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Module 1

WEEK1
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PCB Module

Week 1

— Introduction to basic electronics components

— Introduction to conventional/non-conventional PCB fabrication
— Lab Visit: Overview of workshop facilities

— Demonstration of etching and soldering

— Demonstration of PCB CNC milling and drilling

Week 2

— Introduction to Proteus ISIS

— Introduction to circuit schematic design and simulation

— Tutorials: Create computer schematic and simulate circuit
— Lab Task 2: Create schematic drawing in Proteus ISIS

Week 3
— Introduction to Proteus ARES
— Introduction to circuit layout design
— Tutorials: Create computer PCB layout for electronic circuits
— Lab Task 3: Create Layout drawing in Proteus ARES

Week 4
— Lab Task 4: PCB Soldering and Troubleshooting



Reference

* Design and Technology
— James Garratt
— 2"d Edition
— Cambridge Edition

* Chapter 6

Control electrics and
electronics
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ELECTRONICS BASICS (REVIEW)



Voltage/Current Measurements

12V { = -l
Switch Fuse

=3
cd
cd

Switch

Ammeter
r— WO ma

THwAL
gl s
Globe
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Resistor

Nickel cap . . _
i Laguer coating Ceramic rod coated with
" Ceramlc Hare film of carbon, metal

or metal oxide

e 2 — = | o —
Lead _ "
S '\.l_- Spiral groove cut through Connectar cap
Carhu{film Protective lacquer Emcilis poelig o o Al lcad: oty
cq [ong strip of resistance material
N>
carbon resistor
resistor symbol

(see colour code p.115)

wire-wound resistor

resistance wire (used for
making filaments,
elements, elc.)

connecting wire

plastic covering (insulator)

copper (conductor)
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Resistor Color Code

4 - Band Code

2%, 5%, 10%

IJ | I 4k7Q x5%

Violet 10MQ +0.1%
|
---—_
#
Silver 0.01Q + 10%
5—BandCode 63k4 0.1%
0:1%, 0.25%, 0.5%, 1%
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Voltage Divider

v
R 500 R1
50R
X BAT
12v *—O - 12V
I ¢
Rz 200 R.= 500 R?2
50R
l Y
O -—
GND
a) Without R_ connected b) With R_ connected —
Rxy = 50Q R vy = 25Q (Resistors in Parallel)

_ ) R> _ ) R-
V:ut 1s""'llr" A RT&> Vcl_rt 1\“"fllr A R1 + R:

- o950 _ - 25 _
Vou =12v « 55550 - 6.0v Vour =12V « 55395 - 4.0v
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Variable Resistor

5k ohms' 95k ohms

T sliding contact  spindie
IBATT
10V ariable
—_ resistor
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Resistance (k{2)

Light Dependent Resistor (LDR)
>

LDR

| TORCH LDR
Transparent coating Electrade 1 -
| over the surface 7\
I_'| Electrode 2
Terminal tig
CelS track

Ceramic cov

BAT1

EHMEEE:EA oV
Photoregiste R 1

Terminals

A 10k

1000

100 \ /

1.0 S~

T
0.1
01 1.0 10 100 1000 10,000
Lux
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Thermistor

Vs Supply Voltage
O
o
Temp=25 C
Thermistor

| | o/

-1
Vout
® O
Y
<
-\5 R X Vs
“ R2 10000 + R2
‘a
Y
(4
ov
». )
Ground

*f:m ? g.u';.’t wy L
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Lab Task 1(a)

The following circuit is used in a mobile robot to detect the
amount of light present in the environment. The circuit uses a
LDR as light sensor. Answer the following questlons using the
information provided to you. Ge

* Sketch the graph of V¢
against intensity?

* Sketch the graph of V¢
against intensity if the

position of resistor R and
LDR swapped? 1000

* Redesign the value of the % e \\
resistor such that V,,,, = 1V § >~
at a light intensity of 1 Lux? € o ~

0.1 1.0 10 100 1000 10,000
Lux
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Capacitor

+
S e 1l

symbol for polarized capacitor

e = |
t?\ y / // i symbol for non-polarized capacitor

Non-polarized capacitors

Polarized capacitors

» SW1 AMT AM2 SW2
00 _ + B o0
T00R
9
— ) VM1 1
|
B1 I — 10000uF 15251 .
12V I ]
—— >
. ]

=
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anode cathode

18 Jan 2016

HEoo (2

1

Cu
1]

(=
'_I.
(=)
5]
(18

1]
1]
1

=10 =11
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Can we use a diode as voltage divider?
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Light Emitting Diode (LED)

R1

10k

T BATTERY
~ 12V

U D1

anode cathode
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Switches

27

Microswitch

Toggle switch,

Push button switch | eed s ' Rotary switch
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large collector

P e e e -
{ — ‘rcurrent
rd
t_ R
- ils
= - collector
/f .w 9 12‘#: {
\.__._ _____
_ : .1 1 small base
A NS e e <+ } current
SRR sl oy i s s 2 o <

Base current flows, when the base is at-least
0.7V (Silicon) higher then emitter voltage.

