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Atoms

NFET symbol and cross section
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Atoms

NFET formulae (1/2)

IDS = IF − IR

IF (R) = ISln2



1 + e

VG−VT0−nVS(D)
2nUT





IF >> IR: in saturation, else: triode region/linear region.
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Atoms

NFET formulae (2/2)

IF << IS (VG < VT0 + nVS): weak inversion/subthreshold

simplifies to: IF = ISe

VG−VT0−nVS
nUT

IF >> IS (VG > VT0 + nVS): strong inversion/above threshold

simplifies to: IF (R) =
IS
4

(

VG−VT0−nVS(D)
nUT

)2
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Atoms

NFET Early effect

IF =
VD+VEarly

VEarly
IF
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Atoms

NFET characteristics
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Atoms

Briefly Mentioned: Gate Leakeage/Direct
Tunneling

tox ≤ 2 − 3nm
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Atoms

Capacitor symbol and cross section
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Philipp Häfliger hafliger@ifi.uio.no



Atoms

Capacitor formulae

V = 1
C

Q

δV
δt

= 1
C

I
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Atoms

Resistor layout
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Atoms

Resistor formulae

V = RI
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Circuits

Current Mirror Schematics
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Circuits

Current Mirror formulae

Iout = Iin (if both transistors are in saturation, and have the same

W/L ratio, and neglecting the Early effect)
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Circuits

Differential Pair Schematics
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Circuits

Differential Pair Formulae

Ib = I1 + I2 = ISe

−VT0−VC
nUT

(

e

V1
nUT + e

V2
nUT

)

I1
I2

= I1
Ib−I1

= e
V1−V2
nUT
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Circuits

Transconductance Amplifier Schematics
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Circuits

Transconductance Amplifier Formulae

Iout = Ib
e

V+
nUT −e

V−
nUT

e

V+
nUT +e

V−
nUT

= Ib tanh
V+−V−

2nUT
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Circuits

Resistive Net
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Circuits

Resistive Net Formulae

V
RV

= δ2

δx2δy2
V

RH
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Circuits

Diffuser Net
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Circuits

Diffuser Net Formulae

V ∗

R∗
V

= δ2

δx2δy2
V ∗

R∗
H

V ∗ = −e
−V
UT

1
R∗ = g∗ = ISe

VG−VT0
nUT

Attention: transistors must be in subthreshold for this to be appli-

cable!
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Circuits

Winner Take All Principle
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Circuits

Winner Take All Basic Circuit

Vbias

IinIout IinIoutIinIout
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Circuits

Smooth Cooperative Winner Take All
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Circuits

Hysteretic Winner Take All
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Circuits

Local Winner Take All Principle
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