueadunesine 7
mMsvhausuuaaa Lod silvsestianuanunsasenssualdganitnszuaasuds Tuvhues
e 9esanadiaesiiinisinusuuaana wd ildnafidesdiauaiusalunisine
nszualsigeninnszuaasui

N137191uv093995 e Telunsaldy I Buna luuA N 1519ENATUIMNIIUTALRDS
M, - M, gneiednuaizlalen Lﬁaamﬂﬁﬂwmzmwiaﬁ"stﬁwiza; Crip Wa¥ Cryg Fafinanald
Aounti dwalimausumulad euflvmsureansudamnes M, Wag Ms g AU TE00
WY 1/, WA 1/8,50 9IMAWY denalipnanusdunuaiiouesing R,,, detiaesin
Fatwasaslefonausnavveneduanalmnsiutosuin naane Lﬁaﬁauﬁagﬁgméuwm

WA i vy, wae vy usudawas My - M, vinnisulasdganadunmlunseua

o

(Gmiz + ZmsaVine NTEHARINANIMARUAIAUA U IMELTDY R, , VINTALARF Y LA
ST Vo, Fyanalvunsdilvum vors mamwﬂaﬁL.amﬂLLiﬂQﬂmawaimaaaﬁ]iﬂﬁﬂﬁ
apauLieiudyyralnuanadig iesainaudnuvazrenaslefenuuiaiousdyn
wasnafidasvenedyaaiaasulidesin fadu sestefieddludeinesiin
é’zyfywiﬂmimﬁmﬁwm Voure  Wa¥ Vour Wioisadmanalnansin wazinunwsay

LIANATILZEN N309NKULINIINARdY Y luinsnaznalutadaly

3.3.2 NNSIAATITANIDNTIVEEINUANARI9VD9995 187 NULEUD

ans1ve1elntanai1svensasiafieiiausiidinfunaamuesdnsvenglnun
NAANNVBII9AS LBTILBAIALSN Ay WAZAIATIABY A, DAS17818LULANAAI9 VD975 Lo%Le

a @ P ) Aa )
ANALINUANNINY GpyiFRor o Tae? G amiwﬂ@ﬂmﬂﬂﬁi’]auLLimumaauwauwm (Vi) P9
wandluzudl 3.28 Tnefhasadoudyainwindntugun 3.29

Gy HANVNAUSATVEIUTEININ frgore WAE Vi TIAWTINAY

G, :(9m1,2 +5’m3,4)/2 (3.43)
Vop
Vg
Ve Ca VFG'l_llﬂ- M, T M, ->||_VF62 CG|2_ Vin -
% = M °
Vi /2 _ Rex - i Re, + Vi /2
"
1 Vg ‘ Crr ) Va1 L
- Itshort ltshort -
v vad—p
Vea C'/-;ll Vs
Res I v Rea
Cos - Coa

Crs
VEG3 EM3 M‘:EI I_VF64 =

5U7 3.28 Mstdaunssiiunaaauiiem G,



aq

Viin

sUT 3.29 Kasadioudyaavuinaniion G,

AMTAATIZIN Ry, 184399500 LALAE NS TBULIIAUNAZFDU (Vioyr) THAUA
i =

d al Y] 12 ) Y]
Vor 2 HTEMINTEUaNAaaunlvadnn1aednm - (iopr) Askandlusu 3.30 uagiesiailou

doyarouruindnluguit 3.31

Voo
VA cdnlcin Vit | b M, VBgY M, Lol | Vic2 Cer Vin-
= —| p/ Crz A I_ =
Ret AAARY Rez
Vi C'Fl1 Var

ivo |_> Voi Voo __l o
Vio /2 Vio /2
= — KA
N CF3 | Cﬁd VN -
_ VrGs I Ve Y J__

‘J‘LJ‘VI 3.30 miﬁauuiwumaamwam Ro12
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131921697 Rop o HAWAY

w_r
ol1,2°03,4
R R

— (3.44)
rol,Z (1 T Ogml,zrol,Z ) + I:J3,4 (1 o~ bgm3,4ro3,4 )

d‘ a0 1 U
WD a ag b dAtnIAU

©
G F1.2
o (3.45)
CGl,Z + CF1,2 it Cgsl,Z
C
~ F3,4
b= (3.46)
CG3,4 u CF3,4 aF Cg53,4
dlo  C,,, fie dufuusegdeseninadunaiuuinnves M, (W13n, F)
C.,, Ao AuAUUTEANRADIENINNMNANIALINTUT AR My, (W3R, F)
Coosa R ﬁal,ﬁuﬂszq;l,l,mszwmmmmﬁum%aﬁ‘amaq M4 (W59, F)
NIV YU IUINUANAFRIINATAIALIN A,y TAYIIAY
_(9m1,2 T 934 )rol,ZrOB,ll
Ag = (3.47)

fo1,2 (1 =98 m1,2001,2 ) a4 (1 — 68540034 )
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a

JUM 332 (N) WaRINITIATIEIN Gy V039ATNANARLAENITTOU vy haEN)

TN irghore JUN 3.32 (1) wAAINTIATIOTRSIATDUA QY INUUIAEN
Grnp HANVNAUSATVEIUTEININ frgnore WAE Vi/2 WaEIAWYINAY

Gy = (9m5,6 Rl ) (3.48)

Ms
— Cos
Vour + Jf_s’l’o’f
[
+ l, Vian F ltshort
Vi 3 2 ) Vour+ >—_L
y, Vg == 1
Cor ==
RG7

Vrer EM7
(n)

(@)
U 3.32 (1) N3 G,y WENT5UBULIIN iy a2 (1) 2993taTloudyaosvunaan

a ¢ = a oV v a ¢ a a
MINATIZIN Royes . VBRI LOTONIATIAD I AN TIATIEINSRS B ULAB S
Ty aunantugun 3.33 (N) wae 3.33 (V) 4o Ru.., . IAWTY

Ms -
L Cos ngS ng\/sgS% los
VouT + il’OUT —-i- b
o1 < j
L + = touT
Viout VouT+
L Viour
VB4 — ] 2
Cor == R + -
o Vst ngVg57§ ro7
Iy _ =
(n) ()

gﬂﬁ 3.33 N15M1 Ropee- (M) NMTUBUTIOU V072 W (B) 29aLaU AT VREIT)
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Rout+,— :,:)5,6 // ro7,8 (349)
9RI1VY1BUTIAUNANEDY A,y AAWTINAY

Az = _(gm5,6 + Sm7s )(I’OS,() // ro7,8) (3.50)

U U 1 a0 1 U d! = v
M1y IUIMUANAANTA NI Ay = AmArge TEmNsalsulain

B (9m1,z t 9,54 )(S’ms,é +8.78 )%1,2%3,4 (r05,6 // o7 )

vd T
lo1,2 (1 T A8 120012 ) T4 (1 — 08,3434 )

>

(3.51)

333 msanszdmsnsveielnunsanvaisasiefiefivnaus

§n319818TMUAI10U99299510TLON AU AA.c 1087 Al WAE A, AD
Sn319871819UATINVDIINTIVIIBANALINLAAATIADININATY SR519818TnUATINYDS
WITVYNLAIALIA Ay MAAINHAAMVEY Gy WAZAT Rocrs g‘d‘i?i 3.35 Wen99asLailou
Fuanaunndnieldiaseim G, TAINIUSHIEIUVBINTILE i WASKIITU vy
wazdlAInuY

Gt = 81 + Sm3a (3.52)
Voo
Vo
ViN + _C|Gl VF51_||<- M, Y M, -.'I_VFGZ CG|2_ Vin-
rt 55 Cr v +
Vi _ Re1 ’ i| Rep / Vi
"
L Ve ) Ch ( Vi1 1
- ltshort Itshort -
e A S
v V,
B2 C|F|4 5
Ros m ) Rea
Cas " Coa

Crs
— VrG3 Ms Ma‘EI I_VFGA =

5UN 3.34 n1sUauussiunaaeauLiiem G,
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JUN 3.35 2sasialioudynnaumantiioldn Gy

o

a8

Rocr 2 V813RINAKINAWNIOVILAMIEN s Tpudyaamaaauiiodnadauanslugy

1 3.36 WaIVIMIMINTEHANAADUTBIANFVBIINIINLNTIHATIEN AT U Y100
<

ANAIARIUIUT 3.37 Roey o AT

ocl,2

:L//L

gml,Z

grnS,ll

(3.53)

199970 8n 10818 ey 1l UUATINVDI93 5T AL AU BRI 1ve 8L RUA

HARNIAITLAILATIZALIET Fetu SaTvendygIaluensaasaeulaan

A ;( Smi2 +gm3,4)( Sms.6 +gm7,8) L//L (r05,6 //

g m1,2 g m3,4
VDD
V
Viv.  Ca VFG1_||<- M Bgi M, e | EGE Cﬁz Vin -
I B oo 1
1
Re1 \ " Rz
1
Vit F1 Vi
Vor Vo2
VtO
(]
1l - Rea
"
CFB I— CG4 V/N
VrGa

VF63 E

S‘U‘VI 3.36 nstlounssdunaaauLiienen Roc12

r

(3.54)
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Vin Sm1Van % Fo1 Io2 é Sm2Vun Vi
Car + 9 + Cez
I T L

CF1 it

o l_’ b Vo1 V29 <_l

Vio +

2 -
Cm it
it Cra

Vi

Ces | Coa
L= | L
oa S SmaViy

Viin Sm3 Vin r'o3

sthn 3. 37 NIsLadou ”zyiymmmmﬁmﬂaisi’fm RN

PNEUNITN 3.54 L5danaiulainAsnsvetedynralmnsindamnn daiu 2995
Tefllemsienesasteundudygralnunsiuiiomindyuiuluunsiy wazvngiiediun
Weidusimuadnssaulusafinirendnmsie

v @

a a a ¢ o °
NFUNTIN 3.51 UagdUN1IN 3.54 LT1dUTNAATIEUNIATDATINITNIINAY YU
Tungau (CMRR) Hainny

1 1
rol,2r03,4 //

~ g'ml,2 §m3,4
CMRR = (3.55)

fo1,2 (1 T A8 01,2701, ) T 54 ( =6854%54 )

3.3.4 asUaundudyraluunian (Common-mode feedback circuit)

g‘dﬁ 3.38 Waneastaunaudya auluunsiu MITUIENBUMENIIUTALNDT M -
Mys  vhaulugiuiadunesdy (Weak inversion) S@Iuv Iy Ry - Rewt gnas1ean
nudamesyin PMOS Favheulugiudnaei (Cutoff region) dwmaliriainudiuniug
Aanandlengs

Ms¥uresesaInsaesug el Tunsalvead ey Inie1iNe Vour, ¥8% Vour
fidnvan duduanalnuanaine dygalnuasudiivun v, da1aef egdlsfiniu e
WSIRULIANA Vour, WaE Vour Hanwazdyanalvunsiy LLiaﬁuﬁqﬂdnﬁ]zgmﬂﬁauLﬁu
Aszud Searlran unsudanes My, finefu M1z.16 TUSNBZIDTAZTIDUNTE LA et i
gnagoulUgmsUBanes Migiq iono TaHIUA UG UM ULES O UTIUA Ve, WAY Ve
PNAAALTIULAUATIN Ve, BB Vo é’mmmiwmi"mﬁammaf\]vmﬂauﬂé’uvl,ﬂﬁmuag
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Lugationdng vour, $ae vour aunsnesnwuuliianiniu Vo2 lalaun1susumusesiu
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S S
GmleZRol,ZRout+,— 1+ W 1+ W
Vv
out (S) E z1 22 (356)
Vin s s s S
+— [ 1+— || 1+— || 1+—
a)p1 a)pz C!)p3 a)p4
o ., @, @ W, W W0 @, Ty
Gml
, =—" (3.57)
ng1,2 + ng3,4
1
AN\= = (3.58)
RCl,ZCCl,Z
1
W, & (3.59)
R51,2 |:Gmd1,2Rol,2 (nga,b N CFa,b ) e Ci1,2 :I ¥ Rol,ZCol,Z
RSLZ [Gmdl,ZRol,Z (nga,b ) CFa,b ) vd Ci1,2:| ¢ Rol,ZCol,Z
&) , B (3.60)
RSl,ZRol,Z [Cil,Z (nga,b i Cdba,b ) > nga b (ngo,b e CFa b ):I
1
w,, == (3.61)
CCl,ZRcl,Z o CCl,ZRouH-,— A CouH—,—Rout-i-,—
R..,+R A
a)p4 e - cl1,2 out+, (362)
RCl,ZRout-i—,—CouH-,—
Lﬁa Gml GmZ Rol,z Rouﬂ; Ci1,2 Col,Z Cgba,b CFa,b e CouH,— fIFhLVhfS]JU
Gt = 8z T 8msa (3.63)
Gm2 = gm5,6 + §m7,8 (364)

Roto =To12 // lo3a (3.65)



RouH—,— :r05,6 // rO7,8
Ci1,2 = Cgsl,z + Cg53,4 + ngl,z + ng3,4 + CF1,2 + CF3,4
Col,2 = Cdb1,2 + Cdb3,4 + ng1,2 + ng3,4 + Cg55,6 Cg57,8
Cgbo,b = Cgb1,2 + ng3,4
CFa,b - CF1,2 + CF3,4
Covt+— = Capse T Caprys

3.3.6 N1ATIIAAYYINIUNIUYDINNDS
NFAATIEAMA IS UNIUVBIIDT LB ATV LA LABNITAIATIEI99S LA DU
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Ty asun IR iiauandluguin 3.40
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(3.66)

(3.67)

(3.68)

(3.69)

(3.69)

(3.69)
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- Voo Vs Ros v -
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AoAtds VG2 Ce Vin- Mg
In1 In2 ' o
My, !
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Vour + = L Vour -
(o < V81 " CFI VSl p o
Ca Ra Rea Ca
I|:"v"v"v Vo1 Vo2 AvAvA=|l |_‘
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Viga Vs, I} Vo Va
"
= C 1 Cog ==
= Co7 a8
Rer R @ R Reg
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2 | l | 2 | | .2
In7 I ) Vigs | In3 " Tna I'viga Vigs | ng

] a Ay ia 2
QJJQQJ}']miUﬂQULﬂjﬂqm%QN@qﬂaﬂﬁauwm v,

UM 3.40 N15IATIEIMNE YR 1USUNIUVBIIAT

2 A

hae /. UA

a

Wu

- 2
v, =8kT X —
3 gJm1,2 +

g,m3>,4

; 2 2
PP = (SCW ) 8KT X —
3 gm1,2 +

§m3,4

(3.70)

(3.71)
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3.3.7 11331829 HANT5INEY WALN1TIATAINE

TUsunsu HSPICE gnldiiledassnanisihanuvesisasiedite waluladfiléifuuuy
Fuoadilvunawiiiu 0.18 lulasiuns 29asvnunieldlidssdiimingu 0.5 Thad useiy Vi
gneanwuulvidAwindy 0.25 1ad evilussfuiniEuves My, fAsas nsvuaasuiad
aedunadiawiniu 20 lulaswend wagnszuaasuilsfiniaodnaiidvindy 10 lulasuesd
FIRTUNIY Rsy Ro Ras %80T Res NAT19A38 NMOS  UagiafuNIU Res Req Rer WAE Res §N
afamensndamed  PMOS Tasiinsudanoimniviaulugiudvesy  n1sd1asanis
vhawlsvihnsdelnandufuuszaiianiniy 20 Vandn ms9 3.3 uanaussiuludals
2aslefiefitiiaue m3efl 3.4 uansvunveamLTames AAuguesiaLiuUsey wage
AsumulinumsooniUUes

AN5199 3.3 wsseuluda

wasauluda Taan
Voo 0.5V
Va1, Vs 0.5V
Ve, Vea 0V
Vas, Virer 0.25V

A1319% 3.4 YUIVBINIIUTAmeshavAtgUnsalntdlulanslenie

NSTUYELNDT aua (W/L) NSUPaLn03 uIa (W/L)
My, M, 15.8 um/0.5 um Mg, My 20.6 um/0.18 um
Mz, M, 20.6 um/0.5 um My, 20.8 um/0.18 um
Ms, M, 17.57 um/0.18 um Mizy My 5.7 um/0.18 um
Mo, Mg 5.7 um/0.18 pm Mya, Mys 17.57 um/0.18 um

AanuUsEy AN AAIUNIU MOS YU (W/L)

Cov Cozs Cons Cea 3 oF Mpyz 0.75 Lm/200 um
Cr 8% Cry 24 - Mgs 0.75 um/200 um
Crs WAZ Crg 34 fF Mes s 0.75 um/200 um

Ceip 2 pF Mgz g 0.75 um/200 um
AR TUNTU ANMUATUNTY Mo .10 0.75 um/200 um
Rei o 15 kQ

JUT 3.41 UAAINANTTNBUALDINIIALATEINRSOTIe NavBIN1TTNaDans LAY

11805 eegUlaliA I 67.2 WBlua dulievaana (Phase margin) dlAviniu 68

BIA1 UUUMIAY (Fag5) VD4ITHAWYNAY 18.2 AlalEING WAZHARNITENINSNTIVEBUAL
fa LSS P L a s dl ) A

WUUMIANEIAWYINAY 24.2 luneiBsnd UN 3.42 LAAINANBUANBINILIAIYRIINTT leTiaTiie
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Snvaizansveswuunduladsnsvetewintiunil doyaauBuneiivuiniingu 0.88 1iad 3
AWy 40 Aladnd ansavesnITTaeTINUITTaIsavendlutU TR
Aeld JUT 343 wanaaneuauesuesdyaamIaial  iedsasleditegndednua
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ansniuAdnaagfensasinntuldfeisnsusumnvemauiame siiniaowine
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E‘Uﬁ 3.41 HANSADUAUDIAINLD
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WoLUTIUBUAMNNEINITOUD 9935 L 0TILe 199 nauiilgani1 FOM (W3e Figure of
merit) [43] gnilemaulagdiaviniy

100X f. X C
FOM = ———*% (3.72)

/DD

dle  f fe AvudngnTvenenseuaniniunile (8sed, Hz)
| fe NasIuveansehantualuueansudanas waud, A)

C, feduiudsziinaduluan (Wasn, F)

LSINUIT FOM - UB929951071L9199 SN TIWaE VB 9199591 @09l A U 340 way 806
ANUAINU AIUUIIDTLOMLDINATNEDNFILAIINANLITOLAYTINANINIDTTN
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3.4 2993le7BkUUBUNALAZIDIANARAST NI UTAn ST ITu1Uan

(Fully differential difference OTA using bulk-driven MOS transistor)
3.4.1 99slefiedlersasvenedevludrminildnsulanesildvuan
Ul 3.45 (n) uanasaslefileuvudunmuaziednanasiiaiitiausseisveedeu
Ut (Feedforward) 193slefiteniAnsnusenoumensiudanes M, - Mg dayayed
Sunmonsaslefiegniaidiivueivemaudames M, - M, unsgnaeitiiisunavessas
Uoulutnantd (Feedforward circuits) Ingiomdnngneafuvnnvemsuganes M, ; uag
Myq MINAWU N5 UT@N0S My Uaz My QnludamemiosiuimiiIunu Ry wae Re
NIUTANS Moy Way Mo, miihdilusanseualiiuiasleioniausn 19aslefioniaiiass
UsENBUMENIIUTANBS My - Myy VINAYBINTINTANDT Mg QNABAULDING Vo, VDY
1935107BANALIA NIUTALRDS My WAz My, LEIDn1Stadlounnasy %qgﬂlué’aé"mmﬁu
Vo NIUFIAUNIUL Res WaY Reg %qgﬂa%ﬁaé’wmm%ama% NMOS ﬁgﬂlﬂé’ﬁiuﬂmﬁmaw
Fulseq Cop wae Co éT’JLﬁUUﬁza; P V‘imﬁ'}ﬁﬁqmuﬁ@mm Voo TUfivadiouwnnane
wazhenkNAUlUSAVDINIIUTANDT Mo 10 DONAINWIITU Vo, FIUOAVOS Mo 1o gnbuda uay
ANUAAILIIRULDIANG Vour, W8 Vour V893995107 1emetsad L 1dnnue43935911n
daulvuasiudsaznanluiitedald 'gﬂﬁ 345 (V) wansddnwalue9aTiefitaluy

a L3

dunm waziewnaras1alugun 3.45 (n)

Voo
l_‘f@l Res Vi, V2 Rea VFE_|
Veurs: V,
M. 3 Mg Meca & M CMFB2
% ! \] Y M, Ms Mq [ \ 10
(
=L Vint+ ’\i/c/v)l— \g/E Vino+ L= 1
= Ca Coa F
Vour+ Vour-
CCI% cl v v RCZ CCZ
AAA 01 02 ¢
1 VVv— —r
" A AN A e

(n)

+) O—
) O—
+) O
-) O—

Vini
Vin
Vin2

Vinz

JUN 3.45 (n) 2easleiliaiuudunmnaziondnanadianeiansvegdouludimin uag ()

v o

AN w9 LB LUUBUNALAZLD M NANAR
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gﬂﬁ 3.46 4an91993018TUY0 Gy Favwthitvenedyaiaudatdeuludram
Tivasastefilugui 3.45 ()  ilelfiudnsnveneliiuisasledive 2aasUszneusie
NIUTARDS Mry - Meg Suwmgﬂfﬂ'aL%’wﬁmwuaﬁwaqmiwu%aLmaé Mrys W8 Mey s N3UTALN DT
Mesa Wag Merg QNLUSARIEANBIHIUAIRIUNIU Roryp WAE Romg NTIUTANDS Mepy UaE
Mer, ¥vtndiludanseualiiuneas Gror1z WOANAYDIINAT Vory 5 WAE Vorza §NABAUINNA
YOI M, 5 WAz M, g