LED

How much is the amplification?

Q1

PN2222

C

I
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Relay

softironarmature  pivot  switch contacts l

insulation

coil connections  springy metal

Construction of simple relay

What is the advantage of a relay over a transistor?
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Relay Application

|| I RELAY

LEFT RIGHT
Q1

PN2222
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Lab Task 1(b)

The relay in the circuit turns on when 50mA of
current flows through its coil. The transistor
used in the circuithas f = 100and V;,, = 0.7V

* How much base current
is required to turn on
the transistor?

* At which voltage (Vin) —
the motor will turned
on, considering RB =
2Kk27?
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Reference: Design and Technology, Page #149

Ground [1] 8] v+
7] Discharge 1

Ti m e r 5 5 5 :ﬁ:ﬁi g .EThreshold 2

3
Reset [2] 5] control 4

Voltage

> > f= 1.44
(R1 + 2Ry)C,

»

© U1 For above example:
5565 -+ Vout 124
_40 R 8 Q 3 ' /= (1000 + 2 x 68000) x 0.00001
=
/
cCc b—»
BAT
5V = cv R2
T 68k
(]
2R & THIE—9
&
C1
10uF —
& &
GND
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Reference: Design and Technology, Page #140

Operational Amplifier (Op-Amp)

= s 1
RELAY éH +\/,
i: [] ig Inverting \
-+ . ; —_
- V+ U 1 A vout np ut DUtDUt
- BAT /GV_ 3 L . <7 Q1 Non-inverting |
o 12V ‘/d 2 | RB PN2222 input A
LDR - P v,
R3 -
: () a7 MOTOR
GND
\__/
output 1 1|: LM393 :] g Vece
n1¢y 2| || 7 output2

1+ 3[ | QJ 6 Input2 (-
3 ‘ GND 4|: ] 5 Input2 (+)

18 Jan 2016 Dr. -Ing. Ahmad Kamal Nasir 23




Through-Hole/SMD Components

5!4;??-!

-
SOT-23 SOT-223

0603 0305 12068 S!-B S0- I

|""I"""I"”]"”””i'“'”"|'”'"”'|'”'|"""""'
Imm 1lem 2 3 4| si 6l
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Lab Task 1(c)

The following circuit uses thermistor and an op-amp
to control the temperature of a room. The fan is
required to maintain the room temperature at 25°C.

* At what voltage (V +) ?
the fan turns on?

 Whatis the value of i “ 535
resistance R1 required |- Ve 3
to just turn on the T par v o
fan. The resistance of [
thermistor (RT1) is “Ale o “ ';“;f
10K at the

temperature of 25°C?
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PCB PROTOTYPING
CONVENTIONAL



Bread Board

(i)
[
al

~— =

SSRSR BRS0N SRARE AW
SRR SE00F RERRRR AW

ABE - --‘ll_l_""-

N T TN Y seeRORReN
COBBBBBIBE.__ 80008000
Deeser w208 LA L LA 2 L

27

Eeeloeeee 4u_l-ia-iii
| __. ’N
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phet "n:.”.mun

e o
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.4._1..“...'.. sEame B0
: @ 3
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oV
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Design & Technology Chapter 6

Reading Reference

Vero Board (Matr

ip)

ix/Str

SO00000000
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Reading Reference: Design & Technology Chapter 6

Single Layer PCB Prototyping Workflow

component wires
poking through holes

flux core solder
: ke
pliers being used
as a heat sink
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PCB Nomenclature

Buried Via Hole Blind Via Hole

Plated Through Hole

Plated o Plated
Top through hole Plasma Paste filled Unplated through hole
soldermask  (through via) micro-via micro-via hole (Backdrilled)

(Blind) 4 J

(Buried) -

~ builgup ~ Bured) e - - - .

(Blind) *
Bottom Laser
soldermask micro-via
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SMD Technology: Pick and Place
Machine

(W ‘,
o ) W —
.. D —

—

tonny@neodentech. com
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SMD Technology: Reflow Oven
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CONVENTIONAL PCB PROTOTYPING



Print Outline for PCB Cutting

- § EEENY
ofession 1 L!" |

 Tods Ted
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.....
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Cut Butter Paper /
Peel OfSticker Side
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Print Layout using Laser Printer

i
F_--!-.-:"::-.'i_.b\:1!!-1.!|$f|ﬁ._

18 Jan 2016 Dr. -Ing. Ahmad Kamal Nasir




Negative Image of Printed Layout




Cut/File PCB Board

38
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Transfer Layout Image on PCB
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Ink Transferred on PCB
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Use Hot Water and FeClI3

E
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Etching Tank

ide
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Add boiling water into the tank and stir
the solution
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Exposed copper is being dissolved
FeCl3 solution
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Wash after Etching
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Use Petrol to remove Printer Ink from

Etched PCB

4
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Hand Drilling
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Prepare Butter Paper for Silk Screen
Printing

-
=
E

[

553 4
—
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Transfer Silk Screen on PCB
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Prepare Soldering Work Station

O KAWH=
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Apply Soldering Paste and Embed Resistors
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Solder Component Legs

