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The properties of materials can be enhanced so that they can be used
to perform new functions in electronic and mechanical systems.

A photoresist is a material that loses its resistance due to a chemical change when exposed to light.
Itis used in photo-etching to transfer the design of a circuit onto PCBs.

The circuit is drawn on a mask, usually by
using CAD software.

The mask is placed on a copper-coated
photoresist board. The parts covered by the
mask will be protected from the UV light.

The board is exposed to UV light,
which causes a chemical change.

The board is placed into an etching tank to
remove excess copper and reveal the tracks.

Anodising Aluminium

Metals such as aluminium can be anodised to make them more resistant and stronger.
This is done through electrolysis, a process that causes the surface of aluminium to oxidise.

The resulting aluminium oxide layer is dense, very hard and firmly joined
to the underlying material. This protects it from corrosion and wear.

Benefits of Anodised Aluminium Uses of Anodised Aluminium

b

It is hard-wearing and long-lasting, Aircraft parts
extending the life of aluminium products.

&

Electronics, such as smartphones

It does not peel or chip. Architectural features, such as cladding

It can be dyed different colours. Exterior panels for spacecraft
It is a good electrical insulator. Vehicle parts, such as wheel covers

It is easily recyclable. Cooking pans
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Current and Voltage

Components have current and voltage ratings that display the levels at which they are designed
to work. The voltage and current ratings of a component indicate the voltage at which
the appliance is designed to work and the current consumption at that voltage.

What Is Voltage? W

Voltage, measured in volts (V), is the potential difference Current, measured in amperes
between two points in an electric circuit. It is provided by (amps or A), is a flow of electrical
an energy source, such as a battery, and is needed to make charge in a circuit. It is carried by
current flow in a circuit. moving electrons in a wire.

Any lower and the
component may not work

;’; Any higher and the

Current/voltage component could fail

effectively (e.g. a buzzer rating

may be too quiet)

Too high (e.g. a bulb could blow)

Mains power supplies typically have a power supply of 230 V. Using a component
such as a small electronic buzzer, with a rating of 1.5V, would damage the buzzer.
However, mains power supplies are ideal for appliances such as kettles,

which have a voltage rating very close to the power supply.
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There are various standard components available for use within a circuit.

Integrated circuits (ICs) are components that can perform multiple tasks, thus reducing
the number of components needed in a circuit. They are essentially mini-circuits.
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A microcontroller is a type of IC that is used in a wide variety of electronic devices to perform
specific tasks. It contains memory, programmable input/output peripherals and a processor,
and it runs at a voltage of between 3 and 5.5 V.

They are available with a range of memory storage capacities, including
flash memory, which allows PICs to be reprogrammed repeatedly so they
can be used again.
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Resistors reduce or limit the current in a circuit to Resistors come in hundreds of different values.

prevent damage to components. Resistance is They are coded with a series of coloured bands

measured in ohms (Q). that identify their resistance value.
Four-band resistors have two I I 4-band resistor (looser tolerance)

resistance bands, one multiplier | I |—| | 560k O with +10% tolerance
band and one tolerance band. I

Five-band resistors have three 5-band resistor (narrower tolerance)

resistance bands, one multiplier ‘ 237 Q with 1% tolerance

band and one tolerance band.

Colour Digit 1 Digit 2 Digit 3 Multiplier Tolerance
Black 0 0 0] x1Q

x 100k Q +0.5%

x 1M Q +0.25%

White 9 9 9
Silver x0.01Q +10%
Three-band resistors have no tolerance band Six-band resistors have an additional band
but have a tolerance of + 20%. that specifies the temperature coefficient.

Instead of being produced for every possible resistance, resistors are manufactured in series.
Each series has a different set of standard resistance values.

The E12 resistor series is made up of 12 different values (1.0, 1.2, 1.5, 1.8, 2.2, 2.7, 3.3, 3.9,

4.7,5.6, 6.8 and 8.2 Q), each of which can be multiplied to the power of 10.

Each value has a tolerance of +10%.
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Components in electronic and mechanical systems are made from a
variety of materials that can be cut in different ways.

Laser cutters use high-powered lasers to cut a wide range of materials
including acrylic, paper, wood and metal (e.g. stainless steel).

