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The main objective for the project was to develop PCB for a prototype of the loT system of
an old home light and to study the three free design tools that can be used for this project.
The first part of the project was to study free PCB design tools available on the Internet
and to select the best one among them for this project, which was initially carried out. Se-
cond and the main objective was to design and manufacture the professional PCB layout
according to the given requirements and information. This project aims to develop a part of
the smart home project.

The design was carried in two phases, namely schematic design and layout design. All the
components required for the projects were custom created even some of them were avail-
able in the software library. The main idea behind not using the available parts from the
library was to explain and understand the detailed process of PCB development task. The
designed PCB will act as the 10T system prototype after feeding the codes, which were not
the part of the project. The total system is designed in such way that the old light system of
a house will turn to loT so that it can be controlled by a user over Internet network being
able to customize the light colors, brightness and also able to react according to the sur-
rounding room temperature. The sole purpose of this project was to develop a hardware
PCB system required for this project. The project was carried out using the tool called
KiCad among two other tools, namely: DesignSpark and ExpressPCB. The design is ready
for milling and testing.

The result of the project is to manufacture a functioning PCB. The design was carried out
using the schematic design and layout design which will be eventually used to print out the
board and place the require components on them and finally feeding the codes in order to
function as required functioning loT system.

Keywords KiCad, PCB design, Schematic, Layout, Fabrication, Milling,
0T system
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List of Abbreviations

loT Internet of things

PCB Printed Circuit Board

RFID Radio frequency identification

NFC Near field communication

WSANs Wireless sensor and actuators networks

THT Through hole technology

SMD Surface Mounted Device
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1 Introduction

IoT consists of a wide range of communication standards, protocols and data formats
so that the loT environment is heterogeneous, decentralized and complex. It consists
of technology such as near field communication (NFC), radio frequency identificati-
on(RFID), wireless sensor and actuators networks (WSANSs). Basically, it can be said
to be a system where a network of physical devices, vehicles, home appliances are
embedded with software, electronics, actuators, which enable these things to connect,

collect and exchange data. [1.]

An loT ecosystem can be defined as a collection of smart devices connected in Internet
network which use embedded processors, sensors and hardware to collect and send
data so that they can interact. These devices also communicate with other related de-
vices and act on the information they get from one another. Figure 1 shows the most

common loT applications in everyday life. [1.]

Smart car
Smart city Wearables
loT
Smart health appllcatlons Smart appliances
Smart farming Smart buildings
Smart TV Smart home

Figure1: loT uses and applications [1.]
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2 Free Design Tools for Designing Printed Circuit Board(PCB)

There are plenty of free design tools on the Internet for designing a PCB. The selection
of software depends on characterstics of the project. If the project is simple and does
not require a lot of library component features, it can be carried out using a light softwa-
re which is easy to download, install and operate and such software does not occupy a
lot of space on the computer disk. Some smaller projects can also be carried out onli-

ne, without even bothering to download and install on the computer. [7.]

Among almost ten free PCB design tools, below are listed top 3 best free ones:

. KiCad

. DesignSpark PCB
. ExpressPCB

21 KiCad

KiCAD is an open-source software tool for the creation of electronic schematic dia-
grams and PCB artwork. Beneath its singular surface, it incorporates an elegant en-
semble of components such as eeschema, PCB calculator, GerbView, Pl editor and so

on these are briefly discussed below:

2.1.1 KiCad Project Manager

This is the main component of the software tool, which is a project manager. It contains

.pro extension and the file contains few parameters for the current project, including the

component library list. [4.]
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2.1.2 Eeschema

Eeschema is the component used for schematic file editor and it contains various file
types, namely .sch, .lib, .net. .sch files contain schematic files, which do not contain the
components themselves. .lib files contain schematic component library files, containing
the component descriptions: graphic shape, pins, fields. And .net files contain netlist file
created by the schematic and are read by the board editor. This file is associated with
the .cmp file, for users who prefer a separate file for the component/footprint associati-
on. [4.]

2.1.3 CvPcb

This tool allows matching the components from the schematic file to the footprint com-
ponents while designing the printed circuit board. The files stored on the footprint libra-
ry are listed here so that the corresponding components from the schematic diagram
are matched to perform the desired function in a specific design. This association is
added to the netlist file created by the schematic capture program eeschema. It is

simply called a footprint selector and has .net file extension. [4.]

2.1.4 PcbNew

This tool is for editing the circuit board. The actual design is made on this tool which

contains all information about layout and the file format is .kicad_pcb. [4.]

2.1.5 GerbView

GerbView is used to view gerber files, which allow the file for fabrication. It has the file
format .gbr. Gerber is also the standard image input format for all bare board fabricati-
on equipment needing image data, such as photoplotters, legend printers, direct im-
agers or automated optical inspection (AOI) machines and for viewing reference ima-

ges in different departments. [4.]

2.1.6 Bitmap2Component

This tool helps to convert bitmap images to components or footprints. This file contains

the format .lib, .kicad_mod, .kicad_wks. This is a utility tool, which allows a user to
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create a component for logos. It creates a schematic component or a footprint from a

bitmap picture. [4.]