\ ‘a

START

SOLDERIN
IROM

=
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Solder Components (Smaller to Bigger)

~ma o L
oma T -2 |

C_@RR)-
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NON-CONVENTIONAL PCB
PROTOTYPING



18 Jan 2016

CNC Machine
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Create CAD/CAM Files

Cutput | Yiew Edit Library Tools System  Help CADCAM (Gerber and Excellen) Cutput &I_E—hj
Print... i [ E i,

'ﬁ:l = P Akt I:U m _q} 'lé * @* Q Q ‘ CADCARM Output } CADCAM Nntexl

Elﬁ] Printer Setup... r i

iy Printer Information Qutput Generation

Set Output Area
Set Qutput Origin

L
SHRdE ./ B WAE+ Flester  [PCE Module - Task1-2
Folder: |\Engineering Labaoratony

< Output to individual TET files? Automatically open output folder
<~ Output to a single Z1P file?

K K
Export Graphics »

Pre Praduction Check... Layers/drtworks: Baotation: Reflection:

lnrer 1 Inrer 8 4 ¥ Horizontal < Mormal
Manufactuning Notes... v Bottom Copper Irner 2 Inner 3 < Mertical < Mirrar
: » PCE Module - Taskl-2 - CADCAM o Inner 3 Inner 10 T :
§|Gerber/Excellon Output... READ-ME.TXT Bottom Sik Inner 4 Inner 11 INF Fie Units: Gerber Format
e,: Gerber vien TT File Top resist Inner 5 Inner 12 < Imperial (thou) S BSIT4D
S Bottorn Resist Inner & Inner 13 < Metric [mm) & FSaTaN
Pick and Place file... . PCE Meodule - Taskl-2 - CADCAM Top Mask Inner 7 Iriner 14 £ At
Drll. TXT Bt v Mech 1 Mech 3 = - :
Testpoint Information file... TT File v Diil Mech WMech 4 Slotting/Routing Layer:
ODB++ Output... — v Edge [will appear gfall lapers] Mech 1 -
P % PCB Module - Taskl-2 - CADCAM —— |Etec E
IDF Output... Mechanical 1.TXT pely Global Guard Gap |5t [ : -
TXT File Bitmap/Font B astenzer:
30 Visualization I | 2l ‘ | Moot ‘ Resolution: | 1000 dpi -
. PCB Module - Taskl-2 - CADCAM
Bottormn Copper. TXT
TT File Run Gerber Viewer When Done?

b RS = -1 ok || Cancel ‘
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Import PCB Outline/Tracks/Drill Layer
into CNC Machine Software

i TT—
z Design Pro(Easy CAD) - NoTitle
Eile | Edit View Information Work Prefs. Tool
s | Gl lal Py = @
Clper'l hr am
Import (5, Gerberln |
RecentFiles * [, DXFIn |
 sove
Save Ac Flash for Windows
E b .-Fllash Dos
Place Mit File
Place Part
Save Part [0)
= Print
F] it

rz Design Pro(Easy CAD) - NoTitle .- o 5 i |
File Edit View Information Work Prefs. Tooltable ConvPrefs. Help Application
H & QB REell 2
G, G O R Ouom S Emih R RLEE febsdinbsip Sk SOEMW
@evOCOC | /MNha | a@® - +-— FFBEBEXT | AM A
| Top v ||No. 4 Type:C Width1:0.100 ~lleid  ~|lmm ~|
B8 Layers

E-{r=; Default{d)
‘.... [l Bottom{D)
Mill (0)
£ [0 Mil Top(0)
¢ Lo Mill Bottom(0)
=) Drill (0}
L orilo)
Routing(0)
‘... [0 Routing{D)
Sub{D)
i [ Subsidiary Top(0)
i.... ll Subsidiary Bottom({)

-12.719 5982




Create Drilling Marks and Milling
Outlines

B calsaspebsae 5 oOEm B
AN

z Generation Settings -h = | T S
Layers
Layer Mame Layer Type Color

F:YPersonal\DocumentsJob YL UMS \Engineering Laboratory\PCE Module - Task1-2 - CADCAM Drill. TXT

drill layer | j_

F:\Personal\DocumentsJob YL UMS\Engineering Laboratory\PCE Module - Task1-2 - CADCAM Bottom Copper TXT

PCB Module - Task1-2 - CADCAM Bot[FETsisii - |:|

F:\Personal\DocumentsJob YL UMS\Engineering Laboratory\PCE Module - Task1-2 - CADCAM Mechanical 1.TXT

PCE Module - Task1-2 - CADCAM Mefcg ouine |

Default
Top | ~e
st | ~ -

Basic l Detail ]
Mumber of Passes: |3 Tools
) Tool Mo, Tool Diameter
Overlap Ratio{%%): |33.3
[ Mill only pads from 2nd time 1st time: o J0.300 Browse
2nd time: |1 |0.300 T
ard tme: |2 |0.300 Browse
Cance
- E_ | — E I
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Final Output
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Video Demonstration

PCB Drilling PCB Milling
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Lab Visit

* Conventional PCB Prototyping
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