VDD

VB3

° | Merio
||4J s
| O

ViN1+,2- o

ViN1-2+ Vor2a

SUN 3.46 233 Gy, NTV1UBA

nsvinurensaslusui 345 (n) asnesurglasadl Hledyanaussiudune
mamqgm’]awﬁwmﬁéuwm Vivts. UA% Vivp s N51UTa005 M, , way M, , vinsudausadiud
vvemdunszualnalusmuiuiiivun 7,808 mmztﬁmﬁué’mmm%ummaﬁmﬁlfﬁ’m’]ﬁwm
Grrrp WPNINTANDS Mr, 5 UaE My WAZQNUENEMIE Mei s WAT Mpy s SOUIDIANATIN
Grrro (Vorrs WAE Vorse) QNUBWINMARAYDY My s WAY Moyg Femifiuvasusetuiivng
Thdunsenaudrlvaauiuiluug v, , Snass nssuatenunazluanusdunwaiiou
Ror 2 TvuA Viy 2 MR AL UNAETIIUA Vo, LHeIINYINATEMIUTaNDT M, uag
Mg $19fUIAUA Vo1, yenanivaiiounaase V1o VBINTIUTALADS My Uag My, Aoy
Vor, WIUNIANAUYTEY Corp WBUAY Fratu usasuilvue Vot %agﬂmmﬂimsﬁ Mrg W@
Ma 10

srdanaiulai99s AT gesiidnwarn1sTeuLuuAaid-ed na1ide 2993
AnsaIenariinssuaaninanldunninseuaasu e filudaliiu Meg W% Moo SALAU
U583 Copp WALFINUNIU Ry, yuthilvawepualiiuisaslefie

Lﬁaﬁmmflmsﬁwmmamwﬂaﬁmmm:ﬁﬁ%uwmLﬁuﬁmmwmauwmiwms’m LNV
il “iy,ayﬂmLméfuimm"mgﬂﬂam%ﬂmﬁ@uwm Vvt %8 Vo, Viny, Hdnwauznduvlaniu
Vi, WAE Vi, TANWOIENEUMARU v nszuailnaniunsudames M., 3aldnuuendu
waunsewanlraniu Msq denalinsyuailvasiudilvug Vor, HAUR8AINAlALIIAY vor
Antloe éﬁ“ﬂﬁ?mﬂ%ﬁé’mwmaé’mmm@uwmmmimﬁaa
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3.4.2 MIIATIEasIveeluuanasisassasiefiefiviaue
Sn519819U 5 UIUANAAISIA NI A gA g 1087 Ay a2 Ay, AOSATIVENE
LSUIAUANARYEINTVINAIANTA A,y WAZANATIAD A,y AU
NTBATIAN A @1TOMNIALAENINAAUTENTNAT Gy WAZAT Ry gﬂﬁ 3.47

Y Y] Aa a ¢ . PN
WAAINITHT Gy 28NS OULTIAUNAROUNBUNARALIATIENINT oy JUN 3.48 WEARIINAT
@iloudygraundn

M, M, Ms M,
Vint+ | Vin Ving- | Ving+
+ — | = + |  — —
Vi /2 E L Dvinsz w2 E D2
itShO’T | I f tshort
|_> b Vo1 Voo ¢ _l
—E_ MY ANN :l-_
- Re1 Rz -
o i\

3UT 3.47 M3UpuLTIRUNARDUINEM G,y WITVEILNIAKTA
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§’mb1‘/r//v T T Smb2VtiN _T-
- Sm1ViN SmVin + +
Vi o1 r
o 02 Vi Ves2
B Vel 4 _ B,

+ _ -
Vi Vi
_ 61 = / — — G, +

GmbeVeN OF1 \Q Smbr2ViiN Vi
l'or3 %R GF1 R GFZ% loFa
=" =k - V, —_
T SmosVin N TE
- - Sm3V SmaVtin + +
v, r, I V,
¢ tiN 03 o4 N Vg
By "83 4 p By
+ | 4 | -
Vin Viin
o Gs = Gq +
Smbr3ViiN l Tor3
FoF7 %R GF3 R GF% l'oFa
Vol Vo2
o5 < R Re2 S o

'1J 3.48 1995.allou ”zyzy,m%mm%ﬂaimmzﬁm Gt

G, AANNIAY
Gml = (gmbl,Z + gml 2§me1 GF1,2 + 57mbB,ll- + §m3,4gme2RGF3,4 ) / 2 (372)

W HnusatiuloonwUUTAA ¢,10 = Gnsa WOY Gnpis = Smese WONIINU Grpr =
Gmor2 WAE Rryp = Rorsa AIUULTIENIAWBUANNT 3.72 Tradlerdn

Gt = Stz + Sm1,28mor1Ficr1 (3.73)
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3

1 4

W g, B AMSIUdRRUANLAUTIUIUBRYEY M, , (AV)

3

g .., AB AMTTUARDUANUAUTNUIUBAUDI M, , (A/V)

A !

g ..., A8 ANIIUAABUANUAUTNUIVBFVDI My, (A/V)

)

g s, AR AMTIUAADUANUAUTNYBIIATVSTUTWNT Mes g (AV)

P

| Y =

R.., f8 AAnumumMuidesynineunafiurnasues M; uag M, (e, Q)

R, A8 AIAUAUNIUTABTENINVUAATUVNATUVE Mes s Uae Mg (103, Q)

NTAATIZIN R,y , TO9NATIOTIEAIALINANTaYIAlasnsTouLsIRuUnAdaUT
LBIANGA WAZILATIZINT Jioyr AaUAASLUTURN 3.49 uagilAnvinfiy

Rol,Z :':91,2 // ls4 // ls6 // Rm,z (3.74)

auLFA Rop, TA1g9N SRV BT ULMLARAA1BIIAARINTA L TY

Ay = _(gmbl,Z T 90128 mbr260Rer1,2 )(rol,Z I lo3,4 / r05,6) (3.75)

Re2

5UN 3.49 mstauussdunaaauiitena R,

JUN 3.50 () wanan1snseimenTvenglnuanasiisweiasiefiioniaiiaenieg

n3UauLTIUNaaeUTNNDUNATD 19T AIATNdDILEILAT TS ETloudy UL
Tugun 3.50 ()

G HANVNAU

Gro =8m7s 1 oo (3.76)
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Voo
Ve, Res Vi Vemrsl
A1
Mg
CGl T Vou /tshort
) .
1 VN F y Itshort

2 a OUT+-‘1

*_”:l

Viin =

(n)
UM 3.50 (n) n1stlounssruvnaauiiiem G,, wag (v) 2asiadioudygiuvuinin

NITAATIZVIN R, VB9 LTLBANANABIAINNSAVIT IS NWAIELAEINUIRTAIALSA
nanfelounsstuvageuiimednadauansluzun 3.51 (n) Faiheasialaudyyiauuin

andauandluguil 3.51 (@)
Roue V092995 0eN AN A NUNAY

Rout :ro7,8 // ’;9,10 (377)
VDD
Vi Fos Ve Vs ] =
A1
My Y
Vigo Sm9Vsgo % l'o9
Co 1 '
6L T i '
Vour + JT_OIUT —_ lvour
+ Vour+ s
T + Viour
- - D
M - - T°
_”j—tL Vest Sm1Veso § Io7

(n) ()
JUN 3.51 (N) N9 Ry WeMstouusiunaaau wag (1) 2asiadoudyaiuuuindn
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N Gy $AE Roye DAT1VEN8LIINUIVUANAR VB9 ANATIER AT

Agz = _( 8m7s T Smot0 )( lo78 Il lo9 10) (3.78)
NEANNSTA 3.75 wag 3.78 snsvensusaLInLaRad 1A winiu
Ay :( 8b12 T 8 2Gmei R GFlZ)( fo1,2 I l03,4 I los.6 //RGl,Z)
(3.79)

X( Sm178 +§m9,1o)( lo78 I o910)

3.4.3 MITAATIEINTNTIVEE INATINVRIINSaTItRNULEUD
WeHInusatulinIEInIaNs1veBE Il NUATINTE AT laTIoUUUBUNG uaL

LIANANAAN LA BT FNBALLALINUNITIATILENI NI 1VEIULTIRULAUANAAI NE1IAD
SRTNVYNULTINUAUATINTAUNNY A, A LU A o ABERTIVEIELSIAULRUATIUAIALTA

=4 o Y 1 = a
Uag A, ABERTIVYNIYLSIAULANATINYDINAT L TIONIATIEDY
N3 A,e; @INIT0WTHANNHAANTENINAMTIWAABUANUAUT NIAIN Gy WAZAT

ANUAUNULATDUANLBIANG Roey, JUT 3.52 UARIFIEATIVIAY G, I8N TUoULIIAY
nagoUINBUNATEINIsILaL IR RsElioudyanauunanfuanslugui 3.53

VDD
Vi Vi Vi Vi
itshort | I irshort
b Vo1 Vo2 ¢
T A A x
RGl RGZ E_
3UN 3.52 N5UBULTIAUNAGBULNEM Gy VBINATAIAUTN
Grmer FANVINAUBATIEIUVDINTEUATAIDT g HATUTIRUNATDUBUNA Vi
2[§mb1,2(3,4) _(§m1,2<3,4>gme1,2 ! 8mss ):|
= (3.80)

mcl
1+ z(gmb1,2(3,4) T Sm1,2,3,) )RSS
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g‘dﬁ 3.54 LLammsﬂauLLiaé’umaaUﬁLmﬁwmﬁam Roct» WBinsasialoudoyaind
wmﬁmﬁ’mmﬂugﬂﬁ 3.53 MTBATIIN Roep o ABIIAIAIUAIUNIUATDUDIANATDS
NIUTANDT My AT M, 1NANTUNTINAY

Roct» HAWNAY

R =1/¢

ocl,2 —

s (3.81)

N Gey WANNTIIN 3.80 WAZ Rocy, MUANNTST 3.81 ViTlisnsvenedeygiuluug
STANNAY

Smb1,2(3,6) _(gm1,2(3,4)gmel,2 / 9mF5,6(7,8))
~— (3.82)

(gmb1,2(3,4) + Ciaea) )ng,éRSS

vcl

LH9991n9NT 1V AU UINUATINUD 9T VU LN AT AR EALIIAUER 1981818
Sunaludygalvuanasig fetiy snsgedygralnniinvessasiiainiy

gmb1,2(3,4) _(gm1,2(3,4)gmb/:1,2 / ng5,6(7,8))
AVC [ (gm778 + gm9,10 )(ro778 || r09,10) (383)

(9mb1,2(3,4> T8 0060 )gm5,6R55
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Smb1Vin T T Smb2Viin
- - Sm1ViN SmVin + +
Vi r,
y tl ol Vg52
B, gsl + B,
+ + - -,
Vi Vi
) | & \ G | 4
y
r oFS% %R GF1
2R 2R,
= = = SmbaVtiN X
Smb3VeiN
- - Sm3Vew SmaVtiN + +
% r, 3 %
y tiN 03 on N Ve
B 3 53 + - 84
+ + L -
Vi Vi
4 G, Xy \ / P’ L A
e ZRSS _ X | ZRSS -
it +
Vin Smbr3VN I'ors l'ora SmoraVan Vi
>
= ¢ b =

T'oFr %R GF3 R GFA% T'oFa

Vot Vo2

A = 1

o5 < Ra1 Re2 S ros

o N ¢ - ] G a o 3
EU‘W 3.53 AMUATIENA Gy Iﬁllﬂﬁ')llf\]iﬂ’]ﬂLLiﬂﬂJ@QQQ"\]ﬁLaN@u BUEUNEUTUINLAN

v o

PNENAITA 3.79 Lazaun1sn 3.83 LI1AWITANIAIEATINITANIAA I ANATIA
(CMRR) 1971

(9mb1,2 +gm1,ZGmF1RGF1,2 )(rol,Z // lo3a // lo5.6 // RGl,Z)

Smb1,2(3.4) _(§m1,2<3,4)§mbm,2 / ng5,6(7,8))

x(gmb1,2(3,4) 9206 )9m5,6R55 (3.84)

CMRR =
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VDD

SUN
Y

3.54 NM5UDULNAUNAFDUNDNT Rocy o WANATINVDINDIAIALIN

3.4.4 2995Usundudyyialnuniad (Common-mode feedback circuit)

;;Uﬂ‘?i 3.55 LANIATMIAdIMlnNAIIN 21995UTENOUAIY NTILTARDS My, 9
Moo NSIUTAL@BS My, D9 Myg Isi’fmuaﬁuazﬁmﬁwﬁmm%Jué’agapmiwms'm N19508NWUY
Tué’ﬂwmzﬁfﬁwmmsamaa%’ué{’ag@mﬁaﬁﬂﬂ"m NUTAROS Miy B9 My dmtindivene
Faalnunuwddeunduluiinvefvemsudanes M5

M5¥UTe999saINs s UL ldEE NTEANIPOVWIN Vour, WAL Vour V0929995
oo udygralvunnanie 19930529 3udyqalrunsnaglianenssuaniu Mys waz Mig
VVOVANA Vs, HiTdaailnuanasieUsing ogelsnna ‘Luﬂifﬁﬁmmmﬁwm VouTs
way vour udanaduunsiy n5ulawes My wag My azanenssualvuasiuluaniy
NIUFARDS M5 T NBULIATALTOUNTEUATY Mg ﬂsmmiwms'mgﬂaxﬁaulﬂﬁ
NIUTANDT M0 LLazlmlﬂﬁéhéhumuLaﬁauﬁt,mﬁwm Vewrsra AIRAMADIANG Vo,
Usmgé’agaunmimms"mﬁgﬂmma é@apmiwms'méﬁ'ﬂﬂa'ngm’]auﬂé’ulﬂﬁsuwaﬁéum M 10
Frya UM ANG Veyre nsUeundusenanagyilidyaalvuasidgnannay useauln
mqﬁw'}ﬁwm Vours W% Vour U8139951811agnMvuAlAglsIAueneds Vi

VDD
[:l I_‘QE3 [:l I_\‘/DB3 ng_l Mea ng_l Mes
My Mg Vigr

Vour+ l-—ll ||<J _
Vemrst Vemrsz — | | | — |
0—0 o—‘ — —
My, M, | Mis Miq

e

g‘dﬁ 3.55 1sastpunaudygaluunsiu [44]
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3.4.5 msaasgiilendunielouvadnas

N33R e Tun181euUe995 a7 UUBUNA LAZLDMNANAFIEINTITO
el sngisasiadoudyaanundn U7 3.56 uanssesasioudyanuuniin
wazduUsEquAs M neimiladdudeleudsdimuintusngdiuseninaussiuednm
(Vour(s)) wazusssiudunm (v,(s) IAndu

=
¥ +
Al
2
[l

= - Y B g1V, v,
c J_ Viai Ombt o Sm1Vest r r st A gL v
Vest| “o1 T 2 2 (¢ ol 02 Coun ¢ 2 T Cos2| V52
+
r 3 G

[ S

X

Cdg 27

Coses T

U 3.56 masgsimnilsiduaislen (n) 299501ALIN UAZ (1) 19ATNIALLIANA
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s s
8128 mb1.20m2Ro1 2 Ror1 o fRour+—| 17— Ct) 1= o
v
2 (s)= = — (3.85)
Vin s s S s
1+—— | 1+— || 1+— || 1+ —
a)p1 Ct)p2 Cl)p3 a)p4
o ., @, @, O, W waz O, TAWVIAY
~ 9m12
rrm— (3.86)
ngl,Z
1 1
R, == (3.87)
Rm,chLz
1
a)p1 = —
R51,2 (de1,2(3,4) v Cb51,2(3,4) ) + Rol,Z (de1,2(3,4) + ng1,2(3,4) + Co1,2 )
(3.88)
H6,1 003, Smbr1.263.0) Fo12P612Chan 23.0)
)\ R51,2 (de1,2(3,4) " Cbsl,2(3 4) ) + Roi ( bd1,2(3,4) o ng1,2(3,4) T Col,Z )
%
Rsl ZRol 2 (Cb51,2(3 4) [ § de1 2(3,4) )(del 2(3,4) + ngl 2(3,4) + Col 2 )
g g R .,R.,.C
N m1,2(3,4)>mbF1,2(3,4)" '01,2" 's1,2~bd1,2(3,4) (3.89)
Rsl,ZRol,Z (Cb51,2(3,4) T de1 2(3,4) )(del 2(3,4) pr ngl 2(3,4) + Co1,2 )
1
., =— (3.90)
Ccl 2 cl,2 + Ccl 2Rout+ — + Cout+,—Rout+,—
R._.+R _
a)p4 ~_ cl,2 out—+, (3.91)
R ..R C

c1,2 out+,— " out+,—



[y

W19 Gy Rot2 Routs- Ciio Coto WaE Couey. HANMNAY

sz - 9m7,8

+g

m9,10

o12 — To12(3.4) ” los6

Rout+— =To7g I l09.10
Corz = Coanz TCousa T Coarra T Coarsa T Clss TCors T
Coutt= T Car78tCaboro

3.4.6 NMINATIIMFYAINSUNIUYDIINDT

Cg59,10
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(3.92)

(3.93)

(3.949)

(3.95)

(3.96)

N1TIATIEIMEYAIUTUNIUTDITTLTLBUULBUNRN UAZIDWNANAANEINNTOIN

lolaunsliasigiiasialoudyausuniudeuvginuanduiun 3.57 (n) 3U# 3.57 ()

wanRstaioudyaiusunIuttaumaivenwsteuludmtn G e,

i o
=.Ca1
Vours
o—¢

MV Vo1 Re1 Rg

_ Veoi fes Vi, Vs Va1 Veo Ron VG2 —
= EEAS e i e S B
Mo ;\MRGB “Ta\ Fi ,.7/‘/’%4 b My

@)

Vout-
—O
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2 = 3
InRGF1,3 InrGF2,4
Vor1,3 Vor2a
AWM

. [ RGF1,3 RGFZLl .
2 2
InF3,7 |_ InFag

Mgz Mrag

(%)

SUN 3.57 (n) MTBAsIsimdyIMTunIu ey (1) 2asteuludrmin

a

o a a v Aa 2 L | S a o a W
QJ/QJJ']ﬂJﬁUﬂUUL%QQMWQNQWQBQWQUW@] v, LA l, SU@Q'NQ{L@‘V]L@V]u’]Lﬁu@llﬂ']LW']ﬂ‘U

2 I o e ¢ +gm5,6 8 i 2(5.)

V/Z = 8kT —
3

gmb1,2(3,4)AvFl,2 5mel,Z(3»,4)grr7bf:1,2(3,4)

gm1,2(3,4)

+4kT (3.97)

R

GF1,2gmbl,Z(B,d)gmel,Z(S,ﬂ)

2\, 2 2
NS (SCMZ) 8/<T><;

gmb1,2(3,4) ng,é gm1,2(3,4)
+
A 3
gmb1,2(3,4) VF1,2 gmbl,Z(?;,Ll)gmel,Z(B,ll)

gm1,2(3,4)

2
) aKT 5 (3.98)

2
GFI,ngbl,Z(Z»,ll)gmel,Z(BA)

+(5C

bs1,2
=~ N W
WD A UALNINU

A\/F = Smbr12(.) (rOFl,Z(S,tl) ” RGH,Z ) (3.99)

3.4.7 11537884 NAN15I18949 KAZN15IATAINA
Aneinusatuillainn1sinassn1sinauvesasitaunaus e laldsinsy HSPICE
wialulad Al dunuudueanivuiamiidu 0.18 lulasiuns 2995vihnulasldunasanglnides
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Wiy 1 Taad wnasdnenseualudanseuaduns () Jawiidu 20 lulasweud wagnssua
@1 () dawindu 10 lulasweud msdrasslaviinisselvanduiulszaianrindu 20
Warhsn 115197 3.6 wansnsludalsieaslefiiefiviaue uirvemsudawmes M., wax
NINUTALNOS My, ﬁsummimp}ﬁaiﬁmmméﬂauﬁ'ﬂLmusﬁsuammsmmlﬁﬂﬁmqa danali

8M31818399501ARINTAININ VI IsunIueaBanduneiiatey

AN5199 3.6 wsseuluda

useauluda Than
Vi 1V
Viy 0.75 V
Vio 0.318 V
Vs 054V
M58 3.7 Mavemiudanesuazagunsainliluasledie
NSUTaLn0T YU (W/L) NIUTALADS U (W/L)
My , 20 um/0.18 um Mi9.20 8 1um/0.18 um
Mg 20 pm/0.18 um Me, 108.2 /1 um
Ms.s 8 um/0.18 pm Mey 108.2 um/1 um
Mz g 3.61 ym/0.18 um Me1 5 18 um/0.18 um
Ms 19 2 um/0.18 um Mgz 18 um/0.18 um
Mi1 12 20 um/0.18 um Mes 6 5 um/0.18 um
M3 14 20 um/0.18 um Mgz g 5 um/0.18 um
Mys 16 8 um/0.18 um Meeq 108.2 um/1 um
M7 18 27.08 um/0.18 um Mgz 108.2 um/1 um
AanuUsey AININY U1y MOS YU (W/L)
Co12 3 pF M1 2 0.75 um/10 um
Cerp 3 pF Mg 4 0.75 um/10 um
AAAUNIUY AIMUATUNIY
Rei o 15 kQ

dl a o ao
JUM 3.58  (N) WARINANITABUAUBINIANDYO9sIaeiLaUe 9INNANIS
9189911991197 dnTvenedyIuiliAIAy 62.2 WTUa wazdruilowa (Phase margin)
HANVINAU 60 83A1 UWUUATIAN (fage) VBIWATHAWYIAU 18.5 1BING UagHARMIENIN
Y] fa a1 W a ¢ PN Y] ! a
9NTVEBUATLUUMIANAIAWYINAY 15 lneidsnd JUN 3.58 () Lanadns1veelnansiuiian
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Winfu -3.82 1adlua U 359 wansvuiavesdanasuniuisunaluguvesussiy v’
PUIAVDIH Y IITUNIUTAIUERTIEON (Faue) TAWIAU 66.4 NV/AVHZ

