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Voltage gain (Av) =
vO
vI
, in dB 20 log |Av| (1)

Current gain (Ai) =
iO
iI
, in dB 20 log |Ai| (2)

Power gain (Ap) =
PL
PI
, in dB 10 log |Ap| (3)

Av =
dvO
dvI

∣∣∣∣∣at Q
(4)

Avo =
vo
vi

∣∣∣∣
io=0

(V/V ), Ais =
io
ii

∣∣∣∣
vo=0

(A/A) (5)

Gm =
io
vi

∣∣∣∣
vo=0

(A/V ), Rm =
vo
ii

∣∣∣∣
io=0

(V/A) (6)

T (ω) =
Vo(ω)
Vi(ω)

, T (s) =
Vo(s)
Vi(s)

(7)

K

1 + (s/ω0)
,

Ks

s+ ω0
, s = jω (8)

y(t) = Y∞ − (Y∞ − Y0+)e−t/τ (9)

vO
vI

= −R2

R1
,

vO
vI

=
−R2/R1

1 + (1 +R2/R1)/A
(10)

Vo(s)
Vi(s)

= −Z2(s)
Z1(s)

(11)

vO(t) = − 1
CR

∫ t

0
vI(t′) dt′ − VC (12)

Vo(s)
Vi(s)

= − 1
sCR

(13)

vO(t) = −CR dvI(t)
dt

(14)

Vo(s)
Vi(s)

= −sCR (15)

vO
vI

= 1 +
R2

R1
,

vO
vI

=
1 + (R2/R1)

1 + [1 + (R2/R1)]/A
(16)

A(s) =
A0

1 + s/ωb
, ωt = A0 ωb, A(s) ' ωt

s
(17)

IB =
IB1 + IB2

2
, IOS = |IB1 − IB2| (18)

i = IS(ev/nVT − 1) ' ISe
v/nVT , VT =

kT

q
(19)

V2 − V1 = 2.3nVT log
I2

I1
(20)

n2
i = BT 3e−EG/kT (21)

Jp = −qDp
dp

dx
, Jn = qDn

dn

dx
(22)

vdrift = µpE,
Dn

µn
=
Dp

µp
= VT (23)

nn0 ' ND, pp0 ' NA, nn0pn0 = n2
i = np0pp0 (24)

V0 = VT ln
(
NAND

n2
i

)
(25)

rd =
nVT
ID

(26)

iC = ISe
vBE/VT (27)

iC = β iB = α iE, iE = (β + 1)iB (28)

iE = iB + iC (29)

α =
β

β + 1
, β =

α

1− α
(30)

ic = gmvπ, VT ' 25 mV (31)

gm =
∂iC
∂vBE

∣∣∣∣∣
iC=IC

(32)

rπ =
vbe
ib

=
β

gm
, re =

vbe
ie

=
α

gm
, rπ = (β + 1)re

(33)



gm =
IC
VT
, re =

VT
IE
, rπ =

VT
IB
, ro =

VA
IC

(34)

vo
vb

= − αRC

re +Re

(35)

Cox =
εox
tox

(36)

εox = 3.97εo = 3.5× 10−13F/cm (37)

µn = 580cm2/Vs (38)

k′n = µnCox (39)

iD = k′n
W

L

[
(vGS − Vt)vDS −

1
2
v2
DS

]
(40)

iD =
1
2
k′n
W

L
(vGS − Vt)2(1 + λvDS) (41)

VA1

VA2
=
L1

L2
(42)

ro =
VA
ID

(43)

Vt = Vt0 + γ
[√

2φf + VSB −
√

2φf
]

(44)

γ =
√

2qNAεs
Cox

(45)

gm =
∂iD
∂vGS

∣∣∣∣∣
vGS=VGS

(46)

gm =

√
2k′n

W

L
ID (47)

χ =
∂Vt
∂VSB

(48)

Av =
vo
vi

(49)

Av = −

√
2k′n

(
W
L

)
1

1
|VA1|

+ 1
|VA2|

1√
IREF

(50)

Av =
(
gm1 + gmb1 +

1
ro1

)
(ro1||ro2) (51)

ii = (gm1 + gmb1)vi +
vi − vo
ro1

(52)

Av =
gm1

gm1 + gmb1 + 1
ro1

+ 1
ro2

+ 1
RL

(53)

Ro = (1/gm1)||(1/gmb1)||ro1||ro2 (54)

Av = −

√√√√(W/L)1

(W/L)2
(55)

tPHL =
2C

k′n(W/L)n(VDD − Vt)
× (56)

×
[

Vt
VDD − Vt

+
1
2

ln
(3VDD − 4Vt

VDD

)]

tPHL =
1.6C

k′n(W/L)nVDD
(57)

gmb = χgm (58)

gm = k′(W/L)(VGS − Vt) (59)

gm =
2ID

VGS − Vt
(60)

λ = 1/VA (61)

f3dB =
ft

1 +R2/R1
(62)

SR =
dvO
dt

(63)

ωMvomax = SR (64)


