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KP 122 µA/V 2 46 µA/V 2

λ 1

VEn .Ln

"234+56
VEn

= 21 V/µm 1

VEp .Lp

"237+56
VEp

= 27 V/µm

VTH 0.483 V −0.683 V
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Lmin = 0.35µm
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Wmin = 0.4µm+B(C()D4;<()+EF<GH&I+'J>K)GHD7JLF<D7GM(M]B(*$)+/&N;OPQ(*GM=>PM+RF<+

0.05µm
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#
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ùúølôØç6ìØöØëÇézôØñüì<ùÇé^ý¢ì¿ø6ëþè©æ�çE"� "zñüè%ä
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íÖæ % '(% ïwð6ñüì¿élòqó % Ý»ß écèÍö¿ìØ÷Ûézý¢é�ùÖß ÷�ö²øÒðEézý¢é�ðEø6ëþè)í¯ð6ì¿ëþùÇùÇéÛô1ý¢é Mn1

écöPý¢é
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ó8é¨ô( öý¢ë*ÿ�÷cì¿écèÍö¿ëþéÛùþùÇé8øÒùÇç6ì²ôT#Íñüé:ô¿ø3ôõçEìõö¿ëþé
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éÛôõöÞñüèwëþûªç6ùúøÒëÇìØéE#Òùúø3æ�ç6è! êEécì²ôõëÇç6è
2 −→ 1

÷�ö¿ø6èÍö»ìØ÷¨øÒùÇëÇôØ÷céLûwø6ìTùþé:"�ëÇì¿ç6ëÇìÞý¢é8æ�çEñüì²øÒèÍö
Mp2

/Mp1 %ÝÞß ø6ùþëÇ "^écèÍö¿øÒöØëÇç6è�éÛôõö9ôØ Í"^÷cöØì¿ëÇ #Íñüé
VDD = −VSS = 1, 5V %×+ ß øÒñüöØì¿é�ûÕøÒìØöÛ # M1
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ôØç6èÍö3ëÇýüécèÍöØëú #ÍñüéÛôÛ#×øÒëÇèwôØë» #Íñüé
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çEñCý¢é
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écöLæcécùÇùþéPý¢é
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é�ö
Mn2ôõçEèEöåëúý¢éÛèEö¿ëÇ #Íñüé¨ôc #�øÒëÇèwôõë¹#Íñüé

Mp1

é�ö
Mp2 % á<ènèüç6öØécì²øxý¢ç6èÕæÒ # Wn/Ln

écö
Wp/Lp

#�øÒëÇèwôØëÞ#Íñüé
gmn

é�ö
gmp

#×ùÇéÛôåý¢ëÇ "^écèwôØëÇç6èwô9é�öåùÇéÛôöØì²øÒèwô¿æ�çEèwý¢ñwæ�ö¿øÒèÕæ�éÛô�ý¢é3æcéÛôLûwø6ëþì¿éÛô�ý¢éPö¿ì¿ø6èwôØëÇôõöØçEì¿ô %Ý�ø^æ² wøÒì¿ð6é1ê! ñüé3ûwøÒìLùµß. á1â�ã\éÛôõö
CL = 500fF %Ý×éÛôLûÕøÒì²øÒ"^ /�ö¿ìØé¨ô�ý¢é3ùúøzöØé¨æ² üèüç6ùÇç6ðEëþé1ñ¢ö¿ëþùÇëÇôØ÷céåôØç6èÍö8ý¢çEèüèü÷Ûô�éÛèYøÒèüèüéc !¢é %

vOUT

Ipol

VDD = 1, 5V

VSS 0:1 ò6 #à2½3

vdiff

vd+
vd

−

vIN
−

vIN+

CL = 500fF

M1 M2

M3 M4

M5M6

Mn1

Mp1

Mn2

Mp2

4� 5î6� 7�ò:8�á1â�ã ä^æ�ç6èÕæ�écêEç6ëÇì
ÝÞßàá1â�ã ý¢çEë*öLì¿éc "^ûüùÇëþìLùÇéåæcø6  üëþéÛì8ý¢éÛôLæ²  ÕøÒì¿ð6éÛô�ôØñüëÇêqø6èÍö  
!"#$%&'()*+*,-./0123,45(678*295:)*;<=>23?@?A235B.A;CD GBW ≥ 50MHz
!EFG29,H5I?J.A2K.@,4LM+:;ND Av0

≥ 500
!"OPQ(5*23RN,HLM+*;<)*;<?@'1%S.@,H;TD OUT

−
≤ −1, 2V ;U. OUT+ ≥ +1, 2V

ò %� - !¢ûüùÇëÇ #Íñüé@V:ûªç6ñüì²#Íñüç6ëwöØçEñwôÞùÇéÛô»öØì²øÒèwôØëúô( ö¿ç6ì²ô»ý¢ñ("^ç6èÍö²øÒð6é8ýüç6ëÇê6écèÍöÞì¿éÛôõöØéÛì�ô¿ø½ö¿ñüìØ÷¨ôTûªç6ñüì� #Íñüé8ùµßàá1â�ã ' çEèwæ-ö¿ëþçEèüèüé<æcç6ì¿ìØé¨æ-ö¿éc "^écèÍöWXY % %YçEèEö¿ìØé@V8 #ÍñüéLùþé<æ�ç6ñwì¿ø6èEöTûªç6ùúøÒì¿ëÇô¿øÒèÍöTùúø$Züì¿ø6èwæ²  üé3í Mp1

#
Mn1

óaéÛôõö»ëúý¢écèÍöØëú #Íñüé:ø6ñ^æcç6ñüì²øÒèÍöTûªç6ùúøÒì¿ëÇô¿øÒèÍöTùÇø$Zwì¿ø6èwæ²  üé3í
Mp2