2.1.7 Pcb Calculator

This tool is a basic calculator for component, which allows measuring track width ver-
sus current, electrical spacing, color code, transmission lines. This tool also comes

under utility tools. [4.]

2.1.8 PI Editor

This is a utility tool used for page layout editor. It contains page layout description files,
for people who want a worksheet with a custom look and the file extension is
.kicad_wks. [4.]

2.2 DesignSpark PCB

DesignSpark PCB is one of the most popular and easily accessible electronics design
software tools. The program is easy to use and learn. DesignSpark has so many featu-
res so it can capture schematics easily, it can design PCB board, improve layout, and

so on with the same program. The tools are free to use for all designers. [5.]

Unlike KiCad, DesignSpark has various components, which allow the user to work per-
fectly giving a lot of free features. This also has a schematic editor where a user can
draw diagrams and connections with multiple schematic sheets combining together to
form the complete design. Moreover, it allows a user to add third-party libraries needed
for the design work. Similarly, this also has autorouting features that automatically pla-
ces routes between components on a layout and produces Gerber and excellon drill
files. [3.]
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2.3 ExpressPCB

This is also a similar kind of software as KiCad and Designspark. However, differs a
little with the design rules, graphics and available component and component libraries.
This also has two tools for designing such as expressSCH for drawing schematic and

ex-pressPCB for designing circuit boards. Most of the drawing techniques are almost

similar. [6.]

3 Comparison Of Features Among Three PCB Design Tools

Even though top three free design tools are not much different but they still stand out

among each other with some major important features.

3.1 KiCad Features

* This is an open source program which allows user edit file formats and library

elements

* This tool provides rule checking such as the ability to set and pin properties

* Component library links with community maintained footprints and symbols

* Allows viewing the design in 3D model

* Contains simple, complex and flat hierarchy schemes

¢ (Generates Gerber files for fabrication

* No need of registration for free use [8.]

3.2 DesignSpark Features

* No size limitation for design
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¢ Generates Gerber and ODB++ files for fabrication

* Wide range of components around only 32 countries around world and 2,500

manufacturer

* Library connected to RS components

* Needs registration although it is free

* Unlike KiCad, this tool allows to create own components and footprints. [3.]

3.3 ExpressPCB Features

* Some features are outdated and cause a problem while importing com-

ponents from schematic

* Only file format supported for fabrication is proprietary with no Gerber files

which creates vendor lock-in and costly boards

¢ Mechanical features are limited such as maximum hole size is 0.25 inches

and no support for non-plated holes in boards interior

* This is unable to create internal slots and openings. [9.]

4 KiCad as PCB Design Tool

4.1 Introduction to KiCad

Among three listed software, comparing all those listed features, KiCad was selected
best for this project as this is open source software and has a wide range of libraries.
The components which are not available in the library can be created easily. Moreover,
there are plenty of free tutorials available for the user guide, which explain even the

basic steps of operation. [4.]
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Kicad uses two types of library symbols .lib and .pretty for footprints. Symbols are used
to draw schematics and after creating symbols, the proper footprints, which suit the

design are assigned. [4.]

4.2 Basic Workflow

The basic workflow in KiCad is explained below:

Step 1: Create Project

Step 2: Create Schematic on eeschema. If the required component symbol does not

exist on the library, create a component from library editor.

Step 3: Assign Footprints to the symbols used in a schematic. If the required footprint

does not exist then create a new footprint from footprint editor.

Step 4: Create netlist, annotate components and associated components with related

footprints.

Step 5: Create the design board by reading netlist from pcbnew window, importing net-

list from eeschema.

Step 6: Test the design using a design rule check and generate production files. [4.]

4.3 Eeschema

Eeschema is a schematic capture software distributed as a part of KiCad. Eeschema
allows a user to draw, control, manage library and access to the PCB design software.
Eeschema cooperates with PcbNew, which is KiCad’s printed circuit design software.
This can also export netlist files, which list all the electrical connections, for other
packages. Eeschema includes a symbol library editor, which can create and edit sym-
bols and manage libraries. Figure 2 show below is the window to show a complete

schematic circuit. [4.]
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This is the tool where the actual design of a board is performed. This is used in asso-

ciation with eeschema and schematic design to create a printed circuit board. This ma-

nages the libraries of footprints. Footprints can be assigned to the components corres-

ponding to the schematic created in eeschema, either from the existing library footp-

rints or by creating new footprints, using footprint editor. The required footprints are

automatically listed during a reading of netlist, and the components from schematic

have to be matched with respective footprint components, in order to draw the circuit.

Footprints can be changed at any time of design and updated by regenerating netlist

and re-reading it from PCBnew. The figure 3 below is the window of PCB layout, which

shows complete routed circuit design for a PCB board. [4.]
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Fig 3: A PCBnew window with a complete design board

5 PCB Development for an loT system prototype

5.1 Introduction to the project

As the world is growing rapidly with innovation and technology, every aspect of human
life system is getting advanced. Among them, one astonishing concept is smart home.
A smart home consists of every home appliances working as smart device and connec-
ted to the Internet creating a network in order to exchange data, widely known as loT
(Internet of Things). This project is a part of a smart home concept where an old tech-
nology of lighting system is converted into an loT system so that it can be connected
and controlled via internet on various basis. The following figure 4 shows an old light
holder, which is upgraded to the loT system without changing the design of the light
holder.
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Fig 4: An old model of a light holder to be changed into loT system

As a part of the project, a printed circuit board is designed and fited into the hollow
space existing on the old design of the holder. The required component information for
the design is provided and all the required components on design are to be created
and customized personally on the software library. The project consists only of the

hardware development and the software is not included as part of the project.