M3197 3.8 wansnsTeuifisuanauifivenaslefiefiinaueiuaeesdu 4 an
paandiuliinaslefioldusafulmbssninemsdu 9 weiinagusznitdasves
LAZLUUMIAYININNT BR518189993995laTadlr ligen

Gain [dB], Phase [degrees]

Frequency (Hz)

(n)

-8 1
-10 7
-12
-14
-16 7
-18 7
-20

Common mode gain (dB)

-24
-26
-28

-30 ™ U ™ ™ .
10 10 10 10 10 10

Frequency (Hz)

)
gﬂﬁ 3.58 NANISHBUANDINIAIUD (M) DAS1VIULAUANARIE Way (V) BRSIVE18INUATIY
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900

800

700 7

600

500

400

Voltage Noise nV/vHz

300 7

200

100

10°

10°

10"

10°

Frequency (Hz)

10

10

5U# 3.59 HANIRRUALDIAINAYDIF YR IUTUNIU

a = = wa =
M1919N 3.8 ﬂ'ﬁL‘UﬁEJ‘UL‘VIEJ‘UQM&NUWT@Q’NQ?I@WL'E'J

10

Wsfines [23] [25] [27] [28] Uil 3.45 (n)
wdsanelides 10V 5V 1.2V 25V 1V
AGGRTEE 54.36 m\W - - 3.5 mW 100 uW
onI1ueegulUn 84 dB 100 dB 75 dB 40 dB 62.2 dB
InaUUIasUsAn | 6 MHz 10 MHz 9 MHz 5.8 kHz 15 MHz
a3 50° 60° 55/35 76 60
9ns1aad - - - - 12.5 V/ps
Inandiiudsyy . 10 pF - 15 pF, 1 MQ 20 pF
walulad 2 ym 0.8 pm 0.25 pm 8 um 0.18 um

3.4.8 MsraUszendldauasTafitauuuBunALAZIIANARARS

a a e v o = a 3 I Ao ! v &
enfnusiliunsaslefiowuudunauaziordnanasisiinaueuneyssynaldidu

2995PNLUTIFU (Voltage follower) fauanslugudi 3.60

L

ViN- 0—
Vin: 0—

5UM 3.60 29930N1ULTIAY
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U 361 uanensaanTAnnsaelouussiuneid  (DC voltage transfer
characteristic) S¥nINBUNALALLDWNG N1391809N15V1UITNTUTULTIIUBUNARIN -1.5
Tad f9 1.5 Taad wansdassmsianuuansiiiivineasinisaieslounssiiunddiduds
GunagiitrsufoRnusaudavnidhadfmidaad suf 362 wanmanismevauemis
ALE 91NNENI3IIEBINTITNU SRIVEIBTAWAITU 0 LABIUE WAZLUURIAN (Faus) DA
Wi 12,3 lwnzidsnd UM 3.59 uanswaneuausswnananlaeouusafudunadudayao
lyafawawindu 400 fiadlad Anuivesdyaadisniidu 50 Aladsed arnuanisnaaes
wudnyaanerdnadanvintu 398 fadliad Faszanauindudnyaudunn gﬂﬁ 3.60
memamauauaﬂmqLf;msumzﬁaut,t,iq@fu%uwmLﬂuﬁwwﬁmﬁaéﬁﬁwuwmwhﬁ’wﬁﬂaaﬁ
audvesdyaasianviniu 200 Aladsnd IINHANITNABDINUIF YY1 U N ATAN
wiiu 986 Tiad wagiwasilgnsagaiianmindu 12.5 Maddelulasiuii

1100

Vour- Vouts

1000

900

800

700

600

Vour [MV]

500 T

400 7

300

200

100

O : T T T T T
1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
vin V]

JUN 3.61 AaNUANIA1ElOULTIIUNARIINNIFT



10

-10 T

-20

-30 7

Gain [dB]

-40

-50 7

-60 7

-70

-80 T - T 3 T T T T T

9

10 10 10 10" 10° 10° 10’ 10° 10
Frequency (Hz)

5UN 3.62 HANITHOUALDINIAIND

300

200 7

100

Vour [mV]

-100 7

-200

-300 T T T
0 10 20 30 a0
Time [us]

JUN 3.63 nanismavauemaaiiedunailudyaiaguladanudminiu 50 Aladsed

76



7

1200

— Vn
- — —/ Vour
1000 /\___ T ———

800

600

—_—— e

Vour [MV]

400

200

T —
T —

-200 T T T T T T T T T
0 1 2 °} qa 5 6 /e 8 9 10

Time [ps]
JUT 3.64 nanspavausamsaanledunniludygiaiadrnuduiniu 200 Aladsed

3.5 undasy
a a e 2 ) a 3 ! o =1
Inendnustidunisidiauedasiefiieuuuiemnaranivinnunglaliiibes 0.8
Thad 19aslefiegnesnuuulaglilivsusamesuuuinaaseiaiion 299slefitauuuiedng
Hadgadiounata-tel dasinunglaliiaes 0.5 Taad ussiudunaiasiandnmadalaniig
JslafieluuBunaLazeIaneRa i saiinunelal s ulilas sty 1 1ad lag
linsugawmesnludaniven warldisnisteulutrmin (Feedforward technique) 31nKa
NNIT1ABINAAINTITAINVD LT UBUNARAZIDINALYIINTTeR90 19 NaN15T1909vB339a5 L7
(3 ! (% a ISP 1£5.24 a a1 dl' |
LU IANRNEA1LERR T U 8gUUnT AN 65.8 1adlua ddukevedawiniy 57
9IA LAYNAANIENINBATIVENLUAZUUUAIAVAANUNAY 10.2 lneBsnd Masaadsiian
Wity 48 lulasing nanisdiassvedisaslefiiowuuiananasiiuaiioulanidnsveegy
UadlAwvinfiu 67.2 1aBua Jdulevesnainiu 68 8da1 LagnanusEniNens1veneiu
WUUAIANEAWINAY 24.2 lnzdsed dasgadedAniaiu 30 lulasing nan1sinaenis
9102995107 OU UUBUNPLALLEIANARAA 1Y LaAIUuTIRUBUNLAZIOANAE T RS
N9 dns1vegguiladaniniu 62.2 wdua druiiainadanviniu 60 89 uagHaR
FENINENTVYGRATLUUAIANAANYNAY 15 Wnedind wazmdgadediaviidy 100
lulasing
= = = a I 2 Y v
1599 3.9 kARINTSUSEUMEUTRI9AT e MeTaINI99T 3NANTINTNLAT19RS
lotielugun 3.26 THussiulmiaeeifNgauaz199siidnsnvensuas naaMsEnINdnT1veny
LAZLUUAINTEININ9R5IUIUN 3.9 uag 3.45 (n) 29eslefitelugui 3.26 & FOM 1nndn
1935lugUN 3.9 wag 345 (n) Ysuenianasleiielugun 3.26 dauaudilagsiuaian
! 3 a a a b4 = = 2/ 1 = 1
aealsNnnuneasiignunisaldunntey 29slugun 3.45 (n) 1 FOM Weggnuauaniiainigas



lefiielugun 3.26 linauaudRlaesiunosiian uanaNtIRsiM
3.9 waz 3.45 (n) 881913AAU99TYIUNTABUNANINNITNDINIADS

A15199 3.9 M5 14USTIUL N UUTEANTNINVDI1995 La%be

1Y

[
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aegaudegandneasiuguy

Y

W15ALA0T gﬂﬁ 3.9 gﬂﬁ 3.26 gﬂﬁ 3.45 (n)
uwasdnelides (V) 0.8 0.5 1
MasgayLde (LW) a8 30 100
on319818qULUn (dB) 65.8 67.2 62.2
9951VEEAULUNAINY (MHZ) 10.2 24.2 15
druiilovana (Degree) 57 68 60
CMRR (dB) 87.8 13.2 98
PSRR (dB) 32.4 12.7 102
9n318ad (SR+/SR-) W/ps 6.76/8.5 0.3/5.4 12.5/10.2
Total Input Refer Noise (nV/vHz) 27 144 132.8
0.18 0.64 0.413
THD (%) (@output voltage) *0.7V) *(0.3V) *0.6V)
(at 100kHz) (at 40kHz) (at 100kHz)
Input CMR (mV) 300 200 400
Dynamic range (dB) 140.91 142.85 129.57
TnandiuUseq (pF) 20 20 20
walulad (um) 0.18 0.18 0.18
FOM 340 806.7 300

VBV * Ve wSITuenaNNITaANUHAIEUN19eNseng



unii 4
gULlUDTUDEANIIUTELNDTLaZN15USZaNA LY9U

q L]

(%
v A

Haqtuil 1sBiinnseindsuaunnvhaulpgldundsenuunned Kadunss
BudnnsedindSsmsannsavhauiiussiulndssiuasiimgadetos susnfoatuisas
AITHYNUHURNUNTI fisaswesussiunnuaziinnufinieuvesdyaa

UWﬁﬂéﬂﬁMﬁ@@ﬂmewseqﬂLﬂaémaamm%mm% (Super-MOS  Transistor)
domuniannsoutseenifu 4 dudell daufindandndsnishauresses defuas
Tounnsevesguivesueansiudanesitinausluefn drufiassnanilassaiiouay
nEnmavinuresgUieueansdanosiiinaus dufiresiazinsinmeimamad
ABUANUALT A ufuIuAvIATULaETivIveda LagdrananisinauvesgUived
veanudamesiinaus dwdtamndniimaiguiefueansudanedunsoldnuiy
NITVYNLBBIATINLALIATVIBNATIN  dugavnaliinnisaguranisinauvesguiles

1DANTIUTANDINULEUD

4.1 guweasueaniuBanasiushia

giasueans uBaines (Super MOS transistor) fisasasuensiignosnuuuliiiailou
MdunmudameiuuulnidsdiauauiFnaniweansuamesaludielud 1) Svams
dlinie 2) fenufumuiiviinpuazueige 3) damuiunuiiviesugs uay 4) fid
AU uRvwesail nuidylusinldiiguivesusansiusanesignasnuuuluse
Uszgndldulunsasnsiudaeunnmas (Transconductor) 2995@viaunssika (Current
mirror) 299599 UweNULUUNU (Folded cascode opamp) Waglsasvenunssua (Current
amplifier) \Juau

Ul 4.1 uansaasvggweasnidmemiunuaiiounisshutotsiwngs [26) Tng
143813 qLanunalaa (Regulated —cascade) @so1fondnnisiounduuuuau (Negative
feedback) wdnmsiignlivesaiufionanguieinsudanes fiduunidweduosuny
ndnmsvhaurensasfana e duiugulunisiaudely Hlefansangud 4.1 1995
Usenounsudanas M, M, laveauwond Ay N5uTEM0S M, waveslwsud A, Aslu
Snuurlaunduuuvau nanfeduuiivwesa @vua X) ve1 M, gﬂ@iai’]auﬂé’uiﬂﬁsm
avveseoUnenddwaliusssufiinun X daaeudneneiinasdiiUssunaninty Ve, Snvas
Lﬁduﬁlﬁﬂﬁmmé’mmqé’mmﬁwm (Roue) HAnaaUagdANYINiY

Rout = AlngroerZ (41)
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Vouf
VREF

O Vo1 < |
M2 Rout

®
M,

Vin |
5UN 4.1 1995981890 5a3NIAANUA U UET DUAULD I NAZS

I !

e A fie AIORTI9UNEUBINDTVLIBHAAT (V/V)
g, fie AmudnsusnuauduewmIuTanes M, (A/V)
fa AmnuAUMUdYMUaENTe M ulanes M, lovi, Q)

A AuAmumUd LN udanes M, (o, Q)

INEUNIST 4.1 Ry %uagjﬁué’mwmmaﬂaaﬂLLam‘fJ $UAITYTIWIUNNUINEANTT
Fnanluoonuuuinasuegiaiouguilesueansudmaefiloriue i unuaioudion
AU

Ul 4.2 uansgUilosuoansuBanosigninauslag £ Sackinger uaz W.
Guggenbuhl [45] e?fdié’ﬁwmiaamwmmssumaLaﬁaueqmﬂa%mamm%ama%e’hwé’ﬂmi
Snnwanuaalad (Regulated cascade) 2935UsENaUMENTIUTAROT M, - M, UazUnaAIdNY
N3ENE 5 NIuTamas M, WWunsudawesiivhminfideundusuvay (adefuesuueuily
U 4.1) Tuniseenuuuritelidynaiivinsuaansasiasddinn nswdames M, gn
ponluulivinauluguInduosdy (Weak inversion) 31U0% YLATU LaLUIw0saUDe M,
Wigulaliouving viasy wasingesavesgUilesusansiudawes lunisldnuniveazgn
ARAINTIA (Wae lwav) ‘g‘d‘i?'i 43 waninsteudyanaunseiuvadeuiivnasuiionininy
Frumuadiouiiviasy denamuleinseuanagoulanau M, TUTuun X deuald
Inug X innsaavesdyey i dyaananaiiazgnugnswuunaumasnie Vs watloufulud
PUNAUDS M, dsaviliinsyuannastanas Snwnsuivildimnnuiuuaiioudiviasy
(Rp ) flAnaauagilavinny

Roeff = SmaSmslorloalos (4.2)

ile ¢ . A AmsudrsuinuauduemIuTaneT Ms (AV)

r, Ao AnusnuUdgIMIAEnTemIIuTanes Ms (levi, Q)
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2995981899585
r
]
]
]
[}
[}
[}
[}
]
]
| D
]
[}
] MST].
L
G S

U 4.2 quiasueansudamosiinauslag E. Sackinger el at. [26]

299598V ITHI Y

=
I
I
I
I
I
I
I
I
I
I
I
I
I
1

G

5UT 4.3 Mmstouussnunagauiiiomalnumunuaiouivnsy

K. Bult 4@z G. J. G. M. Geelen, [46] laau1raaslvidannusmumuiaiiouandng
qqmﬂﬁﬁu LLazﬁLmﬁwm%ﬁmLmuﬂ%qmﬁu (F 1A ITANAITY Voingmin) = 2Vetsar) O
LLaﬂﬂugUﬁ 8.4 2995UTENOUMENITUTANDS M, - My, N51udanes M, - My, iy
29959878 wazdoundunuvaulufivneaes M, n1sRaIsanm Ro.efr anunsavhlasad 15le
Jouussdunaaeudnfivnnsu nszuanaasvasivaiunsudanes M, uazlnadiuluun X
yiliAnusuilun X ussiufenainazgdsiuluiluun v fevsiudanes M; uazgn
venelaensudames Ms uaz M, dsseludnvasuealan Lmﬁuﬁmmmmvﬁé’ﬂwmvﬂé’u
watunsuilnug X dwalinssuanadeuiiiariunsudanes M, dnanas nuaznis
mmumﬂa'naqmaiummmmummauauwmmummaqmmﬁuu LSIENITOUATIERNNAN

ﬂ’)’]ﬂJWWUVI’IULﬁZJQUVISUWLﬂiu RD,e]j‘ fAmnnu

R

Deff — Sma8msSme(moro2os(8)os(7) / 2 (4.3)
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WITVYY

M;

e
il

=

no oM

Ul 4.4 swosueansudanesiignitannlag K. Bult uas G. J. G. M. Geelen [46]

Ul 4.5 wansgUiesueanswBaimesfignitnmlag M. Ismail waz T. Fiez [47)
139959neaN Ul e NAAINTAANIANIN. Vavignimin = 2Vasar) WITUTENOUAIEY
M, - My n51uBames My - My snthidunseseens asfiansanm Rosr anunsavilawad
dletounssrunaaeufivnnsu nssuanadevaglnaniu M, dwmaliusesuiiluun X @i
Hosrnusnudanes M, gniednunz st detu Sygnilvue X azgn
daruluilnun v LAZNVLILAIENIUTALRDT M; FIoSnNUaz 1995V UV B SET L
é’mmwmﬁgﬂmawawﬁé’ﬂwmzﬂé’uLWaﬁ’Ué’auJaquﬁImﬂ X denalinszuanagoudilvaniu M,
fldnanas andnvagnIzLa wazusstuTAnanusunageuas lmiuinasasiien Roefr @9
L31ENUNTABATIEANAT Rp o LAWY

RD,eﬁ‘ ¥ gm3 |:r03 ” (ro8 + roQ )ngroerZ ] (44)

NWIIVYY

]
1
]
|
|
}
|
)
)
|

' D
]

| = °_|
VOZ : — MSTl

! S
e .
]
M, |
G ||; l
I Ms !
° ¢ :
S Vss |

JUN 4.5 guilasueansudawmesngniiwuilag M. Ismail wag T. Fiez [47]
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Ul 4.6 wansgUiesueansudameifignitamnlag P. Lo [48] Tsnaizgidelsvh
MI0BNLUUNI TN SAIEITNasNYIanLaAalan 1sUsENaUMIY M, - My 308 Ms - My,
Usneutudivisasens msiiansanm Roeft annsavilesed Weteunssunaaeudifiun
WsUes M, nszuanagoulnariy M, TUdluun X dewaliusaiuiiluun X @3 fesan
Tnup X sefuwgesavomsuianes M, 39M, sednwylalen (Diode connected)
ussudilvun v Seeddludnuvazidendu ussfudananazgnasendumasonsiudaines
M lﬂﬂiﬂﬂgﬁiwum Vo, 39 M, ResnunENasveneYesasiy Wesnusssuiilaun v, 5
Snwaznduatiuusaiuiiivun X dmalinssiu ve, anas wazvilinssuanagauanas
Tnua X gnaefuvivesaves M, dwaliusaduaisfivinsuaansaaisldning Jsusadueis
ﬁwqmﬁm,vhﬁ’u Vasar LLazé’ﬂwmzmwiaNaisumaﬁ’aLLamﬂugﬂﬁ 4.6 Hdnwazn1sUaundu
LUUAU @SHAlVA Ry oy IANGE BUTIANTANATIEAAT Rpey I¥NAY

R

Dieff T Sm28matorls2/03 (4.5)

WAIVYY

1
]
]
1
]
]
]
]
!
]
]
' D
(Y
_ el
! 4
M4I:_|p :
[}
1
G | |
N ||-_>1M5 !
o |
S i

JUN 4.6 guiUasueansuBawmesngniiwuilag P. Lo [48]

J. W. Fattaruso el at. [49] lovihn1siawguilesteansudames ilinasaydy
v A = v '
LAZUUINYDINITANAIAINUAATUTUN 4.7 2995UsENOUAIY M, - My WITVYIEHARNA
UITNOUMIENIIUTANDT M5 - My NISTAITUIN Ry duN509I AR Wodouusesiu
NAFBUNTIVWATUVDINTIUTANDS M, NSELaNaadaudzlnaciIy M, danalihsanunliun X
a o al a < Al a 6 1 I

aauIn ussiuiluue X gnivdeulunszua Wesnmaudawmes Ms uag M, doiduieas
ALVIOUNTEUA NTTUAAINAIYNALTOUAIN Ms  LUSI My NIBUA 6,Vesr IMAHIUAIAIY
FuuLElaunlunun v, lmAaLseuaIeilunug v, delianwuzndunaiulnun X dwma
TALSI9Y Vee, anaa INIANSLLENAFDUNIMANIU M, anad anwaenISUBUNSUBUUAUILYIN
AR Rp o V939TUAIGUY
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R ro\r, // ro4) (4.6)

D.eff - gngerol 02 (

NITVYY

®
el

SUT 4.7 guiesueansudamesiigniimuilag J. W. Fattaruso el at. [49]

UM 48 uaz 49 wansyUiUesueanudaneifignitauilae M. Helfenstein
Q. Huang wag G. S. Moschytz [50] AmugIdelminnisimunguilesueaniiudainasTvl
Roep B850 Hynadinasuainsoaisniiswindy uazaseshidudou 2995lugudi 4.8
Usgnoumie M, - My 29350aUueudusenaumiensnuidnes Ms - My nsRAITUINIAT
Ro,ff anunsavinlasedl wWeteuussiunedoudiviasuves M, nszuanadouarlnariiu
nywdames M, WWdluun X slduseuiiluun X adsuan LEAURINEITL YNV LAY
Nﬂﬁlmawaemlﬂﬂmﬂgﬁiwum Voy anuenauianuunsanulnue X dsnaliuseny vee

anas LagylinTelanaaeuanas danalin Ry o Y89393THANEIU A1 Ry gy HANVINAY

RD,ejj‘ > gngm6rolro2 (roé // rOS) (47)

299580Uwauy

sUfl 4.8 guiasueansudanoslng M. Helfenstein el at. [50]
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293508ULauY

D
S

!
1
1
1
1
!
1
1
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1
VREF: G
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1
1
!
1
1
1
1
1
!
1
1

SUTl 4.9 quiosueansuTalnosn4asi 2 Tag M. Helfenstein el at. [50]

Nﬁ]ﬂugﬂﬁ 4.9 Ussnaume M, - Mg n51uTawnes Ms - Mg soslusauuend ns
WINTUINIA Rp o anansasilesed Wedeuussunageuidfiviesy nssuannaeuaylva
runTudanes M, dmaliuseiunlvun X Wasuudas Lssiuiiluun X gnueiesie M
L.Lﬁ’ﬂﬂﬂi’mgﬁiwum Vor Wazgnasulugslnum v, \osnusesuiilnug v, gnlaunduan
Fonnnues M, Tudnuaznsteunduuuvay dwalinssuanageuanas sy A Rpesr HAN
gauazilAnviniu

