
Electrical Engineering II ­ Formula Summary

1 BJT

1. KCL
IE = IC + IB

2. CCCS
β =

IC
IB

IC = αIE (α =
β

β + 1
)

Figure 1: An n­p­n BJT

3. VCCS
IC = IS e

VBE
VT

In active mode: for n­p­n BJT, VBE = 0.7V , for p­n­p BJT, VEB = 0.7V . VT ≈ 25.6mV under room temperature.
A modified VCCS with the early voltage is

IC = ISe
VBE
VT (1 +

VCE

VA
)

with VCE,sat ≈ 0.2V .

4. Output resistance

ro =
VA

IC
=

∆vce
∆ic

5. Small signal transconductance

gm =
IC
VT

=
∆ic
∆vbe

, re =
1

gm

6. Base input resistance

rπ =
β

gm
=

VT

IB

Figure 2: Small signal equivalent for BJT



2 MOSFET

1. VGS > VTH , VDS = 0, no induction current.

2. Triode region VGS > VTH , VDS < VGS − VTH

ID = µnCox
W

L
(VGS − VTH)VDS

3. Onset of saturation VGS > VTH , VDS = VGS − VTH

ID =
1

2
µnCox

W

L
(VGS − VTH)2

Figure 3: An n­type MOSFET

4. Saturation VGS > VTH , VDS > VGS − VTH
1

ID =
1

2
µnCox

W

L
(VGS − VTH)2

with the channel width modulation

ID =
1

2
µnCox

W

L
(VGS − VTH)2(1 + λVDS)

where λ = 1
|VA| .

5. Output resistance

ro =
1

λID
=

VA

ID

6. Body effect equation
VTH = VTH,o + γ[

√
2ϕF + VSB −

√
2ϕF ]

7. Small signal transconductance

gm =
√

2µnCox

√
W

L

√
ID =

2ID
VGS − VTH

Figure 4: Small signal equivalent for MOS

3 Current Mirrors, Current and Voltage References

1. Simple current mirror
Iout
Iin

=
1

1 + 2/β

Iout
Iin′

=
1 +

VCE,2

VA

1 +
VCE,1

VA

2. β­compensated current mirror
Iout
Iin

=
1

1 + 2/β2

1bizarrely, VDS is also documented as vDS , but they are the same.



3. MOS simple current mirror
Iout
Iin

=
(WL )out[1 + λvDS,out]

(WL )in[1 + λvDS,in]

4. VBE­based ref
Iref =

VEB

R

5. VT ­based ref
Iref =

VT

R
ln(µ)

6. VBE multiplier

Vout = kVBE
(WL )5

(WL )2

7. VT multiplier
Vout = kVT ln(µ)

8. Bandgap reference
∂VEB

∂T
= −2.2mV /◦C

∂VT

∂T
= 0.086mV /◦C

Vout = 25.6VT + VBE VBG = 1.21− 1.31V

4 Amplifiers

Common Emitter Common Emitter with Emitter Resistance

AV (
V0

Vi
) −RC

re
≈ − RC

RE + re

AV S(
V0

VS
)

Rb ∥ Ri

RS + (Rb ∥ Ri)
AV

Rb ∥ Ri

RS + (Rb ∥ Ri)
AV

Ri ≈ βre ≈ β(RE + re)

Rout RC RC

Figure 5: (a) Common emitter, (b) Common emitter with emitter resistance

• DCLL
IC = −VCE

RC
+

VCC

RC

• ACLL
ic = − VCE

RC ∥ RL
+

VCC

RC ∥ RL
− RC

RL
IC



• Optimal, Q

ICQ∗ =
1

RC ∥ RL

RL

RC + 2RL
VCC

VCEQ∗ =
RL

RC + 2RL
VCC

• Intersection of ACLL and biasing line
VCE = VCC −RCICQ

• Emitter degenerated ACLL

ic = − VCE

Re + (RC ∥ RL)
+

VCC

Re + (RC ∥ RL)
− RC ∥ RL

Re + (RC ∥ RL)

RC

RL
IC

ICQ =
1

Re + (Rc ∥ RL)
VCEQ VCEQ =

RL

RC + 2RL
VCC

• Emitter degenerated DCLL

IC = − VCE

RC +RE
+

VCC

RC +RE
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