#
Mn2

ó %á<èxèüçÒö¿écì²øzæcéåæ�çEñüì¿ø6èÍö
In %[ % ÝRé`æ�ç6ñwì¿ø6èEö3ûªç6ùúøÒì¿ëÇô¿øÒèÍö3ùµß ÷cö¿øÒðEé(ý¢ëþÿª÷ÛìØéÛèEö¿ëþéÛù»÷�ö²øÒèÍö9èüç6öØ÷ I5

#R"^ç6èÍö¿ìØé@V(#Eñwéeùþé¨ô9æ�çEñüì²øÒèÍö¿ô
In

écö
I5

ôØç6èÍöåùÇëþ÷¨ô3ûwøÒì9ùÇøxì¿écùúø½ö¿ëþçEèôØñüëþê½ø6èEö¿é  
I5/2

In

=
W34/L34

Wn/Ln

ò



 !"#$%&'()*+ ,-+./01 !234526789:;<=>(?@AB#*)(C2DE<EFG  

H  !"#$%$&'()*!"+,$-.*+/01 #2#3('%4*567% 8 9:()60*;-.()*+<=*+/>1?<=@A%.1BC?6>,$-.*5<4*DEF#$(F&'67*G/HIJKGLMN *:EF&O<=#3%4%.9;*5P.1B( $
OUT

−
= VSS + VDSsat

(Mn)

#3Q
VDSsat

(Mn)
()*:P4('9:E)*;%R&)*S/01T&)*:%.EF60#3% <=*"E)1B&)-4(U1V&'67#$%W<=*XEY&)(U1B%.E)60EF&)#$('E

Mn1

*Z&
Mn2  [\ % <49:<=-460('*],R-4*^/_I #$%`<=#$6a&bcUd4#$60E)67(

VDSsat
(Mn) = 300mV

Pe#$-4(O13E'E)-4()*:(f,R-4*
OUT

−

E)#367&O1B-]C?#360%.Eg<=*
−1, 2V  h  i\ j=P4/060,R-4*!"%#4()60k;l$*;C?*;%R&fP.1B(i,R-4*;/>,R-4*:EfP4d4(U13E)*:E:m$E'1B%eEn9;&'1 #./760(g<=*GE'cUd49:C?1oPe*;&)67&'EgE)67p$%.1B-4j?*;&iE'1B%eE 8 1367('*q<=*5c;13/0c;-4/_mA,R-4*G/0*qpR1B60%r&#.1$E)E)*:E 8 ('9:,R-4*;%ecZ*:Eg<4*+/HI 9Z&U1Bp3*5<=67s29:()*:%R&)60*;/t*XEu&O<=#$%4%495P.13( $

Av1
=

vdiff

vIN+
− vIN

−

= −
gm12

gm34

= −
VDSsat

(M34)

|VDSsat
(M12)|#3Q

VDSsat
(M12)

*Z&
VDSsat

(M34)
('*;P.()9XEF*:%$&'*;%R&b('*:E)Pe*Xcv&)60l3*:C?*;%R&w/0*:Ew&)*;%eEF60#3%.ES<=*xE'1V&'-4(U1V&)60#3%y<4*:EbPe1B60()*XEw<=*T&)(U1B%.E)60EF&)#$('Ez

M1

m
M2

{f*;&oz
M3

m
M4

{  I  g| *}C?~;C?*$m2E'1B%.E 8 1B60()*Y<=*}c:1B/>cZ-4/_m.*;j=P4/76>,R-4*'"}*;%T,R-4*:/0,R-4*XE�P4d.('1$EF*XEO,R-4*o/0*opR1B60%�r #.1$E)E)*:E 8 ()9X,$-.*;%.c;*:EG<=*o/_I 9;&'13p3*o<=*}p$1367%"*XEu&<=#$%4%49+P.13( $
Av2

=
vout

vd+
− vd

−

= −
gmn

gdsn
+ gdsp#3Q

gdsn

*;&
gdsp

()*:P4('9:E)*;%R&)*:%$&+/0*:E}cZ#3%e<=-.cv&U1B%.c;*:E}<=*wE)#3()&)60*�()*XEFP2*:cZ&)60l3*:Eo<=*:EoP.1B60()*XED<=*�&'('13%.E)60EF&)#$('E�z
Mn1

m
Mn2

{+*Z&Sz
Mp1

m
Mp2

{  J  ��#3-4(U,R-4#36e<=#367& � #3%�cUd4#$60E)67( VDSsat
(M34) = 300mV

( | I 13-=&)('*�P.13(F&XmB#3%bcUd4#$60E)67& |VDSsat
(M12)| = 100mV  K3-eEu&'6a�.*!"�cZ*OcUd.#367j*Z&�C?#$%$&'()*!"+,$-.*G/0*+p$1367%^r #.13E'E)*:E 8 ()9X,R-4*;%.c;*:Eg<=*+/_IJKGL�Nom Av0

= Av1
· Av2

Pe*:-=&O1B/0#3(UEiE;I 9:c;()60()* $
Av0

=
20

1

VEn ·Ln
+ 1

VEp ·Lp

L  Kq%bcUd4#$60E)6a&f<=*�P4('*;%.<4()* VEn
·Ln = VEp

·Lp  K$-.EF&)67�.*'"qcZ*OcUd4#$6aj?*Z&fc;1B/>cZ-./7*!"�/7*XE�/0#3%4p$-4*;-.('E�C?60%467C�13/7*XEn<=*XE[&)(U1B%eEF6>Eu&'#3(UE�z Mn1