A laser beam is directed through a lens that focuses it down to a very /
small high-intensity beam. This focused beam burns through the material

to provide very accurate and fine cuts, even in the smallest of components.

Advantages Disadvantages

+ Laser cutters have a very high degree « Laser cutting consumes a lot of energy,
of accuracy. which makes it expensive.
« Complex designs can be created with CAD. « Itis not suitable for all materials. For
example, PVC releases toxic chlorine gas

« Lasers do not wear with repeated use

as blades do. when cut.

Printed circuit boards (PCBs) can be cut using laser cutters, guillotines or utility knives.
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Drills are used to make very small holes in PCBs where components are connected.
The pins or wires of the components are inserted into the holes and soldered in place.

CNC milling machines can be used to mill or drill circuit boards.
If a hand drill is used, specialist tools such as pin chucks are
often used to make the process easier by enhancing the grip.
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Soldering

Soldering involves joining metal with a filler (usually an alloy of lead and tin) that has a relatively
low melting point. The filler is melted with a soldering iron and applied to the parts that are
to be joined. Soldering is used to attach components to circuit boards.

Good Joint Bad Joint
(volcano shape)

Shiny ’/ x

solder Copper tracks

« Components are soldered into place by attaching them,
their pins or wires to copper tracks or wires on the PCB.

Dull
solder

« The solder should be 'volcano-shaped:' This can be
achieved only if both the component leg and the
wire or copper track is hot enough.

Component

lead Component + Protruding wires are then snipped away after soldering.

Solder is an electrical conductor and provides a low-resistance path for current to flow from one

component to another. Also, solder wire contains flux, which prevents the metals from oxidising.
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Flow Soldering

Flow (or 'wave') soldering is used in large production runs to connect components to PCBs.

The circuit board is passed over a pan of
molten solder.

A pump causes an upwelling of solder that
looks like a wave.

As the PCB makes contact with this wave,
the components get soldered to the board.

It is vitally important that components are assembled correctly and that any

parts that do not need soldering are covered by a protective film.
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Components can be placed on PCBs by hand or by using a computer numerical control (CNC)
pick and place machine.

Components are picked off reels or tapes with suction cups.
These are then rotated to the correct angle according to
preprogrammed instructions and placed on the PCB.
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PCB Lacquering - ™

PCBs are used in many industrial and domestic items that are exposed to
moisture, dust, extreme temperatures and chemicals during their use.
Over time, these factors can cause corrosion.

To protect a PCB from damage, a PCB lacquer (or conformal coating) can be
applied to the surface of the board in the form of sprays, paints or liquid dips.

This creates a thin polymer film that acts as a protective barrier.
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Lacquer appears as a green-white colour under UV light. This makes it
easy to inspect the thoroughness of the coating during quality control.
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Friction is the resistance caused when two surfaces rub together. Friction can prove helpful
in some applications (e.g. braking systems, grips on shoes). However, it can also cause
problems in electronic and mechanical systems.

A‘“\s o [ -

This is a liquid made from long This is a liquid composed This is a dry lubricant that can
chains of polymers. of oils and thickeners. work at higher temperatures.
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The physical and working properties of different materials make them e} o
suited for use in different electronic and mechanical systems. 1111 o}
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Designers need to consider the function of appliances
when selecting materials. For example, an electric blender
needs to be durable and waterproof to withstand repeated
use and washing, but small and lightweight enough to
carry and store when not in use. For this reason, a mixture
of glass, plastic and sometimes stainless steel is often used.

The development of PIC (Peripheral Interface Controllers) has also meant that devices can be
programmed to perform multiple tasks and processes. This has improved the functionality and
efficiency of many appliances such as washing machines, microwave ovens and central heating systems.
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In the automotive industry, it is vital that selected materials are suited to their intended function.
For example, car bodies need to be made of materials that are tough to provide protection
but lightweight enough for efficiency. As a result, aluminium is a popular choice.

Radar is used to scan the road A camera-based system is used Radar is used to scan the road

in front of the vehicle and alert to monitor the position of the in front of the vehicle. The
the driver if there is a sudden vehicle in relation to lanes vehicle then automatically
reduction in the distance to in the road. If the driver adjusts its speed to maintain
the vehicle ahead. unintentionally strays out of a safe distance from the

the lane, the driver is alerted. vehicles ahead.




