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ABSTRACT

This thesis proposes a low voltage class AB voltage follower circuit and its
applications. The circuit is designed based on DTMOS transistors and additional circuitry,
enabling the circuit to operate at low supply voltage. The proposed follower and two
current mirrors are combined to form a low voltage class AB current differencing buffered
amplifier (CDBA). The circuit is designed using 0.13 um CMOS technology and operates at
the supply voltage of 0.7 V. The performance of the circuit is verified using PSPICE.
Simulation results of the follower shows the output swing of + 0.25 V with the total
harmonic distortion (THD) of 0.5% at the operating frequency of 1 MHz. The bandwidth is
193 MHz. Output impedance is 3.07 Q. Simulation results of the CDBA demonstrate the
current and voltage transfer ratios of 0.996 and 0.988, respectively, while the
transimpedance gain is 100 dB. Simulation results of the current-mode filter using CDBA
demonstrate good filter performance with adjustable gain.
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NNTIUFUN 3.7 151E TN Vespo WY
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reastadeulugun 3.5 uagldi
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4 o = 1
LiJE]W‘U’]iEU’l’N’\]SIUEUVI 3.5 15138l
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Comt + Cosns + Coans + Cosnes Capo = Cospo + Cospo + [1 + (8mpo + §moro)RoutllCodro + Coarol Wi

CGNO_ = Cono + Cosno + [1 + (8mno + ImonolRou] [Ceano + Codnol

INAUNS (3.15) 13U nseenuuuly o, wag b, dauinuasiilafiaisunfinudaiudn
QEWUTIBRTINTEWUUS IR ULDITLANVNAUNT

3.1.4 Mm3asznnszuadasuils (Quiescent Current : o)

A4 o o a ‘ : o o .

WeRarsunwslugull 3.2 iaunsalinsesimnseiaasuils laeendengues Kirchhoff
Y] o W a & ' v
AUGUNUIENUMENTTAADI Meps, Moz, Mus, Mua, Mes, Mpg, Myo WaE Mpo L3138 l0aunTs
nyzuasUiail

/Q :'/OP = /ON (316)
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PN NATEWITEVAINTEUALI

. K roumo) v —v 2
/OP(N) - Y 6s.P0(NO) TPO(NOD) (3.17)
dlofnsananiesudmui
: 21,
Ves.eomor = Voo ™ Veswaeey = Voo — + V7N1(Pl)_ (3.18)
Knicen)
Sehulounuaunisi (3.18) asluaunisit (3.17) aglédn
2
_ KPO(NO) 21,
/OP(N) B ; Voo = / + V77V1(P1) _VTPO(NO) (3.19)

N1(P1)

o P 3 a

1089 Keoo) = HotCoxW/Lpomon Kuseny = HnipCodW/Ley, Homy RREATMATINAGRGIV8 1A
Bilinmseu), Cox Aomuyiviiwambeiivivesnsesnled uay (W/L) Feshsdiuvuinves
NIUTaIDS

PMNAUMIA 3.19  wulnsdmnsaUunsviaasuis () 28099slalaenisuiuauaves
nszualUsa () WaZIUINYBS Mpo WA Myo

3.1.5 mslszimusssiulwibesiidesfigavasasas
< ] & d o g w o va 1 1 o
1nasluglil 3.2 lsmuiilwibewenwsivibisesaansavihaulaiauviaiu

Vsupply = 4Vds,sat + VT,NDI + VT,PDI (3.20)
= & v o & o ¢ o w
IﬂEJ‘Vi VT,NDI 131+ VT'pDIﬂEJLLix‘lﬂ‘U?JﬂLiil‘UaﬂV]'i']u‘UﬁLﬁ]ai Mpp; W88 Myp; #UAIAU

d} ’ 1 [ s n‘; w o a' a &
Wasan Myp; Ua Mepy gnsludnunzyed DTMOS atulssiudnfuvemsudanss
L7 ) K l | a‘l‘ ] o 5 All t:ll a ) )
(Vy) fenanidmanadilasaintauaiuah dawayivlnidesenasndosiigadniviiiy

Vsuppitming = Vs sat + Vrnowvesmon + Vippivaseon) (3.21)
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18 Vinomvesmon W% Vrepiyaseon AORIISUTAGUTMT AR5 Ia RIS Wave LS URIUER

1NEAUNT (3.21) L5IMUTT Vipyes 182 DTMOS nuidnefaesdiauszinm 0.2 Taad uay
V.y, UBMTIUTANDF Myg, Mpr, Mys W8T Mo SAUsE8 0.1 Taadt satiusussiiliaswesansas
feuszanas 0.8 Tiad Tunsufifudussiulnifomonnsemasiouadliunnmanisium
%uag'ﬁ"umiﬁmummmawmu%aLm@%LLasnsSLLalué“aluqqﬁ]i

3.2 A1331884N19917197U

lldTusunsy PSPICE Wienmndauussansaimuesseasmunsediuiitiaus 19asfisenuuy
TinsnBawmedfinaluladuuudusaidamawiiy 013 lulasiwesuasyheunelduasnelnibes
Vop Wag Ves HANMINU + 0.35 Tian nssualuda () vensasiiawvinny 0.8 lulasweud wuisass
Vli’lu%ﬁw)ait?;l;\im.lﬂﬁl‘iﬂumiﬁ?’laa\‘iﬂ’]iﬁN’mQﬂLLﬁﬂﬁlu{v‘I’]i-’]\iﬁ 3.1

A15797 3.1 YUIRVBINSIUTAN DT INSUIRTTIULEUB

VIUTARDS angadu (wW/L) (lulpsiums)
MPI:. Mp3, Mps, Mpg 3/0.2
My1, My, Mys, Myg 3/02

Mpy, Meq 80/0.2
Mnz, Mna 30/02
Mpg, Mpg | 28702
Mnz, Myg 70/03
Mg, Mm | ' 0.47/0.15
Mng, Mn1o : 0.4/0.15
Meo | 152/ 0.15
Mno ‘ 30/0.15
Mep1, Moz 305/ 0.5
Mnp1, Mnpz 320/ 0.5
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3.2.1 HANTTTIADINTTNNTUVDIILITANL TS

5U7 3.8 uamInLdn vz AL sIRuTEniBuRLazoTnveasesiaedaiulnan
500 lavin anguiswiulsiussiuesiumanunsamuussiudunmldlaglvidransaisiina (+
0.25 Taad) vidowiiu 71 Wediwusvssunastelides uasderududaduiii 7 3.9 uanins
mauauaa%’wmxsuamwal,ﬁaﬁayzgméuwwudJué’égzy,mﬁul%ﬂﬁﬁmmmviwﬁ'u + 0.25 Thad Al
iy 1 wnnedsng wavserulvandifauimyiiiu 100 Teviy, 300 Teviu waz 500 Taviu mudsiu
autuiledefulnansuin 100 Tesin dygraeninmiginisaaveuasdasiamsoudlaldlag
MUY Meo U8 Myo ’Lﬁﬁmmm‘lmcgi%mﬁaiﬁawammmﬁanaxua’tﬁmﬁwﬂﬁmn%u uAnSLY
rpvemsudainefazdmainliluudinvenesiidanas Ul 3.10 uansnsnouduasiva
ﬂuaajaﬁ]iLﬁaﬁmuzgwﬁuwmﬁuﬁagzmmﬂ?{u?im?{auﬁﬁwmﬂ + 0.25 Taad anudiviiu 4 wnnudsed
waglvasslauiiiu 500 Teviu vutufudifvdszaauin 50 Alavhfa 1nsanisdaesmuinasi
thiaueaunsorsuausssedyndunnldfnasiiatusnmiin gﬂﬁ 3.11 WAAINSADUALBIAITUD
9897995 HWITAWITAReUALBI A IneduuuAIASIAY 193 wansdsnd  Luusindeeiaes
mmsnﬂ%’uﬂqﬂﬁqﬁuﬁimaﬂﬁammmaamm%ama% Mg UAY Myo LANITARTUIAYDS
NIUTAARIAINGNAHAABN1TANAIIBITNIINTAEN UL ITURALY NN TE I IBAd Ry Al YINY

gﬂﬁ 3.12 uay 3.13 LLamfhmwm’humumaﬁuwwLLazLmﬁwmamaﬂiﬁmmﬁdﬁq‘]ﬁu oeh
siJLiﬂwudﬂﬂ'ﬂmmﬁmmuﬁuwma gloviynvesnasiiai 250 Alalesiy uas 3.07 Tavi mmmﬁm
avmu’nLuammaawummmmumumaauwwumaﬂaaLLavmmmmumwmamwmmawu
LﬂumammnmimLaaruaaammmmnﬂalﬂmsﬂaunaumammaaa Aanisideuaresdygin
ﬁauﬂaimﬂvimmmwnmwlmumm U 3.14 wansrAnituesdtyanal (Total Harmonic
Distortion; THD) Im-amm'1%mm”l,ma1ﬂmimmmllaaasuawanwummaamﬂuunaﬂmaaammu,m
ﬁw‘i’uﬁaaa%ulﬂmséﬁ’wﬁummaammﬁ;&agm Liwwumﬁaﬂauﬁmmméuwm?%ulmﬁﬁﬁmmmwhﬁ’u
+ 0.25 iad vy 1 wnnedsedanainiioureewsiidivify 046 wWendud asdiuin
dedygadvuiadnaziamuieugsiudnioadesnintaveussiussamisngioninmues
AT uah%wnﬁﬁwé’wmﬁmLﬁwamwﬂuama”awﬁaﬁﬁhwhﬁu 123 lulasTnduavanunsariiunie
aﬂléimamiﬂiwmmaqmmsuaLmai Mpa 182 Myo Faaunash (3.19)

AM31971 3.2 wanansiUTeufieuauanselaeuvensihEueiuseTitin s Laue
wInaU Iﬂsqaiwuamwimmmualmﬂssqﬂsﬂwamaa DTMOS Tushunsidsuudaswesuseiia
Sulsvlvsesfidaueannsayeuléiussiusinii (6], 8] was [10] ATIUATUVIUNINDTINY
wamqmﬁﬁhﬁﬂnéﬂ,ﬁmﬁu [6] shemavasnsilaunduuuuauiioning Lmuﬁimé’maﬂwsﬁﬂuauaﬁ
ma\m'n (8] wag [10] leewn (8] LLa‘” [10] LUUﬂ’ﬁl‘ULVIﬂuﬂﬂ"li‘Zm“U’lUE)ﬂLLazWi']U‘UaLGIE]iLLUULﬂ‘Vl
aeedadiAemsudrausnuaudiisinia uanmnumaamuammamanwammuaan’anameﬂu
(6] \lumaanannnsineesldliBewasiinssuaasuilefisngy
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0.4
=)
U
on
[
>
] 4.
S 0.0
b
3
Q.
4=
3
@]
-02 4. ¥
Output Voltage (500 Q)
--------- Input Voltage i
-04 ; . ;
-0.4 -02 0.0 0.2 0.4

Input Voltage (V)

U 3.8 AaudnuusnsdwuLsifusgniBumuasievinnvansasdadeiuluan 500 Tevi

0.3
0.2
Ry =500Q
R =300
0.1 4
. RL=100Q
2
U Input signal
2 0.0 4
=
(@]
>
014 -
-0.2 4
03 T T T T ¥
0.0 0.5 1.0 1.5 20 25 3.0

Time (ps)