m
Mn2

{f*Z&Dz
Mp1

m
Mp2

{fP2#3-4(�,R-4*+/0*+c;13d467*:(�<=*:EgcUde1B('p3*:Ei<=*5/_I�KGLMN E)#367&il$9;('6a�e95<4-]P2#360%R&O<=*5lA-4*D<=-^p$1367%
Av0  M  N�P.()kXEq1�l$#360( #460*;%�%.#B&)9?,R-4*o/_I #3%�%tI -=&'67/060E)*YP.13EG<=*}c:1BP.1$cZ67&)9Y<=*}c;#3C?Pe*:%.E'1V&)60#3%�m2<=#$%.co,R-4*}/HI #3%xPe*:-=&+rbP4('67#$()6�%49;p$/760p3*:(�&'#3-=&*Zs�*Z&O!�67/0/7*:(:mAC?#3%R&'()*!"q*:%S,R-4*;/>,R-4*:EfP4d.('1$EF*XE;m=E'1B%.Eic;13/0c;-4/_mA,R-4*G/0*GP:N3/0*5<=#3C?60%.1B%R&�<=*G/HIJKGL�N 1}Pe#$-4( 8 ()9X,R-4*;%.c;*+<=*Gc;#3-4P.-4()* $

fd =
gdsn

+ gdsp

2π ·
(

CDSn
+ CDSp

+ CL

) ≃
gdsn

+ gdsp

2π · (CL)

\ %�<=9X<=-460()*+,R-4*+/0*OPQRST�<=*+/_I�KGLMN�*:EF&O<=#3%.%495P.1B( $
GBW ≃

gm12

gm34

·
gmn

2π · CL

=
10

π
·

In

CL�%U  i| 9:<=-460('*S<=*S/01�,R-4*XEu&'67#$%�P4('9:cZ9X<=*;%R&'*b/01�l�13/7*:-4(oC?60%460C?13/7*]r�<=#$%4%4*;(Y1B-�c;#3-4(U1B%R& In

P2#3-.(},R-4*b/0*VPQRWT E)#367&}<�I 1B-�C?#360%.E
50MHz  �3�  X 1B/>cZ-./7*!"513/7#$('Ef/>1?lV1B/0*;-4(�r?<=#$%4%4*;(�13-S(U1BP.Pe#$(F& Wn/Ln

*Z&O<=#$%4%4*!"G/0*:Eg<467C?*;%eEF60#3%.EO<=*:Ef&'('13%.EF6>EF&)#3(UE
Mn1

*Z&
Mn2  �   !"#$%$&'()*!"+,$-.*+/01 #2#3('%4*+EF-4P29;('60*;-4('*+<=*5/01�<=@A%.13C?60,R-4*+<=*+E)#3()&)60*G*XEu&O<4#3%4%49:*5P.1B( $

OUT+ = VDD + VDSsat
(Mp1

)

\ %�<=9X<=-460()*g,R-4*i/HI #3%?<=#$6a&ncUd4#$60E)60( VDSsat
(Mp1

) = −300mV
Pe#$-4(�,R-4*i/7*gc;13d460*;([<=*:E[cUde1B('p3*:EME)#367&�l$9;('6a�e9flA6>E � r � lA60EM<=* OUT+&)#$-=&D*;%�13E'E)-4('13%R&G,R-4*Y/7*XEG&)(U1B%.E)60EF&)#$('E

Mp1

*Z&
Mp2

EF#$67*:%$&+<=*Y&'1367/0/0*YC?60%460C?13/7*  t| 9;&)*:()C?60%4*'"�1B/0#3(UEq/01]lV1B/0*;-4(+r]<=#3%.%4*;(+1B-(U1BP4P2#3()&
Wp/Lp

*Z&O<=#$%4%4*!"G/0*:Eg<467C?*;%eEF60#3%.Eg<4*
Mp1

*;&
Mp2  � )  �=13%.Eic;1B/>cZ-./e%46�9;&'1 #./76>E)E)*;C?*:%$&i<=-wE'cUd49;C�1oPe*;&)67&'EiEF60p3%e1B-=j�mR*Zj=P4/060,R-4*!"O*;%],R-4*;/>,R-4*:E�P4d4(U13E)*:E�,$-.*q/0*OP:N3/0*GE)-4(f/01}EF#$(F&'67* vd+

<=*/_I 9;&'1Bp$*+<=6as�9;('*;%R&'67*:/t*:EF&�60<4*;%R&)6>,R-4*+1B-]PYN$/7*DE)-4(g/>1YE)#3()&)60*
vd

−

*Z&�,R-tI 67/�1}P2#3-.( 8 ()9X,R-4*;%.c;*+<=*+cZ#3-.P4-4('* $
fnd ≃

gm34

2π · CGSn#3Q
CGSn

('*;P4('9:E)*;%R&)*G/>1Yc:1BP.1$cZ67&)9
CGS

<4*
Mn1

*Z&
Mn2  Kq%Z[u-.Eu&'6a�e*;(U1}/0*:Egc:1BP.1$cZ67&)9XEi%49;p$/760p39:*:E  � H  L�#3-=&n('*;lA60*;%R&�<=#$%.cgrD<=60('*�,$-.*�/7*qEF60p3%.13/.<=67s29:()*:%R&)60*;/ vdiff

E)-*#467&n-4%4*qcZ#3-.P4-4('*�r+/01 8 ('9:,R-4*:%.cZ* fnd  Kq%b13<4CY*;&F&'('1+,R-tI 67/2E;I 1Bp$6a&<=-�P:N3/0*oE)*:c;#3%.<41367('*+<=*D/_I�KGLMN  Kq%"cUd4#36>EF67&q13/7#$('Eg<=*oP4/01$cZ*:(OcZ*DP:N3/0*or 3 × GBW  K3-.EF&)67�.*!"ocZ*ocUd.#367jS*Z&Gc;1B/>cZ-./7*!"+/01�lV13/7*:-4(r�<=#$%4%4*;(�r
gm34

13P4('k:Ei1�l3#$67(gc;13/0c;-4/09
CGSn  �Xh  i| 9:<=-460('*i<4*�/>1q,R-4*XEu&'67#$%oP4('9:c;9:<=*:%R&)*n/>1ql�13/7*:-4([<=-}c;#3-4(U1B%R& I5

