
Vamplitude =
√

2VRMS (1)

AV =
Vout

Vin
(2)

AV (ideal) =
Vout,OC

Vin
(3)

V = IR (4)

RTh = RN =
VOC

ISC
(5)

Gain (dB) = 10 log10

P2

P1

∗

= 20 log10

V2

V1
(6)

ZR = R (7)

ZC = (jωC)−1 (8)

ZL = jωL (9)

Gain (closed-loop) =
A

1 + AB
(10)

f3dB = (2πRC)−1 = (2πτ)−1 (11)

Gain (non-inverting) =
R1 + R2

R2
, (R1 connected to the output) (12)

Gain (inverting) = −R1

R2
, (R1 connected to the output) (13)

Vout(t) = − 1

RC

∫ t

0

dt′ Vin(t′) + constant (14)

Vout = −RC
dVin(t)

dt
(15)

Vout = −(V1 + V2)
R1

R2
, (R1 connected to the output) (16)

Vout = −(V1 − V2)
R1

R2
, (R1 connected to output and ground) (17)

(Gain)(Bandwidth) ∼ (unity gain bandwidth) (18)

S

N
ratio = 20 log10

(

VS

VN

)

(19)

VN (rms) = (4kBTBR)1/2 (20)

~J = σ ~E (21)

σ = e(nµe + pµh) (22)

np = 4

(

kBT

2πh̄2

)3

(memh)3/2 exp

(

− Eg

kBT

)

(23)

ni = pi (24)

I = C exp

(

−e(V0 − V )

kBT

)

− IS = IS

{

exp

(

−e(V0 − V )

kBT

)

− 1

}

≈ IS exp(40 V ) (25)

IC = hFEIB (26)

IC ≈ −IE (27)
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hfe ≈ hFE = β (28)

α =
hFE

hFE + 1
(29)

gm =
dIC

dVBE
≈ 40IC =

1

re
(30)

hie ≈ 1

40IB
=

hfe

gm
(31)

dIC =

(

∂IC

∂IB

)

VCE

dIB +

(

∂IC

∂VCE

)

IB

dVCE = hfe dIB + hoe dVCE (32)

dVBE =

(

∂VBE

∂IB

)

VCE

dIB +

(

∂VBE

∂VCE

)

IB

dVCE = hie dIB + hre dVCE (33)

AV ≈ − RC

RE + re
(feedback config) (34)

AV ≈ −RC

re
(common emmitter or decoup. cap.) (35)

ri = R1//R2//rb (36)

rb = hie + (hfe + 1)RE (common emmitter) (37)

ro = RC

(

1 + hoeRE

1 + hoe(RE + RC)

)

(38)

fc = {2πCin(Rsource + ri)}−1 (coupling capacitor) (39)

fco = {2πCE(RE//re)}−1 (decoupling capacitor) (40)

fβ = {2π(Cb′e + Cb′c)rb′e}−1 (high-f hybrid-π) (41)

fβ ≈ 40IE

2πhfe(0)Cb′e
(42)

fT ≈ 40IE

2πCb′e
(43)

Vo

Vi
=

{

1 − 5

(ωCR)2
− j

(

6

ωCR
− 1

(ωCR)3

)}

−1

(44)

f =
1

2πCR
√

6
(phase-shift oscillator) (45)

AV = − 1

29
(feedback B of phase-shift oscillator) (46)

Vo

Vi
=

{

3 − j

(

1 − ω2R2C2

ωCR

)}−1

(Wein-bridge oscillator) (47)
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