5.2  Design Framework

The design has to be carried out according to the given information for schematic and
most importantly the dimension of the given old light system holder, so that the desig-
ned board fits into the system physically as well as functionally. The figure 5 shows the
light holder and the hollow semicircular space where the designed PCB board has to

be fitted and fixed to make it functional.
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Fig 5: Picture showing the space on the old light system to fit the PCB

The design framework mainly consists of two parts namely schematic design and

layout design.

5.2.1 Schematic Design

The window for designing schematic in KiCad is termed as Eeschema. Eeschema al-
lows creating the graphics-based design required for the project. In this project, the
circuit contained limited components such as photon microcontroller, resistors, ampli-
fier and sensors. Although the tool provides wide range of component library the com-
ponents such as photonh, amplifier and connectors were custom created using 'create
delete, edit symbol’, according to the requirements for the project. Schematic design is
the graphical representation of the circuit where all the components are connected in
order to create the actual design on the layout. Before discussing creating new com-
ponents, creating a new library in order to save the custom components, is explained

below.
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5.2.1.1 Creating a New Library

Before creating any components in a schematic, a new library has to be created in or-
der to save the custom created components. Although the newly created components
can also be saved in an existing library, it is much more convenient to access the newly
created components from the user's own library, which saves time and lowers the
chances of getting errors in a circuit. Below is the description, how a new library was
created in this project. Figure 6 shows the main window of KiCad software from where
all the functions such as eeschema, PCBnew, create new component, and so on can

be accesed.

-

pemmdlc JliE S0 e

IS it hesi

Project name:
project_thesis.i | 3 _thesis.pro

[ —
IR manspiio

[ New_ibrary_th
project_thesis-
B8 project_thesis-
project_thesis-
Y project thesis-
[ project thesis-
B8 project_thesis-
project_thesis-
project_thesis-
project_thesis-
project_thesis-
5 project thesis-

o project thesis-

Fig 6: Main project window

Selecting the 'symbol library editor’ option from above window, the below window will
appear. Figure 7 shown below is the library window to create new components in ee-

schema.

metropolia.fi/en MEtI’OpOlia

University of Applied Sciences



KiCad thesis.pro

13

Symbol Library Editor - New_Library_tnesis (/Users/sachinbashyal/Desktop/project_thesis/New._Library.thesis.lio)

L > ceaad@

2ing
Symbol

LU

. » 4xxx_IEEE
.

Iy »7ax0xx
l‘? » 74xx

© »7axxEEE

» Amplifier_Audio
» Amplifier_Buffer
» Amplifier_Current
» Amplifier_Difference
» Amplifier_Instrumentation
» Amplifier_Operational
» Amplifier Video
» Analog
» Analog_ADC
» Analog_DAC
» Analog_Switch

» Audio
» Battery_Management
» Comparator

» Connector

» Connector_Generic

» Connector_Generic_MountingPin
» Connector_Generic_Shielded
» Converter ACDC

» Converter DCDC

» CPLD_Altera

» CPLD_Xilinx

»CPU

» CPU_NXP_6800

» CPU_NXP_68000

» CPU_PowerPC

» Device

» Diode

» Diode_Bridge

» Diode_Laser

> Display_Character

» Display_Graphic

Z150  X-635 Y-12.70

Fig 7: Library Editor Window

dx-6.35 dy -12.70 dist 14.20 mm

The green button on the top left corner of the window called 'create a new library’ is

selected, which shows the following dialog box. Figure 8 below shows the library na-

ming dialog box.

New Library

Save As: New_Library_thesis

Tags:

Where: [ project_thesis

Cancel

1
v
v
Save

Fig 8: Library naming Dialog Box
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The new library name is given as 'New_library_thesis’ on 'save as’ option and the pre-
ferred location of the library can be selected from 'where’ option as project thesis,
which is the folder created and saved on a desktop for this project. The new library
name saved and create a new symbol option is selected which displays the following

dialog box. Figure 9 below shows the library selection window.