Pe#$/013()6>E)13%R&�/_I 9;&'1Bp$*�<=67s�9;('*;%R&)60*;/=*;&�c:1B/>cZ-4/0*'"f/7*XEMl�13/7*:-4(UE�rG<=#3%.%4*;(1B-4jS(U1BP4P2#3()&'E
W12/L12

*Z&
W34/L34  � I  �t*XE�&)(U1B%eEF6>Eu&'#3(UE M1

m
M2

m
M3

*Z&
M4

E)#3%R&�cUd4#$60E)60E�<=*i&U1B60/7/0*iC?67%460C�1B/0*  K$-.EF&)67�.*'"gc;*icUd.#367jo*Z&nc:1B/>cZ-4/0*'"g1B/0#3(UEM/7*:-4(UE[<=67C?*:%.EF60#3%eE  



 !"#$%&'()*+ ,-+./01 !234526789:;<=>(?@AB#*)(C2DE<EFG  

 H ! "#$%&'()*+$,-.*/01-2&1324567$ !1-83.(7(9:+;<:+&=6>?#0@(7*AB145;C$DEF:/673G6A(>(H38IJ&'$,01KLM%:/K#E1-N3NO=01:"#P:5&QO=01:+-NO=01:R(SE1B'T7$J(9:R(SO=0UV 3N-':5K#3N(96H:W01&CEIJJ-8:X(90'TS-8:X?#TA$,3N&*/YJ;Z;[01&\]
Mn2

:/6
Mp2

?#YJ&=6^-.$ _ TH4RO=01:5&'*5:`?#:a*/YJ01E101T7:D:+(96b?1Y%&1&14+:`E'$,T $
f3 ≃

gmp

4π · CGSpY%c
CGSp

TH:+E1TH4R(9:+&=6H:<-N$d*5$%E'$%*53G674
CGS

?#:
Mp1

:56
Mp2 ! eW&AKf0'(f673Gg2:5TA$@-N:+(`*+$,E'$J*/386H4+(X&14+I%-N38IJ45:R( ! L $,-.*/0'-8:"#<-.$hij$,-N:501T`?#: f3$,E'THkR(b$li%Y%3NT^*5$,-.*/0'-84`*/:+-8-N:a?#:

CGSp ! M ! mnY%01T<O=01:5-N-8:@T7$%3N(HY%&o-N:QEIJJ-8:pE1T74+*/4R?#:5&=6a:R(f6 q 3N-r$J(H(HY#*/3N4Q]d01&%#+45T7Y\&145I=$j6H3 _ st?1$%&'(a-N:@E'-N$%&u?#:QIJ$%0'*AB1:lv`(9386H0'4@]w?#:+0#K _ YJ3N(x*/:E:J%-N: !#y YJ&1&1:"#W$,-NY%TA(S-zV :/K#E1T7:+(7(93NY%&Q?#:W-N$[;C$,T7I%:P?#:WE1B'$J(9:X?#:P-zV{eX|}~ :5& _ YJ&'*�6738YJ&@?#: GBW
M
fnd

:/6
f3

M=:/6^*5$%-N*501-8:"#W(7$aij$,-N:50'T !L Y%;Z;Z:5&=67:&#`-N:XT74+(H01-867$,6^Y'!#6H:+&�0 ! N ! eW&\*AB1Y%3.(H3G6b-N:+(r6HTA$,&2(93.(f67Y%TA( M5

:/6
M6

3.?#:5&=673NO=01:R( ! ! 01:`?#YJ3G6�ij$%-8YJ38T^-N:a*/Y%0'T7$%&J6 Ipol

(
) O ! eW&p*AB'Y%3.(9386>:+&#g'& VDSsat

(M5) = −100mV !�y 4/67:5T7;Z38&1:"#W-N:+(r?#3N;Z:5&'(H38YJ&'(^?#: M6

:/6b?#:
M5

M�*/:R(r?1:5T7&138:+T7()4/6A$,&=6^(H01E1EFYJ(H4+(r?#:67$%38-N-N:`;<3N&13N;C$,-N: !

"#$%$&'()#'*+,-(./01.234567809:;<=>?-@A8B@'CDE:FGH.I78:JK1LMNOPQGHPRSQTH:UVW79TXGHTH<YZ[:
m�$,TA$,;Zk56HT7: �P��eD" m)��eD"

KP 122 µA/V 2 46 µA/V 2

λ 1

VEn .Ln

$liJ:+*
VEn

= 21 V/µm 1

VEp .Lp

$li%:+*
VEp

= 27 V/µm

VTH 0.483 V −0.683 V
Cox 4.54 fF 4.54 fF

y V $,0#67TH:DE'$%T96RM
Lmin = 0.35µm

:56
Wmin = 0.4µm:/6b6HYJ0#6H:`?#3N;Z:5&'(H3NY%&\?#Y%386��/67TH:D;x01-G6738E'-8:a?#:

0.05µm !
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MNOPQRSTULVWXYUZ[\]^_`QabcdefgUhijklmnoLpLbqO3rcb-SaoKMIstu vwkxyz{|i}~tu �����

��fgV�oLU���]gU�fgV�Uhi}�!�(p�fY�>U��^SaQ�XYU�pL��fgV�Q�U�S!XYU���[ O1f�ST�9V�bcQ�o�Q
�L�a�%�`�9���l���`�
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ÔÕÖ×Ø1Ù�Ú@Û»ÜcÝ6ÞwÜcßcàEÝ6áâã�äåæwç6èwãÈß»éqê�ßëìíîÕãÍïëðÅñâáòìíïLówð6ãôèõÞeïcîÍðÅçEß8ö¹á÷ø�ïëãÈßëÞEîÍá÷ßëñÉìÈùúû�ïcîÈãÍáâü½èõßLßëÞ½îÈã­ðÅÞ½îÕìíèwãÕö¹ßëìÕýÕþCØPÿxä