RD,e]j‘ =gm2gm3gm6rolr02 (r03 // roﬁl )(ro7 // ro9) (4-8)

gUilasueanstugamosnnanuidveunnsatunelsenislowi 1) 29aslduseiulu
989 (UTBNIR 3Vir + 2V7 89 Ve + 3V4) 2) A1ANAUMULATRUNVGOTE (Rs o) 3
AR 1/g, 11389 Rsor ausavinlalagnsiinuuin wag/vienssualudadavilvfesld

(%
=

fufiunn wazRedlimasaidssnn 3) AMSIUAABUANUAUD (Gyep) HAWAU ¢, WY
Fryauaudune wasietane lianunsaaiandnela

J. M. Martinez-Heredlia @ A. Torralba [51] dnaueguiUasuoansudainosauans
Tugui 4.10 29esiidiausldmmssenuvuiiondladymeuiunuaiiouiin wesa
NUITYAINANLALTI95V81880901A LarAoanwzUDUNAULUUAY  I935A9NE1D
USENOUMIENITIUTALADS M, D9 My  UATUNAIENTERE /3 NIUTERDS My, Aoslu
29ATVENATINGS NSuTanes M, dednwazisasueisnuuresasiiuisasveieniad
409 VIWOTAVDI M, AONUVITRTAVRY My NITHANTUIMIAT Ry o anunsovilasisd Wetou
LssdunedeUTivTesa nssuanadeudrlanIy M,  wasvuziieniu WIIRUNAADUILYN
wWasulnduussuiiluun X d9 M,, dednuazisasvensinasia ussiudilyue X gnueielag
s udanes M, Willnua v Tnsedis M, Seiodnvariaasveseesasiy wseuilvue v &

anuaENAUWATULITIAUNTUA X daNalin15aieved vess LINTY waznszianagaulnaniu
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Ms a1nansaensvinauniinisleunduiuuau (Negative feedback) vl A1 Rs o SN
WIAY

1

R ~
i Sm1Sm28m3 (rol /I roBl)(rOZ / roBZ)

VDD VDD
MOR
D
G @ @ G 0
. = 5 M
M1 M2 =L M3 5
%

U 4.10 siesunalaavsnuBaineslay J. M. Martinez-Heredia uag A. Torralba [51]

naun13n (4.9) uansliiiiudnan Ry B9 guilesuoavsudawesngnuiaue
1ag J. M. Martinez-Heredia &z A. Torralba f9af ek Rs g AANA1HIN wrasd e lniEs A
2/ Vo 1 I3 s a fa Y !
Uy (ININU 2Vgeer + V) amqi'iﬂquﬂLﬂaiuaamm%aLma'ﬁmammaqmmﬁzms
naTpe Werwsgnesnuuulildnuivussiulnideswn dyiwsunnvesisasliausaaiy
NINNNLA UagAn Ry 8IRITAWIAY 1,3 BaviiUnsuamesnall

4.2 gUWasneanIuTanaINnldu1uanaIeIaN1TLATLANAILDILAZNTS
UJaunaunuuaunutaua (Bulk-Driven Super MOS transistor with self-

cascode and negative feedback)

4.2.1 ywesuosnmuamasiiléviuaddiiiaua (Bulk-Driven super MOS

transistor)

Inerimusiinatesuesueansiudamaifuandduzud 411 2sfitiauegn
Wananglivesueansiudainaslusin 1995UsEnaumensudanes M, - M,
mm%aLma%ﬁgqamﬁmiﬁaué’zymmﬁmuag danalisasanunsaveuiinseiuldee
nld nuSanes My, was Mg, vmtiniideunseualudaliiu M, waz M, nsudamnes
My waz M, #olu19939818@0901A VIWBSEVRI M, ARNUVIWRSAURI M; msm’mws
Aananilanyuznistounduluvay aamalwmmmmumuLamaumwaia Rs off mmm
guilesusansudanesilaivnnaadon LLawmuamauauawmmm LATUUDRVDS
NTIUTALRDT M, AUAIFU VUATULALDUADYNATUVDINTIUTANDS M5 Wazvwosalaliouns
VIO IAVDINTUTALNDS
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sUN 4.11 guiesueansiudawmeinldviveniinaue
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4.2.1.1 MIIATIIIAMIIUNdRDUANUANYYaIEUBSHRENIUTanasNlY

YIUBA Lazn1sUaUNAURUVAY

N1TIATIEINIANTIUERBUFNLAUT G, o I MALABNTIAT B9 LET U

deyeyned

T

YUIALEN N1FALATIZRIIDTLALDUFINAIISUIINATU UL UNAFOUNVIUDA LaZVIIN1THD

YNUNA VIATY warVI19e5aaInsIInnnandlugun 4.12 Fediasesaloudyaravunand

wandlugui 4.13 n1SNANTUIMIAT Gy o VOIIATANNTOVINLAGIE LTOUTIFUNAADY Vi QN
YJou1vuenueseas s udawmes M, ihnsudaswssiulinlunseuadaningy ¢ vis
nszlanInalnaniuaAIumIuEdiouliun X yinlAAnLssuNdanwu ASUINENU vy

LsIRUvUA X gneafuviuehvemsudamas M, ns1udames M, innisudasusaiudu

NIZUELNNU Gy 1CmpaRvis NIEMARINAIMAKIUAIAMNA UM LIET DU UA Y wazd

SnwauenaUNANUlNUA X WASWEREINULSIAU Vi NINUTANBS M; 11A15HUaWSIAUN
iU Y L OUNSTUAARINAT i oo AINARILUSUT 4.13 A1 G,y BANTINAUSATIAIUSININS
> LY} f

NILUARAIIDT i chor RATUTIFUNATBY Vip LIIANITONIAN Gy oy LALVINAL

Gm,ejj‘ :gmblgmegmbB (rol // roBl)(rOZ // roBZ)

AN IUEABUANLANT NIV UBAYBINS1LTALmBS M, (A/V)

b
o)
)
3
A
b
o

AN IUEADUANWANTTIVIUDAYVBINS 1LTANDS M, (A/V)

“a

3

o

N
o))}
©

ANIIUEABUANLAUTNVIUDAYBINTIUTALNBS M5 (A/V)

) D
© ©

o))}
©

AUATUNU YN UIUALENTBIMIIUTEN DS Ms (B3, Q)

AR TUNUA YN UIUALEN VRIS IUTALN DS Mg, (B3, Q)

(4.10)
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5 l

M

N Lo e Yo
MBZ Dj’_ l t,short

5UN 4.12 N15UauLTIRUNAFRBULINOMIAN G,y o

© O,

Smb1Vbs1 + Smb2Vbs2 +
Vips2 Vibs3
ro1 //rOB1 . roz//rOBZ -

JUN 4.13 MTUATIINIAN G,y o MIENATALDU Y AIULIALEN

4.2.1.2 miawnzinanuiunaiouiiviasuvesgUiuasueansudaines
Mdvruangrenistaunduiuuay

TumsiasginanuiuULETBUTIILATY Ryyy Vodgesuoansudanes
15198¥1m5 D ULNAIT LT I UNAAB U IR UATUVD 995 LAEYNNTTHBTINNN LAZYIUBR
ﬁ’umnﬁé’fummﬂuiﬂﬁ 4.14 |59V IN3TRANAFEUTIIE80NNUVEAIT LI UNAdDU A7
Roesr :Jml,wmuamwa'méuaqmeumaaumamuuamaau sU‘m 4.15 LEAAINITIATIEHIMN
Ro e N899 5t @ Lo udyayrasuunadn e sainuuon LLawmmmm’mmﬂmmmnm
nszwailwariue R e VONTIUTAROS M5 UANTUNTHA /i Farh @ Rp e NAWAY

(4.11)

aunsi 4.11 wandldiui Ro o V0 ULUasueansuBanasilanintiu Ry yy 109
Ueansudawmesily
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5UN 4.14 n15UauLTIRUNAFBULNYN Ry or

B ® ©

_| + Smb1Vbs1 + Smb2Vbs2 +
N Vb51 Vbs Vb53
— roi 77 Tosi =3 Ioo /7 Togs n
a a ¢ Y a ) <
E‘U‘VI 4.15 N13ILATITHIN RD,eff MIYINIILEFNDUALYUIUVUINLAN

2

4.2.1.3 msenzgimeanudunuaisuiivivesavesyio fusansudanes
Mdvvangrenisdeundunuuay

gﬂﬁ 4.16 LAAINTTUUNTLUANARBUIITI9TS Ll DU QR YUIALEN LATYIINITAE
YUAR VIVBA UALVATUAINS NS tilevnsIAsIEsimmAuiuniualsufivigesa
Rs o suaqeq‘dLUaémaamwu%mma%ﬁﬁ%aua N1SNANTUINIAT Rs o voaasilgsdl 159y
YOURSITUNAEDU v, WTIV905a0899995 NIZUENAFRU /e azlvadimosavomsudames
M, uasnsudawas Ms nsvuanaaeuazinadiummusunuasiouiiinun X denausay
Anun X adinTu waziivlavssussiudnuasiiefumavo sy ve usssuiluun X an
Yenelaensudanes M, Fareludnvarieasre1eyesaTiy uswuiiivun v asiidnuazndu
wlarulnun X urasidnuasaio funsss v.e dawaliusasiy veg v09 Ms fiAmnndu v
TAnszua i l‘viaLsé’hm%a%quﬂLU@%@Jaamwu%aLmaﬁ‘mﬂ%u Snwarnsausfing 1
ulaliouinyUilesueansnudamesian Ry Uoy
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s s

Vis
VDD
M e
G /\I/’i))/BZ 3 Ii(‘)/BB’
— — @

/T

V;%
T

;;U‘Vl 4.16 MIFUDULTINUNAADUNON Rs o

B @ -
| + Smb1Vbs1 + Smb2Vbs2 +

Vis1 Vis2 Vos3
= Tor /7 Topt = Ioa /7 Togz -

Vis

FUN 4.17 N197 Ry o MBI oudeyayrnsvunngn
a a ¢ o = 9} £ ! a
JUN 4.17 UARINITIUATIBINT Ry o MIEWITATOUA Y IUVUIAEN AN Ry opr TN
WU Vyo/les FSRANTIIAY

1
R ~ (4.12)

v S mb1Smb28mb3 (rol // roBl)( lo2 // 052)

9IN@EUN15T 4.12 1FWaUlI AT Rs op BFtiaenInefldannsudanasialy

P8dRINEIUWINY 1/5’mb15’mbz(01 // oBl)( /i 052)

4.2.2 yuasueaniudaimesnldurvaffiieisnisuadlandiies uazns
1Y} i o i d .
YJaunduwuvauiidauawuui 2 (2™ Bulk-Driven Super MOS
transistor with self-cascade and negative feedback)
s a ¢ g v Xy ax o d' d'
guwWosuransuTamesnldvivennieidnisuaalandiiawuun 2 wanslilugua
4.18 gUiasupansuanesaun i unus i ulideswinla 1995860 G, o5 WAEAT Rp oy
49 UWAZAY Rsep M1 WITUTENBUAIENTIUTANBS M, - My NIUTANDT Mp; WaAE Mg,
nihfasenseualudaliiu M, wag M, B9QnesluanuieNaTVe18a09 1A UAEINUINAT



91

Tugﬂﬁ 4.11 nanie vUeRIes M, sefulnun X wazauenues M, uay M, gnefiulvug
v agslsfionu Inendmusatuiléimumeslugud 4.11 deniseonuuulinsudames M
waz M, seanvuzuaalaasoiioliaInuduwaEsoufivasy Roer HANEY N3
OALUUIATIA M, uay M, gﬂm’aé’ﬂwmz’msmmaaaamﬂéfaﬁﬂdnmwﬁﬂﬁﬁﬂLU@%
URANTIUTANDTHAT G, o 89 VIWRTAVDI M, QRFBAUVITRTAVDI Ms N15UBUNGUIIN
Y9583 M, Iﬂé’wwaﬁmaq M; way M, danwurn1sUeunduluuau dqwaﬁlﬁ%ma%
maamwwamaium Rsefr T sd‘uLﬂaimaamm%al,mawimwmLﬂmamau LaLIUDR
Lamauawmmmawwamaamm%Lmas My VUATULDS M, P VIATUalourasgulUes
UOANIUTALNDS VI19DTEVDI M, (mmaaqﬂwwasaﬁum M) Ao m%aaammauﬁuaqeqﬂmai
UOANITIUTALNDS

¥

5U# 4.18 guiesueansuawmesnlivivenmgisnisunalaniilesitlausiuui 2

4.2.2.1 mylwnsinamsudasuinuaudvasgUivafussmudsinasinld
YUBARIEIINSUAETARGLES waznnsdaunduLLUAY

MFNATILIMIAN Gper VOIYUWDTNDENI WA AR T LaURaaNTavI LA lae NS
AATIEIeRsIatloudyaauunaén gﬂﬁ 4.19 wansn1stounsesunadautiioiiaszini e
G e VBIMAT KAINITHOU VAN VIATY UABVIBBIAINTIIN NMIVNNUVDNIITTAN WL
LAEINUNITIIAN Gy o VBENAINBUNUN NA1IAD dlatlouusssunnaoy v,y T UoR
LSIAU v QNUElRENTINTLNDT M, %agnﬁaé’nwmmwwmaéﬁa%aiau wssdudiluun X
aundulatiunseny v, wsauiiluun X gNYEILMENITUTALNDS M, \esan M, aneio
ANWULINITVYIYYDTATINLYUAEINY M, ety ussdudilaun v asfidnuarndumlaty
wseulnun X aghalsiny wsarulvun ¥ asfmlaientunseiu v, wsssudilvun v Se
WU 0mi@rmpRxRvis  WIasuTiluA Y Qﬂm’aL%’Wﬁwwagﬂmmm%ama% M; uag
N5TaRDS My My waz M, vnisudasussduiinun v ifunszua i short MANTU My HhaE
M, 898905130
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Vig @ @ M,
L Vgl ||_I¢/B | ¢ ls DE/ t.short
|

5UM 4.19 Msdauussiiunaaauiiemen G, o

Smb1Vbst + Smb2Ves2 SmbaVesa lshort

Vbs2 Vbsll loa
ro1 /7 To — Top /7 Togz

ro3tin)

)

JUN 4.20 MTNATIIMNAT G, o MI8ATETDUATY ) IUVUIALGN

d‘ a 6 1 % = [ @ 1 a
SUN 4.20 WHASMITAATIEINIAT G o AIUNDTAHBUYYINVUIAEN AN Gy o T
AW T short/Vig AT G VBINATHGNIATIZVIMATIANIINAY

_ Smb1Smb2Smoa ( fo1 I loB1 )( lo2 / oBZ)

G =
m,eff
(gmll Smba )rO3(lin)

(4.13)

do  r,,. A8 fiAnuiumuiviesuemsdanes Ms eulugwidadu (e, Q)

91NaUNTIN 4.13 151dunaiiuladnel G,y IA1INNI1 G, vomsIuTanesily

§mb28mba ( lo1 // lop1 )( lo2 / 052)

(gmll 804 )roa((m)

AIYDNTIEIULYINNU

4.2.2.2 ms’iLﬂsqzﬁmmwé\’mmuLaﬁauﬁmlmwuaaeqﬂLﬂaéuaamm%ama%
Fdvuenaieiinisuaalandiies waznsdaundunuuau
MINATIIMAN Ry V0sUWRURaNTIUGames It aueannsnvildlaenis
3Lﬂswvmwsmﬁaué’mmmmmmLé‘ﬂLsziulﬁmﬁ’uﬁﬁafiawﬁﬂﬁ sﬂﬁ 421 uwansnnsUou
LLi\‘]ﬂ‘LWIﬂﬁ’e)‘UL‘W@?Lﬂi%ﬂﬂ‘mm Roeft mamii’]ammaqmameumaa‘umeml,mumamqai
LALYNNSHBULAN VIUBA LATYITBIEAINTINF UAIINTULSI9EMINTTUENAABURT BR8N
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INBRIINYUIAUNAADU Rp ey LANMNNUTNTIEIUVBILTITUNAADUABNTEUANAGFBY NS
WANTUIMIAN Rp o annsavilased Weussdunnasy vy gndautnvinsuvemsudaines
Ma ASEUENAGDY irp a2 Ivar unsudames M, waznsiudanes M, dwaliuseuiiviges
A199 My (QUATUID My) SANRLINATY M, 95¥n15910NTEUAEIUMNITUNTEWE /rp YI79K
NIEUA iip TA1EARY SNYAENITINAVDINTIUE ip AINENNATOUTIRT Rp o YOI M, TA1ES

Doty

o M
I |-] My 82 Vip

5UN 4.21 nsUauusaiunaaauLiem Ry

8 @
_| + Smb1Vbs1 + Smb2Vbs2
Vbsi Vos2
= Tov /7 Togt — Io2 /7 Togz

FUN 4.22 MITBATIIVT Ry o D8 ASIET O UA T UIALEN

JUN 4.22 WaAINITIATIZINT Rp o A8 AT ONFYQYIUVUIAEN AT Ry VBT
TUAWAUBA TV IUTENINMIINY Vip HAENTERA J1p LTNANIATEUAUNT Rp e 19T

Rp e = (§m4 t 8 )ro?)((in)roll (4.14)

A !

e g, AB AMITIUEABUANLAUTNVUNAYRNTIUTANDT M, (AV)
AD ANTIUAABUANLAUGNYIUDAVBINIUTANDS M, (AV)

Ao ANAUMU Y IMTUIAENTIV A SUTRINSUTaRes M, (ovi, Q)

INAUNTITN 4.18 A1 Rp o TANINNIMIUTANDSTILUIINTY (G0 + Gmbaosiny
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4.2.2.3 msenzgimanudunusieuiivivesavesylis fusansudanes
#ldvruenaieiinisuaalandiates uaznsdaundunuuay

gﬂﬁ 423 wansnsteunssiunaasuiiion Rs e maw&ﬂa%uaamm%ama%ﬁ
YaU N1SABYLNA YIUBR UAYYLATUAINTIIA ARSI Rs o5t vilased dlotlou
LSIRUNAGDU v,s 719058 Nsuanaaau is arlnadivgesavomsudames M, uas
NIUTANDS Ms N520d /s 9z lvarIu M, wazarmusumwasioudinun X vhliAe
LSITUTTAUA X SanvasaR I UL v, WSesudilnun X QNVLILAIENTIUTANDT M,
TUFusesuiilnue v dawaliusssuiilnue v Sdnvasndumaiunssiu vie wagvhlinssug
iis a]zlwawﬁﬂﬂmsaai’aﬁuaqsqﬂLUa%maamﬂu%aLma%mwﬁu ANYAULNITYINIUAINAILLAL DU
AN Rs o fienen

M
B } Moy

S
L
L
=v31 C,TD_N (AN i D £ )
¢ ”‘1/\431 b M, 3

5UN 4.23 N15UDULTIPUNAABULINONT Rs o
Y )

.|
©)

B @) Q) D

| + Smb1Ves1 + Smb2Ybs2 + SmbaVbsa
Vst Vs2 Vbsa loa

- ror /7 Togt o Ioo /7 Togz .

