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Electronics Design - Voltage
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Voltage or electric potential difference (formally denoted AV, but more often simply as V) is the difference in
electric potential energy between two points per unit electric charge. The voltage between two points is
equal to the work done per unit of charge against a static electric field to move the test charge between two
points and is measured in units of volts. If in one point there is more electrical potential than the other, then

it is called plus +, and the other is called minus -.

Sl unit: Volt, V
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e
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Plus, +:
e Vboc = Volts direct Current
® Vcc= Ic power supply pin
e 5V=5Volts

Minus, -:
e GND = Ground
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Differences in net charges to expla

Minus, - symbols:

1] L

GND GND AGND

{5

1 Cell 2 g;lls

vce VCC 5V V+

TR R

Protons in ex
attract a larg
electrons

Plus, + symbols:

Some protor
attract some

BAT2

Even if net charge is
neutral, there might be
some voltage

Electrons will be
repelled among them
to spots with more
space for them

Same size holes but at different \‘
heights - voltage metaphor. 5\

i



Electronics Design - Current
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An electric current is a flow of electric charge. In electric circuits this charge is often carried by
moving electrons in a wire. It can also be carried by ions in an electrolyte, or by both ions and

electrons such as in a plasma.
Sl unit: Ampere, Amp, A
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A resistor is a passive two-terminal electrical component that implements electrical resistance as a
circuit element. In electronic circuits, resistors are used to reduce current flow, adjust signal levels,
to divide voltages, bias active elements, and terminate transmission lines, among other uses.
High-power resistors that can dissipate many watts of electrical power as heat may be used as part
of motor controls, in power distribution systems, or as test loads for generators. Fixed resistors have
resistances that only change slightly with temperature, time or operating voltage. Variable resistors
can be used to adjust circuit elements (such as a volume control or a lamp dimmer), or as sensing
devices for heat, light, humidity, force, or chemical activity.

Sl unit: Ohm, Q
1K =1000Q @
1M =1000000Q N ‘;@ @ @ Resistance
Sym bols: & 4 ¢ Less resistance
| vsrsrrsrrrrrrrrs
: }}».
A N More resistance
1kQ) 47kQ) ?; &

N\

1

N



Electronics Design - Capacitor ]raifgf,ﬁtfwm

A capacitor is a passive two-terminal electrical component that stores electrical energy in an electric
field. The effect of a capacitor is known as capacitance. While capacitance exists between any two
electrical conductors of a circuit in sufficiently close proximity, a capacitor is specifically designed to
provide and enhance this effect for a variety of practical applications by consideration of size, shape,
and positioning of closely spaced conductors, and the intervening dielectric material.

Sl unit: Farad, F i :
1uF = 0.000001F R T
1nF = 0.001 pF |
I
i
Sym bols: Electric Field

Conductive plates
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Ohm's law states that the current through a conductor between two points is directly proportional
to the voltage across the two points. Introducing the constant of proportionality, the resistance,[1]
one arrives at the usual mathematical equation that describes this relationship R= V/I (DC).

L P = resistivity
R _— — [. =length
I ® A = cross sectional area
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Components of a circuit can be connected in many different ways. The two simplest of these are
called series and parallel and occur frequently. Components connected in series are connected along
a single path, so the same current flows through all of the components. Components connected in
parallel are connected, so the same voltage is applied to each component.

Batteries

Connecting in Series (double voltage, same capacity [ah])

/_\n . 4/-\

+12v LA T
6V 6V

Connecting in Parallel (same voltage, double capacity [ah])

Resistors Y ,',/—\4\_ Capacitors
eV . 8V
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R
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12V |
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Please calculate:

e The current passing on the 3 Ohm resistor ® Thevoltage on 'th.e parallel '
e The current passing on the 2 Ohm resistor ® The total used power from the circuit
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An electronic oscillator is an electronic circuit that produces a periodic, oscillating electronic signal,
often a sine wave or a square wave. Oscillators convert direct current (DC) from a power supply to an
alternating current (AC) signal. Common examples of signals generated by oscillators include signals
broadcast by radio and television transmitters, clock signals that regulate computers and quartz
clocks, and the sounds produced by electronic beepers and video games.

Sl unit: Hertz, Hz &
1KHz = 1000kHz
1MHz = 1000KHz i | EI | 3
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In electronics, a diode is a two-terminal electronic component that conducts primarily in one
direction (asymmetric conductance); it has low (ideally zero) resistance to the flow of current in one
direction, and high (ideally infinite) resistance in the other.

A light-emitting diode (LED) is a two-lead semiconductor light source. When a suitable voltage is
applied to the leads, electrons are able to recombine with electron holes within the device, releasing
energy in the form of photons. This effect is called electroluminescence, and the color of the light
(corresponding to the energy of the photon) is determined by the energy band gap of the
semiconductor.
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A transistor is a semiconductor device used to amplify or switch electronic signals and electrical
power. It is composed of semiconductor material usually with at least three terminals for connection
to an external circuit. A voltage or current applied to one pair of the transistor's terminals controls
the current through another pair of terminals. Because the controlled (output) power can be higher
than the controlling (input) power, a transistor can amplify a signal.

% Transistor Off

>
VOUT

collector

base Flow Control
Vin

emitter

Transistor On 11
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A voltage regulator is designed to automatically maintain a constant voltage level from different
voltage values in input. Electronic voltage regulators are found in devices such as computer power
supplies where they stabilize the DC voltages used by the processor and other elements.