U7 3.9 msmeuauestivnzvenasdieduwndudyyiundulsd @ 0.25 Taad, 1 wnnsdsed)
uazselvanAudiumusIa 100 Tesiy, 300 Tasiu wag 500 loviu muddu
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Output signal

Input signa[

=
&
o 0.0 4
=
O
>

-0.1 A : '

-0.2 -

‘03 T T T T

0.0 0.1 0.2 0.3 04 0.5

Time (us)

35U 3.10 nsmauauesivuzvetiesiieduymiudyaundudivasy (+ 0.25 1ad, 4 wnng

g

\F9nd) uazlvaaLdudiashuviuisivue 500 Teviy auiuduifulssquun 50 flania

Current gain'(dB)
o

-8 A
-10 ~
-12 A+
-14 A
16 . :I : "tl : j : :l - :l " HEE . i . :
1 10 100 1K 10K 100K M 10M 100M - 1G
Frequency (Hz)

SUTl 3.11 nsmsvaussaudvesasienslvannudumiusun 500 laviy



(ke2)

n

R (<)

300

250

200
150
100 ~

50 A

10 100 1K 10K 100K . IM  10M  100M  1G
Frequency (Hz)

=] o a
E‘U‘ﬂ 3.12 ATUATUNTUN NBUNNVBINAG

B ST 4 S
10 100 IK 10K 100K . 1M 10M  100M  1G
Frequency (Hz)

JUI 3.13 AINFAUNIUN I VINNTBIIIRT

24



THD (%)

25

6.0

0.1 0.2

0.3 0.4 0.5

Input Voltage (Vp-p)

0.6 0.7

0.8

d' o & as P s a - fda o a € 1w
5U¥ 3.14 anuRssuresdyaanietioudnaabunmadulziniaud 1 wnngdsed Aoy

Taafduggiunuitsuismaiu 500 Teviu

t:‘ d‘ o =) - a = a o )
AMINN 3.2 ﬂ'ﬂNﬁﬂﬂqiﬂiﬂﬁliﬁﬂﬂla\i'ﬂﬁﬁﬁ%uqLﬂu@L‘LJ“A'EJ'UL‘V]EJUﬂU')\ﬁ]i‘Vlllﬂ'ﬁu’lLﬁuaiﬂﬂau

NBLYA

N/A (NGt Available) wnedialsifivayasnany

wiiiees [6] St [10] asiiiaue
winlulad | 0.35 pm 0.35 um 0.5 pm 0.13 um
usauliAns 33V 18V 1.2V 0.7V
AsmeUALDIAIA 500 MHz 6 MHz 1.48 MHz 193 MHz
(R = 1 KQ) (C.= 75 pF) (R = 500 Q)
AUFUNTUN D UNY N/A N/A N/A 250 kQ
m’]?é’qquuww 2Q N/A N/A 3.07 Q
LDIMNY
T T T 0.067% 0.55 % 0.08 % - 046 %
&tyeyrey (THD) (f =1 MHz, (f =100 kHz, (f =10 kHz) (f =1 MHz,
| R, =1 kQ) C.= 10 pP) R, = 500 Q)
Mdnugde 2 mW 14 uw N/A 123 W
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3.3 undsy

N'ﬁmuLLSdﬁuﬁlﬁﬁﬂLauaﬁqﬂaaﬂLLUUWmmsaﬁﬂmulﬁﬁlwL??ﬂwi;ﬂmamﬁwé'ﬂﬂﬁmm
nsUsznanadygnalulmanssualaglfiinet DTMOS uasnsasasiiounssuaianunsavienlén
Idsasuidudiuisensundnuesises uenaniinanisudsuutaesiussiudniuiiAnan
nalavas DTMOS  derashliasasanunsaadumsvhaiussninnsasyauulasynaidldegieiied
Fygudunmvuaingeudigieas vilshesiitnisalwesdynnaduuasioninmiin ey
Namiﬁ‘hammiv‘hmummawswuinwiaﬂmmﬁwmulﬁﬁlwtgmﬁw 0.7 Taadl (+ 0.35 Vias) 19958
Funsaisdyarmaevimnhdaoiidwiiiu £ 0.25 Tad vieAadu 71 Wedidudveussiu
Iidss reesiianuiaieuvesdyaauiiaeiiditosnit 05 wWeddud  dledelvaniifidiaim
Frunu 500 Teviu fimnufivesdygaduwniviiy 1 wangdsed  wuudinsveasiidwiniy
193 wnneidsnd 2esiienudumumsevinmiimlaediduiaiu 3.07 Tovy vasiididsugode
gaeNaTianny 123 lalasing



unil 4
’N‘i]i“UEJ’]EJGI']ﬁJLLﬁQﬁUNaﬁi’Nﬂi&Lﬁ
(Current Differencing Buffered Amplifier)

4.1 29952979ANULSIAUNBAIINTELLE

awﬂhzmamaiuimmnszLLaL‘fJuNﬂiﬁlﬁ%’ummau‘lﬁ}LLaxgnﬁﬂU‘lft’fﬁy'ﬂmwaamﬁaﬂ uay
Mneaegrunsuaaifiommniifefivareussnisity  wsamnsaveniléiiliidosh  fdenisads
mmé’agmmni’nLﬁaamﬂé’zyapmlm“lﬁgﬂﬁﬁmé”JEJLm@“fuMLgm annsaUTELIANAREA1L5IE
uazuilaemdanus Tutligdunsildgnesnuuuniiionisussmanalulmnnszudldun a3
arewrunseid (Current Conveyor : CC) 2933v818ns3ud (Current Operational Amplifier : COA)
WITVYBAIUAIUNIY (Operational Transresistance Amplifier : OTRA)  UaZMNITVEIEAIULIIFY
HARNN T (Current Differencing Buffered Amplifier : CDBA) Hudu

WATVHHAULTIAUHAR 1N TE U léi’gﬂﬁ%auaﬂ%y’miﬂiﬂa Acar Uag Ozoguz [14] 1fursasdl
Iisuanufisusasiinmsimunseiies [151[22] wazgmhluldenlsvamnvanelnsaneetsbeiu
miaaﬂmea%niaammﬁuuﬂmmﬂszu,a [23]-[27]

Umﬁy%nénﬁamsv‘;’wmuuazﬂmauﬁaﬁuugmmaa’ma‘mmammmﬁuwaﬁwnsum A5
peAlULINRsIasNseesausuitliitaus luuniiudmssgndldmulursesaaussui
PYIWAINATULANANVBINTELE LASKANTTIIABINITNNIUYBI95T IR BaNIUY

4:1.1 AUANUTANUGILYEI9TIVENUAIULTIAUNARIINTSUE
U 41 uansddnualaasue e L TRURaRNTELE | MANNNTIIINIe9NeTaITE
sSunglaanaunisaelousisuantlugunisd (4.1) sl

-
Vpo—— P WF——o Yy
CDBA
Vho——N Zt—o V;
- -
In Iy

Y]

d as L3 [ 1
E‘U‘Vl 4.1 FYanUUTaINITVY WA IULIIRUNAANNIZILE
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i, ] Jo o 1 —1][v,]
vol |1 0 0o o |
v, | 1o 0 0o o fli (4.1)
v, 0 0 0 O i

ﬂ’mﬂ‘&lﬂ'ﬁ‘ﬂ (4. 1) ﬂi”LLa‘Vl‘U’] Z ﬂ.lﬂ’]mﬂﬂ‘Uﬂ’ﬂllLLGIﬂG]']\ﬁw‘VI’JWQHS“LL?{E’JHW‘WU’W P uaza N ‘U\i
U1 P way N ‘L!ﬂﬂW‘\]’]iELl']L‘UUﬂi"l’mﬂLUEN‘\]’]ﬂ')’]llF’TJ'HJmﬂu%’]ﬁﬂﬂ]’mﬂﬂaﬂﬂﬁ’lﬂﬂﬂﬁﬂ LLSG@UVI‘U’]
LE]’W]‘WVI w Nﬂ’]ﬂ’lﬁiLLi\‘lﬂUW’l]’l V4 mﬂmmauwuﬁmmanm Li"!’ﬂuL‘Vi‘Lﬂﬂ']']ﬂEUﬂﬂJUWUE]\T'DQ‘\J’S?JEJ”IEJ
G\'liJLLix‘iﬂu&laﬁl']ﬂﬂ‘iuLLﬁUU‘\Jv‘UUE]EJﬂUﬂZUﬂJJUGl‘U’EJ\‘lﬂ'ﬁﬂ']ﬂii]ﬂﬂiuLLﬁLLauLLiﬂﬂULU‘U‘VIaﬂ

4.2 2993VU18AIULTIRURARIINSERETTEYD

' gﬂﬁ 4.2 LLaﬂQIﬂ‘i\‘ia%N‘UEN’JWTUEJWEJm:uLLi\‘iﬁumaﬁl‘NﬂiSLLaﬁﬁ%ﬁua wasUsenauluie
gosduianlaLn 2995aunseld (Current subtractor) Wag99smMLTIAU (Voltage follower, VF)
WITAUNTEUAAS 199NN TYI9TTAVIDUNTBUEABINAT (CMy Wae CM,) wslaaunsuiy (Cascade)
z’ﬁé’mwm’azﬁa‘[auﬂixLLa‘*uamwaavﬁaum%l,aﬁv'aamﬁmLﬁﬂﬁwﬁmﬁa NSERALBTINVIVDINTS
avmaunsvuawwuq (O(CMH) sdAiiunseuadunm j, LLa‘“ﬂ'i“’LLﬁEJUWVI‘UEN’N‘\]’iﬂ“V]E)Uﬂ'E“LLﬂ‘lfﬂ
faosasilauiaiu iin muuniuLLamewwuammamaunsmamwam (ioicmzy) 38 I, FAWVAU

ol

0op /i(CMZ):ip__in io(_C/W_;):izzfp'in
p .
> o— M, v M, \; > VF W Viv
o a zZ
loicmn=o
h N
- o
e—————— Current subtractor >|< Voltage follower —>|
g

‘Uﬁ 4.2 LLNﬂNGIﬂ’i\‘Iﬁ‘i’]\‘i‘U@\YN“UTZJEJ’]EJW]QJLLiﬁﬂuNaﬁ]NﬂiuLLﬂ

uaﬂ’%’lﬂULLiﬂﬂuﬂ‘U 1 Z ﬂﬂﬁ\‘lﬁd']ﬂiﬂ‘l/l‘?ﬂ w ﬂ’)ﬂ’ld‘\]’iﬁl’]MLLiﬁﬂu mamwmmwiaul,mmwum
'Nﬁ]iﬁ'ﬂllLLS\‘iﬂUZJﬂ’]LVI']ﬂUWU\‘iLLa’J LL’i\‘lﬂu‘Vl"U'] w ‘\]viJﬂ’]LVI’lﬂULLiGﬂuVI‘U'l Z

- 4.2.1 7asEsvisunssudaadiad
wsaunssuantiauegnaiunInesasiounsuadeasiosunsuiy  Auauives
wasasviounsauainliun - audumumsBuymasiiden  enwsumuniaeinvensiinags
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wazdnsnsaneleunssuaiirnuifunils uan%ﬂﬂﬁ"mimimmsn%'uﬁzgﬁgmnszLLaEiuvgmﬁﬁ‘umm
Tvieduuinuasfuay awsazﬁauﬂssLLaﬂmaLaﬁﬁﬂﬂLaua [28] leiuanslugui 4.3
yasasfieunssuaiinausluinednuiatuignuandlilugui 4.3 esléwaumumamans
asﬁauﬂisu,aﬂmal,aﬁLmuﬁ"ﬂﬂmﬁmiﬂizqﬂﬁﬂ% DTMOS Myps-Mupp 48% Mepi-Mep, Usenauiiy
Hugunsudades (Translinear loop) ievhmsimusussiuludaiividunnlidaviniugud

