
Equation Sheet

Constants: k = 1.38⇥ 10
�23

JK
�1; q = 1.602⇥ 10

�19
C; VT = kT/q ⇡ 26mV at 300K; ✏0 = 8.85⇥ 10

�12
Fm

�1; kox =

3.9; Cox = (kox✏0)/tox ; ! = 2⇡f

NMOS: kn = µnCox(W /L); Vtn > 0; vDS � 0; Vov = VGS � Vtn

(triode) vDS  Vov ; vD < vG � Vtn; iD = kn(VovvDS � (v2
DS/2)); rds = 1/(µnCox(W /L)Vov )

(active) vDS � Vov ; iD = 0.5knV 2
ov (1 + �nv 0

DS); v 0
DS = vDS � Vov ;

gm = knVov = 2ID/Vov =
p
2knID ; rs = 1/gm; ro = L/(|�n

0|ID)

PMOS: kp = µpCox(W /L); Vtp < 0; vSD � 0; Vov = VSG � |Vtp|
(triode) vSD  Vov ; vD > vG + |Vtp|; iD = kp(VovvSD � (v2

SD/2)); rds = 1/(µpCox(W /L)Vov )

(active) vSD � Vov ; iD = 0.5kpV 2
ov (1 + |�p|v 0

SD); v 0
SD = vSD � Vov

gm = kpVov = 2ID/Vov =
p
2kpID ; rs = 1/gm; ro = L/(|�p

0|ID)
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Accurate: Rout = ro + (1 + gmro)RS

isc = (�gmrovi )/(ro + (1 + gmro)RS)

voc = �gmrovi

Rout = (ro + RD)/(1 + gmro)
isc = (gmrovi )/(ro + RD)

voc = (gmrovi )/(1 + gmro)

Rout = ro
isc = ((1 + gmro)/ro)vi
voc = (1 + gmro)vi

gmro � 1 Rout = (1 + gmRS)ro
isc = �vi/((1/gm) + RS)

voc = �gmrovi

Rout = (1/gm) + (RD/gmro)
isc = (gmrovi )/(ro + RD)

voc = vi

Rout = ro
isc = gmvi
voc = gmrovi

Diff Pair: Ad = gmRD ; ACM = �(RD/(2RSS))(�RD/RD); ACM = �(RD/(2RSS))(�gm/gm);
VOS = �Vt ; VOS = (VOV /2)(�RD/RD); VOS = (VOV /2)(�(W /L)/(W /L))
Large signal: iD1 = (I/2) + (I/Vov )(vid/2)(1� (vid/2Vov )

2
)
1/2

1st order: step response y(t) = Y1 � (Y1 � Y0+)e�t/⌧ ;
unity gain freq for T (s) = AM/(1 + (s/!3dB)) for AM � 1 ) !t ' |AM |!3dB

Freq: for real axis poles/zeros T (s) = kdc
(1 + s/z1)(1 + s/z2) ... (1 + s/zm)

(1 + s/!1)(1 + s/!2) ... (1 + s/!n)

OTC estimate !H ' 1/(
P

⌧i ); dominant pole estimate !H ' 1/(⌧max)

STC estimate !L '
P

1/⌧i ; dominant pole estimate !L ' 1/(⌧min)

Miller: Z1 = Z/(1� K ); Z2 = Z/(1� 1/K )

Mos caps: Cgs = (2/3)WLCox +WLovCox ; Cgd = WLovCox ; Cdb = Cdb0/
p

1 + Vdb/V0;
!t = gm/(Cgs + Cgd); for Cgs � Cgd ) ft ' (3µVov )/(4⇡L2)

Feedback: Af = A/(1 + A�); xi = (1/(1 + A�))xs ; dAf /Af = (1/(1 + A�))dA/A; !Hf = !H(1 + A�); !Lf = !L/(1 + A�);
Loop Gain L ⌘ �sr/st ; Af = A1(L/(1 + L)) + d/(1 + L); Zport = Zpo ((1 + LS)/(1 + LO)): PM = \L(j!t) + 180;
GM = �|L(j!180)|db;
Pole splitting !0

p1 ' 1/(gmR2Cf R1); !0
p2 ' (gmCf )/(C1C2 + Cf (C1 + C2))

Phase Margin: PM = 90
� � tan�1

(!1/!p2); KPM ⌘ !1/!p2; !p1 ⇡ (KPM!p2(1 + K 2
PM)

1/2
)/L0

Body Effect: Vt = Vt0 + �(
p
2�f + VSB �

p
2�f ); � =

p
2qNA✏s/Cox ; gmb = �gm; � = �/(2

p
2�f + VSB)