@] O Select Symbol Library
Filter:

Iltems:

Library
Memeory_UniguelD
Motor
New_ Library
New_Library_thesis
Oscillator
Potentiometer_Digital
Power_Management
Power_Protection
Power_Supervisor

cancel | (TN

Fig 9: Library Symbol Select Window

From the ‘filter’ option the name of the library is selected as 'New_library _thesis’ where
the new component will be saved and 'OK’, and the following symbol properties dialog
box will appear from where we input symbol properties such as symbol name. Figure

10 below shows window, which allows to input and edit symbol properties.

metropolia.fi/en MEtI’OpOIia

University of Applied Sciences



15

® O Symbol Properties
General Settings:
Symbol name: photonh
Default reference designator: U
Number of units per package: 1 »
| Create symbol with alternate body style (DeMorgan)

| Create symbol as power symbol

| Units are not interchangeable

Pin Settings:

Pin text position offset: 40 v

Show pin number text
Show pin name text

Pin name inside

Fig 10: Symbol Properties Window

After giving the component name as 'photonh’, 'OK’ button is selected and the following
window will appear where new component is created. Figure 11 below shows symbol

library editor window, which allows to create a new part.
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tness. Symbol Library Editor - New_Library_thesis (/Users/sachinbashyal/Desktop/project_thesis/New. Library_thesis.lio)

R > P2 #T & Oo@aad

Photonh ‘1@

Symbol
UL
» 4xxx_IEEE

Iy »74x6xx

» Amplifier_Difference

» Amplifier_Instrumentation
» Amplifier_Operational

» Amplifier Video

» Analog

» Analog ADC

» Analog_DAC

» Analog_Switch

» Audio

» Battery_Management

» Comparator
» Connector
» Connector_Generic

7| | * 74xx
© »74xx_IEEE
» Amplifier_Audio
» Amplifier_Buffer
» Amplifier_Current

H@leU Q0% v

» Connector.Generic_MountingPin
» Connector_Generic_Shielded Zoom to selection
» Converter ACDC
» Converter DCDC
» CPLD_Altera

» CPLD Xilinx
»cPU

» CPU_NXP_6800

» CPU_NXP_68000
» CPU_PowerPC

» Device

» Diode

» Diode_Bridge

» Diode_Laser

» Display_Character
» Display_Graphic

2

Type  Unit  Converted  Style Width Height Field Value
Field Al A Normal  1270mm _ 1270mm _ Value Photon
22200 X-127 Y0.00

Fig 11: Symbol Library Editor Window

5.2.1.2 Creating Photonh

dx-1.27 dy 0.00 dist1.27

mm

The above toolbar on figure 11 will allow a user to draw the part as required if its rec-

tangular or circular components and allowing more options such as adding pins, texts,

lines, arcs, and texts, which are located on the right-hand side of the window.

For the required component photon 24 pins are to be added, which can be selected

from the right-hand side of the toolbar and the pin properties can be defined. Pin pro-

perties can be edit and input from the window shown below in figure 12.
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O O Pin Properties

Pin name: Vin Name text size:  0.279 millimeters

Pin number: 1 Number text size: 0.279 millimeters

e °_| Right . Length: 2.540 millimeters
, . Pin Pos X: -7.620 millimeters

IR _)i Input """ PinPosY: 10.160 millimeters

Graphic Style: }— Line v

Sharing:

Common to all units in symbol

Common to all body styles (DeMorgan) % Vin

Schematic Properties:

Visible

cancel | (TSN

Fig 12: Pin Properties Window

The window shows the pin properties that can be edited as a number, pin name, elect-
rical type, graphical style and the dimensions of text, number, unit and alternate rep-
resentation membership and pin position. The first pin is named as Vin and pin number
is given 1. Similarly, the remaining 23 pins are added and stated the properties accor-
ding to the given datasheet. The graphical style for this component is selected as ’line’.
Also, it is possible to edit the length and size of text and number parameters by clicking
on the text and number of pins. Along with the pin numbering and naming, pin graphi-

cal styles can also be selected from the window as shown below in figure 13.
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Pin name:

Pin number:

Orientation:

Vin
1

I o Right

Electrical type: I—)I Input

Graphic Style: ||— Line

Sharing:

Common t¢

Common 14

Schematic Propd

v| Visible

I Line

- Inverted

4 Clock

4o~ Inverted clock

I“- Input low

44 Clock low

P— output low

p— Falling edge clock
¥ NonLogic

Name text size: 0.279
Number text size: (0.279
Length: 2.540
Pin Pos X: -7.620
Pin Pos Y: 10.160

@1_

18

millimeters
millimeters
millimeters
millimeters

millimeters

Vin

Cancel

Fig 13: Pin Properties with graphical style Window

OK

After adding 24 pins, naming the pins, numbering them and selecting pin graphical sty-

les, the graphic rectangle is added to the symbol body, which will give the following

new symbol photonh as shown in figure 14.

6 LlleUeOa3%

KiCad (5. -g! J! i thesis.pro Symbol Library Editor - New_Library_thesis (/Users/sachinbashyal/Desktop/project_thesis/New_Liorary_thesis.lio)
MR >ikEe ST & 0c@qa@ - [photonh
in
Symbol photonh
L
i » 4xxx_IEEE
s »7ax0xx
o P7Axx 1 ) 24
Fo?] 5 Zaxceee input (< Vin U2 ) it
BE7 > Amplifier Audio
» Ampiifi 2 23
pifier_Buffer tnput (S GND ) e
» Amplifier_Current
» Amplifier_Difference 3 22
» Amplifier_instrumentation nput (S GND ) 1rpt
» Amplifier_Operational 4 21
» Amplifier_Video Input O _@ Input
» Analog
5 20
» Analog_ADC input (S ™) i1t
» Analog_DAC
» Analog_Switch 6 19
» Audio nput (< ———D L
» Battery_Management
> 7 18
omparator nput (= A5 e ) 150t
» Connector
» Connector_Generic 8 17
» Connector_Generic_MountingPin input (< A4 e L
» Connector_Generic_Shielded ° 16
» Converter_ACDC Input O _6) Input
» Converter DCDC
» CPLD_Altera 10 15
Input A2 i) Input
» CPLD.Xilinx ot (S P
»CPU 11 14
» CPU_NXP_6800 \np..go AL D1 _6 Input
» CPU_NXP_68000
12 13
» CPU_PowerPC tnput (< A0 D0 [ it
» Device
» Diode
» Diode_Bridge
» Diode_Laser
> Display_Character
» Display_Graphic
Name Aias  Unit  Body Type Description  Keywords _ Datasheet
photonh  None Normal __ Symbol