Step-Down: from higher to lower voltage
Step-Up: from lower to higher voltage
Step-up/Step-Down: from a range to a fixed voltage inside it

TO .220

INPUT —'ﬁ H -— QUTPUT
Pin 1 Pin 3

t
GROUND
i e A0 i R P ar Pin 2
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A microcontroller (or MCU) is a small computer on a single integrated circuit containing a processor
core, memory, and programmable input/output peripherals. Microcontrollers are designed for
embedded applications, in contrast to the microprocessors used in personal computers or other
general purpose applications consisting of various discrete chips. Microcontrollers are used in
automatically controlled products and devices, such as automobile engine control systems,

implantable medical devices, remote controls, office machines, appliances, power tools, toys and
other embedded systems.
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Serial communication is the process of sending data one
bit at a time, sequentially, over a communication
channel. It uses two wires to implement an asynchronous

full duplex communication, but only between two
devices.

The SPI (Serial Peripheral Interface) bus is a synchronous
master-slave serial communication interface specification
used for short distance communication, primarily in
embedded systems. It requires up to four wires allowing
full duplex communication for a with a single slave.

I’C, pronounced I-squared-C, is a multi-master,
multi-slave, serial computer bus invented by Philips
Semiconductor. It supports several slaves (eg 100+)
allowing one transmission per time between the master
and one slave. The transmission are not full duplex.

RX € X
Device 1
TX > RX
MISO =< MISO
MOSI > MOSI
Master s >sck Slave 1
Cs1 > (S
CS2
—— MISO
——> MOSI
L———>sc  Slave 2
CS
SDA <«——o¢———> SDA
Master 1 Slave 1
SCL > SCL
SDA =< > SDA
Master 2 Slave 2
SCL ——>SCL

Rhine-Waal University
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Device 2

Remember that
you have always to
share the ground
between the
microcontrollers!
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Electronics Design - ADC & PWM )
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An Analog to Digital Converter (ADC) is a very useful feature that converts an analog voltage on a pin

to a digital number. By converting from the analog world to the digital world, we can begin to use
electronics to interface to the analog world around us.

Pulse-width modulation (PWM) is a modulation process or technique used in communication
systems for encoding the amplitude of a signal right into a pulse width or duration of another signal,
usually a carrier signal, for transmission. Although PWM is also used in communications, its main

purpose is actually to control the power that is supplied to various types of electrical devices, most
especially to inertial loads such as AC/DC motors.

| I
[T3 Arduino analogRead LabVIEW

= | @
Arduino LabVIEW - Serial Read Analog Data () '1 © J I_I I_I L_‘@'_
.
410
pepees | 22 11 5] Pulse Width Modulation Duty Cycles
; = [
baud 9600 K
= A o . 2% sow o 7% : 100%
databits |8 Sl 01} Duty Cycle : DutyCycle : DutyCycle : DutyCycle : DutyCycle
. 360-| | _ i< P — . : -
flow control |0 = 350-] l’w, ; 5 ] ‘| Average Voltage
— | = :
parity None B\ 340 \ g’o
I Bl N S
stopbits |10 [E] 320- ——— ] =
timeout (ms) 3000 2] e o = 1
- Average Voltage
0 >
STOP 0 2

Time (ms) 15
Note: 1 cycle =2ms @ 500 Hz
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A datasheet is a document that summarizes the performance and other technical characteristics of a
product, machine, component (e.g., an electronic component), material, a subsystem (e.g., a power
supply) or software in sufficient detail to be used by a design engineer to integrate the component
into a system. Typically, a datasheet is created by the component/subsystem/software manufacturer
and begins with an introductory page describing the rest of the document, followed by listings of
specific characteristics, with further information on the connectivity of the devices.

Figure 5-3. 32-pin TQFP Top View
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LA7800 SERIES
POSITIVE-VOLTAGE REGULATORS

SLVS056J — MAY 1976 — REVISED MAY 2003

® 3-Terminal Regulators
® OutputCurrentupto 1.5 A
® Internal Thermal-Overload Protection

COMMON

COMMON

KC (TO-220) PACKAGE
(TOP VIEW)

——— OUTPUT

KCS (TO-220) PACKAGE
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® High Power-Dissipation Capability
® Internal Short-Circuit Current Limiting
® Output Transistor Safe-Area Compensation

KTE PACKAGE
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In schematic editor we are dealing with components specifications and the connections between
them. Here we specify the logical part of the PCB, where important thing is how the component are
connected or which connections are going where.

File Edit Draw View Tools Library Options Window Help

GRA® i - BERaQaaa . @ [Fl-
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2 Q) N,

T RST 2 I

» Q] ]

= Mo1 £ O

== 7 S = 499

(e2] A 5 |
er ¢ i KW
L~ LED 2

» 10K 2 ©° YELLOW vee
i < — —
o~ 5V R1

1dJ ADC3 L B5/PCINTS/-RESET/ADCO/DW vee 2 SCK
EE 2] Pee/PCINTE/XTALICLKIFOGIBADCS  SCK/USCKISCL/ADG/TO/INTOPCINT2/PB2 [

5% 8 PB4/PCINTAXTALZICLKOIOCTB/ADC2  ~-MISOMO/AINTIOCOR/OCTARCINT /PeT |2

5 ADC2 GND MOSI/DI/SDA/AINO/OCOA/-OCT A/AREF/PCINTO/PBO -2 MISO
o4 5 ATtiny45 001
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File Edit Draw View Tools Library Options Window Help

GRAes® 2 il ENeaqQe @ [ ] (i) [@mo] A make || A Mcad
f{)[mr\
ms
cﬁ_@.i}.
e In the board editor we will work with the
. r physical specifications of the PCB, and every
o component added in the schematic editor
\; will be added here as well. Here we take
éa care of components' displacement and of
=- the specification of the traces that connects
4 them.

N
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modify an existing board design, adding a least:
a. aled
b. abutton

mill and solder the board

test and program the board

create a page to document your progress of week 7, what did you do, in which order, what are your

experiences (problems, solutions, etc.), and add a video about the successful programming of the board

19
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