@

- - . r o3(un)%

sotis
+

Vis

JUN 4.24 N3 Rs 5 M99l oudayayIaivLnnLEn

JUN 4.28 U@nINTATIBINT Ry oy PR8293IETDUAYYIUTUIALAN AT Rs o AN

Y

WY Vie/iis b51ENHNTDBATIEINIAY Ry o 19171
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S malos(iin)
Sm +§mb1)§mb2gmb4 (ro1 / ros1)(roz // rosz)

R (4.15)

S.eff z(

d' [ < P 1 3 a e 1 Y 1
NFUNITN 4.15 Li’]ﬁ\‘lLﬂﬁm‘lﬂﬂ’J’]ﬂﬁ Rs’eﬁf GZJEN"?J‘ULﬂ@iu@ﬁﬂi’m%ﬁm@iiﬂﬂﬂuaﬁﬂ’ﬂ

nudanesinluminiy g . [(9m1 +o ., )gmbzs’mm (fm I oy )(foz I Tos, )]_1

4.23 yesusanmuianesiildviued neudmaesiafiounnass wardsnig
LLﬂﬁIﬂﬂﬁ’JLmﬁﬁﬂLauaLwUﬁ 3 (3rcl Bulk-Driven Super MOS transistor
with QFG transistor and self-cascade)
guiesunansudawoiilduved niudainediatiouwnnaos uarisnisunalan
Faleauwuudl 3 LLamﬂlﬂugﬂﬁ 4.25 19siinaueldimeiinnislusafiveuen (bulk-driven)
nslvnaaiiounuvass (Quasi-floating gate) wazalliALAgalAnFLee (Self-cascode)
LﬁaﬁﬂﬁsqﬂLﬂa%uaamm%ma%mmmﬁwmﬂﬁ&fLG’TLWL??&Jw?’ﬂé’ Vop = Vi + Vi) 1929
USTNaUMENIUTALDI My 09 My N9 1UTaLRDS M, Way M, Ao tUanwMeI995v818d@09n1A
YuzfinguTanes M, waz M, sodnvazuaalandalol 1Tosauss M, Aofurivesaues
Ms PUDHDS M, gneanulnua X YOIVDIIITNMATINTS BUNATUVOI Ms gnsafiulvium Y
YOIIAIAIATIAD

"“J%m'ﬂué’aﬁﬁmuaﬁygﬂﬁmﬂ%’ﬁu My 89 M, vagdt M, 11438 nsvnmaiiounuy
aotlpennsieurassnaves M, fulvun 7 LLi@é’fuﬁmLﬂmgﬂﬁ’mumiﬁﬁm,vhﬁ’u Vao
NIIUTAHDS M, wag M, ADlUANWMLINITVYILYTATIUABINIA nssosasludnvazivh
W G AP wonaniIEmsuaalaniLed waznnsteundunuvauyinlian Rp e 0P84
WaLAN Rs o fldndn 19asAdnavet LN (G) YIUBH (B) v1.A5U (D) warw1wesd (S) ¥ad
gUesueamsnTamosiidnuusiAnafiuaaslugui ¢.18

"

=

T
?’ﬁlﬁoLL

& Vi IGL%MB

Mgz

v

sUT 4.25 guilesueansiudawmeinldvivennigisnisuaalandiieanitiaue

q
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4.23.1 MTIATIRIIIAMIIUdRUANUANYYRUWRNRENIUTaINDS

MIRATAIMNAN G, o LA e tlouussdunnaeuiinfivevemaudanes m,
T3 M, TnsvensnsuneaoulUiluun X useiuiilvun X dendumlatunsedu
NAABUILYNUIEFIENTILTaIReT M, Tarednunranasvesreiaty Faid wssuiluun v
wndumatuussiuilvun X antuussiuiilnun v Ggnsedinveivemsudames M,
nswdasisesulidunseualva iy,

U7l 4.26 uannsalaoudyyruvuiaidnuesisasiusuil 4.25 Taefinslouusiu
paaUETIIUOREAATIZIAN G, o WAZYIINTHOVUNA TUATU WATT TR TARINTTI

* Ve N Sm2Ves2 | Smb2Vess SmbaVbsa ’short
Vb53
= oo /7 Togz
N Fo3(in) %

JUN 4.26 MINATILIMAT G, o TRENITETDUSYYIIWIAEN

~ Smb18mb28ma (rm / rOBl)(rOZ / rosz)

G =
m(eff)
( TR gmbll)rO?S((in)

(4.16)

NAUNIIN 4.16 15 dunaulaIm G, o veUasueansudamesiiaigenn

Smb28mba (ro1 / ros1)(roz / rosz) ”

(gmll + Smba )rO3(lin)

YINTIUT AN BINLUMEDINTIAIUVINAY

a ¢ v = = ¢ a ¢
4.2.3.2 N1FAATIINIANUAUNIULATUNVUATUYDILUBTURENIUTENDS
a ] Y v -'-N' r.ﬂ' %

MTATAUM Ry o VORITANINTOI LA UanlUTUR 4.27 Wislounssiunaasy
(Vyp) LTIV ATUVDINAT NSERENAABU (i1p) I MRHIUNTIUTERDST M, LATNTIUTARDS Ms
dyqyauiiluun Z 1los1ndunuusey Ce o3eningliun Z uasyiailounaasy veg Wiy
= PN a 3 = [ LY [ v
Mvun Z gndauluiivinavemau@ames M, Fwihnmsulauseiudunseualanuugeaiu
nsfunsehanaaou dwald i dA1tdesas anvaeana1Ivinlil Ry vesgUiles
woansuTamesiiAngs JUT 4.28 uannasadoudyqinuindinuedanslugui 4.27
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(SN[Q)

971

I
]
o

q
¢/B D TfrD
T ||: v ,

" M, o v

Itp
ngVg’SZ Smb2Vbs2 SmbaVesa +
Vbs3 l'oa Vig
Toz // Togz -
- To3(iin)
S

a a ¢ 1% = Y] r.
JUN 4.28 MINATIWHIN Ry 57 9879 THEHl DU Y IUVLIALAN

(e 2 PN g v < T (8.17)

C., Ao Adfiudszaseminvialiownaaeses M, fulvue Z (13a F)

C . fe MANuRTINAvIaEisunnaegves M, (W3a F)

a

MNANNISN 4.17 Ro e aAg qmmmmw%maimlﬂﬂi LUIULNIAU

[(CGl /CT)nggmbﬁl (rOZ // rOBZ +gm4 o3(!

4.23.3 MITIATIRINIANUMUNULEATDUNUIYaTavaIgUasuaanI T3
JUN 4.29  wansnsdeunszuanaaauidnvgesavetiagioving Y1ueh wavY

Y s A o a ¢ | = a ¢ %
ATUGARINTIIN LINBYIINITIATIZINIAT Rs o JUN 4.30 UWAAINITUATIENNT Rs o AIUNAT
[aoudYYIUTUINEN AN Rs gr VOIRITTAWIINAUSNTIEIUTENINUIWTUNAGDU vis UAZ iis
N13NITUINIAT R ep a5V ARG e deuussdunaasuidnvgefavesyuiles
ugaANIUTAN DT NzuanadouIzinanunTuTawes M, agnludavinnulugudady

' £ s a L4 = o < [ i IS
waylvaruiugesavewmsudawmes M, deinisvenenseialuusaiuluiilvue x el
dnwuzARgITULITUNAAOU WISRUAliue X gRIenemensudames M, lUusngd
un Y Tudnwagnaumaniuuwsasuilnue X ns1udames M, yniswdadusasuinliun Y
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Junszualvaniu M, wag M, ilesannusesuiiluun ¥ Sdnvagndumaiuusssunagay
N3NV NTHaN vz sUoUNAULUUAY

= V1
bINFNUIVYUANNT R‘g,eﬁc 1A

R~ (§m4 T Smba )rOB(Un)
o (gml +gmb1)gmb2gmb4 (ro1 / fos1 )(roz / r082)+5’m4

(4.18)

NEANNTTN 4.18 LEUNATAULAINA (01 +Gmo1)8mbsGmbaTor//Tost oo/ Toss) + Gma
TR1gen denalyien Rs gz S

Y

S s
M3 Vis
Voo L ,
M, M, C B3 =
B e G K Gl_l__{@
L _| F—2 _| RG
S N opes Gl Lot
\Z:7 ||—¢/B | i/B "
5 |_: M =
I Mgy I A

5UN 4.29 n15UauUSTIRUNARBULNENN Ry

B @) 3 ® D
_| + Smb1Vbs1 + Veso Sm2Ves2 | Smb2Vbs2 + SmbaVbsa 1
Visi Vbs2 Vs log
- ro1// Tot = — Iop /7 Tosz -
—_— _T_ @
E - 3 T'o3(in)
S
pis
+

Vis
JUN 4.30 N1 Ry oy M99l oudayaIaivinnan

4.2.4 n153978949 NAN1ISINADY HAZN15IATAINE

s

ilonsadeunsiuvesgliledueansnudaneimitaus Anerinusatuily
TUsuAsa HSPICE ilos1anin1sviieuesiees waluladiiléduuuufueadidvuiaviafu
0.18 lalasiuns uazoonuuulvldgiuseswdabdu msei 4.1 wanswseduludauaznssua
Tuda ussulFesildlunssraesdiaiiu (Vo) 0.4 Tad nsvudluda fy uay fs S
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wirdu 10 lulasuend a7 4.2 uanavunavemindamnedvessasglilefnsudanes
4 3 2995 lunseanuuu 15lefmualiuunuemIudanes M, waz M, Tyurainfuyn
2995 YUITBIMTIUTAWeS My uaz My Slvunauansiistuiosainisasgnesnuuylil
Snvaiiuansneiy fvuslisuiaveseansulaneiildviueaniead W = 51.93 um
war L = 05 pm  dwsudameifinanignlilunsdieuievauantisugies
ueansTaneiiiaue

M15197 4.1 ussiuludanaznssualudavensasyuilesueansiudawmesilivives

wsenulude Taan nszwdludd auy
VDD 04 V /Bl 10 HA
Vg1, Vo, Vg oV g2 10 pA

M19197 4.2 YW nvesgUiesteaniuiamasniltuiuen

gUasuaansuTanasnldviuan

NIUFaLND3 W/L NIFaND3 W/L
My 51.93 um/0.5 pm Ms 52.01 pm/0.5 pm
M, 51.99 um/0.5 pm Mpi ., 605.04 um/10 um
guauaaniudamesilivuangaeisnisuaalandaies uaznsilaunduuuuau
NIUFen3 W/L NIFaNa3 W/L
M, 51.93 um/0.5 um M, 82.32 um/0.5 um
M, 51.99 pm/0.5 pm WEY: 605.04 um/10 pum
M 130 pm/0.5 pm
guilasuesmsudanesildvuenssnsudsaefiaiounaass uazisnsuadlan
AaLag
NIUFana3 W/L NN W/L
M, 51.93 um/0.5 pm Mpg1 2 605.04 um/10 pm
M, 51.99 um/0.5 pum Mgy 0.75 pm/100 pm
My 130 um/0.5 pm AanuUsey ANAY
My 82.32 urn/0.5 um Cer 0.2 pF

Ul 4.31 uanaNan1591aee Gyer YosgUiesueaniudamesiviausiiisudy
nudanesiliiuenilsh ananisiaesnui G, versasihinausnuuiinds aes
wazauiiawiiu 11.77 dadueudsdeliad 11.57 daduweuddeliad waz 1.72 daduwoudse
Thas muadu Tuvaed Grmeff YomIuTanesAldvUoRnilssadAsinfy 50 lalasuoud
Aaliad nan139180uandliiiug G,y vesgUilasusansiudainesiiAiuinnid
niudanesfilduiveiniad JUT 432 uanmanissiansdn Ry vosgliles
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seansudamesitnauafisufunsudamesifldvveniaf 1nuanissassnuind
Roey V09MATTINAUBUUUTNTS @09 uazamdaiidy 3855 Alalesiu 551.3 Alaleviu
uay 946 Alalevis A Ry o udawmesiildvrvenvieiuiniu 3855 Alalesiu Tu
ANUULLAEINUAY G, o 118 NNATULATN Ry V097 UBTURENT UMD TIANINNTY
niudawmesilduuonniei

Ul 4.33 uanssansdaeaiiomen Rs.y vesyuivasueansuianositiaus
PNNANTIRDINUIAT Rs o Y9999 57 EueLUUTIvs doe wavaudAnindu 16.8 Toviu
17.1 Toviu way 109.73 Toviu Tuvaisdian Rs off Yo udanesiludauvindu 3.9 Alalevy
idanaiuldine Rs - veslivesieansdamesimosnimauianesily

14

100

13 4 — = HEHE T H HH— o+ W BHEH A B — ] e BD-SMT 3
.............. BD-SMT 2 - 90

12 ... —— BD-SMT1
11 v —_——— Con MOSFET | g0

Gm(eﬂ') (mA/v)

Frequency (Hz)

JUN 4.31 nIUERDUANUAUT G, o



1,000

900 N[

800

BD-SMT 3
BD-SMT 2
BD-SMT 1
Con MOSFET

700

600+ \

500 N
BD-SMT 1, Con MOSFET | \
JAY

4

Rotep (KQ2)

400

300

200

1004

0 T T T T

10 10° 10° 10" 10° 10° 10’
Frequency (Hz)

SUM 4.32 AU uEiounuin sy Ry

50 | 'l

454+ TR S C R e R e ]

4.0 1

BD-SMT 3
BD-SMT 2
BD-SMT 1
Con MOSFET

354|120

T i e e ¥ o it b T L LU s

100

3.04

25 4 0

Rsep (kQ)

2.0 50 i

1544, =07 7 —
20 et

e s e s e S s, e s e T 2

1.0

0.5 _ : : N /

0.4 eI

Frequency (Hz)

UM 4.33 AU UNUETUNUGOTA Rs o
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PN ™~ a wa s a s A o
M1579% 4.3 uanansileuiieuaaandivesgilasueansudawes 1asndnaue
TR G WAZAT Rp oy UINNTIVINTIUTANDTNLTUIVOANTIINT VULNAY Rs o VDI
Wnauailrdosnin guieueansuamesiimasgadevinduuaziawiiiu 12 llasing

A1 FOM vasguilasueanstudamosaiusotoulain



fT X Gm,e]j‘ X RD,e]j‘

FOM =

Ipp X RS,eﬁ
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(4.19)

A1 FOM vasueansudaweinltduivendenifiu 025 A1 FOM vesuiles
WaANTIWTANTHAWAY 21.6 29.84 Uag 1.18 A1 FOM vosgUivasueans ufamasuuy
#1 2 ffuniiga wazaINNILeanIuBawmesnldvIvesUseain 119 wih

M19197 4.3 MaUSeuiisunuauiRvesgUilesuoans udiawmesiasniudamesiliviues

wiles
.. NIUDARD5H 2 o p
NWIFULNDS p \Ll L sun 4.11 sun 4.18 sun 4.25
Tdvrvenniema | °© . v
wiasanelvide s 0.4V 0.4V 0.4V 0.4V
AT IUAADUAN LA 50 PA/V 11.77 mA/NV | 11.57 mAN | 1.72 mAN
ANAUE U LA o
385.5 kQ 385.5 kQ 551.3 kQ 946 kQ
YNATY
ArPusuNULETToud
% 3.9 kQ 16.8 Q 171 Q 109.73 Q
YOI
AUATISS NI LA
oy 500 MHz 2.4 MHz 2.4 MHz 2.4 MHz
WINURL (f)
FOM 0.25 21.6 29.84 1.18
Masgeyde 4 pw 12 pw 12 pw 12 pw
walulad 0.18 pm 0.18 um 0.18 um 0.18 um

p3197 4.4 uananisiisudisuauaudivesguilefusansudanefuagyuies
UDANIIUTALMDI IUDAA sqﬂLUa%maamm%ama%ﬁﬁ’nauaﬁm Grgf Wa¥A1 Rpgr 1INNT
guiesueansuiamesluofn  wneien Ry  vovsasiinaueiidniesniiyliles
AN UTALMDI L UBARN
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[“5+ (19°4//1°1)(18%1/ /o0pas b0 (UNE0, UE0, -
N+ 79PN STh NS
NQEMAEEM+ﬁEmvu\_%c:vmokvo&m+qsmx Rwsmiwmog\\mob wDE%NE%TU\GbM_ An@Em.anmv\Ammo\\\\mogxSQ&\\E&EEMEEMEEM b
Igo 10 (180 1o (umeo
(PO ) va o o i) 7 17 4 105 —_—
PAUISZUIS 19UIS 1 TWS) AUIEOpUIS (IS4 PUIS) /(280720 (160 1 /10,y pAUISZAUIS TqUiS e
ANmog\\NO\GAﬁmog\\ﬁo\cmoEMNQEMEEM\H 194 ANmog\\NO\\Xﬁmo\\\\ﬁogvaEMNoEMSEM .m\, + ,Smb\, 1TY K?m
ANmO\\\NO‘OAﬁmog\\ﬂo\\vm:\md:\%:c%\ﬁ 10y AN.QO\\\\NO\OAﬂmOL\\aogva%E%HEM h\, + wbmb\/N _H._“m.”_
?cm.\._” Amo\\\\mo\oﬁwo‘\\\mo\owo‘:ogoEm.mEMNEM Twg .w\,N £ kcmb\:w ﬁomu_
B [(CHFPYTEATE S Mg TAZ + VA7)
?c_m.\._“ N\@voo\\ﬁwvmo\\ﬁvoE%mEMNo\HO&NE% s H\,M 4 Smb\ﬂm _HO.UH_
! EURURUEHEAS S AT +1pe [5v]
g ny s Ly g ey | CSDMgENLE
W%M@gam@;—\w_\r
Wrsy Woay Woigy aa sCUBERLER
LEUILELM

BOLSTEUNBAINGLNIELY by UBLELY
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4.3 asUszandaldnuglilasusansuidanas

4.3.1 299599199a5859U (Common source amplifier)

gﬂﬁ 4.34 LLammiﬁﬁsq‘ULUa'jsuaamm%aLma%ﬁﬁ’]Lauau:uuﬁ 3 wreldueasvens
YOI 2WITUTENOUMEYULUBsURaNIUTANDT Moy, UABUNAITIENTEUALUDE /g

Vin

5UN 4.34 2995081890547

4.3.1.1 NM5IATIZHNIDNTIVYNPUIIAUVDIIITVIYYBSHI I
BN I1VIUUTIAUVDINITVL Y FOTATINTA NN UNARUIENIN G W8 Rpepr
\HIBRINAT Gppyor 40T Ry LAQAIATIETIURZTAWAINY GrprGimbs8imbs(Tor//rosi\roo//ros2)

Lag [(CGl /CT)gng’mbL1 (ro2 // rOBZ)+§m4 Esimfon AOUU 905188 Ay Y1004

29958 ATINAANYINAU

Av ~ —gmblgmegmbB (rol // roBl)(rOZ // roBZ)

X[(CGl / CT )gngmbﬂr (rOZ // los2 ) + Sma :lro3((/n)ro4 (4.19)

4.3.1.2 NISIATIINSYIUTUNIUYBIINITVEEYDTETIN

v

JUT 4.35 wannsasiaiisudyinsuniudeguunil (Thermal noise) 99429350878

& 1 Y] a ada 2 2 s ' | @
FDIFIIU mmﬂmiUﬂUUL%ﬂquQNﬁauwm v LA l, GUEN’N"U?UU']Hsﬁgiﬁiflmﬁﬂql;mqﬂu

VX akT X z (g’”l " Ene ) (4.20)
, 3 grznblgmegmbll (rm // ros1)(roz // rosz)
= (sC,..) kT x z (50 + 5. (4.21)

3 grznblgmegmbﬁl (rol // roBl)(roz // roBZ)

a I L% a a vy a v {a 2
e v, Ao Ay asuniugaean)ionadanswiuiidune (V' /Hz)
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o)y

o

dyusunuleungiionadanssuanduns (A/Hz)

)
g .. A9 AmsudreuinuaudnunavemIudames My (A/V)
)

C,., Ao fuNusyysenmineuiveduassosavemsudanes M, (Win, F)
- ] =i ¢ -23 -1

k AD ANAINUBATLIU (Boltzmann constant) (1.38 x 10 ~ JK ')

T Ao gl (AaTw)

VB1 2 VaI
o | Ingy © |

MBl MBZ

1
a A

JUN 4.35 MTUATIAINHYYIUSUNIULTIQUNA NI NBMBUNAVBI NIV YYD TATIY

4.3.2 293359818nA3U (Common gate amplifier)

guasuoanuiamesuuudl 3 gadeldauduasasseneinniamssiivanslusud
4.37 19a5UsEnaume gUeseansudaneas My, Unatenenssudludd ly  uag iy
2svEsLUUINA Sy unszuad una ot ivisesa

VDDZ

JUN 4.37 19959818LnAT
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4.3.2.1 MSIATIZHRIDASTIVYIINTLUEVDI9TVINULNASIN

BNTIVYIYNTLUAVINITVYINATINLAAWIAUNAAUTENINAT Gy o UWAEAIAINY
ﬁmmmaﬁauﬁ@uwm R, lesnen G QNBATIWAMIWTITRNOUWIN waTAT R, =
Rs o Faa Rs o VOsUBsHoaNIIUBamaTgn AT Igvivnluidenouniguiy s
PR319818NTELEVDIIIVYLLNATINAANNTU

A =1 (4.81)

!