M1

ß�î
M2

êTÜ­ ÉðÅãÍç6ïëìówðÅã3ö¹ßëè¹!%ðÅè¹îÍãÈß¤ì1ýÕþCØPÿ%û�ÝEÞ½îÈïëì1ßëÞ" ö¹áâÝ¹ö¹ßYä
M3

ßcî
M4

ê-#RìÈèõáâà½áôöRÖ èõÞ"ï�î­ðÅçEß�ö¹ß�çEð6á÷Þ"Ü�ÝEÞwì$ îÍá% îÍèõïeö¹ß
Mn1

#
Mn2

#
Mp1

ß�î
Mp2 & ÔÌðìíÝEãíîÍá÷ßPö¹ß3ñ°Ö ïcîÍðÅçEß3ö¹á%ø¡ïcãÍßcÞ½îÍá÷ßëñ'ßëìíî:ö¹á%ø¡ïcãÍßcÞ½îÍá÷ßëñ÷ñâß6 #õÞwÝÅîÈïëß

vdiff = vd+ − vd−

äªÜ & ($& æÉç6èõãÍßzéqê & ÔÕÖ ßëÞ½îÈãÍïcß3ö¹ßPñÊÖ ï�î­ðÅçEßPöõß3çEðÅáâÞCäªç6ãÍá÷ñâñâßëìLö¹ß
Mn1

ß�î:ö¹ß
Mn2

êÕß¤ì$î8ö¹á÷ø¡ïcãÍßcÞ½îÈáâßcñâñ÷ß»ð6ñ÷ÝEãÍìµü½èõß3ìÈð�ìÈÝ6ãÈîÈáâß
vOUT

ßëìíîLèõÞõáâóÉÝEñâð6á÷ãÍß6 #¹ñòð�Ü�Ý6ÞúàEßcã­ìíáâÝ6Þ
2 −→ 1

ï�î­ðÅÞ½îLãÈï¤ðÅñâáâìÈïcß1ówð6ãµñâßPû^á÷ãÍÝ6áâãö¹ß»Ü�ÝEèõãÍð6Þ½î
Mp2

/Mp1 &ÔÕÖ ð6ñ÷áâû^ßcÞ½îÍðÅîÈáâÝ6Þ) ßëìíî9ìÈù½û^ïcîÈãÍáâü½èõß
VDD = −VSS = 1, 5V &Ì* Ö ðÅèõîÈãÍß�óÉðÅãÈîë # M1

ß�î
M2

ìÈÝ6Þ½î3áâöõßcÞ½îÈáòü½èõßëìë#ÌðÅáâÞwìÈáôü½èõß
M3

ß�î
M4 &Ø<Þ%ÞõÝ6îÈßcã­ðlöõÝ6ÞwÜzówðÅãPñòð`ìÈèõá÷îÈß

W12/L12

ñ÷ß¤ì1öõá÷û^ßcÞÉìíáâÝ6ÞwìPö¹ß
M1

Ý6è"ö¹ß
M2

#' ßcî
W34/L34

ñâßëìPö¹áâû�ßëÞwìÈá÷ÝEÞwìPö¹ß
M3

ÝEèCö¹ß
M4 &R* ßû� +ëû^ß6#¹ñòð»îÍãÍð6ÞwìÈÜcÝ6ÞwöõèwÜ-î­ðÅÞwÜcß<ö¹ß

M1

Ý6è`öõß
M2

ìÈßcã­ð»ÞõÝ6îÈïëß
gm12

ßcîLÜcßcñâñ÷ßPö¹ß
M3

Ý6è�ö¹ß
M4

ìÈßcã­ð»ÞwÝÅîÈïëß
gm34 &ú , Þ¹æÉÞR # Mn1

ß�î
Mn2ìíÝEÞEî»áòö¹ßëÞEîÍáâü½èõß¤ìc #�ðÅáâÞwìíáµü½èõß

Mp1

ß�î
Mp2 & Ø<ÞnÞõÝ6îÈßcã­ðxö¹Ý6ÞÉÜÅ # Wn/Ln

ßcî
Wp/Lp

#�ðÅáâÞwìÈáÕü½èõß
gmn

ß�î
gmp

#Ìñâßëì»ö¹áâû^ßcÞwìÈáâÝ6Þwì9ß�î»ñâßëìîÈã­ðÅÞwìÍÜ�ÝEÞwö¹èwÜ�îÍðÅÞÉÜ�ßëì�ö¹ß3ÜcßëìLówð6á÷ãÍßëì�ö¹ßPîÍãÍð6ÞwìÈáâìíîÈÝEãÍì &Ô�ð^Ü­ wðÅãÍç6ß1àúèõß3ówðÅãLñ°Ö- Ø1Ù�Ú\ßëìíî
CL = 500fF &ÔÌßëìLóÉðÅã­ðÅû .̂�îÍãÈß¤ì�ö¹ß3ñòðzîÈß¤Ü­ õÞõÝ6ñâÝ6çEá÷ß1è¹îÍá÷ñâáâìÈïcß»ìÈÝ6Þ½î8ö¹ÝEÞõÞõïëì�ßëÞYðÅÞõÞõßc !¹ß &

vOUT

Ipol

VDD = 1, 5V

VSS /:0 éE# 1Å 2

vdiff

vd+
vd

−

vIN
−

vIN+

CL = 500fF

M1 M2

M3 M4

M5M6

Mn1

Mp1

Mn2

Mp2

3� 4å5� 6�é:7�Ø1Ù�Ú8 Û^Ü�Ý6ÞÉÜ�ßcàEÝ6áâã
ÔÕÖ×Ø1Ù�Ú8 ö¹ÝEá%îLãÍßcû^óõñâá÷ãLñâß»Ücð6  õá÷ßëã8ö¹ßëìLÜ­  ÉðÅãÍç6ßëì�ìÈèõáâàqð6Þ½îP9
:|;P <Ð=R>�? !"#$%&'(!)*+,-. '/*� > 0123'(4546'(*7#6089 GBW ≥ 20MHz::;<'/!=*>4?#6'@#5!)A'?B0C9 Av0

