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Every equation of the lecture series in one place, ordered from
fundamental physics to the highest abstraction. No derivations
and almost no words — those live in the lectures — just the
results, as a reference.

FUNDAMENTAL PHYSICS

The QED Lagrangian — everything in electronics follows
from this
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Fermi-Dirac distribution, and its Boltzmann tail
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Maxwell’s equations
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Force on a charge
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SEMICONDUCTORS

Density of electrons in the conduction band
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Effective density of states
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Intrinsic carrier concentration

n; = N(:Nv eng/(QkT)

Doped silicon (mass action)
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Drift current
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Diffusion current
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Thermal voltage
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Built-in voltage of a pn junction
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Depletion width
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Diode equation
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Forward voltage temperature dependence
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Difference of two diode voltages (PTAT)

VD1 - VD2 = VT InN

Generation (leakage) current of a reverse biased junction
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MOSFET

Weak inversion
w
Ip = IDOTGV“”/”VT if Vpg > 3Vr
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Strong inversion, define
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Capacitances
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Miller’s theorem
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Matching (Pelgrom)
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Current mismatch (Kinget)
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NOISE
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Mean square and power spectral density
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Thermal noise of a resistor
Stn(f) =4kTR

Sampled (kT/C) noise bandwidth of an RC
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Uncorrelated sources add in power
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Signal-to-noise ratio
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Transconductance
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Transconductance efficiency
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Output conductance and intrinsic gain
1 2
=—=ANp,A=gnris= ——
9ds s D ImTds )\V;; PP

2
=

02
SNR =10log | =2

Noise factor and Friis’ formula
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CIRCUITS SWITCHED CAPACITOR

Common source SC resistance

1
Zr =
A= —9GmTds > Tout = Tds le¢
. SC gain stage and integrator
Common drain (source follower)
Cl _ Cl 271
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First and second order IIR
Common gate
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Im Tds DATA CONVERTERS

Quantization noise
Source degeneration and cascode output resistance
A2
e2=—=SQNR~6.02B + 1.76 dB

n
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Oversampling
REFERENCES AND BIAS

Bipolar / diode core SQNR ~ 6.02B + 1.76 + 10 log(OSR)

First order noise shaping
1
Vpr = Vrln TC (CTAT) , AV = Vi In N (PTAT)
s Y(2) = STF(2)U(2)+NTF(2)E() , STF = 2~* , NTF =12~
Brokaw bandgap output

SQNR = 6.02B + 1.76 — 5.17 + 30 log(OSR)
Ry

Ry
V =V + —Vrln
REE T IBE T RST TRy Figures of merit

Bandgap voltage with curvature

FOMy = 2B—Pfs , FOMgs = SNDR + 10log (fS;Q)
Ve = Vao+(m—1)— In E—i—T k n J2 28 Voo = Vieo DAC: a digital number scales a reference
q T qg J1 Ry Ty
FILTERS Vout = Din X Vyey
Pole/zero frequency VOLTAGE REGULATION

The inductor and capacitor of a switcher
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Ideal buck output
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PLL

A modulated carrier, and phase versus frequency

An(t)cos (rnfit + 6,(0)) . 0(t) =27 [ ft)s

Loop gain of a charge-pump PLL
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OSCILLATORS

Crystal input impedance

- LCF82+1
- LCrCps? +Cr+Cp

Z mn
Ring oscillator frequency
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Current starved ring

f ~ Icontrol
CVDD N
RADIO

Friis transmission (free space)

 Prx [A7?
Prx = 57 [4”}

Receiver sensitivity

Prx.... = —174 dBm + 10log,,(DR) + NF + E,/Ny

WOULD YOU LIKE TO KNOW MORE?

Every equation here is derived in its own chapter of this book;
the section titles above point at them

Johns and Martin carry the same set with more algebra [1]

[1] D. Johns and K. Martin, Analog integrated circuit
design. John Wiley & Sons, Inc., 1997.

T s(CL4Cy) 1+ gpgré‘m%{ Principle IC Scientist. From 2014-2017 he did a

pargkfmé Post.Doc focusing on compiled, ultra low power,

SAR ADCs in nanoscale technologies. He’s also an Adjunct
Associate Professor at NTNU. His present research interests
includes analog and mixed-signal CMOS design, design of
high-efficiency analog-to-digital converters and low-power
wireless transceivers. He is the developer of Custom IC
Compiler, a general purpose integrated circuit compiler, and
makes the occational video on analog integrated circuits at
https://www.youtube.com/@analogicus. For full CV see
https://analogicus.com/markdown-cv/.
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