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What is a Printed Circuit Board (PCB)?

I Is a board that has tracks (wires) and pads that connect
various points together

I Allows signals and power to be routed between physical
devices

I Electronic components are soldered to the surface of the PCB,
often to the pads
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Some PCBs for circuit hobbyist

(a) Arduino (b) Raspberry-pi



Composition



Composition

Substrate

I Often made of fiberglass (FR-4)

I Gives the PCB its rigidity and thickness



Composition

Copper

I The amount of copper layers indicates if the board is
single-sided, double-sided or multi-layer.

I The copper thickness can vary and is specified by weight, in
ounces per square foot.



Composition

Soldermask

I Isolates the copper trakcs from accidental contact with other
metals, or conductive bits

I It is usually green but can also be red in some other board

I Exposes the pads (and other components) so that they can be
soldered to



Composition

Silkscreen

I Displays information on the top of the PCB, includes: letters,
numbers, symbols, and artwork (logos)

I It is commonly white but any other colors can be used



Typical components

Battery

Ground

Led

Resistor

Capacitor

Polar Capacitor

Figure: Microcontroller
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The wiring problem

Connect specific pins of electronic components using some tracks
such that the sum of the length of all tracks is minimized

Constraints

I tracks can have different widths

I there are multiple layers

I the tracks cannot cross when they are in the same layer

Note that

I auto routing tools exists but often rely on brute force
techniques to find the best configuration
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The placement problem

Place the components such that

I it leads to a more compact (or smaller) PCB, conversely,
increase the density of components per unit area

I also addresses the wiring problem

Constraints

I components that can get really hot should be placed as close
as possible to the edge of the PCB

I no interfering signals should be close to a crystal oscillator

Note that

I auto placement tools can be good (or not) at addressing the
wiring problem, but often do not achieve good compactability
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Why is this important?

I The circuit is easier to understand

I More functionality can be added

I Reduces the cost of production

I Can be embedded into smaller systems

I Very important for companies that deal with Very-Large-Scale
Integration (VLSI) of integrated circuits
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Single-objective optimization

Minimise f (x , y) = (x + 2y − 7)2 + (2x + y − 5)2,

− 10 ≤ x , y ≤ 10
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Multi-objective Optimization

I Best solution for f1: 1

I Best solution for f2: 3

I What about both
objectives?

Compare two solutions, can both objectives improve?

I Solution 5 is better than 6 at both objectives

I Solution 2 is better than 4 and 6 at both objectives

I Solution 3 is better than 5 and 6 at both objectives

No solution is better than 1, 2 and 3 at both objectives
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Multi-objective Optimization

Minimise f1(x) = x2,

Minimise f2(x) = (x − 2)2,

− 3 ≤ x ≤ 3
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Components: Power 5V

Name dx dy

AVR 8bit Microcontroller 29.21 3.08
Push Buttom Switch 2.70 5.20
10K Resistor 1.54 1.54
Three 330 Resistor 1.54 1.54
8Mhz Crystal oscilator 12.00 3.00
Two 22pf Capacitors 7.80 5.08
0.1uf Capacitor 7.80 5.08
10uf Radial Capacitor 10.0 10.0
Three Leds 5.00 5.00
Connector 2pin 2.70 5.20
Connector 6pin 5.20 7.80
Connector 12pin 2.60 42.0
Power connector 10.3 4.00
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