Fig 14: Newly created component photonh
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Finally, the component is created and before saving the component, check duplicate
and off-grid pins can be performed from the button on the top which looks like a red
bug so that there will be no error on the component. The component is saved using
’'save current symbol’ and it will be available in the eeschema during creating schema-

tic the diagram.

The required amplifier INA118P was created in a similar process as described above.
After the required components are placed in eeschema, the following schematic was
created. Figure 15 shows the complete schematic diagram of the circuit needed to

create for the project.

Metropolia UAS
Sheet: /

File: project_thesis.sch 0
Title: PCB for loT system

Size: Ab [ Date: 11/11/2018 [ Rev:
KiCad ED.A. kicad (5.0.0-3-q5ebb6b6) ‘ Id: 1/1
T 7 3 [ T 5 T

Fig 15: A complete diagram in Eeschema
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5.2.2 Layout Design

The actual board is designed on a layout window, which is called PCBnew in KiCad.
Before performing any design in PCBnew it is necessary to perform annotation, gene-
rate a netlist and matching the footprints and components from the schematic in ee-
schema. After reading the netlist from PCBnew window the actual circuit design is fet-
ched on PCB new window, where we place the components in such order that it gives
the best professional design using minimum vias and creating the route tracks. Even
before matching the components from schematic to the PCBnew, the corresponding
footprints have to exist on footprint library otherwise it needed to be created. In this
project, every footprint components were custom created. Below is the description for

creating footprints.

5.2.2.1 Creating a New Footprint and Footprint Library

If a new footprint is created it is always safe to create a new library where the footprints
can be stored and saved in order to fetch easily while matching the parts from schema-
tic with footprints. Newly created footprints can also be saved in existing libraries. It
might not be so easy to find the components if the library has a lot of component libra-
ries so it is always safe and easy to create own customized library in order to access

new footprints easily.

New footprint can be created through the footprint library editor. Regarding this project
creation of Photonh footprint is discussed. Selecting the ‘footprint library editor’ and
'new footprint’ option the following dialog box to name new footprint will appear as figu-
re 16.

O O New Footprint

Enter footprint name:

Cancel W—

Fig 16: Footprint naming window
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Selecting the footprint name as photonh and pressing 'OK’, the following window will

appear. The following figure 17 shows the window to create a new footprint.

KiCad (5.0.0-3-g5 " /D = / _thesis.pro Footprint Editor — Battery — /Li
- 888, O&y @88 | Lnal AT 200 3
Y CR Y o Y=gl = B e2loaqadle

Grid: 50.00 mils (12700mm)  [BJ || zoom Auto B

@ Fcrivd
E® sortvd
@ Frao
@ Brab

SHEd /P IQU 0~
o

REF** Board Side  Pads  Status Footprint  3D-Shape
ront 3

No3Dshape  Key Words
21632  X0.000000 Y 0.000000 dx 0.000000 dy 0.000000 dist0.0000 Inches

Fig 17: Footprint library editor window

The buttons on the right hand side of window provides options such as adding pad,
graphics line, graphics circle, graphics arc, graphics polygon, texts, anchors and tool
for measurement whereas left sidebar provides menu such as show or hide grid, polar

coordinates, units either millimeters or inches, cursor shapes and so on.

5222 Editing Pad Properties

One of the most important parts for designing footprint is selecting pad properties such
as shape and size of the pad, size of a hole in case of selecting through hole along with
the dimension of a component. Pad type can be selected either through hole, SMD or
connector but in addition, it also gives the option to select NPTH, mechanical. Pad
shape has various options such as circular, rectangular, oval, trapezoidal or rounded
rectangle. Other options such as hole shape, hole size in x and y coordinates, the posi-
tion of a pad in x and y-axis, pad numbering, a net name can also be customized. Se-

lection of pad-type depends on the component itself. For instance, a through hole pad
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is used to design a photonh. Figure 18 shows a window with a single through hole pad

to create a required component for this project, which is photonh. [4.]