4.3.2.2 NTIATIINNFYYINTUNIUYDIINITVYILNATI

N1FIATILIM Y IUTUNIUTIUNRDUNAVBIIRTAN TV ALALNITIATIER
29saoudyanusunndenmgivesisasveisinadiadauandusuil - 4.39 fenism
Naiamaﬁm@mﬁumuL%ﬂqmmﬁﬁmﬂﬁwm ﬁmﬁyﬂmiUﬂauqmwgﬁLLiQﬁuﬁﬁuwmﬁﬁh

o 2 2 Ao a a Aa a1 (Y T 2
MMNUY Vv / AV VEUEN iy/ﬁl]}']mﬁUﬂ'JULsﬁﬂqmmquﬂigLLaW@uwmﬂJﬂqLV]']ﬂU V/‘n/Rm

out,n

Vg1 2 Vai
% | InB1
Mg, Mg,

JUN 4.39 NMTIATWIAY I TUNIUTIRUN INBUNAYDIITTVYIBNATI

Y

o a aada 2 .2 ] a1 Y
mmqmﬁUﬂUUL%ﬂqmﬁﬂuﬂmauwm v, W8z [ UB3NITUYIELNATINNANNINY

; ~ g7 x (50, (4.82)
3 SreicSos (1 1 1 ) ] 1)
'_2 =(sC,,,) akT % z (50 +20) (4.83)

c1IENREIN I (O A | (A
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4.3.3 11991899 UWATNANITANADY

nednusTlalusunsy HSPICE 1iies1a89nsvineuuei9sveneeesasiy uay
1995vEenaTIdviaue weluladflddunuudueafidvuamiatu 0.18 Tulasuns 1993
¥aumeldlides 05 1ad LasnTeuadauila oy s UaE fs SAnwindu 10 lulaswesd
A15197 4.5 wanen1shudausssuliasveeTesaTINLaY 99TV BINATIY

AN5199 4.5 LSIRUBaTNIELaluoa

wsnauluda Taad nIzuabudd waul
VDD 04V /31_3 10 HA
AT 4.6 IUIVOIMIIUTARRS LavA1gUnTD]
NIUTALADS W/L (um) AIAUNIY MOS W/L (pm)
Mags 604.05 um/0.5 um Mg, 0.75 um/100 pm
Aaiulsey
CGZ 0.4 pF

Tunsdraesnsviauvenasuevesasin 19 toudayuidunaesasiiem
§P1eNBuIINL JUR 440 UARISATIVBNEIITUYBNRTVIEYRTA Smilduiues
ueans1udanes Weuiuisessenevesasuilinmudamesmly snsvereusswurenas
Adguivosuoanirudamesfinausiidvitfu 64.21 wlua vaeisnsuegusiuread
TimsuBamevhluiiaviafu 25.85 iadwa wuusinvvesiasvengvesasuliyliles
veanIudainesuaznudamosmludauvindy 700 - Alaldsed uay 10 wnzidnd
AuAIRU Han13aNassuandliiiuinissusesesainiliguive sueaniudainess
SnrveussduiInniasverssesaTiuilivsiudanesialy nerdnusildvinig
naaesdouduaauvintu 0.02 fiadlad Anuduiiu 5 Aladsed L%’Wﬁﬁuwmamwﬂma
gefasmiiiodnansnsynnuresasyuzsedyIal SUT 4.41 UanINANIIABUALBINNG
IAIYBINITVYILYOTATIN INHANITNARDINUTINTIFULDIANATVDII9TVE8 ¥o a3 ULY
2asiinaueia iy 1697  fadliad ussfuednavonsasvegesasliniud

amasmiluiiavinnu 0.19 fadlian



Voutern (MV)

80
BD-SMT
70 7 —_——— Conventional MOSFET
P Bt et el
50 7
= 40 7
Z
C
' 30 T
U] SN
9 4 - - - _r__=
20
10 1
0
-10 1
-20 E 5 I ™
10 10 10 10 10
Frequency (Hz)
=] A
E‘U‘Vl 4.40 NAN1TRDUAUDIAIUD
220
BD-SMT -202.0
215 —— —— Conventional MOSFET
F 2015
210 1
- 201.0
205
- 200.5
200
- 200.0
195
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OF1,2

Vgsl,2

sC +

balF1,2 (Vbs1,2 T Vest ) = Smbr1,2Ybs1,2
oF1,2

14
51,2
sC

—sC +

bar1,2Vbs1,2 bar1,2Yes1,2 — SmbF1,2Ybs1,2

oF1,2

(®.77)

(2.78)

(.79)

(2.80)
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2 or1,Cbar12
Smbri2Rar12 | 1 s
v SmbF1,276F1,2
Heip = 22 = = (v.81)
Vs1,2 1+ 5Z 1 2 Corrz
AAUALA Ror > Cps Cor o WAE Zo1 » AAWYINAU
Rot2 =1o12 / lo3.4 / lo5.6 / Re12 =, / lo3.4 / lo5.6 (v.82)
Cbs T Cb51,2 + CbsFl,Z (6U83)
Corr = Cpese T Cocr + Ceso.10 (v.84)
1 Rotz
Zol,z :Rol,z // &= = (2.85)
5Col,2 1 + SRol 2Col 2
vun B,
b51,2 -
B\ SChVpst2 T (Vbsl,Z Pl )SdeLz =0 (4.86)
Rsl,z
Visiz = Vin T Be12CusVis12 1T SRs12Chm0Ves12 — SFs12CoiVer, =0 (V.87)
I:l +5R, (Cbs T Coanp ):l Visi2 = Vin TR 2C0a1Vor 2 (.88)
v,, T sk ,C
Vs = s1,2%6d1Y01,2 (4.89)
|:1 TR (Cbs T Connz ):|
Pug Vo1
— Vol,2
SCou12 (Vbsl,Z Vo1,2 ) + SCoiio\Vesto T Vorz ) = Smb12Vest 2 9V gs1,2 +
ol,2

(2.90)
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Sdel,ZVbsl,Z —5Cha1.2Y01,2 + Sngl,ngsl,Z - 5ng1,2V01,2 = Smb1,2Ybs1,2 + Sm2Ves1,2
v
422 (2.91)
Zol,Z
ﬁ?ﬁﬂﬂiﬁ VgSl,Z = HF(S)Vbsl,Z
SCoi12Ves12 — SCod1Vors T SC o1 2HE (SWpe10 — SCo12Vo12
_ + + Vol,Z (
= Smb1,2Vbs1,2 §m1,2HF (S)Vbsl,Z 7.92)
01,2
|:S(Cb5 T Coiz ) + (1 /2012 ):lvol,2
Vbsl,z e (21.93)
_(gml,ZHF () F 2rp1n ) + S(Cbs T Cogiole (5))
Vil & SRo0C031Va1 5 - [S(Cbs + Cear2 ) T (1 /Zorz ):'Vol,Z

= (2.94)
|:1 TR, (Cbs T Coanp ):I _(9m1,zHF (9)+ 81, ) + S(Cbs + Conn e (5))

|:1 + $Re (Cbs + o ):H:S(Cbs o Ceanz ) E (1 ol ):| +sR..C
1 s

51,2 bdlvol,z
_(gml,ZHF () F b1 ) sz S(Cbs + CoaoHr (5))

(2.95)

Vol,Z ( ) _(gml,ZHF(S)+§mb1,z)+5(cbs +C§d1,2HF(S))
)=

AN\ 2 [1 + 3R, (Coy # Coons )][s(cbs + Gty ) ¥ 17 2,1, )}

(2.96)
F5Rs1 5Coa1 |:(§m1,2HF ()£ 8612 ) - S(Cbs T Cogr ol (5))]
WNUA 7,1,
012 _(9m1,2HF(5)+§mb1,2)+5(Cbs +ng1,2HF(5))
—(s)
Vm 1+ SRol ZCol 2
|:1 T 5Rs1 (Cbs T Coar ):I S(Cbs T Cogiz ) L S —
ROl,Z
(2.97)

TR 2Coat |:(9m1,2HF ()t €12 ) s (Cbs T Coanolr (5)):|
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Vo12 ) _(gm1,2HF (s)+ Smb1,2 )Rol,Z + SRol,Z (Cbs + ng1,2HF (5))
S =

Vi” I:]' + SRSI,Z (Cbs + del,Z ):H:l + SRol,Z (Cbs + ngl,Z + Col,2 )i'

(10.98)
+5R01,2R51,2de1 |:(§m1,2HF (5) + gmbl,Z ) - S(Cbs + ngl,ZHF (S)):|

WUAT HAs) Wagnaf 1 winfu

_(S’m1,zHF ()t 8610 )Rol,z

sZ C
oF1,2% bdF1,2
- gml,ngbF1,2RGF1,2 1= + 9mb1,21 Sy SZoFl,ZdeFl,Z Rol,Z
81286712
- (2.99)
1+ sZ 1 5Chiria
NN 2 WIAU
SR.s (Cbs YW (s))
sz g
ofF1,2baF1,2
SRo12| Cos (1 T 52 012Cvar1,2 ) T Cog12Smor1Raria | 1=
8 mbr1 286r1.2
. (2.100)
L+ sZ 0 ,Coirin
Wt 3 Wiy
(gml,ZHF(S) "y 9mb1,2)
sZ C
of 1,25 baF1,2
Sm128mor1oflera | 1T T 8012 (1 52 012Cvar1,2 )
8 mbr12B6r1.2
_ (4.101)
1+ 5Z r1,Crrin
Waf 4 Wi
5(Cb5 + Cogrote (s))
sZ C
of 1,25 baF1,2
S| Cos (1 T 52 0612Cvar1,2 ) T Cor2Smor12Ber1a| 17
Smbr1286r1.2
_ (.102)

1+ 5ZoFl,Z deFl,Z
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fAwvaaiandunnelau

—(9m1,zHF(5) + 9010 ) + s(Cbs + ngl,ZHF(s))

sZ C
oF 1,2~ bdF1,2
| Sm128mbr12Rari2| 17 t €12l T 521 C k1o |Rots
8mbF1,2M%6r1.2
1+ 5Z 1 2Codrrz
sZ C
oF1,2- bdF1,2
+s| Gy (1 T 52 r15Coar12 ) T Cog128mert2foria | 1~
8mbF1.2M6r1.2
(1.103)
1+ SZ o1 2 Conern
£Y 6 |
frlAweslenduaelou
(9m1,2HF () + 812 ) 1- S(Cbs r Cogrole (5))
4 C
oF1,2-bdF1,2
Sm12Smer2Reriz | 1T T 812 (1 T 52 r12C0dr12 )
8moF1.2%6r12
L+5Z 1 )Coirin
sz C
oF1,2%bdF1,2
S| Cos (1 T5Z 61 ,Coar1 ) T Coa2Smer12Reria | 1
Smbr1286F1.2
L (1.104)
152 e ,Criri 2
A Vor o/ Vin
sC 52 op1,2CbaF sC,
“Sm128mb1,2M01,2Mor1,2 (1 ——— j[l - o1 2foria| 17 = (1 52 5012Coar )
Voie (s)= Sm12 Smor1.21%0r1 2 Smb1,2
Vin sC,, SZ or1,2C o sC
SRo1.2Rs12Cba12 | Sm128mor2foroforz| 17 ol 5 * Sorfloria| 17 = (1 *+5Z5012C 00 )
5’m1,2 g,mel,ZRoFI,Z 5’mbl,Z
(1.105)

+[1 + SRSLZ (Cbs + de1,2 )]|:1 + SROLZ (Cbs + C§d1,2 + COl,Z ):|
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WNUPAT Zorr o wagAvuali Ror1,2Cest,0 >> (Cogrr o/ Smort,) W88 Cogrp << Cost o

sC,
81,28 mb1,2M01,2R0F 12 (1_ o \J
Yotz ()~ Smiz2
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(0.106)
+5|:R51,2R01,2 (Cb51,2(3,4) T Coaroa) )(de1,2(3,4) T oo T Coz ):I
S S
SJml,2gmb1,2szRol,zRoFLzRout+,— by ; 1= ;
4
~ 1 2
(o) = - . (4.107)
V/n S S S %
RN A LA 18N
@y @y, @, Dy
Lﬁa ., a)pl a)pz a)p3 bbE1 S a)p4 ﬁf‘]"‘IWi']ﬁU
9 18
0, R (%.108)
ng1,2
|
W,=—""- (%.109)
Rcl,2CC1 2
1
W, =~
RSl,Z (de1,2(3,4) + Cb51,2(3,4) ) R Rol,Z (de1,2(3,4) 7 ng1,2(3,4) + Colyz )
(2.110)
T8 m1.203.8mor1,23,8) 0128512 Coat 23,0
o = Rz (de1,2(3,4) + Coaio3.0) ) R, ( Cogrom T ng1y2(3,4) -+ Co1,z)
p2

R512R012 (Cb512 (3,4) + delZ (3,4) )(de12 (3,4) + Cg’d12 (3,4) + Col,Z)

81230 Smbr1,203.)Fo1.25512C a1 23.0)

Rsl,ZRol,Z (Cbsl 2(3,4) + del 2(3,4) )(del 2(3,4) + ngl 2(3,4) + Col,Z )

(¥.111)
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Rc1,2 + Rout-i—,—

RCLZROUH-,— CouH—,—

W18 Gy Rot 2 Routs- Co1p %81E Coppr. AANMYINAY

G

RS mT,8

+g

m9,10

Rot2 = o1.2(3.0) ” los.6

Rout+— —To7g I l09,10

f 0, oot o IS 7 e Cx R

bd1,2 bd3,4 bdF1,2 bdF3,4

CouH—,— =X

*€

ab7,8 db9,10

out+,—Rout+,—

db5,6
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(9.113)

(v.114)

(¥.115)

(¥.116)

(2.118)
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2
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- 2| 1 [ 8kT
v, =8kT X~ R — (¢.7)
3 gml,Z gml,Z gml,2R63,4
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o 2 8kTX7(gm1,2 +gm3,4 +gm5,6)Rol,2
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2 2_ 2_ 2
Vot _(’m,z +In3,4 )Rm,z (A.11)
4 2 2
We i =4kTyg way )y =-—
3
2 2 2 2
Vi, = 4kTX_§m1,z +4kTX_§m3,4 Rou (A.12)
3 3
2. 2 2
Vetz — KT X _(gml,Z =S Sm3a )Rol,z (A.13)
3
—~—— e 2 2
VOd — 2\/01,2 i — 8kT X ;(gnﬂ‘z + gm_v}‘q )Rol,z (ﬂ].q-)
1S 2 i
o AP e a N W
o3 (.15)
Vi 2 2 » 2 2 f.
vd ml1,2° 01,2
o 2 % 2
el Gml,Z - (§m1,2 +§m3,4)
x 2 1
3 Smi2 T 8n3a

== - (P.17)
R
m Gm1,2 Rz
0l,2
5Cg51,2
o 2 2 1
I Z(ngst) 8kT X —| ——— (A.18)
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LEnI9ATailoudy 1 TUNIUTRMUNN 100 sTaulUut 1t Gy,

\/DD

[:l Vst Res Vi, Vi l:‘-‘ Vi Ve, Rea VeG2 -
2 |_‘ VVV—o °_| Mey °_| Meip o—VVv >_| i
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l\ d/ 2 q) Vw1% M, 3 %Vqu) @ V/Nz% M M, é%nm@ =g
= In1 o— —O [ —O
= Ca Cea T
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b Reers Reroa §

2 | | 2
InF37 InFa.8

Mes7 Meag K =

()
JUT A3 (n) MIBasgvimdygasuniu waz (1) asteuludramh

2 2

Vo2 = ( +gm12 ofnl +l +§m34 oFn2 +/ +I RGIZ) o1,2 (.19)

2 _ 2_ 2 .2 2
Vonl,Z - [/nl,Z + (gml,z + gm?;ll) an1,2 + In3,4 + +/ nRG1,2 ]R 1,2 (ﬂlg)

a ¢ [ 2
UAINTUUIAN Voo

2 .2 .2 .2 2
Vanl,Z - (/nFl,Z + /nF3,4 + InRGl,Z )ROFI,Z (P.19)
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2 .2 .2 .2 .2 2 .2 .2 .2 2
Von1,2 - [lnl,Z + (gml,Z + §m3,4 )(InFl,Z + InF3,4 + InRGl,Z )ROFLZ + In3,4 + In5,6 + InRGl,Z }Rol,Z

(.19)
4 2 2
We i =4kTyg uwag ) =—
3
2 _ 2 3 2 2
Von1,2 - 4kT_ gmbl,Z + (gml,Z + gm?:,ﬂ) gmel,Z + gme?a,ll + RoFl,Z + gmb?;,ll + gm5,6 Rol,Z
3 ZRGFI 2
akT
+—F, (0.19)
RGl,Z

2 2

P 3
Vodn1,2 - 8/(7—; gmbl,Z +(gm1,2 +gm3,4) gmel,Z +§me3,4 + RoFl,Z + gmbB,ﬂ + gm5,6

GF1,2

" Bk 1L
Rol,z + R Rol,z (?]19)

G1,2

| 4 a Y
A1 G dAINY
m1,2

b (e 7 o
Gm1,2 =L (gmbl,Z + Smbaa ) AvFl,Z (P.16)
3 2
gmbl,Z + (gml,Z + §m3,4 ) gjmel,Z + gme3,4 + RoFl,Z + gmb3,4 + 5er75,6
2 _ 2 GF1,2
Vodn1,2 - 8k7—_ 2 2 2
3 (gmbl,Z + gmbB,d) AVF1,2R01,2
8KT
2 2

01,2 + ol,2 (ﬂlg)
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(gmbl,Z + gmbB,A) AvFl,ZRol,ZRGl,Z
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3 2
Sjmbl,Z + (gml,z + gm3,4) gmel,Z + gmeB,ll + RoFl,Z + gmb3,4 + SJ7775,6
2 . 2 ZRGFLZ
Vodniz — 8KT — 2,
3 (gmbl,Z + gmb3,4 ) AVF1,2
8kT
+ - (?119)
2
(gmbl,Z + gmb3,4) AvFl,ZRGl,Z
mvuali Sm12 = Sm3,4 Smb1,2 = Smb3a OC Gnpr1 2 = SmbFaa
denlz — 8/(7_3 2gmb1,2(3,4) —|_2gm5,6 + 4gm1,2(3,4)gf;bF1,2(3,4) + 6gm1,2(3,4)2
’ ., 2 2
£ (ngm,z(a,a)) Atz (ngb1,2(3,4)) Gopsom  Rory (ngm,2<3,a>) ™
(m.19)
Avuali GrmF = SmbF12 = Smbr3a
denlz E 8k7_i gmbzl,2(3,4) +fm5,6 + . gm1,2(3,4)
3 gmb1,2(3,4)AVF1,2 gmb1,2(3,4)gme1,2(3,4)
£,
+-akT e (A.19)
RGFl,ngbl,Z(3,4)—?me1,2(3,4)
3 2 2| g, tg, S
//.2 :(SCb512) KT X = 21,2(3,4) 2 56 s 2 1,2(3,4)
3 gmb1,2(3,4)AvF1,2 S mb1,2(3,8)SmbF1,2(3,0)
2 S,
+(sC,.,, ) kT — (n.100)
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GFl,ngbl,Z(3,4)gme1,2(3,4)

d' a1 ] LY
B A HANINY

AvF = Sror1203.4) (rom,z(z,a) ” RGFl,Z ) (A.101)
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(1.12)

(1.13)

(1.14)

(4.15)



bsd — Yy _IshortrO3(lin)

. _ _ . _ . _ IshortrO3(lin)
lshort — SmbaVy grmbfllshon‘ro?)(l/'n) gmlllshortrOB(lin)
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— Tor // Iogt To2 /7 Togz -
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Abstract. In this paper, a feedforward bulk-driven class AB fully-differential second-generation
current conveyer (FDCCII) is presented. Bulk-driven differential pair is employed for the input
stage allowing the FDCCII to operate with rail-to-rail operation. Feedfoward technique is also
incorporated into input stage to increase the DC gain and minimize the common mode gain. The
circuit performance is verified using HSPICE in 0.18 pm CMOS technology. The simulation results
show rail-to-rail input and output swings. The DC voltage transfer characteristic between ports Y
and X and DC current transfer characteristic between ports X and Z shows good linearity. The
bandwidths show 25.7 MHz (Vx/Vy), 30 MHz (I7/Iy), respectively. The power dissipation is 267.5
uWw.

INTRODUCTION

The second generation current conveyor (CCII) is one of the versatile current-mode building
blocks [1]. CCII has been used in a wide range of applications such as current amplifier, filter,
oscillator, instrumentation, and variable gain amplifier. Nowadays, various portable equipments
have become increasingly important. Therefore the circuit operating at low voltage with rail-to-rail
(RR) operation is necessary [2-3]. It is also well known that fully balanced differential operation
can improve the dynamic range, harmonic distortion and noise performance of the circuit.

Several CClIlIs have been proposed [4-9]. The CCII using differential amplifier technique [4]
operates from a 6.6 volt with limited input and output swings. To achieve a low voltage and RR
operation, bulk-driven and folded cascode techniques have been reported and the resulting CCII
demonstrates low supply voltage operation [5]. However, since the bulk transconductance is 2 to 5
times lower than the gate transconductance, the dec gain is still low and as a result the impedance at
port X is high. The floating gate MOS (FG-MOS) transistor CCII has been proposed and can
operate from a 1.6 supply voltage [6]. The impedance at port X is still quite high causing the
voltage transfer problem between ports Y and X. Fully differential CCII (FDCCII) has been
proposed [7-8]. Unfortunately, their architectures do not support RR operation making them
unsuitable for low-voltage mixed-mode integrated circuits whose noise is a major concern.

This paper presents a FDCCII. The bulk-driven and feedforward techniques are used to enhance
the transconductance and differential gain while suppress the common-mode gain. The paper is
organized as follows. The proposed FDCCII is first presented. The circuit operation is then
explained. Finally, the simulation results, discussions and conclusion are provided.

FULLY DIFFERENTIAL SECOND GENERATION CURRENT CONVEYER

Fig. 1 shows the proposed FDCCII while Fig. 2(a) shows the circuit symbol. Basically, FDCCII
has high impedance at ports Y and Z while the impedance at port X is low. The transfer
characteristic of FDCCII can be described as

L7 o o o][w
Vel=l1 0 0|1, 1)
I, | 10 1 0|y,

where Iy, Iy, I, Vx, Vy, and V; are differential current and voltage at ports X, Y and Z, respectively,
and given as [X N ]X+‘IX-, [Y T Iy+-1y_, IZ NI Iz+-12, VX T V)(+- VX_, VY K VY+- VY_ and VZ T Vz+- VZ_.

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of TTP,
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PROPOSED BULK-DRIVEN CMOS FDCCII
Bulk-driven CMOS FDCCII

The FDCII comprises bulk-driven input differential pair M, ,-M,p. Rai(2) 1s used to set the first-
stage gain and bias the second stage amplifier which consists of quasi floating gate (QFG)
transistors My, and Ms,p. Carap) 1s used to pass the signal from the gate of My, to the gate of
M4 making the second stage amplifier operating in class AB [9]. QFG My, and M7,;, which
also operate in class AB, transfer the current from port X to port Z. The feedforward transconductor
G,r serves the purpose of enhancing the differential gain by increasing the effective bulk
transconductance and suppressing the common-mode gain by appropriately compensating the bulk
and gate transconductances. G, as shown in Fig. 2(b), comprises a simple bulk-driven differential
pair. In this design, Rgri2) 1s used to set the differential gain while the common mode gain is
determined by properly sizing the transistors M3 and My. Rciqp) and Ceiqpy are used to compensate
the amplifier to ensure sufficient phase margin.

Re1a Vg, % R
I:Al/fl_‘ 1 Vewrsia |—

CMFBIb

Msa Ms, Mz
[\ } MrG1a y ! Mg | ; M
= Co Con T
—9
l-()L'_T,; V4 e iourz-
Mg, m | 1\1{\/\' I '\4\/‘v i | My, Mg,
_'I _'I Ms, —|I il oF I|— My, I'_ I'_
Fig. 1. Bulk-driven CMOS FDCCII with feedforward circuit.
Iy
14 HOi X
Iy y
V- 011 - +
% T FDCCII Z
Vieo=21 4 -
Iy X
Vyi. o= -

(a) (b)
Fig. 2. (a) The Symbol of FDCCII and (b) bulk-driven feedforward transconductor.