Mpyg Mo1y
Meg - Me1o
Il‘j ]
1 |
Cal
VW
Rei
;; | : iin o iour —o0
_’If\l/‘PD1 MPD?-”‘,_
—i =

: ' | Rez
= > ® —M—(»
| \\/5 I Cezl
Me7 :IIL “t Meg @ . 1 :; ”:
My _ l_‘—| Mg Mg My1o

o - v P
5U# 4.3 23savisunszuaranaleiinaus
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NIURARDT  Muger-Muows @51088100RTUUBAMILIMANG 19 YB9nSELET Lasiy Mnpiceor) HaY
Muoateoz) (npieon) B8 inparoz) M TLLS UG oW 1EMSTUTEADT Myg, Myg (Mpg, Mpo) nalniise
agludnuaiznasmstlaunduuuuavidmaliamnufunumsiudunmensasiash vonandu
YUANYDE Myg, My (Mpg, Mpo) EI810UTUANYDE Mytg, Mytz (Mpro, Mpgy) %a.siauwﬂau‘[wﬁm
msmdames (Composite transistor) deraliaushumuiivitewinnuensesasiounssuaiiangs
GIUUINTDINTIUBALIDT Myg (pg)  TAWIAUIUIAUBS Myzg (p10) HAE Myo (pe)  HANMNAUBUIAUDS
Mygs (1) U872 805101388 lounssLavesasasiAvinfunils

N199119UT99 19 58zIBUNSELad U sneSuelalnen1SLEARII TSN UL T ude S
Faalaun Freanmeunseua Uay Franzienssug fail

4.2.1.1 danziunssud .

Lﬁaﬁmuzg'lmﬂs::uaﬁuwwlwaLihejaaﬁﬁ USUAN-H05E0D3 Mo, (Myoy) ziiAniindy (anaq)
ﬁﬂﬁ’ﬂszuaﬁlwaﬁwéﬁiwum N2 (P2) SAiiuiu nasevesnszuailyun N1 (P1) uag N2 (P2) 4z
Tnalufiluun N3 (P3) %Wiaagjﬁumanaaﬂaﬂwﬁmmwu%ama% Mygs (Mygo) HESNINSEUATIUR
N3 (P3) QﬂLLiJaﬂﬁL“fJuLLiaﬁ’uﬁIwumﬁ’qnén dauﬁ%gﬂwmaﬁwﬂauiwﬁwmu%ama%%wia‘tu
dhvaieastenegeasmudignieunduinilvundunmanasinis nalnvesmsteundunuvauiies
A Mugs (Mpg.o) ﬁmimmﬁuwwﬁg\iwmlwachu MygolMygo) LIBI9INTNANYDY Mygio (Mgs) 19
TWOYN Mitor, (Mpror)) Foilinsenadunmgnasinlddnensinnmednsdiunesuunavindy
Mnio-11 / Mygo (Mp1o.11 / Mpg.o)

4.2.1.2 92981729 nIUE

Lfiaﬁ'mufyﬂmnwuaﬁuvwlwaaanmmws LSIAUNN-05889 Mpyy (Mysy)  2%ilATanaq
(At ldnszuailvasenainlyua N2 (P2) fewiiutiu wasswesnseuailun N1 (P1) uay N2
(P2) aglualuilsun N3 (P3) f‘ﬁwiaag}iﬁumLﬂmaaﬂau‘lwammﬁu%ama% Myg.o (Myg.s) HARIINTEUAT
Tyua N3 (P3) gnuvadihiuussduiimundana deuflszgnasnesmerenindsmsiudanesdwiolu
é’ﬂwmmwﬂmwaaiwLLé’agnﬂauné’umﬁ‘[muﬁﬁuwwﬁﬂﬂ%gmfia nalnwsamstiounduuuuauiiias
A Mygo (Mpgoo) aiwanasua%uwwﬁmmhamu MugsMuss) Lm0 1NNT04 Mug.s (Mygo) 519
WO Mo (Mproar) vibiinszuedunngnasinludue winnsesnsdiuvesmawiiy
MlNIO-II.I/ _MN8-9 (MP10—11 / Mpg.o)

4.2.1.3 dn51N1361810UNTEUEVEINIT
M3lAeiasienidasinisatelounssuaveisasaunsainlilagnisiiasieinems
ielloudyaruruiniian danvensvenasasieunssualidiiiy (gmenuan 1)
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-
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' 4.2
in 1+ SCDTRcmp (1 + SM/I) 1 + SCDTRamp + s CDTRampM/l ( )
2A 2A 2A

in

-

AVHAUMUNBUN VYOI 1ATHA WY (an1ANuIN A.)

1
+1)+6

(4.3)

G +1)

mPD2 (g mN957 mN4 oN4 oN3 mND2 (g mP9g mP4 oP4 oP3

masievsudamesuvuasulndadielinusumumaeviwmvensasiaufiuiu [12] -
[13] iisvhmsiassisasaleudyaaruimdnludiugeinmaa1vingm (Mep-Mey;, Mye-My;,) 63
uaasluguin 4.4 SIMUNATILEUNIUNIL YINMYNNRIEANIIAY

ROUT ro MN10,11 // I MP10.11 (4.4)

o
[EEL Tomnio,1 = (Smniofonti-1onto WAIY Tompiog1 = (Emprofor1i-1op1o

'Vout

Smpi10 Fop10 Smn10 Fonzo

lop11 Foniz

]

’ P> o @ ¢ v {
3P 44 ansiaipudygiununadnviie viymvevnsesasieunssuaiitiaue

4.2.2 1995aUn3sud

NaﬁaumwLLammsnam\ﬂ,é‘ﬂmamiunamauwauﬂivLLaaawmmaauniunumLLamluiU
7 4.2 Tnensasassiounse Ltamwuwummuna WagUnMINYI P mamamwwmaaaﬂum N i1
Iwmmmsa'um suaduRluuaY N m‘lﬁlmﬂiuuawmmwsavwaunivLmeaaaumm'mu Ip~in WA
avmauaaﬂa"m Z nanendunseua i,
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gﬂﬁ 4.5 ﬁaawsa‘uﬂixLLaﬁQﬂa%'ﬂa%umﬂwé’nmiﬁanén 103U Mpy.g, Myza, Mupz, Mepy,
Monto, Mynt.z, Mppro W8% Mypio ﬂiznaU%uLﬁuaaaiasﬁaunszLLaﬂgﬂﬁuﬁ"q (CMy) TuTas? Mose,
Mus-6 Mnps, Mpps, Mppa.a, Mupsa, Mpz1o UAE Myz12 UisﬂaU‘fuLﬂuaqaiasﬁaumzLLaqgm'ﬁ'aaa (CM,)
v nssannsaesuelEe Wedyarunssuaduny i, uadng (eanan) 1T usetu
\N-905EUDI Mgy (Myoy) a84fiTU (anas) v‘fﬂﬁﬂimaﬁlwm%é (88n97n) Tviun N2 (P2) sy
(anad) ANLLANANTBINTIUATEVISIUA N1 uay N2 svilAnuswuramaiilvun N3 ?z'iwiaagui
AU UNNVRIPBLINARNIIUTARDS Mypr, (Mppyp) %asialué’nwmmwwmwaaéwLLé’anﬁauﬂé’U
uﬁﬁimuﬂﬁuwmﬁﬂﬂ%wﬁa nalnvenistleunduuuuaumAntiewiild My,, (Mppr2) 09 (318)
ﬂizLLaﬁuwwﬁmuﬂlwamu Mupr2 (Mppy.0) {099 NANUDS Myprs (Mepry) 93108 My
(Mpny.o) NSZUEBUNY 7, Qﬂa'ashulﬂETaLaﬁﬁww‘éwiaagjﬁuﬁuwmam N lAansaunssuatuiian
Nowhiu g, - sesheeanszuadldainmsauiuarivaigaesasiounseuayaiiaesd
UTENBUAIY Mypas UBE Mppg 5 hazaysiauaanuilunszua i, IREHIUNI Moy, 588 Mypis

Voo
({P M I:]' My [i";f %EJ Mes ”:J Mes
. @ éj llpp Mpy @ Mpns Mp;
- Mes ﬂl—ﬁ-i Meq Mep, l: Mee Meng
MNA;"—‘L"-: Myaz @) i ' ® h_ =
1 Is (P 4 b - P2 I CP i Mz,
Vs AN R AV R
Q—l h_l:-l 1 m_l 3
Mnp1 - Moz Mups i
: : Ip in _’z;’o(cmz)
ol | o 25, &S24 >
j{ Mep; » MPDZEt ,\_A_P‘{’EJ- \
I-—J Voo J VW A, L VW Re,
Ig (b Ig (b = (e M lg ¢ == Cq M
MPAaji_T—’t Mesz ® = ,Ngﬂ ® = i
Mz 1'——-”; Myg Mup2 I—’ : Mys Mg l:;
® | | .
D N —| || My My L] Mins Muzi
CP P My ljl Mmr-" "-.l Mg - ! Mys
le . . Vss | i
< M, an M, >

Ul 4.5 295aUnsEuanaue
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AUAUNTUNIIBUNN ¢
»‘ y e ,‘uaagﬂ P wazv1 N @wsamlalaen1siansanainieasiaiou
UEIMTUNIABNASIUAIANWAN A, TATY

1

r -
P
G

mPD2 (gmNPlgleJ Fonalons T+ 1) LG (9mpp19mp4 Ioalops T 1) (4.5)

1087 Goppp = Y
mPD2 = §mpp2 + Smbppz WY Grnpz = Smnpz + Smonn2

1

r -
’ I,
G (gmNN’gmM Towslons T 1) T G s (9 s Smpsopsops T 1) ’ “6

4
1087 Gpopps = g = ¢; =
meD3 = Smpo3 + Smbpp3 HEE Grnos = Smvps T Smbnp3 $8E Top = Tomne1,2 / Tomppi,2 Tomnp1,2 S

(8mneat, onpt— 1 onp2y Fomppr2 = = (Gmep2f, o,PP1—1)f PP SmEfNNI = Smn1s SmEffPN = SmPN1 Smegerr = Smpp3
LLaU SmEffNP = = Emnpe3

099 1,p HANGENN AU 1y anansafarsanvallaminy

1

GmP03 (g mNN3 5 mN§ oN6 0N5 + 1) & GmND.’i (g mPNBg mP6 oP6 oP5 +1 )

r~

. & @.7)

4 2.3 2493 IAY
| ‘Lumu"uamamimmmmulmﬂm 4.2 1 wmuwuﬁulmm'mamuLLiaﬂuﬁlmmLaualuwm
l\ 3 mﬂsvanm"lma'lmwaaiwaLﬂu'm{l,umumaw\ W LLaZ‘U’I Z smuamlmmsﬂw 4.6 nSeud i, NLARN
msaUiusswienTsud :p Way ﬂvaﬂmmuaanmmm 2 sdaLﬂuawumm'\umuw\ummn nSEUE
' vﬂmamumwmumumm z wmﬂwmmﬂummu v, mnﬂiauﬂfnumumuwm 7 &aglen i 1, \og
i Iy fawvinfiu re Jf r,,,(VF)Iman FintvF) ﬂaﬂ'nmmumummuauwmammimumeu
LuaamﬂNa‘u@Nmiﬂaunauuwmnéwﬂﬁﬁh FintvF) ﬁﬂ"iqamn Fetusanuns a1 TaAT