KiCad (5.0.0-3-g5 I /D i . _thesis.pro Footprint Editor — Battery — /L

BhhR w0 is & ) el |o@eeaQdle
Grid: 50.00 mils (1.2700 mm) Zoom Auto [T}

Visibles

Layers | Items
M@ rc
@ e
B Fadhes
B B.Adhes
W@ Fraste
=@ Braste
P Fsiks
B ssiks
B FMask
@ BMask
0@ o
mH c
~17]
=@ «
E@ cogec
/]
@ Fcrtvd
@ sortvd
@ Frao
M@ BFao

155

= o

photonh

1
Jr

Ed &V QU 0

REF** BoardSide  Pads  Status Footprint 3D-Shape
photonh Front 1 Battery:photonh 03D shape _ Key Words:
Z756  X-0.150000 Y 0.050000 dx-0.150000 dy 0.050000 dist0.1581 Inches

Fig 18: Footprint editor window with a singe pad

To create a photonh first a through hole pad is selected. And the pad properties are
edited by either double-click or right-click and selecting the properties. The following
pad properties window will appear where the properties for the pad are set as pad type-
through hole, shape-circular, hole shape-circular and dimensions as size x 0.074 and
hole size 0.04. The dimensions are given on the datasheet and the measurement units

are on inches. Figure 19 shows the window to edit and input pad properties.
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[ JoN | Pad Properties
h; 2l Local Clearance and Settings  Custom Shape Primitives Parent Ecotprnt Omiantation
rEl e 1 Hole shape: | Circular [T Front side
Net name: Hole size X: | 0.04 in LY -
Pad type: Through-hole d Hole size Y: in
Shape: Circular | < Layers
Position X: 0 in Copper: | All copper layers [k
Position Y: 0 " Technical layers:
Size X: 0.074 in F.Adhes
Size Y: in B.Adhes
Orientation: 0 & deg F.Paste
0.0 deg B.Paste
Shape offset X: in FSiks
B.SilkS
Shape offset Y: in £ Mask
Pad to die length: 0 in B.Mask
Dwgs.User
Trapezoid delta: in Ecol.User
Trapezoid axis: Vertical Eco2.User
Corner size: % Show pad in outline mode
Corner radius: in

Cance _. d

Fig 19: Pad properties window

5.2.2.3 Creating Array

Once a pad is created with the required category and dimensions, multiple pads of si-
milar properties can be created easily using create array option since most of the com-
ponents required multiple pads to complete a design. Creating array for multiple pads
saves time and eases the design process having less chance of making an error. As
the dimensions and properties for the pad are already set, it creates same pads during
creating the array but the most important part of creating an array is deciding space
between two pads which can be found in the datasheet of the required component.
Apart from that, create array window also provides multiple options such as array type:
grid or circular, vertical and horizontal count, vertical and horizontal spacing, vertical
and horizontal offset, pad numbering direction and start position, pad numbering sche-

me and so on. Figure 20 shows the window to create array.
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(@) Create Array

Grid go4n Circular Array

Horizontal count: 1 Pad Numbering Direction:

© Horizontal, then vertical

Vertical count: 12 Vertical, then horizontal

Horizontal spacing: (o] in .
Reverse numbering on alternate rows/columns
Vertical spacing: 0.1 in Initial Pad Number:
Horizontal offset: 0 in _ Use first free number
) From start value
Vertical offset: 0 in
Pad Numbering Scheme:
Stagger: O © Continuous (1, 2, 3...)
Stagger Type: Coordinate (A1, A2, ... B1, ...)
© Rows e . bers
rimary axis numbering:
Columns
Numerals (0,1,2,...,9,10) | < |
Secondary axis numbering
Pad numbering start: 1

Cance —)

Fig 20: Create array window

Considering the following design, the component photonh is 24 pinned so we have to
create the array first for 12 pins downward vertical and 2 pins horizontal and 12 pins
up-ward vertical. So the pin count for creating the first array is vertical pin 12 and hori-
zontal 1, vertical spacing is 0.10 inch (from datasheet), horizontal spacing is 0, and ’pin
numbering start’ is 1. Figure 21 shows the window after creating 12 pads using 'create

array’ function.

photonh

REF

PEd e HUJOU 0 5

000000000006

Fig 21: Creating 12 vertical pads using create array fucntion
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To create the horizontal pads from 12th pin, the values change from horizontal count to
2, vertical count 1, pad numbering starts from 12 and the horizontal spacing 0.7 inches

(from datasheet), vertical spacing is 0. Figure 22 shows creating 13th pad using array.

<D
O
O
D
O
O
<
O
D
O
.

Fig 22: Creating 13th pad using create array function

Finally, rest of pads are placed by creating an array from 13th pad to upward vertical
direction where the value changes as vertical count as -0.10 since the pad position
moves to upward which is opposite direction in the y-axis and all other dimensions re-
main same except pin count from position 13. After adding the graphic lines which are
0.8 inches horizontal and vertical length of 1.44 inch as given in datasheet, the com-
ponent will appear as the following picture. Figure 23 shows a complete component or

a footprint.
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KiCad (5.0.0-3-g5 L /D¢ X _thesis.pro Footprint Editor — Battery — /L

Bhhi g8 s @ ot ed wa2loeeai&e

E@ Frao
B Brab

o
b
o
e
©
©
Q
0
e
0
0
0

-~ 000000000000

3D-Shape Doc:

shap Key Words
Z483  X1700000 Y 0.200000 dx1.700000 dy 0.200000 dist17117 Inches

Fig 23: Final footprint layout of component photonh

Lastly, the component has to be saved in new footprint library which can be created by
selecting ‘create a new library and save current footprint’ option or in the existing library
by selecting 'save footprint in active library’ option so that the component is available

during parts matching.