≥ 500:DEFG+* '(HC!=A'? 0Y> 014ë=É<I#5!=0J9 OUT
−
≤ −1, 0V 0K# OUT+ ≥ +1, 0V

é & þYÝEÞEîÍãÈß5L8ü½èõßLñ÷ß<Ü�Ý6èwãÍð6ÞEîTó�Ý6ñòðÅãÍáâìÍðÅÞ½îTñòðMNõãÍð6ÞwÜ­  õß3ä Mp1

#
Mn1

êaßëìíîôáòö¹ßcÞ½îÈáòü½èõß:ð6è^ÜcÝ6èõã­ðÅÞ½îTó�Ý6ñòðÅãÍáâìÍðÅÞ½îTñâðMNwãÍð6ÞwÜ­  õß3ä
Mp2

#
Mn2

ê &Ø<ÞxÞõÝÅîÍßcã­ðzÜcß»Ü�ÝEèõãÍð6Þ½î
In &O & þYÝEÞEîÍãÈß5L3üEèwß3ñâðPN�Ý6ãÍÞõßPá÷Þ ( ïëãÈáâßcèwãÈß3ö¹ß3ñòð^ö¹ùúÞwðÅû^áòüEèwßPöõß»ìíÝEãíîÍá÷ß1ñÊÖ- Ø1Ù�Ú ßëìíî:ö¹Ý6ÞõÞwïcßPówðÅã3 9

OUT
−

= VSS + VDSsat
(Mn)

ÝQR
VDSsat

(Mn)
ãÈßëóõãÍïëìÈßcÞ½îÈß`ñâð%îÈßëÞwìíáâÝ6Þ ö¹ßYìÈðÅîÈèõã­ðÐîÍá÷ÝEÞ ö¹ß¤ì�îÈã­ðÅÞwìÈáâìíîÈÝEãÍì

Mn1

ß�î
Mn2 &T , Þ öõïëö¹èõáâãÍß�ü½èõßxñ°Ö ÝEÞGö¹ÝEá% î(Ü­ õÝEáâìÈá÷ã

VDSsat
(Mn) ≤ 500mV

óÉÝEèõã:ð6ìÍìÈèõãÈßëãµü½èõß
OUT

−

ìÈÝ6á÷î:ðÅè�û^Ý6áâÞwìLö¹ß
−1, 0V & Ø<ÞxÜ­ õÝEáâìÈá÷ã­ð VDSsat

(Mn) = 500mV

é
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(M34) = −(VDSsat

(Mn) + VTn
)
#!"

VGS0
(M34)

'89:;&'8<=679:1*/89>?@9
VGS

-A9B;C#$?5DE'8+567DE/7+@#$1F-&9=6/7'(DE1G6H+56I/8#$'(6
M3

9J/
M4  G  KL <=-A%&+@'89M-A9N?@DB)*%&9O6I/8+.#P1Q;R'7<O3J<=-&9:1*/79N)*%&9 VDSsat

(M34)
-A#P+S/KT:/7'89M3(4&#$+56H+U<=VPD$?WX

−300mV
YRDZ[$9O3

VDSsat
(M34)
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Av1
=

vdiff

vIN+
− vIN

−

= −
gm12

gm34

= −
VDSsat

(M34)

VDSsat
(M12)

#("
VDSsat

(M12)
'89:;&'8<=679:1*/89j?5Ds/79:1G6H+@#$1t-A9N68D]/7%R'8DE/7+@#$1Q-&9=6`/8'8D$1R6H+56H/7#$'(6

M1

9J/
M2

u  H  vj1t3(4&#$+567+S/w-A9k;&'89:1R-&'79 VDSsat
(M12) = −100mV  IP%R6I/8+SxG9)$N3J9M3(4&#P+SbQ9J/w3:D$?@3:%&?.9#$k?@De[]DE?@9:%R'^1m%&de<='7+5)*%&9N-A%\VPDE+@1 Av1  J  yz#$%?KI#P%&'86N68DE1G6 i D$+.'89B-A9{3:D$?@3:%&?lYU9JbA;&?@+@)*%&9#$>9=1|)*%&9=?@)*%&9O6k;&4&'(D$679=6k)*%&9B?@9>V*DE+@1|X*&RDP67679=6 i '8<=)*%&9=1R3J9O6N-A9e?no <J/(DEV$9B-A9eV*DE+@1F9O6I/-A#P1&1&<N;RD$'Nr

Av2
=

vout

vd+
− vd

−

= −
gmn

gdsn
+ gdsp#("

gdsn

9:/
gdsp

'79=;&'8<=679:1*/79=1P/N?@9=6s3J#$1G-A%R3}/(DE1R3:9=6s-A9~67#$'7/7+@9B'79O6H;C9=3J/7+@[$9=6h-A9=6h;RDE+@'79O6M-A9B/8'8D$1R67+@6H/7#P'86B�
Mn1

Y
Mn2

uN9J/Q�
Mp1

Y
Mp2

u  L  KL <=-A%&+@'89w-A9=6,)*%&9O6I/8+.#P1R6";&'8<=3:<=-A9=1P/89=6�)*%&9`?@9KVPDE+@1eX &GD$686H9O6 i '7<O)P%R9:1R3:9=6�-A9K?lo�vgy��MY Av0
= Av1

·Av2

;G9=%A/�xR1RD$?.9=d>9=1*/f6:o <=3:'7+@'79gr

Av0
=

12
1

VEn ·Ln
+ 1

VEp ·Lp

M  vj1{3(4&#P+@67+S/^-A9w;&'89:1R-&'79 VEn
·Ln = VEp

·Lp  IP%R6H/7+.xR9)$j3J9q3(4&#P+Sbe9J/^3:DE?53J%R?.9#$w?.9O6,?@#$1&VP%&9:%R'86"de+@1&+.dBD$?.9O6f-A9O6�/7'(DE1G6H+56I/8#$'(6w� Mn1