WA

lase -
U a4 r, IAMSELN 1o 1&g asiawiaiv

I, = lTowz1,2 Il lomnz1,2 (4.8)

y 108N rommza2 = (Smnzal onzi— L) onzz W8T Tompz12 = (mpzafopz1—Lopz2
loeii G, ' :
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4.3 A1531809N15Y1191U

N15MAADUUSEANS A INUBI1R TV BANRTITURES N SELETI AL ATyl g laelY
Tdsunsu PSPICE  Tumswaaau Tnensudawmesididumaluladuuudusansauiawiity 0.13
ulasiuns veuneliunesnelwides Vo, uas Ve AiAfy + 0.35 Tas nsvudlusa (/) V09
2asgneeniuuliiiduviniu 0.8 Tulasuend LaZTUATeWIUTame BT uAT T unT9a09n13
yhanldgnuandumsied 4.1

f15199 4.1 YUIRVBINTIUT AR DS A S U LA U

PRI HIG R ansau (W/L) (lulasums)

M1, Mps, Mes, Mpa; 2/0.2
M1, Mz, Mys, Myay - 1/0.2
Meg1, Mpgs, Mpps, Mpgs, Mg1, Mugs, Mygs, Mige 3/0.2
Mg, Mo, Meg, 65/0.2
Mz, Mg, Myg : 40/0.2
Mpg2, Mega 80/0.2

Mgz, Mugg 32/0.2 .
Meni1, Mep1, Meps, Mpzy 12/0.2

Meng, Mppz, Mepa, Mz 230/0.15
Mun1, Myp1, Myps, Mz 3/0.2

Munz, Mypz, Mypa, Mizz 120/0.15

Mpaz, Mpas 0.55/0.2

Mnaz, Myas . 0.45/0.2
Mpg7, Mpgg | 6/0.8
Mgz, Mygs 95/0.8

Mg, Messo | 0.44/0.13

Mngg. Mns10 0.4/0.13

Mo 210/0.15

Mo 35/0.15 )




36

NIUTaLN0S | “ansa (W/L) (ulasuns)
Mep1, Moz, Mpps . 250/0.2
Mno1, Mnp2, Mups 190/0.2

Mepa, Meps . 330/0.35

Mupa- Mpps 290/0.35

4.3.1 HAN15I1ABINTHIUYBIASHNEUD

SUTl 4.7 uansndnunenisduiunssuation 2 () sonseueduwm i, Wetlounszud i, 9l
Ay Mnguismuinssuaeinn i, @nnsagnasituldeduluduasliinmnisaises
nseuaninde (2300 lulaswout)) mmmmLﬁ'mhqa?waaﬂivLLaﬁuwwLLavLaﬂﬁﬂwlﬁ’ﬂﬂanWiﬂ%'U
VWIANTWFEADT Moy 2, Myniz, Miprs, Meprz, Mypsa U8E Mpss o WAMSRLIUIATESVIS TS ALADS
mmanaawaﬂmwummsmamwmmama\iLLaumamuamt,aaﬁuamwsmmmeu i‘IJ'VI 4.8 Lang
ALANYUEYDINITARIULTIAUINYY Z Tdaan W mwmnwsamﬂiaaqmuazgcy,mlmmumuas
Wiramsaiomaeniuniinds 025 Taav) $Uil 4.9 uazsUT 4.10 wanansmavaLeIALEveY
MTEENUNTEUE [, / (), - 7) UeEASERRIULIIAY v, / v, madey NFULIINUIIIATINITERNIY
NIBUA I, / Uy - i) Wag v, / v, IA Wiy 0.996 way 0.992 freuuuniadivinfu 191 wnnzidsns
wag 153 wanzldsnd sudiny

iﬂm 4.11 LLﬂGNm391E)‘Uau’eNﬂ’,l’lﬁm“uaﬁﬂ’liﬁ\iN’IuLLS\‘iﬁlumaﬂ’J’lﬂJLLG]ﬂG]’N‘U@\‘lﬂi"LLﬁE)UWVI v,y /
Uy = in) mﬂiﬂwmnwmamwmammmumumwnu 100 igwatasiuuuninswingu 3 wnng
(B0 gU‘m 4.12 wanapufumiuiinn P uasen N 999995 iesannalnuasmsieunduuuuauly
Nﬁﬁﬁﬂﬁmmmé’mmuﬁ‘m P uazan N fahenfu 25.5 Teviu waz 26.2 Teviu sudadu ey
mmammaawummmmumuwauwmumawumumammnmsmLaammammmmﬂﬂalﬂmi
‘i‘]aunaummmnawﬂmLﬂﬂmiLaauLWamaaammwmﬁaunaumma‘tummmswnmwaaammmmlu
auum 'iU‘V] 4.13 LLa“SU‘Vl 414 UAAIANSEIUMIUTN Z way W AIUAIAY NNgUNUIIAIY
Fuvuiinn 2 uay W ildwindu 103.9 Alalevs way 2.6 Tevi Ay wasfinneldnnavasuie
WU’T]ﬂ’Ia\‘N’]uﬂmLﬁﬂ‘lJﬂd’Nﬂillﬂ’lLﬂﬂﬂU 364 lulasing ﬁ]:ﬁmummmam‘ummawsmq}amas Meni-
2 Munti2, Mpy.z, Mep.2, Mg, Mops g, Meo W88 Myo U2 ma\‘muamLaaﬁuamwsﬁluamaqLLmaqwam
IwamiﬂmsmmuﬂsvLLaLLa“LLsmwammiamaqmﬂ

- m1574 4.2 LLammmJiaUmauwamamwsvfﬁ'lLauaﬁ'mwaﬁlﬁﬁmsﬁwLauamn'au NKA

ﬂ’liL‘UiEl‘UL‘V]EJ‘U‘WU')’]EW]S’]miﬁ\‘im’]uLL’NﬂuLLa"ﬂ’i“LLﬁ“UEN'N"\]iVI‘U’]Lﬁual!ﬂ’J’liJLLiJuEﬂa\‘iﬂ’ﬂ’J\iﬁli‘Vl
u’uauaaﬂﬂau maqmuamLawanwmmmLuaamﬂwamaqmﬂ%ﬂiuLLaameLa suseulAeed
# m'ima‘uauaam’mma\maﬂumiaqmumeummmmﬂ [20], [21] ua¥ [22] Lﬁaammwsﬁ'
thaueiilassaireiidudeunaslinsuBamesiinnninasiiaueuiney faugiumiumis
duwnuazleviunmvensimmninasiildinmiaueiniou
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Open loop gain v,,, / (/p - i) (dB)

U 4.11 N13ABUAUSINNATBIM TR IULTIFLABALLANATIYBIN ST UAB UM
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lmpedahce port Z (kQy)

" Impedance port W-(kQ)
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f19797 4.2 ﬂ’J']iJﬁ’]ﬁJ'ﬁﬂIﬂ?Ji’lll‘?]@\i’l\i’ﬂiﬁﬂ'] tdua LU%UULﬁUUﬁU’)\ﬁ]iﬁﬁﬂWiﬁ'} SR elara!

Msmes [20] [21] [22] 19Tt Naue
wialulagnsudanes 0.18 um 0.18 um 0.18 um 0.13 pm
wsasulmdes 15V 15V 12V 0.7V

(i /iin) / WUURINS

JAS1AIUNTAINTUNSSUE

0.978 / 90 MHz

0.965 7 151 MHz

0.981 / 25 MHz

0.996 / 191 MHz

(Vo/ V) / WUUSING

nsdUnN ALY

0.970/ 1.2 GHz

0.961 / 158 MHz

0.978 / 474 MHz

0.992 / 153 MHz

AUAIUTIULY P [Q] 50 a7 56.4 25.5
AMNATUNTUT N [Q] 50 a7 56.4 26.2
AR Z [Q)] 102K 184K 157K 103.9K
AIURIUNIULT W [Q] 158 25 270 2.6
Mesuayde 1.2 mw 754 pW 565.25 uW 364 pwW

4.4 nsussenalday

MTVPIEALTIUNAAInTzRandaualdgnihuseUssanaldiuiulsainsesniud

a, ] ° s q'd o en‘/

Inuanszua (Current-mode filter) filadnstiiausly [25] anwilsUa99sNIasAIUDNULE WD
b2 1] Adu} 2/ LY 1 1 LY s U 1 LY
Ussna‘umaimwwmmmumuLLasmLﬁwizqmaimﬂuﬂmwwenammmmuwamaﬂimam

LLamlugUﬁ 4.15

in

Yi
1
e H—

b .
) | . [— )
g - | j I 1
Y, Vs
Y4 )

~ CDBA

out

3UM 4.15 Tasesadensasnsesmanad [25]

()

el

) . o ‘I 1 Qs e Ve G‘
NNIIEBTITsURUEN BN TERIUSAT e NF U UlAR a7 (4.10)

v RY, (v, +Y,+v, )=y,

3

AR AR A LA A

(4.10)
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2 1w 9 o o ) . v N
NAUNIIIEINUTT AIANUATUNIUNYT Zz UAIWINAT R ULad (R, >> R 9RT10818989
wasasfianviiu R nlandievenensausahuiussgnaduisasnsesruiuuusg 16
patl

4.4.1 219390 989ANAABIY (Low pass filter: LPF)

AU (4.10) Sreenuuuly v, = Gy, Yy = $Cy, Y = Gs, Yy = sCy wagl¥i G, (G+Cy) =
GG aumammé’m‘v’uésxmwni::LLaSumeLaxLLﬁqﬁuLmﬁww auiaveon (@) WazA1 Q WITIL
dAuvinnuy

Ve () _ 6.6,
i(s) cCs +26Cs5+6G6,

R' ' | (4.11)

3 Gl-G3
LB (4.12)
CZC4
1 |GC
Wi\ —a A (
4.13)
2 G3C2

4.4.2 'stniaammﬁgdshu (High pass filter: HPF)

MnaunIsi (6.10) Sreenuudldl v, = sC, Y, =Gy, Y3 = 5C3, Yq = G, Uasll €, (G,+Gy) =
G,C5 aunmsamuduiusssninnssuadunmiasusIsue Wi audveen (@,) uasA Q Hasen
fidviniy '

vour(s)_ iy - C1C352
i(s) CCs5 +26Cs+6,6,

R (4.14)

(4.15)

(4.16)
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4.4.3 1993N350940UAINANIY (Band pass filter: BPF)
< » v -1 -1.-1
naEuNSh (4.10) 1eenuuulil Yy =[G, +5C 1, Yy = Gyt Sy, Y = 0, Y, = codums
AnudTusSEInIsuad unnLasuI ey Amuddvesi () uasan Q 19asasilauyindu

Vo (s) _ GlCls

Rl
i,-n (5) C1C252 +(61C1 +61C2 +GZC1)S+GlGZ 4.17)

W G,G,
o (4.18)
GG _
A/G.G.C.C
- INRAVI _
0= (@19)

(6,+6,)c, +6,

4.4.4 2993n509GALOUAILE (Band reject filter: BRF)