5.3 Creating Amplifier (INA118P) Footprint:

Creating INA118P amplifier footprint has the similar procedure as the photonh however
it does not contain the through hole pads instead it has THT (through hole technology)
pads. Selecting the 'new footprint’ option and giving a name for the new footprint, we
select the new pad as through hole as shown below. Figure 24 shows a window to

create an amplifier footprint.
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Eeschema — project_thesis /] — /Users/sachinbashyal/Des. Pcbnew — fUsers/sachinbashyal/Desktop/project_thesis/pro. 3D Viewer Footprint Editor — Battery — /Library/Application Support/ki.
o \ S8 o5y @88 | Logl oy oy 888 | (o N | @
Bhhh g s Be o@aade

INAL18P

Grid: 0.5080 mm (20.00 mils) & Zoom 50.00 |~ ]

Visibles

Layers | Items
W@ rc
]

B Fadhes
B BAdhes

B Fraste
E@ sraste
VI Fsiks
B Bsiks
W@ FMask

Y

@ Fenvd
E@ ecrtvd
E@ Frao
W@ Brab

S#EH ¢ HPIJIOU 0

REF**

Thickness ~ Width Height
0051 mm 0508mm _ 0.508 mm

Footprint Type  Display  Layer Mirror  Angle
REF** Ref. Yes

ESiks  No 00

75000 X-0.508000 Y -0.508000 dx-0.508000 dy -0.508000 dist 0.718 mm

Fig 24: Footprint editor with through-hole pad

The pad properties are set as pad type through hole, shape rectangular and dimen-

sions as size x 0.041 and size y 0.016 and unites are inches.

[ ] Pad Properties
Lsou . Local Clearance and Settings Custom Shape Primitives . .
Parent Footprint Orientation
Pad number: 1 Hole shape: Circular | < Front side
Net name: Hole size X: 0.64 mm Rotation: 0.0
Pad type: Through-hole | < | Hole size Y: mm
Shape: Circular | < | Layers
Position X: 0.5334 mm Copper: All copper layers =
Position Y: 0.254 mm .
Technical layers:
Size X: 0.9 mm F.Adhes
Size Y: mm B.Adhes
Orientation: o §2 deg F.Paste
0.0 deg B.Paste
F.SilkS
Shape offset X: mm
B.SilkS
Shape offset Y: mm 3 F.Mask
Pad to die length: 0 mm 2 B.Mask
Dwgs.User
Trapezoid delta: mm Ecol.User
Trapezoid axis: Eco2.User
Corner size: % Show pad in outline mode
Corner radius: mm
Cance! OK

Fig 25: Pad properties window for through hole pad

Similarly using create array properties three similar pads are created vertical down-

wards by the difference of 0.05 inches between to pads. Also creating the array bet-
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ween two pads horizontally, the distance between two pads is 0.198 inches and crea-
ting array vertically upwards for further 4 more pads as the same dimensions of the
difference of 0.05 inches between two pads. Figure 26 shows eight pads, created using

array function, required for INA118P component as a footprint.

Eeschema — project_thesis [/] — /Users/sachinbashyal/Des. Pcbnew — /Users/sachinbashyal/Desktop/project._thesis/pro. 3D Viewer Footprint Editor — Battery — [Library/Application Support/ki.
o5, | Loal vy
5 \ | = ¥ Ei e | @
BhhR = & E o M~ = oceqde

Grid: 0.5080 mm (20.00 mils) &4 | Zoom Auto
Visibles

B Fadhes
B B.Adhes
@ Fraste
@ Braste
PEE Fsiks
@ Bsiks
B FMask
@ BMask
0@ o
mo
O c
=l
=@ &
/]
@ Fcrtvd
@ scrtvd
E® Frao
M@ Brao

Ed &V QU 0

Height

ayer r ngle  Thicknes: Width
Fab  No 00 0081Tmm  0508mm  0.508mm

Z3815  X3.048000 Y 2.032000 dx 3.048000 dy 2.032000 dist 3.663 mm

Fig 26: Through hole pads created by using array functions

Finally, adding the graphic lines between these pads as the vertical length 0.197 inches
and horizontal length 0.157 inches the following footprint symbol is ready as an ampli-
fier INA118P. Figure 27 shows a complete footprint of required component INA118P

amplifier.
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Eeschema — project_thesis [/] — /User ashyal/Des. conew — /Users, ct_thesis/pro. ewer Footprint Editor — Battery — /Library/Appiication Support/ki.

s I R

Grid: 0.0635 mm (2.