Y
Mn2

u^9J/M�
Mp1

Y
Mp2

u^;C#$%&'w)*%&9N?@9N3:D$4&+.9='w-A9=6K3(4GDE'8V$9=6`-A9k?lo�vgy���67#$+./`[P<:'8+SxG<k-&%�;C#$+@1*/q-A9k[m%&9M-A%\VPD$+.1
Av0  �%N  +O %RDE/7'89h1:PN%R-R6j67#$1*/g67%R683J9=;A/7+ &&?@9=6g-A9QR:3J#$%R;G9='SRk?5D{'8<:;C#$1G6H9s9:1 i '8<=)*%&9=1R3J9O6j-A%|3J+@'83:%&+./=YC?.9>1:PN%R-�-&9s67#$'7/7+@9 vOUT

Y�?@9h1:PN%R-
vd+

Y�?@9s1:PN%G-
vd

−

9J/k?@9s1:PN%G-�67%&'j?@9e-A'8D$+.1|3J#Pd>ds%&1�X
Mn2

9J/
Mp2  �w;&'8c=6j1&#$/7<e)P%R9s?lo #P1�1Wo %A/8+.?@+@679>;RD$6k-A9e3:D$;RD$3:+S/8<s-A93J#Pde;G9=1R67DE/7+@#$1WYA-A#P1R3q)*%&9g?lo #P1{;G9=%A/wXM;&'8+@#$'8+G1&<=V$?@+.VP9:'f/7#$%&/^9:pC9:/`�t+@?@?.9='=Ymde#$1*/7'89)$j9:1~)*%&9=?@)*%&9O6^;&4&'(D$679=6=YP68DE1R6^3:D$?@3:%&?nYm)*%&9g?.9;TU$?@9M-A#$de+@1RDE1*/w-A9N?lo�vgy���9=6H/q-A#$1&1R<g;GDE'K?@9N1:PN%R-�-A9M6H#P'H/8+.9

vOUT

9J/q)*%Wo +@?WDs;C#$%R' i '7<O)*%&9:1R3:9N-A9N3J#$%R;&%&'89>r
fd =

gdsn
+ gdsp

2π ·
(

CDSn
+ CDSp

+ CL

) ≃
gdsn

+ gdsp

2π · (CL)

a 1�-A<O-A%&+@'79N)*%&9N?@9VWXYZ[�-A9N?lo�vgy���9=6H/q-A#$1R1&<k;RDE'Nr

GBW ≃
gm12

gm34

·
gmn

2π · CL

=
6

π
·

In

CL

�$�  `L <=-A%&+@'89Q-A9Q?@D�)*%&9O6I/8+.#P12;&'8<=3J<O-A9:1*/89{?@D�[ZD$?.9=%&'hde+@1&+@deD$?.9�X�-A#P1&1&9:'>DE% 3:#$%&'(DE1*/ In

;C#$%R's)*%&9{?@9QWXY\[ 67#$+./s-Uo DE% de#$+@1R6
20MHz  �   +] DE?53J%R?.9#$kD$?.#P'86^?5De[]DE?@9:%&'wXe-A#P1&1&9:'wD$%Q'(DE;R;G#P'H/ Wn/Ln

9J/q-A#P1&1&9#$g?@9=6K-&+.de9:1G6H+@#$1R6q-A9=6^/8'8D$1R6H+56H/7#$'(6
Mn1

9J/
Mn2  � F  �t#P1P/8'79#$N)P%R9N?@D+&C#$'81&9N6H%&;C<:'8+@9:%&'89N-A9k?@DB-A�m1RD$de+@)*%&9N-A9N67#$'7/7+@9g9O6I/q-&#$1&1&<=9k;RDE'Nr

OUT+ = VDD + VDSsat
(Mp1

)

a 1�-A<O-A%&+@'79\)*%&9Q?lo #$1�-&#$+./B3(4R#$+56H+@'
VDSsat

(Mp1
) ≥ −500mV

;C#$%R'e)*%&9\?@9�3=DE4&+@9:'e-A9O6B3(4RDE'8V$9O6h67#$+./>[P<:'8+SxR<�[m+@6 0 X 0 [*+56h-&9
OUT+  mL <:/79:'8de+.1R9)$qD$?.#P'86"?5DN[]DE?@9:%&'�XN-A#$1&1R9:'�D$%e'8D$;&;G#P'H/ Wp/Lp

9J/�-&#$1&1&9#$w?@9=6f-&+.de9:1G6H+@#$1R6f-A9
Mp1

9J/
Mp2

-A9K/89:?@?.9q67#$'7/79)*%&9N?@9:%&'w67%&' i D$3J9N67#$+./Kd>+@1&+@dBDE?@9  � G  �AD$1R6�3=DE?53J%&?G1&+C<J/8D(&&?@+@686H9=de9:1*/�-A%~683(4&<=deDk;C9J/8+S/(6`6H+@V$1RD$%AbUYE9JbA;&?@+5)P%R9)$q9=1{)*%&9:?5)*%&9=6f;&4&'(D$679=6f)*%&9q?.9j;̂ UP?.9q67%&'�?.9j1:PN%R- vd+

9O6I/+5-A9:1*/7+5)*%&9MDE%�;TU$?@9M6H%&'K?@9N1:PN%R-
vd

−

9:/q)P%�o +@?WDe;G#P%&' i '8<=)*%&9:1G3J9N-A9M3J#P%&;&%&'89>r
fnd =

gm34

2π · (CGSn
+ CGS34

+ CDS34
+ CDS12

)