NEUNH (4.10) gneanuuuli Y, = G+ sC, Yo =[G, + G 1, Vs =00, Yy = 0 uas
AU GiC, + GG, = G,Cp WaD aun1sA LTS TEnInIELaB UL U ITULeYIYY
AudiAvean (@) uag O uilmmes Yesasaedmuiniu _

v (s) - cGs"+6gG, . |
. D 3 ‘. (4.20)
i(s) GG +26,C,5+66,
GG
a) — 172
¢, . | (4.21)
0_1 G,C,
AGc (4:22)
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4.4.5 N13531889N199 1Y ,
v ] o o dl ) A
Tsunsu PSPICE gnldifenaaaudssdvsanvasiiasnsasanudlulvuansuauiuusingg
Tsasvemuuswiunadnnssuaitiaueszld  waluladfiduwuuiueanilouawiiy - 013
ilaswasnielduvangliides Vo 4as Ve WU + 0.35 Tad aszudaluda () vesasien
b 6 W . Voar L3 qlu ) = a '
Wi 0.8 lulasiend uagsdiuviu R windu 100 Teviu auddveswviniu 100 Aladsed A1
¢ o 1 45 ‘J
aunsaifildlulasadnevesievsnsosmnudmuunlilunnsd 4.3

sl 4.3 ﬂ'wqﬂﬂizﬁﬁlﬂumsa%ndainiaqmmﬁuwmaf]
sULUU293N589AMD Y1 Y2 Y3 Y4
2vasnsesAieiiu (LPF)  [R=30kQ |C=65pF |R=10kQ |C=13nF
Naﬁmaammﬁqamu (HPF) | C =36 pF R=40kQ |C=0.18nF |R=20kQ
| 1asnseaauAMudny (BPF) | R=20kQ, |R=50kQ, - -
‘ C=735pF |C=23pF
Naﬁﬂsaaﬁ’mmummﬁ (BRF) R =40 kQ, R = 30 kQ, - -
C=23pF |C=92pF

4.4.6 HANNTIIABINTTNNIIUYBIIRTAUNELS

3111'7{ 8.16 UARIHANITINUYBNINIINTER LU s sanIesiitEus NFUNU
SnsinnsvnEveresiutrudnenuiidlndifes 40 wdwa (dB) wazawnsonsesnlEly
sukuUser LA onnuUY ' '

50

40

—— LPF
—— HPF
—— BFF |
—

BRF | : -

307

VOUt / i,‘n (dB)

207

101

10 100 1K 10K 100K M 10M
Frequency (Hz)

. =] o o Py [ < d )
E‘Lhﬂ 4.16 Ha1aININIUTINTLDATINTUNITNTDIAUDLUUAS q
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4.5 unasy

NITVUIWAULIINUNAANNTELE (Current Differencing Buffered Amplifier: CDBA) 1du
'ms‘ds:mawaluivimﬂixLLaﬁﬁmmﬁwﬁ'mu,asﬁmiﬂixanﬁ'l%mummwwﬁ'@ ﬂmauﬁ'ﬁﬁimm{u
YDINATVIEOULTIAUNAA 19N SELa AL Naﬁlmumanskumnmwmlmlﬁ']LLsJalumnwﬂwmmm
mmulwmmam Fsansathludszgndldrulivatnvanatu 199snsesmuduuulnuenssua
sy .

Tuwﬁylﬁﬁ']Lauam'iaanLLUU’mi"umammLLsaﬁumam'NﬂsxLLaﬁamwmﬁﬂmuléfﬁ/”iMIL?;mG‘{"l
1A59a5199991995UsENBUMBER s LA IALA MATAUNSBLALAZIITAILLTINY 1TTAUNS LA
?Tumnmsﬁnwaasﬁaunamaaamwamsiaaqmuﬁ’u wazasL sl TS
lﬁaaﬂLLUU‘lﬁUUWﬁLLé”m’]UizUﬂ(ﬂ‘f’f\i’m mﬂm'iwmaauﬂivﬁwﬁmwwamwiﬁﬁwLauaWU'jnwﬂﬁ
=zmm‘sma‘uaaammzuﬂs%l.aauwmavLLimuLmMWWMN asHuUUAInSas ArmAunuLeY
Sunmuay LE]’W]WWVIG]’]

’N?ﬂimu%aualmaﬂﬁﬂﬂﬂivanm”[,%‘lumiaanmewsmaammﬁLLUUqumﬂi“LLa Tnwadne
LUU’N‘-I]'SﬂiENﬂ’J’]iJﬂGl’]N’m Nﬁ]iniaammammu WATNTOIMOUATWERIL  LiaEn99snIednuay
WA INNITARBUNSTIIIURUT AL AYBE ISR TN TR siiA N R uToenuUY
W ummmmsfﬂ,umiﬂsaqmmawmLLa gaunInUsuaniueele



unil 5
A5UNaNI3INY LAz UBLEUBLUS

5.1 #@3Unan1side
"’“mmﬁwuﬁ'aﬁuﬁlé’ﬁ'}Laumwsmmmﬁum%‘lwLgaqcﬁ"ma'laLaﬁLLam'ﬁUisqnﬁﬁmu‘Ima
afafusasveeauussiunasienssuanataed (Class AB Current Differencing Buffered
Amplifier) uagmsthneasugmuLssusaienssiananudumsnsawmuilununnssuaiuy
A199) . ]
Jesmsiuiaus g s LUl Tiugdilassadaiidlidudeu
asmlsﬁmuLf’iaqmmwamuLLsaéfuLLuuﬁugmﬁmﬂﬂwL?iyaeﬁéau‘?l'wga (QVr + 6 Vg sor) WIH995
ldansavenlsilidosni 1 Taar Fulddnausrsmuussiuivssendlinsudanes
LU DTMOS  wagasasiiiuifinusdruiioliasauussauildanansavuilnbessile 0.7
Taav) 1nuan1ssiassniserunuisesiimuausalunsdmiunssuesausuguazainsa
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Abstract
An ultrd low woltage rail-to-rail DTMOS ~voliage
follower is prasented. The circuit is developed based on

a complementary source follower with a common--

sowrce output stage. The circuit 15 designed using:a 0.13
Ltm CMOS technology and SPICE .is'used 1o verify the
circuit performance. The voltage follower-can drive =
0.25 V' 1o-the 500 £2 with the-1otal barmonic distortion
(THD} of 0.4% a1 the cperating frequency of 1 MHz.
The bandwidih and power dissipation ase 288 MHz and
103 pW. respectively.

L Intreduction
Volage followers play a crucial sole in analog

signal processing both as stand-alone device and as

building block in more corplex circuits such as current
feedback operanonal amplifiers and curreni-conveyoss.
Ar preseat, low-voltage mixedssignal cireusts are

important mainly due to the increasing demand of.

portable equipment. Follower should be able to wilize.
the hrgest possible part of the suppi\ -voltage range for
both inpot and-ourput signil operatons in order to get
the best signal-to-noise ratio. The rail-to-rail operation,
which allows signals-to swing within millivelts of either
supply. becomes mandatory for most devices.

Several voltage followers have heen proposed: [1}-
[13]. A flipped voltage follower (FVE) [1}f2] can
operate under a minimum supply valtage of Vi#V, DS4T-
In this approach, only one additional transistor is added
to the classical commeon-drain’ so .thal-current through
the main‘transistor i5 independent of ‘the output current.
The circuit is very simple, kence enab‘mg thie circuit o
opesate at high ﬁ'equmcy The output impedance is
small due to negative feedback £inployed. However, the
FVF suffers fronr the limited output-voltage swing and
the output. current diiving capability strongly depesds

on the biasing curréfit source. To increase’ the output

vaoltage swing. a folded—cascode stage -was-added to the

* 978-1-4577-0005-7111/626.00.82011 [EEE

{yaloo.com, sanya@upru.ac.th

FVE [3]. As a result. the owpur voltage swing 15
improved, and only limmiited within one overdrive voltage
of both posiuve. and negative supplies. The folded-
cascode stage also helps.enhancing the Joop gain, thus
making the output impedance very small. Unfortunately,
the- input. stage of. thé cirenit does pot allow rail-to-rail
operation and, as a result. .the wide swing capability
cbtained at the. output- can not be -fully ntilized.
Similarly, the output.current driving capabiliry is limited
by sthe biasing output-current soprce.

@ )
Fig. 1: Simple complementary source follower

Several class AB voltage followers have been
proposed “mainly dune’ to the high efficiency. Among
these] a pseudo source’ follower seems to be the
apptopcian choice. Psendo-source follower consists of a
pmr of complementary cémmon-source stages and a
pair of corplementary error amg)hﬁm at the cutput [4],
[10]. Thé follower &ffers small ontput impedance and, at
the same time: can handle large output voltage swing.
However, this approach siffers from the difficulty in:the
control of e quiesceht curresit as a result of the random



offset volmge of the emor awplifiers. In- addinen,

compensation capacitors, are raquired to xmproxe the
stabiltty and transient response, hence- ‘degrading ihe rise
‘and fall time characteristics of the overall circuit.

Adaprive gain technigue was proposed to- al.lewate ‘the
quiescent-current  coatrol  problem. fr 1} In s
teclmique, the gains of error amplifiers are reduced in
the vicipity of the stable stage. Consequently, the.
techniqiie ‘suffers from dn offset’ voltage. 4. class' AB.
mail-to-rail voltage follower without eror ampplifier was-
proposed [12}: The circuii contains both BJTs.and MOS
wansistors. BITs are connected as emitter followers
while an adduional MOSFET circwstry it added 1o
enable the output voltage fo swing close to both;positive
and negative supplies. However, the mmplementation of
the circhis requires a BiICMOS process, hence making it
less attractive due 1o an increased manufactinng cost.
Floating-gate . transistor was employed to increase the-
input and output swings [13] and to separate the signal
from the bias voltage. Bulk-driven techaiquz and quasi
floating gate transistors were employed [14] to achieve
a-class-AB operation. The bandwidths of their circuits
were quite low mainly due to the r1educed
transconductance  of floating-gate and . bulk-driven
transistors. )

Among class AB voliage follower, a simple-
complementary source follower, shown in Figure 1{(a),
is well-known for its simplicity, goéd control of the-
quiescent current and good frequency response. The
circuit howeves has three: main drawbacks: 1) the output
impedance istraded 'off With éither power consumption

Vo

to  two 'oxerdnve.

and ﬁ'equency ‘h')racteﬂsuc, 2y the hnearnity of the
circuit 15 rather poor, and 3) the output swing is limited
] -and two gate-source voltages
2Vpsart2Vas. To.solve. these problems, a common-
source output stage; which is directly driven by the
complementary source follower {see Figure 1(b)) was
proposed [15]. The cirenit combines the complementary
source follower in parallel with the pseudo soutce
follower. The quiescent turrent is well controlled via
the floating: constant voltage sonrce implemented by the
diode-connected transistor.. The circuit shows low
outpnt impedante 25 a result of negative feedback,
while the good frequency characteristic is preserved due
to its simplé core structure. However, the ontput swing
is still limited to two overdsive ‘and two gate-source
‘oltages.