E® scrtvd
& Frado
B srab

Pid &HAPJIQUO
]
<]

BoardSide  Pads  Statu Footprint 30-Shape Doc:
Front 8 Battery:INAT18P _ No 3D shape __Key Words:
22688 X 2.603500 Y 2.032000 dx2.603500 dy 2.032000 dist 3.303 mm

REF*"
INATI8P

Fig 27: Newly created amplifier footprint

5.4 Creating Connector and Resistor Footprints

5.4.1 Creating Connector Footprints

Creating a connector footprint is pretty simple. The only dimension we need to consider
is hole diameter and the distance between two pads. We place the through hole pads
with hole size 0.64 mm and the distance between two pads is 2.54 mm. The types of
connectors used for this project were 1*2, 1*3, 1*5. Removing 3 and 2 pads consecuti-
vely from a 1*5 pin connector and taking the same dimensions for hole size and pad
distance will create 1*2 and 1*3 connectors. The following figure 28 shows footprint of

1*5 female connector type.
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KiCad (5.0.0-3-g5 L /D¢ X _thesis.pro Footprint Editor — Battery — /L

BhhR e s g ot B =0oaeadle

id: 0.0025 mm (0.10 mils) §J  Zoom Auto [T}
Visibles

Layers | Items
W@ rc
1]

B FAdhes
B B.Adhes
B Fraste
@ sraste

P Fsiks
B Bsiks
@ FMask
@ BMask
@ Dwgs.Use
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1]

E@ eco2Use
=@
~17]

0@ Fervd
E® scrtvd
E@ Frao
B Brab

D#E#H & AP IJIQUI 0

o
o
©
o
O

connector_sb_1.5

REF** Board Side  Pads  Status Footprint 3D-Shape o
ccccccccc sb1.5 Front 5 Battery:connector_sb_1.5 ___No 3D shape Key Words:
71244 X1.000760 Y 13.281660 dx1.000760 dy 13.281660 dist 13.319 mm

Fig 28: Five pin connector footprint

5.4.2 Creating Resistor Footprints

The resistor used for this project was THT type. Creating THT resistor is also quite
simple. The resistor dimension used for distance between two through hole was 6.5
mm and the hole size was used was 1.22 mm. Total five resistors were used of same

dimensions. The following figure 29 shows through-hole resistor footprint.
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Eeschema — project_thesis [/] — /Users/sachinbasnyal/Des. Pcbnew — /Users/sachinbashyal/Desktop/project_thesis/pro 3D Viewer Footprint Editor — Battery — [Library/Application Support/ki..

Bhhi g8 s @ ot ed wa2loeeai&e

Grid: 0.0635 mm (2.50 mils) &4 Zoom 22.00 |~ ]

Visibles

Layers | Items
W@ rc
1]
B FAdhes
B B.Adhes
B Fraste
@ sraste
P Fsiks
B Bsiks
@ FMask
@ BMask
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E@ Frao
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D#E#H & AP IJIQUI 0

o o

resisto r_sb

Footprint Type Display  Layer  Mirror  Angle  Thickness  Width Height
REF** Value  Yes FFab  No 00 0150 mm 1.000mm _ 1.000 mm
72200 X4.000500 Y -3.429000 dx 4.000500 oy -3.429000 dist 5.269 mm

Fig 29: THT Resistor Footprint

Lastly, the layout consists of one mounted hole used to fix the board to the holder so
that it can stay still. The mounting-hole dimensions were taken by measuring the hole
in the holder where the board is supposed to be attached. The measured dimension for
the mounting hole was 0.45 mm. Figure 30 shows the footprint for mounting-hole,

which os used to mount the PCB board on light holder.

KiCad (5.0.

Bk R ¥

Grid: 0.0025 mm (0.10 mils)

2
2

g & -0JQUl0
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No 3D shape  Key Words
74342  X0.220980 Y 2.545080 x 0.220980 dy 2.545080 dist 2.555 mm

Fig 30: Mounting hole footprint

metropolia.fi/en /// Metropolia

University of Applied Sciences



32

Matching all these newly created footprint components to the parts in a schematic dia-
gram, creating the netlist, annotating and finally reading netlist from the PCBnew win-
dow, a diagram is appeared where components need to be placed, in order and routed
so that the final design will look like below. Figure 31 shows the complete arranged and

routed componets for a PCB design required for this project.

LS
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“puntingHolel
(@

(o) :
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INA113P

n _\:[O 11_.;_0 S

Fig 31: A complete design layout

The PCBnew window also allows the user to view the 3D version of the designed
board. When the board will be printed using a milling machine it will look like the picture
shown below. Figure 32 shows three dimensions PCB board which looks similar after

the fabrication process of the created design.
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Fig 32: 3D version of design layout

6 Conclusion

Hence the project was carried out using free design tools and according to the re-
quirements for the loT system. The project is aimed to develop a part of a smart home
project where the lighting systems will be functioning as an loT system. Although KiCad
was selected as a design tool various other software could also be used. According to
the preference, KiCad was emphasized because of its open source property, user-
friendly graphics and abundant free resources to learn. During the selection of design
tools PADS Logic and PADS Layout were the best ones but due to the previous expe-
rience on those tools, KiCad was selected in order to get more knowledge and expe-

rience on the tool that has not been operated.

This project contributes a small part in a smart home project. Having designed an IloT
system for the home light it brings ease and comfort in user operation and at the same
time, it also contributes to modern technology. The designed board has to be printed
and tested to be functioning before placing the components and feeding programme to
be fully functioned. However, due to the delay of installed lab appliances in the new

University building, the projected is limited only to designing circuit.
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