�O_  yz#$%A/f'89:[m+@9:1*/�-A#P1R3KXM-A+@'89w)P%R9w?.9j6H+@V$1RD$?R-A+.pC<='79=1*/7+@9:? vdiff

67%,&&+./f%&1&9j3J#$%R;&%&'89wXN?@D i '8<=)*%&9=1R3J9 fnd  vj1{D$-&d>9:/H/8'8DN)*%Wo +.?C6:o DEVP+S/-A%2;TU$?@9{6H9O3J#P1R-&DE+@'89e-&9B?no�vgyz�  �L o D$%A/7'89B;RDE'7/=Yz3J#$dede9B1&#P%R6k1&9~3:#$1&1RD$+@6867#$1R6g;RDP6k9:1R3:#$'89>?@9=6h-A+.de9=1R6H+@#$1G6M-A9=6N/7'(DE1R67+@6H/7#P'86
M1

Y
M2

Y
M3

9:/
M4

YR1&#P%R6w1&<=V$?@+.VP9:#P1R6K-&DE1G6w%&1t;&'89:de+@9:'q/79:de;R6q?.9O6q3=DE;RDP3J+./7<=6
CGS34

Y
CDS34

9:/
CDS12

-A9=[ZD$1*/
CGSn  vj13(4&#P+@67+S/gDE?@#$'(6w-A9h;R?@DP3J9:'j?.9h;^UP?.9>6H9O3J#$1G-&DE+@'79NX

3 × GBW  IP%R6H/7+.xR9)$h3:9s3(4&#P+Sb\9J/g3:DE?53J%R?.9#$M?@D{[ZD$?.9=%&'jX~-A#$1&1R9:'jX gm34

DE;&'8c=6DZ[$#P+.'K3=DE?53J%&?@<
CGSn  � H  `L <=-A%&+@'89`-&9�?5Dj)*%&9O6I/8+.#P1h;&'8<=3:<=-A9=1*/79f?5Dj[ZD$?.9=%&'�-A%s3:#$%&'(DE1*/ I5

;G#P?@D$'7+567D$1*/z?lo <:/8DEVP9�-A+.p�<:'89:1*/7+@9:?A9:/"3=DE?53J%&?@9)$^?.9O6�[ZD$?.9=%&'(6zXg-A#$1R1&9:'DE%&bQ'(DE;&;C#$'7/86
W12/L12

9J/
W34/L34  



 !"#$%&'()*+ ,-+./01 !234526789:;%&<9=>?*@(A2BCDC#E F
 G ! "#$%&'()*+,-./&012&3(456*+& M1

7
M2

7
M3

$8(
M4

&)56.9(:;+<=5>1?&)1?&'@A$B(+,-1?CDC?$EFG1D.H1DFI,-C?$ ! H>JH&0()1DKH$ !L;M$E;+<=561DNO$8(P;Q,-C2;8J=C?$ !BC?$MJ=*+&R@A1?FG$M.H&)1D5>.H& ! I ! ST.U;+<=5612&)1V(:@A$BW=*4$M.H@=*)$
VDSsat

(M5) = −100mV !JK ,6C?;MJ=C?$ !E,-C?56*+&XCD$%&R@A1DFG$Q.H&01?56./&R@A$ M5

FG1?.=1?FY12&4,-.9(P&),G&)J=* Z ,6;8$ ! L ! "#$%&'()*+,-./&012&3(456*+& M5

$8(
M6

&)56.9(:;+<=5612&012&X1?@=$M.9()12[9J=$Q& !JM J=$QCDC?$B\],6CD$QJ=*:@A5>1V(P,]\>561?*^C?$L;85>J=*4,6.9( Ipol  
" N ! !:5>JH&_W/5>J=*)*41?56.H&OFG,61D.9(4$M.H,6.>(`;M,-C?J=C?$M*`CD$%&O\a,6CD$QJ=*4&_@A$Q&`;M,6WH,6;M1V(4bQ& CGS34

7
CDS34

$8(
CDS12

.=bMc>CD1?c6bQ$Q&_d C2, [9J=$Q&0()1?56.  ]e !f NAW=C?1?[9J=$#!P[9J=$MC?C?$:;856./&0b%[>JH$M.H;M$',6J=*+,TC2,BW=*41?&)$R$M.I;M56FGWA()$:@=$P;8$%&g;M,-W/,6;81D()b%&h&)J=*gC?,B\a,6CD$QJ=*i@A$ I5

7-W=JH1?&g$MNAW=CD12[9J=$ !RC2,BW=*45A;8bQ@=J=*)$1D()bM*+,a(41D\>$EdY,6W=W=C?1?[9J=$Q*RW/5>J=*:,"#I.=$Q*RCD$L@=1DFG$M./&01?56.=.H$MFG$M.9(:FI,-.jJ=$QC#@A$BCkl b8(+,-c6$E@A1DmnbM*4$M.9()1?$MC ! ST.`.=$L@A$MFI,6.H@A$EWH,>&R@A$ Z ,-1?*)$BC?$Q&;M,6C?;MJ=C2&$%

&'()(*+,-'+./01,234526789:;<4=>?@ABC1DE<FD+GHI>JKL2M;<>NO5PQRSTUKLTVWUXL>YZ[;=X\KLXL@]^$>
og,-*+,-FGpM()*4$ !PqrSBs oiqrSBs

KP 122 µA/V 2 46 µA/V 2

λ 1

VEn .Ln

,]\>$Q;
VEn

= 21 V/µm 1

VEp .Lp

,]\6$Q;
VEp

= 27 V/µm

VTH 0.483 V −0.683 V
Cox 4.54 fF 4.54 fF

t l ,-JA(4*)$BWH,6*0(%7
Lmin = 0.35µm

$M(
Wmin = 0.4µm$8(R()5>JA()$E@A1?FG$M.H&)1?56.U@A561D(:u8(4*)$BFvJ=CV(41DWHCD$L@A$

0.05µm !