This paper presents a- railto-rail CMOS volage
follower. The circuit is developed - using dynamic
threshold voltage MOS transistors (DTMOS) and a
simple complementary source follower: The circait is
siinple, and ‘can operate at high frequenicy with rail-to-
fail 1npur and cutput oparations. The circuit operates
underthe-supply voltage of 0.7 Volt, and demonstrates
good peiformances. This is mainly because the. simple
complementary source follower is used as the core part.
The proposed follower can-dnve = 0.25 V to the 500
lond With a total harmonic distortion (THD) of 0.4 % at
the. operating frequency of 1 MHz -Tlie bandwidth of
the: circuit 15 fouad to be 288 MHz The power
dissipation under quiescent condition is. 103 W,

Mm‘]j} MML.‘{ Mm L.“ i

|

M
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1 Me Mz
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Fig. 2- Proposed circait:
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2. The Proposed circnit
The proposed follower is shown in Figme 2. As
seen, our follower 1s developed based on a conventional
follower except that DTMOS and.an'additional csrcmtrv
are incorporated into the- system. Two low-volta ge

curent NMLrors (M\-!(p,;-l\v‘[\,;p;)) are-used to. convert the-
2 curreats - through. Mypigoy and.
Mimgny (hmy;ag 3 and 1\;3_,@\'-'1)) into xoltage whith:is.

difference between:

then ‘fed to output DTMOS transistors- (N’hoqpo,) This
negative feedback con:ﬁzm'anon ensures the equality
benween the mpm .and outpm voliages. \‘Imqp), Rg\gr,
and- Mygspsy servés the purpose of providing the gate
voliage to the transistor Msaytunl) Transistors Myerpsy
My, which are comnected in the- positive feédback
configuration, help indreasing the input impedance of
the circuit.

The operation of the circnit can be explained as

follows. For small input.voltage Vi, DIMOS transistoss.

Momi. Maips. Map; and Mpp operate as .a Simple

complementary source follower except that they also act:

as current error “amplifiers. DTMOS 1s ‘employed to
increase the transconductance of the MOSFET and
lower the threshold voitage, thus enabling the circuit to

operate usder’ the low-voltage environment. Any
difference between the currents ‘ixpyeph and iwpiznyy

will be converted 10-an error voltage at:moder Ps(Ns).
This error volrage is fed to the gate of ihe pransistor
MaoFo, which is comnected in a common-source

configuration. As a gfesnlt, common-Source output,

wansistors (Myo and Mgpo) are fesponsible for both
sinking nnd sourcing most of the load cugrent, while
Mym and Mppe supply only .2 very small fraction
Becausze of this negative féedback mechanisim, the
currents through Myp: and Mg barely change with the
input voltage variation; making the:gate-source.voltages
of Mxmz and Mpp approximately the same as the gate-.
source wolmges af My and Mipo, respec.xvely

. When the input voltage Vy, 1s pulled closed to the
supply Vpp; the voltage signal atnode Py (and Np 1s

also-pulled high, while-the voltage at the gate of Mxo s
pulled low. This forces the upper pant of heé.

complementary source followes (M\,m and: Myps) ard

common-sonrce output transistor (Mig) 1o be'ia the cut

off region. Mpo, which.its. gate veltage is. also pulled

Jow; will supply “a-curent fo the lower part of the

complementary. source follower (Mzp1 and Mem), thus
allowing the lower part of the complementary o
confinve its operation. As a tesult, the output voltaze
(Ve i5 pulled high and oaly limited within one
saturation voltage (Vpsatama)-of the positive supply:

Similacdy, when Vi, is pulled low closed to the
supply Vs, the voliage sigaal ar node Pi (and Np) 15
pulled low, while the voltage at the gate of Mo is
pulled lugh This forces the Map;, h‘.[paa and-common-
source output tansistor (Mpo) to- be in ‘the cut off
region. In this case, Myp, which its' gate voliage is also
pulled high, will supply a current to the upper part of the
complementary source follower. The ourput voltage 15
pulled Jow and only limited within onpe saturation-
voltage (Vpgatpaioy) of the negative-supply.

‘The output xmpedance of the proposed follower.is
small due to the negative feedback formed by Mypn.

demonstmre x!ns fact, fet:assume lhal the output »olmge
signal is pulled lngh The resulting current signal 1s then
passed through- Mypyppy. and amplified by My, 25
which is configured as a common-gate amplifier. The
signal at node P; (and Ns) is further amplified by the
common-source transistor Myopo; As a result, the

‘ontput- voltage :at the drain of Mpong, is forced to go

Tow:
Straightforward ‘stall signal analysis shows that
the output-impedance of the circust is given by

Ros = {7osz + 7ap3 M Tompn + 1w ) o

& (rxpa + 13 )+ s (ropma + o)

where #, and g, -are the oulput impedance and
transconductance of 3 transistor, respectively, X
(Zmpprt Erspo2)(Empo + Euwti0) EroTaxdravwavy and Ka
(Zps + Zotam2) (S0 + Erbvo) EmmstaPY orsl oP-

The quisescent current {Jo) of the follower is well
controlled and can be set by adjusting the biasing
cugrent Jg and dimensions of Mpg and Myg. By writing
KVL around the Joop. consisting of Mrpz, Max, Magy and
Mpo. one canfind the quiescent current (Ip) as

- «3

KPU(NO" g

where Kpong = tomCod W)rora. Kl = MapCor
(F7L3xen,- i is the electron mobility, Coy is the oxide
capacitance per umit arez, (7L} is the aspect ration of a
tmnmstor and Voo = Vroppn 7 [(° S = Pasvopan™™

- Q"

3. Simulation Results
The-proposed follower has been simuldted vsing
SPICE’ with- BSIM3V3 miodel. In the dasxou, a 0.13 }lm
CMOS technology under the >upply voltage of 0.7 V is
employed. The bias current J5is 8 gA.
Figure 3 shows the dc transfer characteristics,
where dot and solid lines represent the input and output

signals, respectively. As seen, the output voltage can

follow the input voltage over a wide range (= 0.3 V),
when conngcted to 500 £ load with good Lneanity.
Figure .4 shows the transient response of the ciremit,
wiien the inpnt s a sinusoidal signal (0.7 Vip. 1 MHz)

and Ry is 500 . The output signal-can trace:the input

signal overa wide ragge.

Figure 5 shows the fransient response of the
follower, when input-signal {5 a square wave (0.6 V. 1
MHz) and. load is 300 Q in parallel with 100 pF. As
seen, the. proposed voltage. follower shows stable
characteristic. Figure 6 shows frequency response of the
circutt, and the bandwidth is.found to be 283 MHz.

Output impedasice is quite low and found to be
only 4:3 £ Figore 7 shows the total harmonic distortion

is 0.3 %, vihen the input sinusoidal signalis =023 V. 1 )

[ ;
P ifm) \!K‘v“( P owey ~Vrro j»(?‘)’.
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‘MHz. The power dissipation under the guiescent:

condition is 103 pW.

Outpuit Voltge (V)

Sogna Veltage (V)
Fig, 3: DC transfér characteristic
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Fig. 4: Toput and output sinusoidal waveforms.
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Fig. 61 Frequency response
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Fig. 7: Total harmonic distortion {THD)

4. Conclusions

An ultra low voltage Railto-Rail DTMOS veltage

follower is presented. The circuit is developed based on
a complementary DTMOS scurce follower with a
common-source ontput stage. Few: ransistors are added
and the parformance of the resulting circuit is greatly
entianced. The circuit perfonmance is verified using
SPICE and the follower can drive = 0.25 V to the 500
Ioad with the fotal harmonic distortion of 0.4 % at the
operating frequency of -1 MHz. The-bandwidih of the
circuit is 288 MHz. The power dissipation under
quiescent condition i5 103 pW,

References

[11 R. G. Carvajal, J. Ramirez-Angulo. A.J. Lopez-
Martin, A. Torralba. J.A.G. Galan, A. Carlosenn
and F.M. Chavero. “The flipped voltage follower:
a useful cell for Jow-voltage low-power circuit
design,” TEEE Traps. Circuit Syst.-L, pp. 1276-
1201, 2005.

[2] 3. Ramirez-Angulo, R.G. Carvajal, A. Torralba.

’ J.A.G. Galan, ‘AP. Vega-Leal. and J. Tombs.
~The flipped voltage follower: a useful cell for
low-voltage low-power circnit ‘design™ IEEE

67



Intermnational Symposiwn on Circuits and Systems
(ISCAS), pp. 3615-3618. 2002.

Y. Kong. S. Xu, and H. Yang. “An Ulira Low
Qutput Resistance and Wide Swing- Voltage
Follower.™  laternmational  Conference | on
Communications,  Circuits  and.  Systems
(ICCCAS). pp. 1007-1010. 2007,

K E. Brehmer and J. B.. Wieser. “Large-Swing:

CMOS power amplifier” IEEE J. Solid-State
Circuits. Vol. 18, No. 6. pp. 624-629, 1983,

B. K. Almja. P. R. Gray, W. M. Baxfer, and G. T.
Uehara. “A programmable CMOS dual channel
interfoce  processor  for  telecommumications
applicadons.” IEEE J. Solid-State Circuits, Vol.
19. No. 6. pp. 892-899. 1984,

J. A, Fisher, A high performance CMOS power
amplifier.” IEEE J. Solid-State Circuits, Vol. 6,
pp. 70-75. 1985.

K. Nagaraj, “Large-swintg CMOS buffer
amplifier,” IEEE J. Solid-State Cirenits; Vol. 24,
No. 1. pp. 181-183, 1989.

" A Nosratinia, M. Ahmedi, G. A. Jullien, and M.

Shridhar. “High-swing, high-drive CMOS buffer.”
IEEE Proc. Circuits. Devices and Sysiems; pp.
169-112, 1995,

T. Sedilier, C. Hung: Z. Qi, M. Ismail, -anid O.
Aaserud, “High speed high linearity CMOS:buffer
amplifier.” IEEE J. Solid-State Circuits, pp. 255
258, 1996.

[10}.

{11

(12]

[13]

(14)

‘B Sekerkiran, A compact rail-to-rail outpur stage

for. CMOS operation amplifiers,” IEEE J.-Solid-
State Cireuits, pp. 107-110, 1999,

C. W. Luand K. 7. HsnA Large-Swing High-
Driving. Low-Power Class-AB Buffer Amplifier
Enploying  Adaptive-Gain  Emor  Amplifiers
Devices,” Proceedings: of the. 6ilh International
Caribbean Conference on. Circuits and-Systems
{ICEDCS). pp; 243-246..2006.

P. Kadapka, A. Rozsypal “Rail-to-rail vollage
follower without- feedback,” Electron. Latr. pp.
104-105, 260, }

E. Ozalevli; M.S. Qureshi and P.E. Hasler,"Low-
Voltage Floating-Gate CMOS Buifer,” The IEEE

International Symposinm on Circuits and Systems -

{JSCAS), pp. 1871-1875, 2006

I. Kale; Y. Haga. “CMOS buffer using
complementary pair -of bulk-driven super source
followers,” Elecitonics Letters. Vol 45, No. 8.
pp. 917-918; 2009.

M. Neag and O, McCarthy, “High speed low-
power GMOS  voltage Dutfers,” Proc.
Tnternational: Semiconductor Conference (CAS).
pp. 175 — 180, 1998,

68
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Abstract—A 0.7 V DTMOS-Based class AB current mirror is
presented. The circoit is developed based on a conventional
class AB current mirror structure with a common-ssurce output
stage. The circuit is designed using 2 0.13 pm CMOS technology
and operates under 2 0.7 V supply. SPICE with BSIM3V3 model
parameters is used to verify the cirenit performance. The
maximum current transfer is found to be 7 times Iarger than the
input bias eorrent, while the DC current gain is -0.03 dB. The
bandwidth and power dissipation are 540 MHz and 96 pW,
respectively.