The operation of the circuit can be explained as follows. When the input signal is differential, the
current from two differential pairs are constructively combined. Note that the differential input
signal is also passed through the feedforward amplifier G,z which is arranged such that the output
voltages of G, and G, are in phase with the input voltages and thus enhancing the effective
transconductance of the differential pair G4, 1.€., Gua = Zmb1a)ytEmia)OmrRcr12) Where g, and gy,
are the bulk and gate transconductance, respectively. The first-stage differential gain is therefore
given by G,.4Rc1(2). In case of the common mode signal, G,,» will produce the signals at the gates of
M) and My,p which are in opposite phase with the input signals. As a result, the currents
produced by M43 and Mo,z are much reduced. Straight forward small signal analysis shows that
the common mode gain 1S A,. = [(1/27,1)-(1/4gm370c1705))/Em3ar)- Obviously, Rgi(2) plays role in
determining the differential gain while the aspect ratio of M, can be used to minimize the
common mode gain.

The second gain stage operating in class AB is used to further enhance the overall gain of the
system. Routine analysis shows that the second-stage gain 1S (Zmaap)TEmsa®))(Fosav)/Tosa))- The
negative feedback is employed to ensure that the voltage at port X follows the voltage at port Y.
Straightforward analysis shows that the impedance at port X is given by
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R, ~ 1 2)

(gm4a(b) * 8msa(b) )gmel(Z)gmla(b),Za(b)RGFI(Z)RGI(Z)

where g, and g, are the bulk and gate transconductance, respectively. Finally, the gate voltage at
the gates of My, and Ms,) are applied directly to the gates of Me, ) and M7, respectively so that
differential current at port X is transferred to port Z.

Common-mode rejection circuitry

Figure 3 shows the common-mode rejection circuitry. The circuit is used to further suppress the
common-mode output signal. Bulk-driven fully differential pairs (Msqp) and Mo,p)) are employed
and operate as a common-mode detector. Therefore, rail-to-rail operation at ports X is obtained. The
operation of the circuit can be explained as follows. In case of differential input signals, there will
be no current signal passing through M;y, nor Mo, and the output signal vcurgiap) 1S nearly
constant. Nevertheless, when the input signal is common-mode signal, the common-mode current is
generated and passed to Mo, and Mii4@p). Since Miiqp) 1S connected in the common source
configuration, vemrgiap) 1S out of phase with the input common mode voltage thus suppressing the
common-mode gain.

YeMFBIb

Miia 3 |
E Mipa Miop E

Fig. 3. Common-mode rejection circuitry [10].

VewMrBla

SIMULATION RESULTS AND DISCUSSIONS

The proposed FDCCII is simulated with HSPICE using a 0.18 um standard CMOS technology
and 1 V supply voltage. The bias currents of the input and the output stages are 10 uA4. Fig. 4(a)
shows the DC voltage and current transfer characteristics between ports Y and X and ports X and Z,
respectively. The result shows good linearity over a wide voltage range (-1V to 1V) with the total
harmonic distortion less than 1.6 %. Fig. 5(a) shows the frequency response of the voltage transfer
V7/Vx and current transfer I;/Iy characteristics which are close to 0 dB at low frequency with the
bandwidth of 25.7 MHz and 30 MHz, respectively. The transient response of the FDCCII between
the input voltage /'y and output voltage Vx is illustrated in Fig. 5(b). A 2 V,, sinusoidal wave at 1
MHz is applied to port Y. The result shows good voltage transfer over a wide input range.
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Fig. 4. (a) X-Y fully differential DC characteristic and (b) X-Z fully differential DC characteristic.
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Fig. 5. (a) Frequency response of vy/vy and iz/ixy and (b) Transient response (Input 2 Vpp, 1 MHz).

CONCLUSIONS

A feedforward bulk-driven class AB fully-differential second-generation current conveyer
(FDCCII) is presented. The circuit employs bulk-driven to achieve large input swing. The
feedforward technique is also employed to increase and suppress the differential and common mode
gains, respectively. Class AB output stage enhances the output current driving capability. The circuit
shows good dc transfer characteristics with good linearity.
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Abstract-This paper presents a 0.8 V fully differential CMOS
op-amp. The input stage of the circuit is designed using quasi-
floating-gate (QFG) transistors with positive feedback, while
QFG transistors in the output stage are connected in the class AB
configuration. QFG transistors are employed, enabling the
circuit to operate under low supply voltage. The proposed
amplifier is designed using 0.18 pm CMOS technology, and
simulation results show rail-to-rail input and output swings. The
open-loop gain is 80.4 dB with the gain-bandwidth product of
8.66 MHz. Phase margin is 45° (C;= 20 pF). The CMRR is 107 dB
(at 1 kHz) and the power consumption is 54.9 uW.

1. INTRODUCTION

Nowadays, increasing demand for battery-operated systems
and the reduction of IC supply voltage due to technology
scaling, force the circuit to operate at power supply voltages in
the range of 1 V and below. For digital circuits, operating the
circuits with low voltage is achievable with the technologies
presently available [1]. Conversely, operating analog circuit
especially in the mixed-mode design under very low voltage
becomes a formidable challenge. This challenge is due to the
threshold voltages of MOSFET devices, which are relatively
high. Although low-voltage analog circuit design can be
achieved using low threshold voltage devices, it is found to be
not a cost effective solution due to the requirement of
nonstandard processings. The solution of using on-chip dc-to-
dc converters or other bootstrapping techniques to increase the
supply voltage for analog part has a problem due to device
reliability, chip area, and noise issues. As a result, circuit
techniques must be developed for analog circuits to operate at
a low voltage using relatively high threshold voltage devices.

The operational amplifier (Op-amp) is one of the most
important basic building blocks in analog and mixed-signal
integrated circuit. Applications of Op-amp include analog to
digital and digital to analog converters, switched-capacitor and
filters [1]. Main characteristics of Op-amp include high open-
loop gain, large common-mode range (CMR), high common-
mode rejection ratio (CMRR), high gain-bandwidth product
(GBW), and large slew-rate.

Due to threshold voltage limitation, a traditional
differential pair is not capable to process with rail-to-rail
common-mode (CM) levels. Several techniques have been
proposed to achieve Op-amp with rail-to-rail operation. One
common technique is to combine n-channel and p-channel
differential pairs in parallel [2]. During the operation, one of
the two differential pairs is always active for any common-
mode level. However, this approach is restricted for supply

The 8th Electrical Engineering/ Electronics, Computer,
Telecommunications and Information Technology (ECTI)
Association of Thailand - Conference 2011

voltages greater than two threshold voltages due to the dead
zone in the middle of the input voltage range. In addition,
fluctuation of the transconductance requires additional
complicated circuitry to keep the transconductance constant.
The dynamic level shifters have been proposed to provide a
rail-to-rail operation at extremely low supply voltage [3].
Unfortunately, this approach requires complicated common-
mode detector, which increases the silicon area and power
consumption. The bulk-driven technique has been reported in
[4], and the resulting bulk driven differential pair achieve rail-
to-rail operation. However, the transconductance is 2 to 5
times lower than the that of the normal gate-driven differential
pair. Positive feedback is employed to increase the
transconductance [5] and high gain Op-amp is finally
obtained. However, the resulting circuit is unable to operate
under low supply voltage.

Recently, quasi-floating-gate (QFG) transistor technique
has been successfully employed to design amplifier operating
under ultra-low supply voltage [6, 7]. The basic concept of
QFG transistor is based on transistor with floating gate
terminal connected with a resistor pull-up or pull-down in
order to set the dc bias at the gate terminal, making the gate
voltage independent of the dc input bias. In this paper, a 0.8 V
high gain fully differential CMOS Op-amp using QFG
transistors and positive feedback is proposed. The circuit can
operate under 0.8 V supply. The circuit shows rail-to-rail
operation at both input and output.

II. QUASI-FLOATING-GATE TRANSISTOR

The equivalent circuit of a QFG transistors is shown in Fig,.
1 (a). As seen, the input signals are capacitively coupled to
the quasi-floating gate, while the dc operating point at the
quasi-floating gate is set by V' through a large resistor Rp4s.
The large resistor Rp,s can be realized by pMOS transistor
(Mp) operating in the cutoff region (see Fig. 1 (b)).

s Vi o
Ca My Crp
|_' Cros VGl oq:J p‘: Crap
Caz
_| "(;2°;|. VIG I|-|:_”—1 g

Con :|_|
VGn °_| - |_

FGS OS

@ (b)

Fig 1. Quasi-FGMOS transistor.
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From Fig. 1, one can see that the input of the QFG is
connected in the high pass filter configuration. Since Rpj4s can
be made very large, the cutoff frequency can be very low. As
a result, the very low frequency (below 1 Hz) can pass and be
processed by the QFG transistor.

One can find the ac voltage at the floating gate as

SRpias N
Vrg = Z CaivGi + CrpVp +Crgsvs + Crpvp |»
1+ 5Rp1,Cr

i

M
where Cg;is the coupling capacitor between the input (i) and
the floating gate, and the total capacitance Cy is

Cr = Z Csi +Crop + Cras + Cres- @)
14

One can notice that the signal at the QFG depends on the
input signals vg; via the ratio C;/Cy. In other words, the input
signals are attenuated, thus potentially enabling rail-to-rail
input swing,.

IIT PROPOSED OPERATIONAL AMPLIFIER

A. Quasi FGMOS Fully Differential Op-amp

The proposed CMOS Op-amp is depicted in Fig. 2. As
seen, the proposed Op-amp is two stage fully differential
amplifier. The input stage consists of the transistors M, ;-
M3,p, while M, ,-Ms, ,» consist to be the output stage. As seen,
the input signals are capacitively coupled to the QFG
terminals of the transistors M,, and Mj, while the dc
operating points at both gate terminals are set by Vj,,, and
Vgnis through the large resistors R, and R;;, respectively. In
our design, Vg,;,and Vg, are set close to Vpp, thus allowing
the input stage to operate under the supply voltage close to
threshold voltage of the transistors.

Circuits and Systems
Analog Circuits

The operation of the proposed circuit can be explained as
follows. When the inputs v;y. and v;y_ are differential signals,
the signals at nodes v,,,, and v, are in phase with the input
signals v;y_and vyy., respectively. As a results, the signals vy,
(le—) and Voutb (vuula) are passed thrOUgh CGla (CGlb) and CF]a
(Crp) and constructively combined to form vigua (Vigas) at
the QFG terminal of M;, (M};). In other words, the output
signals of the input stage are positively fed back to the inputs,
thus enhancing the differential-mode gain. On the contrary,
when the inputs v;y. and v;y_ are common-mode signals, the
signals at nodes v,,, and v,,, are out of phase with the input
signals.  These signals are fed back and destructively
combined with input signals (via Cras) and Cpaps), thus
reducing Vicpians and Vigaaos- As a result, the input stage
responds to the differential-mode input signals with a much
higher gain than the common-mode input signals. The current
igiamy is converted to voltage at node Vyuqp). Since M, and
M,y are connected as cross coupled transistors, the impedance
toward the drain terminals of M,, and M,, are negative,
resulting in large equivalent impedances and large swings at
nodes v, and v,,;. It is noted that M, and M, are also QFG
transistors. The dc operating points at both gate terminals are
set by Vgsioand Vi, through the large resistors Ry, and Rz,
respectively. In our design, Vg,,,and Vg, are set to ground,
thus allowing the input stage to operate under the supply
voltage.

The signals at nodes v, and v,,,; are further amplified by
the output stage amplifier (M, ,-Ms,;), connected in the class
AB configuration [9]. As seen, the dc operating points are set
by Vpuse and Vi, through the large resistors Rj;, and Rjp,
respectively. Resistor R¢jqp) and capacitor Ccjqp) are used to
compensate the amplifier such that the circuit is always stable.

A straightforward small signal analysis of the Op-amp in
Fig. 2 shows that the differential-mode gain (4,;) and
common-mode gain (4,.) are given by

) Emla(b) (CGla(b)/CTnla(b))(gm4a(b) +gm5a(b))(r()4a(b) I rOSa(b))(gm2a(b) _gmBa(b))

Ay = > &)
Em2a(b) = 8m3a(b) ~ |:gmla(b) (CFla(b) /CTnla(b) ) *+ &m2a(b) (CFZa(b) /CTpla(b) )J
) Vop )
| Ms, | M 3p |
Msq | L Mz Mz |t [ Mss
vour Ceta Reta Vouta Voutb R Cerp Vour -
o | b < | o
L C(}Zu VBnia Ria Ry Vb C(}.’h =
Vv (‘(i'L‘ (',I: I-__(‘(i'lh VIN-
o—] M e M —o
VEGnld |':| £ d h|:'| VEGnib
Rsa ) ’Bn.?u J vh’/l.’h Rsp
M4 M-Ih
iy VEGn2a Ty VEG2b

Fig 2. Proposed Op-amp.
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Roua)Co1ap) (gm4a(b) + msa(b) )(r04a(b) 1 7o sace) )

Avc = ’ (4)

21951Crmab) ~ Routav)Criap)

where Cyuqp) is the total capacitance at node viGnia), osi is
the impedance of the tail current Ig;, Rouap) = 1/ (8moay +
8m3am))> Crpiamy 18 the total capacitance at node Vigprarm), Crnzap)
is the total capacitance at node ViGuzam), miatt)-saw) a0d F01an)-
sawy are the transconductance and output impedance of QFG
transistors My jqam)-sag), TESpECtively.

B. Common-Mode Cancellation Circuitry

Fig 3 illustrates the common-mode cancellation circuitry,
which is used to suppress the output common-mode signal of
the proposed Op-amp. As seen, the circuit is design based on a
simple differential pair. QFG transistor Mg, operates as a
common-mode detector, while the current source /5, is used to
bias Mg, and Mg. The dc operating point of M, is set by the
bias voltage Vjia3 via the resistor Ry,. In our design, Cgsa) is @
very small capacitor. As a result, the common-mode signals
vours and voyr_are attenuated at the QFG terminals of My,
allowing the differential pair (Mg, and M) to operate with
rail-to-rail input swing.

The operation of the circuit can be explained as follows. In
case of differential voyr: and voyr_, the signal vy,; is nearly
constant. However, when voyr. and voyr— are common-mode
signals, they are first attenuated by Cgsa) and then amplified
by the differential pair stage. The signal at node vy is further
amplified by Mjy,s), which connected in the common source
configuration, resulting in a large with opposite phase vg,.
The signal voyr.() is fed back to the output of the Op-amp.
Since the input signal and voyr. () have opposite phase, the
common-mode response is suppressed.

A straightforward small signal analysis shows that the
common mode rejection ratio (CMRR) of the proposed circuit
in Fig. 2, using the common mode circuitry in Fig. 3 yields
equation (5), where Cr,; is the total capacitance at node v;u3,
Crpzam) is the total capacitance at node vigpzae)-

Vop

Moy

4 Bias3

vour:Césa

Cepip
Vour: Vour-

e X pla
| VrERCM

J "fltl\J J ,/fluqu

Mg, Mgy

vour. Cab
o—i—

Fig 3. Common-Mode cancellation circuitry. [9]

CMRR =
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IV. SIMULATION RESULTS AND DISCUSSIONS

The proposed circuit has been simulated with HSPICE
using a 0.18 um standard CMOS technology process which
0.8 V supply voltage. The quiescent current of the input and
output stages are set to 20 uA4. Large resistors R, s, R4 pand
Ry, are implemented using nMOS, while R,,, are
implemented using pMOS, in the cut off region. Fig. 4 shows
gain and phase of the Op-amp. As seen, the results shows
80.4 dB open loop gain, 8.66 MHz unity-gain bandwidth, and
a phase margin of 45° (C,= 20 pF).

100
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60- Gain [dB]
404
iy 20—\
2 N
5D Ot e e e e ) e e i e i e e
i 20 b |
. N |
£ 40
2 N |
60
E 804 ~_ Phase [degrees | I
= . . Nl |
= -100- =il |
= ™
S -1201 NHHE
Ly 45° Phase Margin f N
-1604 | S ]
By (" o QAR = < AU R g 2 U D AR R }_ -
-200 . . - T T
102 103 10 10° 106 107 108

Frequency [Hz]
Fig 4. Frequency response.

Fig. 5 shows time-domain response of the proposed Op-
amp, which is connected in the unity-gain inverting
configuration (C;=20 pF) and input is 1.4 V,, (200 kHz). As
seen, the result demonstrates rail-to-rail operation.

800

ViN+

600

400+

200+

Vin+, Vour+ [MV]

-200

-400

-6004

-800 T T T

Time [us]
Fig 5. Transient response (Input: 1.4 V,,, 200 kHz).
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Fig. 6 illustrates frequency response of the proposed Op-
amp, connected in the non-inverting configuration (C;=20 pF).
As seen, the closed-loop gain can be adjusted from 12 dB to 22
dB with the bandwidth independent of gain.

25

22[dB]
20 [dB]
18 [dB)

16 [dB)

12 [dB]

Gain [dB]

—e— R, =10kQ, R;=30kQ
10kQ, Ry =50kQ
10kQ, R;=70kQ
10kQ, Ry=90kQ
10kQ, Ri=110kQ

+

+

54 —— R

e R

10 10? 10° 10t 10° 10° 107
Frequency [Hz]
Fig 6. Frequency response.

Table 1 shows a comparison of the proposed Op-amp with
previously published amplifiers. ~As seen, the proposed
amplifier shows gain, gain-bandwidth product and slew rate
improvement over other designs. It is noted that high value of
slew rate is obtained mainly due to the class AB output stage
employed, allowing the maximum output current to be larger
than the quiescent current.

TABLE .
PERFORMANCE COMPARISON.

Parameter 4] [10] [11] This work
Supply voltage 08V 09V 0.7V 08V
Power dissipation| 100 uyW | 9.9 uW 107 pW 59.4 uW
Open-loop gain | 56 dB 62 dB 728 dB 80.4 dB

GBW 32MHz | 540kHz | 970kHz | 8.66 MHz
Phase Margin 45 52 70 45
CMRR 80 dB 129 dB - 105dB
PSRR 88 dB 76 dB 76 dB 107 dB
Slew rate - 023 V/ps| 1.04 Vius | 11 V/us
Load capacitance| 20 pF 2.5 pF 50 pF 20 pF
Technology 0.18um | 0.35um Tr(')t;liirvr;ll 0.18um

V CONCLUSIONS

In this paper, a high gain fully differential CMOS Op-Amp
with rail-to-rail input/output swing is proposed. The circuit is
developed based on QFG transistors, enabling the circuit to
operate under a low supply voltage. The simulation results
show high open-loop gain and slew rate.
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Abstract

This paper presents a 0.5 V pseudo fully
differential CMOS op-amp with rail-to-rail input/output
swing. The circuit is designed based on class AB input
and output stages. In the design, quasi FGMOS
transistors are employed. The proposed amplifier is
designed using 0.18 pm CMOS technology, and the
simulation results show rail-to-rail input and output
swings. The open-loop gain and gain-bandwidth product
show 73.3 dB and 12.6 MHz. The CMRR is 73.2 dB (at
1 kHz) and the power consumption is 27.9 uW.

1. Introduction

At present, increasing demand for battery-operated
systems and the reduction of IC supply voltage due to
technology scaling, force the circuit to operate at power
supply voltages in the range of 1 V and below. For
digital circuits, operating the circuits with such low
voltage is achievable with the technologies presently
available [1], [2]. However, operating analog circuit
especially in the mixed-mode design under very low
voltage becomes a formidable challenge. This challenge
is due to the threshold voltages of MOSFET devices,
which are relatively high. Although low-voltage analog
circuit design can be achieved using low threshold
voltage devices, it is found to be not a cost effective
solution due to the requirement of mnonstandard
processings. The solution of using on-chip dc-to-dc
converters or other bootstrapping techniques to increase
the supply voltage for analog part has a problem due to
device reliability, chip area, and noise issues. As a
result, circuit techniques must be developed for analog
circuits to operate at a low supply voltage using
relatively high threshold voltage devices. It is also noted
that reduction of the supply voltage has led to the need
for the amplifier, which can utilize a substantial part of
the supply-voltage range for signal operations in order

978-1-4577-0005-7/11/$26.00 ©2011 IEEE

to get a reasonable ratio between signals and noise and
other interference.

One of the most important and widely used basic
building blocks in analog, mixed-signal and very-large-
scale-integrated (VLSI) circuits is the operational
amplifier (Op-amp). Op-amp has been used in several
applications such as analog to digital and digital to
analog converters, switched-capacitor and filters [2].
Main characteristics of Op-amp include high open-loop
gain, large common-mode range (CMR), high common-
mode rejection ratio (CMRR), high gain-bandwidth
product (GBW), and large slew-rate.