1. INTRODUCTION

Current-mode circuits have been an active area of research
for many years due to many intrinsic advantages over voltage-
mode counterparts including low supply voltage requirement.
wide bandwidth, tupable input impedances. high slew rates,
and less susceptible to power and ground fluctuations {13, [2].
Current mirror {CM) is a versatile building block in current-
mode circuits. CM is widely exploited in several active
devices, e.g. cumrent conveyor (CC), operational amplifiers,

operational transconductance amplifiers (OTAs), and current
amplifier (CA) [3]. CM is also used for realizing continuous
and sampled-data analog filters |4, 5).

Class AB current mirror is well known to provide better
dynamic range [6] compared to class A current mirror. In
addition, class AB current mirror has reduced sensitivity to
process tolerances [7] and increased quiescent current 1o
signal amplitude ratio. These properties are essentially due to
the complementary nature of the configuration which employs
both n- and p-type current mirrors.

A conventionai class AB current mirror is shown in Fig. 1
[8]. The circuit consists of a translinear foop (M1-M4) which
sets both the-bias voltage at the input terminal (that is equal to
the analog ground) and the quiescent cusrent in M3-M4d. In the
operation, the input signal current is mirrored to the output
through the two complementary current mirrors M5-M7 and
M6-M7. The circuit has been used in several applications, e.g.
current amplifier [9], current differencing buffered amplifier
{CDBA) [10]. current comparator [11-12], and current
conveyor [13). The circuit has two main drawbacks; 1) its
input impedance is rather high, and 2) the circuit requires a

’ 978~l—-}57?-1610;2i1§f’526. 00 <2011 [EEE

supply voltage of at least equal o 2(¥p + 2 pec). thus
preventing the circuit to operate under sub-1 volt supply. At
present, operating the circuit under low voltage supply
becomes essential mainly due to reliability and power
consumption issues.

VDD

Figure }.  Conventional class AB current micrar.

Various attempts have been proposed to solve this

‘problem. Self-cascode structure was proposed in {14]. This

technique results in a cirevit. which can operate under the
supply voltage lower than the normal cascode structure. The
citcuit also achieved good current transfer characteristic.
However, additional circuitry is required to implement class
AB current mirror. This additional circuitry unfortunately
demands quite high power consumption, high supply
requirement, and causes inpur impedance to increase. [15}
employed the dynamic biasing technique, enabling the circuit
to operate under a low voliage supply. The circuit exhibited
fast response with low settling time. However. a switched-
capacitor network is required. making the circuit complex and
prone to switching noise. [16] emploved two auxiliary
differential arplifiers and two poly resistors connecting in the
negative feedback configuration to achieve low-voltage
operation, good contral of quiescent currents and input bias
voltage. The resulting circuit can operate under a 1-V supply.
Requirement of two poly resistor unforfunately affects the
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input impedance of the circuit, Quasi-floating gate was
proposed 10 achieve low voltage class AB operation [17]. The
circuit used differential amplifier to provide Jow input
impedance, and 1o set biag voltage ai the input. However, in
order 1o bias the voltage at the middie of the supply, the circuit
requires 2 supply voltage of at least 2V 4 ¥ cor, hence
maKing the circuit unsuitable for sub 1.V supply. ’

This paper presents a low voliage class AB current mirror.
The circuit is developed using the dynamic threshold voltage
MOS rtransistors (DTMOS) and o low voltage current
mirror configured in the class AB operation. The circuit can
operate under the supply voltage of 0.7 V, and demonstrates
good performances. The input current amplitude can be 7
times larger than the input bias current. The bandwidth of the
circuit is 540 MHz, while the DC current gain is found to be -
0:03 dB. The proposed structure offers input and output
impedance of 264 Q and 183 kQ, respectively. The power
dissipation under the.quiescent condition is 96 uw.

. PROPOSED CIRCLAT

The proposed current mirror is shown in Fig. 2. As seen,
our mirror is developed based on a conventional class AB
current  mirror.  Dynamic  threshold voltage MOSFET
(DTMOS) Mein)-Mxpz and Mppi-Mpi, form a translinear loop

2

N

which accurately sets the bias voltage at the input terminal
(that s equal to the analog ground). DTMOS are employed,
enabling the circuit to Operate under the low voltage supply. It
is known that DTMOS s suitable for low voltage operation
due to its dynamic threshold voliage, larger transconductance,
and lower noise [18}. ‘Transistors Mm_(p,)-.M,\wmy are
incorporated into the circuit to convert the difference hetween
the currents through M:\;mm)n and S\'!N[)‘:(P[)z) (i;qm(pm) and
inpapozy) into voltage, which is then fed to output DTMOS
ransistor  Myg-Migo (Mps-Mpy).  This negative  feedback
configuration ensures Jow input impedance and equality
between the input terminal and the source terminal of
Mxpieny and low input impedance. Composite transistors
Muyia-Mx; (Mpyo-Mpy) are employed, and operate as output
stage with high output impedance.

The operation of the circuit can be expiained as follows.
When the input current kg s forced into the input terminal, the
gate-source voltage of Myp, (Mppy) will decrease (increase)
resulting in current flowing into node N2 (P2). The difference
of the current at nodes N} (P1) and N2 (P2) will be converted
to error signal at node N3 (P3), which connected 1o the gates
of common source composite fransistors Mxs-Mug (Mpg-Mps).
This negative feedback configuration will force Muyg-Muo
(Mas-Mps} 1o sink all the input current. Since the gate
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ternminals of the composite transistors Mxg-Mye (Mps-Mpo) are
tied to the gates of Muw-Myoy (Mpio-Mpn), the input current is
therefore transfer to the output terminal.

On the contrary, when the input current [, is forced out of
the input node, the gate-source voltage of Mypz (Mppz) will
increases (decreases) causing the current flowing out from
node N2 (P2). The differential current between nodes N1 (P1)
and N2 (P2) will be converted to error signal at node N3 (P3),
which connccied to the gates of common source composite
transistors Mys-Mys (Mps-Mps). As a resuit, Myg-Mys (Mps-
M} will source all the input current, which is also mirrored to
the output terminal via My-Msin (Mp1=Mpy ).

The input impedance of the proposed current mirror is
quite small due to. the negative feedback mechanism
mentioned previously. To demonstrate this, let assume that the
input curren: signal is forced into the input node causing the
input node to increase. The current signal is then passed
through Mypappn, and converted to voltage at node N3 (and

_P3) via My, which is configured as a common-gate
amplifier. The signal at node N3 {(and P3) is further amplified
by theé common-source composite transistors Myg-Myy (Mpg-
Mpo). As a result. the voltage at the input ternminal is forced to
go low.

Straight forward small signal analysis shows that the input
impedance of the proposed circuit is given by

1
Ry = , )
{1+ Zonstins) Bmigres T F Boprlins )8 EENC
where r, and g, are the outpwt impedance and

wansconductance of a transistor, respectively, gusgwy IS the
effective transconduciance of composiie fransistor Mxg.y
(Bmiici = 8mas) ADA pgpry 15 the effective transconductance
of COI“])OS"C transistor Mpgo (g,,,g,_ﬁ;»(;‘l = g

OQutput impedance of circuit is large since composite
transistors are employed at the output. This high output
impedance is suitable for current signal processing circuit;
which the output signal is current. The output impedance of
the proposed circuit be expressed as [19)

Ry =

where roamms = @anvioTovn)= 1 oxie a0d Faapioni = @i orne
1) a0

@

Toaviog U Toamenon

The capacitor Cey.; and resistor Rey.z serve the purpose to
compensate the circuit such that the closed-loop response of
the proposed circuit is stable and demonstrate reasonable
response times and bandwidth.

HI.  SIMULATION RESULTS

The proposed current mirror has been simulated using
SPICE with BSIM3V3 model parameters. In the design, a
0.13 um standard CMOS technology under the supply voltage
of 0.7 V is employed. All the bias sinking and sourcing

Fig. 3 shows the dc transfer characteristic between the
input and the output currents. As seen, the input current is
mirrored to the output over a wide range (+ 200 pA) with
good linearity. Fig. 4 shows the step response of the proposed
current miror, when the square wave input current (J0 pApp,
1 MHz) is applied. As seen, the proposed circuit shows stable
characteristic, with sertling time lower than 10 ns.

Fig. 5 shows the frequency response of the circuit. The DC
current gain is found to be -0.03 dB and the bandwidth is 540
MHz. Fig. 6 shows the total harmonic distortion (THD) (at I
MHz), when the output terminal is ground. The THD is found
to be less than 0.5% for the iput current less than 200 yA,,,.
Finally, the power dissipation under the quiescent condition is
96 uW.
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Figure 4. Inpat and output waveform (Square wave : 10 pA, 1 MHz),

current sources (/) are implemented using a simple NMOS |

and PMOS, respectively, and set to 8 pA. The inpur and
output impedance are found to be 264 Q and 183 kQ.
respectively.
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IV,  CONCLUSION

A low voltage class AB current mirror is presented. The
circujt is developed based on a complementary DTMOS
structure and composite tansistors with a common-sotrce
input and. output stages. The circuit can operate under low
voltage supply (0.7 V). The circuit performance i$ verified

using SPICE with BSIM3V3 model parameters. The current
mirror can support a wide range of the input current with good
linearity. The DC current gain is -0.03 dB with the bandwidrh
of 540 MHz. The power dissipation under the quiescent
condition is 96 pW.
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Abstract—This paper presents a low voltage class AB current
- differencing buffered amplifier {CDBA). The circuit is developed
based on two fow voltage current mirrors and voltage follower.
In the design, dynamic threshold voltage MOSFET (DTMOS) is
employed as core devices. The proposed circuit is desngned using
2 013 pm CMOS technology and can operate under the supply
voltage of 0.7 V. The simulation resuls show the impedance at
ports p, n, z and w of 1689 {3 1559 0, 1024 k. and 1556 €1,
respectively. The current transfer ratio-iJi,, i, and voltage
transfer ratio v fv, are found to be elose to ofie ({80, 998;
i/5;=0.9%6 aud ¥,/v;~0995) with the bandwidths of 460 -MHz, 522
Mz and 172 MHz, respectively,

Keywords; voliage follower, current mirror, negative feedbach.

I INTRODUCTION

In recent year, current-mode circuits have been receiving
considerable attention -in several mmelog and digital signal
processors due (o their several potential advantages such as low
voltage vperation, wide' dynarmc range, high speed processing
and low power consumption.

Current differencing - buffered amphﬁer (CBB#4) is one
among currentmode analog. cifcuit buﬁdmg blocks, CDBA
was- propased in [1} and has:been used in many applications
especially in the current-mode filters [2]-[4). Séveral existing
CDBAs have been proposed [5]-{12]. Cutrent conveyor based
CDBA was proposed by [3). Circuit is’ very simple and
demonstrates good penormanccs. However, the mput
unpcdance of the circuit is rather high, and output signal swing
is quite limited. [6-8] employed bipolar junction transistor to
implement CDBAs. Their . structures require large power
consumption, and are not suitable for low’ vultage operation.
* Moreover, the implementation of thé circuit uses BiCMOS
process, hience: making it {éss attractive due 10 an ificreased
manufacturing cost. NMOS based CDBA has been proposed in
{9). The proposed CDBA has low impedance at both input and
output-ports. Bandwidth of the. circuit is also high sitice NMOS
is used to process the signal. However, the circuit operates in
the class A configuration, thus limiting the input current
amplitude, To alleviate this problen:, large bias current and
thus large power consumption is required. In -addition; the
circuit needs large supply véltege to operate mn}ang the
stucture unsuitable- for modem low: voltage integrated circuits.
- [10-12) propesed low voltage CDBAs. Their structures are

978-1-4577-2166-3/11/$26.00 ©2011 IERE

very simple and provide good voltage transfcr characteristics,
However, their impedances at the-output ports are rather high.
Moreover, all of the proposed struchires are designed to
operate in class A, thus large bias current is needed to obtain
large dynamic range.