Due to threshold voltage limitation, a traditional
differential pair is not capable of processing signals with
rail-to-rail common-mode (CM) levels. An n-channel
(p-channel) differential pair cannot process signals with
low (high) common-mode input signal. Several
techniques have been proposed to achieve Op-amp with
rail-to-rail operation. One common technique is to
combine n-channel and p-channel differential pairs in
parallel [3], [4]. During the operation, one of the two
differential pairs is always active for any common-mode
level. However, this approach is restricted for supply
voltages greater than two threshold voltages due to the
dead zone in the middle of the input voltage range. In
addition, fluctuation of the transconductance of the
input stage requires additional complicated circuitry to
keep the transconductance constant to avoid stability
problem. The dynamic level shifters have been proposed
to provide a rail-to-rail operation at extremely low
supply voltage [5], [6]. Unfortunately, this approach
requires complicated common-mode detector circuit,
which then increases the silicon area and power
consumption. The bulk-driven technique has been
reported in [7], [8], and the resulting bulk driven
differential pair can achieve rail-to-rail operation.
However, the obtained transconductance is 2 to 5 times
lower than the transconductance of the normal gate-



driven differential pair. Positive feedback is employed
to increase the transconductance [9] and high gain Op-
amp is finally obtained. However, the resulting circuit
is unable to operate under low supply voltage.

Recently, quasi FGMOS transistor technique has
been successfully employed to design amplifier
operating under ultra-low supply voltage [10]-[12]. The
basic concept of quasi FGMOS transistor is based on
transistor with floating gate terminal connected with a
resistor pull-up or pull-down in order to set the dc bias
at the gate terminal, making the gate voltage
independent of the dc input bias. In this paper, a 0.5 V
class AB pseudo-fully differential CMOS Op-amp using
quasi FGMOS is proposed. The circuit can operate
under 0.5 V supply. The circuit shows rail-to-rail
operation at both input and output.

2. Quasi FGMOS Transistor

The equivalent circuit of a quasi FGMOS transistor
is illustrated in Fig. 1 (a). As seen, the input signals are
capacitively coupled to the quasi-floating gate, while the
dc operating point at the quasi-floating gate is set by V3
through a large resistor Rp;4s. The large resistor Rpss
can be realized by pMOS transistor (M) operating in
the cutoff region, as shown in Fig. 1 (b).

Vs

(b)
Fig 1. Quasi FGMOS transistor.
From Fig. 1, one can see that the input of the QFG

is connected in the high pass filter configuration. Since
Rpys 1s very large, the cutoff frequency can be very low.

As a result, the very low frequency (below 1 Hz) can
pass and be processed by the QFG transistor.

One can find the ac voltage at the floating gate as

SRpas N
VrG = Z CeivGi + CrapVp +Crosvs + CrapVs |»
1+ 5Rp,sCr

M

where Cg;is the coupling capacitor between the input (7)
and the floating gate and the total capacitance Cr is
equal to

—_ Z Cgi +Crp + Crgs + Crep- )

One can notice that the signal at the QFG depends
on the input signals vg; via the ratio Cs/Cr. In other
words, the input signals are attenuated, and thus rail-to-
rail input swing can be achieved.

3. Proposed Operational Amplifier

3.1. Quasi FGMOS Pseudo Fully Differential
Amplifier

The proposed CMOS Op-amp is depicted in Fig. 2.
As seen, the proposed Op-amp is two stage fully
differential amplifier. ~ The first stage consists of
transistors M, 15-M>q 25, While M3, 3,-My, 4, cOnsist to be
the second stage. The input signal is applied to the QFG
terminals of the CMOS inverter, while the dc operating
points are set by Vagpraas and Vi, as through the large
resistors R, and R, respectively. In our design,
Viprap) and Vpyaae) are set close to ground and Vpp,
respectively, thus allowing the input stage to operate
under the supply voltage close to threshold voltage of
the transistors.

VDD VDD
| Vigpza  Rsa Vipza Vepow R VG b |
M; Cé1a vm_l |<]M1a f M]b[.'l_vprlb CGIL M3,
VIN + Crnp — VIN -
Co3a 2= 1 =C
Riq R i R G3b
Vour + 1F Vour-
o— Vipia Cria Vipin =
Ccia Reia Rew Cen
"_| Vv Vouta Vouth VW_"_‘
VBn2a Vnia Cra Vu1s Vb
= Cg4q 1 Cosp=—
R4a Rza 1 Rgb R4b
" Cap
M4a |_

VFGn2a

My o
2b VEGnIb

Fig 2. Class AB Op-amp using Quasi FGMOS transistor.
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(CGla 2a / Tpla nla))(gMIa +gm2a)(r01a "FOZa)

CG3a(4a)

Ay =

1- (CFla 2a / 1p1( nla))(gmla +8&m2a )z(rom ||r02a )2 CTpZa(nZa)

(gm3a +gm4a)(r03a ||r04a)' (3)

The operation of the proposed circuit can be explained as
follows. When the inputs vy, and vjy_ are differential signals,
the signals at nodes v, and v,,; are in phase with the input
signal v;y_and vyy., respectively. As a results, the signals vy,
(viv2) and Voun (Voura) are passed through Ceraq (Carnan) and
Criaea) (Cripopy) and added constructively to form viegpamia
(Vepibmiry)- In other words, the output signals of the first
stage are positively fed back to the input, which then enhances
the differential gain. In contrary, when the inputs vy, and vy_
are common-mode signal, the signals at nodes v,,,, and v,
are out of phase with the input signals. These signals are fed
back and destructively combined with input signals (via
Criaanyand Crggp), thus reducing vigpraoiz) and Vigaas)- As @
result, the input stage responds to the differential input signal
with a much higher gain than the common input signal.

The current from the input stage is delivered to the output
stage, which is also connected in the class AB configuration.
As seen, the output stage is connected as CMOS inverter
similar to the input stage, and the dc operating points are set
by Vapoar and Vi,oaop through the large resistors Rs, ;) and
Ryuep), respectively. Since Vo405 set close to ground, while
VBnzaep) are set close to Vpp, the output stage can operate
under the supply voltage close to the threshold voltage of the
transistors. Resistors Rcyq5) and Capacitors Ceyqp) are used
to compensate the amplifier such that the circuit is always
stable.

A straightforward small signal analysis of the Op-amp in

Fig. 2 shows that the differential-mode gain (4,,) yields
equation (3) and common-mode gain (4,.) are given by

(CGla(Za) /CTpla(nla) )(gﬂﬂa T &m2a )rOaAv3a(4a)

4. =

l

1= (CFla(Za) /CTpla(nla) )(gmla +8m2a )FOa
“4)

where Cy,j4m14) 15 the total capacitance at the node
VEGplamla)s TOa = (rOIa Y/ rOZa)a Av3a(4a) ~ (CG3a(4a) /
CTpZa(nZa))(gnz3a + gm4a)(rO3a /7 r04a)a CI:/)2a(n2a) is the total
capacitance at the node Vrgpaamra)s Emia-4a a0 701444 arE
the transconductance and output resistance of quasi
FGMOS transistors M, ;,_4,.

3.2. Common-Mode Cancellation Circuitry

The common-mode cancellation circuitry, which is
used to suppress common-mode signal, is illustrated in
Fig 3. QFG transistors Ms,s; consist to be a common
detector, while Mj is biased in the saturation region, and
used to biased Ms,s;. The dc operating points of M,y

are set by the bias voltages Vp,,, via large resistors R;
and Verer (Vaiss2 = Vrer)- In the design, Cgsy sy are small
capacitors, and thus the signals voyr. and vour are
attenuated at the QFG terminals of M, s, so that rail-
to-rail input swings can be achieved. The operation of
the circuit can be explained as follows. In case of
differential voyrs and voyr, the signal v¢y, is nearly
constant. However, when voy7: and voyr are common-
mode signals, they will be amplified by Ms,s;, which
are connected in the common source configuration,
resulting in a large with opposite phase v¢y,. The signal
Veum is fed back to the QFG of M]a(]b) and Mga(gb). Since
the input signal and vy, have opposite phase, the
common-mode response is suppressed.

VDD CFBGp la
VBiasI M f VFGpla

VBi as2 g CFBGp 1b
—o vrgy

Vour+ CG5“ R5 CFB(m la
0 ViGaia

ViG

vour. Casb M CrpGn1b

o—i Sa —o vrean

Fig 3. Common-Mode cancellation circuitry.

A straightforward circuit analysis shows that the common
mode rejection ratio (CMRR) of the proposed circuit in Fig. 2,
using the common mode cancellation circuitry in Fig. 3 yields
equation (5), where A,mz = 2 (Cgsapy / Crsa) &us(Tos // Yosa //
ros)s Crs, 1s the total capacitance at the node vgg, g,s is the
transconductance, and rs,sp) is the output resistance of quasi
FGMOS transistor Ms, ).

4. Simulation Result and Discussions

To verify the circuit performance, HSPICE is used
to simulate the proposed circuit, using a 0.18 um CMOS
process with 0.5 V supply voltage. Vis set to 0.25 V to
lower the threshold voltage of M,,;. The quiescent
current of the input and output stages are set to 13.7 uA4
and 10 uA, respectively. Large resistors R;,, and R;,
are implemented using nMOS, while R, ;, Ry, and R;s
are implemented using pMOS, operating in the cut off
region. Fig. 4 shows gain and phase of the Op-amp. As
seen, the results shows 73.3 dB open loop gain, 12.6
MHz unity-gain bandwidth and 50° phase margin.

Table 1 shows a comparison of the proposed Op-
amp with previously published amplifiers. As seen, the
proposed amplifier shows gain and gain-bandwidth
product improvement over other designs.
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Fig 5. Transient response (Input: 0.88 V,,,, 40 kHz).
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Table 1. Performance Comparison.

Parameter [8] [13] [14] This work
Supply voltage 0.8V 05V 0.5V 05V
Power dissipation | 100 pW 110 pW 28 uW 27.9 uW
Open-loop gain 56 dB 52dB 65 dB 73.3dB

GBW 3.2 MHz 2.5 MHz 550 kHz 12.6 MHz
Phase Margin 45 45 50 50
CMRR 80 dB 78 dB 86 dB 73.2dB
PSRR 88 dB 76 dB 76 dB 72.7 dB
Slew rate - 2.89 Vius | 023 V/us 0.3 V/ps
Load capacitance 20 pF 20 pF 20 pF 20 pF
0.18um 0.18um
Technology 0.18um Triple-well | Triple-well 0.18um

5. Conclusions

In this paper, a class AB fully differential CMOS
Op-Amp with rail-to-rail input and output swing is
proposed. The circuit is developed based on quasi
FGMOS and operates under a 0.5 V supply using
0.18um CMOS technology. Quasi FGMOS is also
employed to realize the common-mode cancellation
circuitry. The simulation results show 73.3 dB DC gain,
50° phase margin and unity gain bandwidth of 12.6
MHz. The power dissipation is 27.9 uW.
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Low-Voltage Bulk-Driven QFG-Regulated
Self-Cascode Super MOS Transistor

Thawatchai Thongleam, Apirak Suadet and Varakorn Kasemsuwan
School of Electronics Engineering, Faculty of Engineering
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Abstract—A bulk-driven super MOS transistor (BD-SMT) for
low voltage operation is presented. The proposed transistor
achieves a high effective transconductance (Gm(s), high effective
drain impedance (Rpesp) and low effective source impedance
(Rss). BD-SMT is designed based on regulated self-cascode and
negative feedback techniques. The transistor been designed using
a 0.18 um CMOS technology and operated from a 0.4 V supply
with a static power consumption of 12 pW. The simulation results
showed higher Guz), larger Rpes and smaller Rses as compared
to those of simple bulk-driven MOS transistor.

Keywords—Ilow voltage; bulk-driven; regulated self-cascode.

1. INTRODUCTION

Metal-oxide semiconductor field-effect transistor (MOS
transistor) is the most widely used device in both digital and
analog integrated circuits. Main characteristics of MOSFET
include, for example, high input impedance, ease of scaling
and simple fabrication process.

Bulk-driven MOS transistor (BD-MT) has been proposed
to design low voltage amplifiers with rail-to-rail input
operation [1-2]. Main drawback of BD-MT is its low bulk
transconductance (g.») [3-13]. As a result, the impedance
looking into the source (Ry) is rather high since Rg o< 1/gyp. It
is also known that the drain-to-source impedance of modern
nanoscale MOSFET (R)p) is small due to short channel effect.
Several super MOS transistors (SMTs) have been reported and
they were developed based on the regulated cascade technique
(RGC). The resulting SMTs demonstrated an enhanced
effective drain resistance (Rp) [14-18].

A single stage common source (CS) amplifier using
MOSFET operating in the weak inversion and a negative
feedback technique was used to increase Rpep [14]. Its weak
inversion operation allowed the rail-to-rail output swing.
Improved SMTs using a high-gain feedback amplifier were
also proposed [15, 16]. An enhanced loop gain resulted in very
large Rpep. In addition, the output swing showed rail-to-rail
operation since PMOS was used in the feedback loop. It is
however noticed that these SMTs required a minimum supply
voltage of 4Vpssr + 3Vr which is quite large. SMT using
single-stage OTA, and a Miller amplifier was proposed. The
transistor showed high speed and gain. [17].

Recently, SMT using a two stage cascade common source
amplifier connected in a negative feedback configuration was

reported [18]. The obtained SMT exhibited wide voltage
swing, high effective transcondutance G, low source
resistance Rsep and, in addition, can operate at low supply
(2Vpsar + V7). Nevertheless, Rpep 1s equal to that of a
conventional MOSFET (i.e., Rpep = 7o). It is noted that all
mentioned SMTs either achieved high Rpep or low Rsep.
Nonetheless, none of them achieved high Rp(p and low Rsep
at the same time. Moreover, supply voltages required were
high and the input swing was limited mainly by V7.

In this paper, low-voltage bulk-driven regulated self-
cascode super MOS transistor (BD-SMT) is presented. The
proposed BD-SMT demonstrates a high G, high Rps and
low Rgep simultaneously. The input swing at the bulk terminal
shows rail-to-rail operation and the SMT can operate from a
supply voltage as low as V7 + Vpsar.
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Fig. 1. Proposed super MOS transistor (BD-SMT).

II.  PROPOSED BULK-DRIVEN SUPER MOS TRANSISTOR

Fig. 1 shows the proposed BD-SMT. Mg, — M3, operated
as current sources to bias M and M, respectively. M; and M,
are connected as a bulk-driven CS amplifiers. M3 and M4 form
self-cascode transistor. As will be described later, quasi-
floating gate (QFG) transistor M, is used to increase Rpp
while M, and M- are used to reduce Ry and increase Gep.

The operation of BD-SMT can be explained as follows. If
the test voltage (v/) is applied to bulk of M, the signal v; is
amplified at node X. The amplified signal at node X is further
amplified by common-source (CS) amplifier (M>) at node Y
which is then fed to the body of the self-cascade transistor M3
and M, and finally converted into the drain current.

By using a typical small signal analysis, the effective
transconductance (Gu(ep) of BD-SMT can be shown as



_ mb18mb28&mpa (”01 | ”031)(”02 I ”032)

G = 1)
(eff) >
" (gm4 + &mpa ) To3(1in)

where gn» and ro; are bulk transconductance and drain-to-
source impedance of the i transistor, respectively. rosun is
the drain-to-source impedance of M3 in the linear region.

From Eq. (1), one can see that Gy in comparison with
BD-MT is increased by a factor of gmsigms2(ror//rosi)(ro2//ros1)/(gms
+gmba)F03(lin).

To analyze the impedance at the drain terminal, one apply
the test current i at the drain terminal and find the
corresponding v; at the drain terminal. Rp(p is given by the
ratio of v, and #. It is noticed # is converted into voltage at
node Z which is amplified by the CS amplifier via the QFG
M. The amplified signal is negatively fed back to the bulk
terminals of M3 and M,. This regulated cascade configuration
helps increasing Rpep. A straight forward small signal
analysis shows Rp(j) as

Rpepr) =[(CG1 /CT)gm2gmb4 (’”02 | ”032)+gm4}’”03(1m)r04 ,(2)

where Cg is the coupling capacitor and Cr is the total gate
capacitance of M.

One can see that Rpep in comparison with BD-MT is
increased by a factor of [(Cc1/Cr)gm2gmpa(roallrop2)+gmalrosiin.-

To analyze the impedance at the source terminal, one can
apply v at the source terminal and find the associated i;. As
can been seen from Fig. 1, v, is amplified by the CS amplifier
M, at node X which is then further amplified by the CS
amplifier M- at node Y. The signal at node Y is fed back to the
body of the self-cascode M3 and Mi. An increase in the body
voltage helps increasing the source current, and finally
lowering the effective source impedance (Rseyp). A straight
forward small signal analysis shows Ry as

(&8st &mpa) T03(1in)

Eml +gmb1)gmh2gmb4 (”01 I ”031)(”02 I ”032)

E)

Rser) = (

Notice that Rs.p in comparison with BD-MT is reduced by
a factor of (@umstgmp4)/[(Emi+Cmb1)Gmb2@ma(ror!lrom )(roal/rosn).
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TABLE 1. TRANSISTOR DIMENSIONS
Transistor | W/L (pum/um) | Transistor W/L (um/pm)
M; 52/0.5 M, 82/0.5
M, 52/0.5 Msp,.3 605/10
M; 130/0.5 Mg, 0.75/100
III. SIMULATION RESULTS AND DISCUSSION

The proposed circuit has been designed and simulated
using a standard 0.18 um CMOS technology to verify its
performance. The supply voltage is 0.4 V and the bias voltage
at the body is set to 0.2 V. The bias current of every transistor
is 10 QA. Cg is 0.2 pF. Table 1 shows the size of transistors.
Transistor M, M> and M, operate in the saturation region
while M3 operates in the linear region.
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Fig. 2 shows G and the transconductance of the
conventional BD-MT Gon for the same bias current and
transistor size. As can be seen, Guep 1s 1.72 mA/V while
Gineony reads only 50 HA/V (i.e., Gump is around thirty times
larger than Gi(con))-



Rp(ep versus the conventional drain impedance of BD-MT
(Rp(eony) 1s shown in Fig. 3. As can be seen, Rp.p is 946 kQ
while Rp(ony reads 385.5 kQ (i.e. Rpep = 2.5Rp(ony). Fig. 4
shows Rgep of BD-SMT versus the source impedance of a
BD-MT (Rseony). As can be seen, Rsep is 109.73 Q while
Rscon is 3.9 kQ (i.e. Rsey = 0.03Rs(cony)-
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Fig. 5. (a) Common source and (b) common gate amplifiers.

To verify the performance of the proposed BD-SMT, BD-
SMT is connected as a CS (Fig. 5a)) and common-gate (CG)
(Fig. 5b)) amplifiers. Fig. 6 shows the frequency response
using the proposed BD-SMT (solid line) and conventional
MOSFET (dash line). The dc gains read 64.21 dB and 25.85
dB, respectively. Bandwidth of BD-SMT and conventional
BD-SMT are 700 kHz and 10 MHz, respectively. The CS
using BD-SMT has higher gain mainly due to an increase in
both G and Rp(p. Notes that an ideal current is used in the
simulation since the MOSFET current source will affect the
intrinsic gain and could mislead the result interpretation. Fig. 7
shows the transient response of the CS amplifier. A simple
long channel MOSFET is used as a current source so that a
realistic result is observed. As can be seen, CS amplifier
exhibits a reasonable output voltage swing.

Fig. 8 shows the frequency response of the CG amplifier
using the proposed BD-SMT (solid line) and the conventional
MOSFET (dash line). The source impedance of the current
source Rsource 18 set equal to R (i-€. Rsource = 109.73 ). This
leads to a current gain of 0.5. It is however noticed that the
input current gain is reduced to only 0.012 when a
conventional MOSFET is used mainly due to its higher source
impedance Rson. Fig. 9 shows the transient response of i

when i; is 4 LA, sine wave at 20 kHz and Rource 1S Rin, 2Rin
and SRj. i is reduced to 2.04 WA, 2.7 uA, and 3.35 pA,,
respectively.
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Fig. 6. Frequency response of Fig. 5a).
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Fig. 7. Transient response of Fig. 5a).
Tables 2 shows a performance comparison of BD-SMT

and other SMTs. Table 3 shows a comparison result between
the proposed BD-SMT and conventional BD-MT.

TABLE II. PERFORMANCE COMPARISON BETWEEN THE BD-SMT AND OTHER REPORTED SMTS.
Parameter Vop Gun(efp) Rpes R
Conv Visar + Vr peo Fol 1/gum
[14] Vs +2V7 8m &mgmal'o1T o2l 03 1/gm
[15] 3Visar +3Vr 8Emi Gl 017 028msEm6(1)T o5(8) o6(7)/ 2 1gm
[16] AV tsar + 2V7 &g Zn28mil o1V 2703/ (o7 09)] 1/gm
[17] AV tsar + 2V7 &nl ZmZm3gmel o1 o2(Fo3/IToa) (ForllFo0) 1/gm
[18] 2Vasar + Vr Zm1&ma&m3(Tor/ 7 op1)(Fo2! IV op2) Tol 1/ gm&m2&m3(ror/¥op) (o2l ITop2)
This work Visat + Vr St 82 S (Vm 7o ) ('};2 ! ”01;2) [(C61/Cr)gmagmbs (Forl ITop2) + ma)[Fosuimtos | Gmbstosimy ! [(€m1 + Gmb)Gmi2(Foil/Tos1]
(Ga * &oa) Tosiiny
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TABLE III. PERFORMANCE COMPARISON.

Parameter Conventional This work
Supply voltage 04V 04V
The effective transconductance (Guep) 5 HA/V 1.72 mA/V
The effective drain impedance (Rp(cp) 385.5kQ 946 kQ
The effective source impedance (Rs) 3.9kQ 109.73 Q
Unity gain frequency (f7) 500 MHz 2.4 MHz
Power dissipasion 2 uW 12 uyW

IV. CONCLUSIONS

In this paper, a low-voltage BD-SMT is presented. The
BD-SMT is designed based on regulated-self cascade and
negative feedback techniques. BD-SMT can operate at low
supply and showed high effective transconductance (Guep)),
high effective drain impedance (Rpep) and low effective
source impedance (Rs)-
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