In this paper, a low voltage class*AB current dxfferencmg
bufféred anmplifier. (CDBA) s presented. The circuit is

developed based on two low voltage cument mirrors and
vohage follower. In the design, dynamic threshold voltage

MOSFETs (DTMOS) are employed,.-allowing the circuit ‘to.

operate under low supply voltage. The proposed circuit. is
désigned using a 0.13 pm CMOS technology and can operate
under the supply voltage of 0.7 V. The simulationtesults show
good performances, namely, low impedances (af ports p, n and
W), Jarge output impedances (at port z) and good linearity of the
current and voliage transfer characteristics.

Il.  CIRCUIT DESCRIPTION

A. Basic CDBA

A block diagram of CDBA . is shown in Fig. 1. As seen,
CDBA is a four-port device and its'transfer characteristic can
be described by eq. {1).

il fo o1 -y,
¥, 1 0 0 01,
Sl= ¢ M
Yp 060 0,
¥, 00 0 0
i, g b
v, op— p W0 v,
CDBA
W, O— Z t-—0 v,
by i
Figure 1. Block.dingram of CDBA

From eq..(1), the output cumrent:at port z.is equal to the
difference of the input currents at poris p-and #. Ports p and »
are considered as ‘ac ground since these two .poits have. low
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impedances. In addition, the differcnce of the input currents ane
converted into output voltage v,. One can consider CDBA as a
special type of current feedback amplifier with differential
current inpwt and grounded y Input, It is also noticéd that the
CDBA characteristics strongly depends on the cumrent and
voltage transfer. As a result, cumrent mirror and voltage
follower become main componerits of CDBAs.

B.  Proposed CDBA

Fig. 2 illustrates the block diagram of the’ propomd CDBA.
As seen, the diagram -consists of current differencing-circuit:
and voltage foltower (VF). The cuirent differencing. circuit is
realized by cascading two current mimvors (CMJ and C342). If
the current gain of CMI and CA42 are equal to one, then the
output current of CAf] (1,,““,,,) is same as the input current J,.
In addition, since the input current of CAZ2 (z,(m,z,) isequal to (,,_
~ iy the output current of CM2 (port 2) is by = &= §,— I,
Finally, the voltage at port z is transferred to port w through: the
voltage foltower (VF).

R Joicatyy bt
L . g =P 4
> o— (Al CAR2

ey,
{Toxarz)

o p
>

Figure 2. Block'diagram of proposed CDBA

The mplementanon of the current differencing circuit is
illustrated in Flg DTMOSS MNDI'M’\B] and Mm(-Mpm are

employed to increase the transcouductance of the MOSFETs
and, at the same time, to lower the threshold voltage, thus
enabling the circuit to operate under the low supply vohage. As
se¢n, .M),'D]-Lixm and Mym-Mpm forma translinear 100})5, \i’hich
accurately sets the bias voltage at the input ports » and p to
ground. Meypa-Mpspes) are used to convert the difference of the
currents. of Mypypoty Mypzepn and Mhm(m;) Cwprro s
ipxron and Bopyeps) into voltage, which is then fed to

PNLYNNLZ) and  Mpp;, SNES A This negauvc feedback
configuration ensures low input impedance. Composite
transistors MezipziyMpzxyz; are employed to achieve high
output impedance at port z.

The opemtion of the circuit can be explained as follows.
When the input current iy, is forced into the input ternminal, the
gate-source voltage of Mypyz (Mppas) decrease (increase),
resuiting in current flowing into node N2(4). (P2(4)). The
difference of the current at nodes N1 (P1) and N2 (P2) is
converted into error signal at node N3 (P3), which is connected
to the gates of common source composite transistors My~
M (Mpn-Mpao). This negative teedback loop forces Mgy~
Moz (Mpr-Mpye2) 10 sink all the input current. Since the gate
terminals of Myny-Mpynz (Mp-Mpyz) are tied to the gates of
Mipr-Mupa (Mpp1-Mps), the input current is transferred to the
output terminal.

On the contrary, when the input current . is forced out of
the input node, the gute-source voltage of Mypagy (Mempy)
increase (decrease), causing the curmrent flowing out from node
N2(4) (P2(4)). The different current between nodes N1 (P1)
and N2 (P2) will be converted to error signal at node N3 (P3),
which is copnected to the gates of commeon source composite

Var

n-] Mps

be 2 umlﬁl Mo llj, _ ,‘_m,,

My

Mrr: |§> Mo: Moz
bk hal:

Mpy
i
Mya) = i = ~
il dp Nra]  Mwr] Mop: Mo
1™ ol L]
= = I
Mot Moz My
_J;—i n r Z o
Mpp: AR
il iy il
VDD )
o Maoiz M M Macss
Mpaz Tl Mpaz = T e i
1 ] ; 1
Miou Mam Myws. M

é)l L—h n' i
B M [ Mu[™ MM
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Figure3. Proposed coment differencing ircnit
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transistors Mhou-Mae (Mei-Man). As a resulty. MM

(Mpni-Mprz) Will source all the input current, which is also

mirrored to the output terminal via Myp-Mypz (Mes -Mspy)-

. The input impedance at ports n. (7.} and port p. (7)) are
small due to negative feedback mechanism as discussed

previously. Straightforward analysis shows that #, and r, are

: L )
{1+ Zpalops )gmf,grm + (1 Ll ST SN ) 8memont

I .
(14 Zrpeurs) 8 ipepr + (14 Grvelavs ) Emegvns

where g, is the transconductance, and r, is the output
impedance of MOSFET. 7on = Famp2Taers Tawrls &
(gnnparoner=1ones torrprz = (ngPlrnPPl"l)’oPPl Eregem (=
Ervs)y Borgrns & 8mexa)s Smigrer (” Ewrry), and Smwl (= gnars)
are the effective transconductance of composite transistors

Mrni2, Mpni2 Mepsg a0d My o, Tespectively.
Since 7, is large, 7, can be approximated as

r=

r,= i, &

.rp = . )

(t+ g.nps’ixrs‘)' Emigeer + (14 ovetine) € ‘mEANE!

Vin

Mo Loy, Miealyy
r

i L, L, i lr-[
s pelf Mug ™ Mgl " M

Vi
Figure4. Low voltage follower (VF) circuit.

The voltage follower (VF) in Fig. 2 is impleniented using
the low voltage follower as shown in Fig. 4 {13]. It is noted-that
the imput impedance: of the follower is quite high, due to the
positive feedback employed in the circuit As: a tesuft, the
impedance of port z is approximately r,, which is givén by

Top =lapziz Uranzis )

where ranzi2 = (Zranalore s ad rapns = (€arptorsr—
])ru.-"ZZ'

The impédance at port w is also small due to the negative
feedback employed similar to the input ponts p and p in Fig, 3.
Straightforward small signal analysis shows that the impedance
at port w is given by

1 )
. {6)
{1+ Cornslurns )(Gw)-'a-)‘+ 1+ s alosns Grpo)

where Guxo ™ avo + 8o 800 G = Zuro + Gtk

ro=

HI  SIMULATIONRESULTS

The proposed CDBA has been simulated using SPICE with
BSIM3V3 model parameters. In the design, 3 0.13 pm CMOS
technelogy under the supply voltage 0f 0.7 V is cmp)oyed All
the bias current.sources (Iz) are set to 8 pA.

Fig. 5 shows the current transfer characteristics of the
output current J; = 5~ i, versus the input current , for different
value on i, As seen, the output cument at port = (i) can be
transferred over a wide input corrent range. Fig. 6 shows the
voltage transfer characteristics of the voltage at port z (v.) and

port w (¥.). As seen, v, can track v, over a wide range.
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Figure 5. Current trensfer characteristics 4 f (ir42)
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Figs. 7 and 8 show the freqiiency response of current and
voltage transfer chamacteristics of i/, i/i, and wJ/v,
respectively. As seen, the cunem transfer ratio iff, i/i, and
voltage transfer ratio v, /v, are 0998, 0.996 and 0.995 with
bandwxdths of 460 MHz, 522 MHz and 172 MHz, respectively.

Table 1. compares the performance. of the proposed CDBA
with other recently published- works. As seen, our proposed
circuit canoperate under low voltage with good performance.
The impedances at ponts p, 1,.and w are found to be 16.89.Q,
15.99 © and 1556 Q, respéctively, which are-relatively low-
when compared to others, The impedance at port z is:found to.
be 102.4 k. The stari¢ power dissipation is quite small and
- equal to 293 pw.

Ww

1 ir’ 1 1, 16578

1IN 0K TM 1 BOW G 06 1003

Freqesncy {H2)

1 w03 W

Figwe 7. Frequency responses of current transfer characteristics.

Fh i)

1 e Bt W M 1M XM 16
Fragugney (HZ)

Figure 8. Erequency responsc of the voltage transfer charactoristic.

IV. CONCLUSION

A low voltage class AB cumrent differencing buffersd
amplifier (CDBA) is presented. The circuit is developed based
on two- low voltage class AB current mirrors and voltage
follower. The circuit can operate under. the. supply voltage of
0.7 V with good performance. DTMOS and composite
transistor techniques are’ employed to enable the. proposed
CDBA to operate under low voltage with large output
impedance. The circuit provides the impedances at ports p, n, 2

and w of 1689 1599 Q 1024 k@, and 1556 Q,
respectively. The current transfer ratio 1/J,, i/i, and the voltage
transfer ratio w,/v;-are 0.998, 0.996 and 0.995 with bandwidth
of 460 MHz;, 522 MHz and 172 MHz, respectively. The power
dissipation under the quiescent condition is 293 pyW.

TABLEL PERFORMAXCE CORPARISON
Parantcter . 81 .. {10) (111 [2] Propesed
Transistor Technology BICMOS. 0.5 im 0.18um 0.13 pm .18 um 0.13 g1
" Supply voltage v 25V 15V 1.5V 12V 07V
Current transfer ratio (/EYBW | NA /33 MHz. |09917 580 MHzZ| 0978790 MH2 | 09657151 Mz | 0.981/25 MHz | 0.9987 460 Miiz
Curren transfer ratio (A/EYBW | NA/28MHz {0996/633 MHz| 0.978/90 MHz | 09657151 MH2 | 0981 /25 MH2 | 0.996/ 522 MHz
Voltage trafisfer ratio (s yBW | N/A /257 MHz [0.989 /507 MHz| 09707 1.2 GHz | 09617158 MHz | 0.978/474 MHz | 0.9957 172 MB2
Impedance 6t port p/ n{€1] 2237223 14714 50/ 50 L4747 5644564 168971599
Impedance 2 port z [£) NiA 290X 102K 184K 157K 102.4K
Impedance 3t portw [0 NA 14 1158 ] 25 270 1556
Power dissipation 655 pW 9300 W 12 mW 754 (W 56525 pW 203 pW
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