IE1206 Embedded Electronics

Lel Le2 PIC-block Documentation, Seri_ecom Pulse sensors
I, U, R, P, serial and parallell
Le3 Exl |=>| KC1 LAB1 Pulse sensors, Menuprogram

e Start of programing task

Led |=>| Ex2 Kirchoffs laws Node analysis Two ports R2R AD
Le5 |=>»| Ex3 P KC2 LAB2 | Two ports, AD, Comparator/Schmitt
Transients PWM
Les |—» Ex5 |->»| Led | Phasor jo PWM CCP KAP/IND-sensor
Ex6 > Le10 |=>»] Le11 P> kc4 LaB4 | LC-osc, DC-motor, CCP PWM
Let2 ] ex7 | Display LP-filter Trafo
e Display of programing task
Lel3 >| Written exam | Trafo, Ethernetcontact
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Need a computer engineer to know
anything about the reality that the
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Not only general databases...

More than 98% of the world's processors today
Sits in embedded systems.

Embedded systems are used everywhere, In
satellites, robots, cars, planes and phones, down to
the smallest radio, elevator, laundry or
dishwashing machine.
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Inbyggda system — computer
programs In products

In order to write a good
program, you simply
nas to understand the
oroduct.

Husqvarna robot vacuum cleaner -
An example of an embedded system

Often a development team of employees with different
skills are needed.
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YOu as a programmer ...

In the development team the programmer often
Interacts with mechanical hardware and electronics
technicians.

The programmer of the embedded system
IS usually the one who gives the product

the most of the function.
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Embedded
Electronics

The course Embedded Electronics provides a practical
foundation for future project courses and your thesis.

The course will familiarize you with electro technician's
terminology and reasoning, so that you can actively interact, as
a valuable member of a development team for products with
embedded processors.
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_aborations — hands on

The laboratory course teaches both the programming of a
PIC processor and electricity-electronics circuits!
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We learn electronics with the
school's smallest processor!

William Sandgvist william@kth.se



Simple development system!

16F690
PIC 16F690 8-bit
microcontroller
||E=rn |:.Grn--.l wrel J'EiluellIIIr I|FE::I
R "\

4.5 Eattery Orange and Red jumpers are for PICKR2 UART Toal



= -
M new 2 - Notepad++
File Edit Search View Encoding Language Settings Macre Run  Plugins Window 7 X
cDBHE:GAlshhideian 2t BRI 1ER"
E new F
" open -
- Can A
OS2, [J] « 1131V » studl » PK2proj » Wark = [ 42| Search Work
Organize New folder |EE |~ O
¥ Favorites = [testre || readme.bt || helloled.c | |16F628.H
Bl Desktop || testh.c || onoffred.c || delays.h | |16FE4AH
% Downloads | |testh.c || melt80.c || delays.c L |16FE4H
5| Recent Places | |testhc | |melc || adventG80.c
[Z Documents | |testd.c | |MATH24LB.H | |16Fa86.H
| |test2.c || MATH24F.H | |16F8T7AH
i Libraries | testliocc | |MATHIGH |_|16F877.H
@ Documents || testl.hex | |lookup3.c | |16FE74AH
J} Music | |testl.c | |lookup.c | |16F874.H
[/ Pictures | |testlasm | |lookup.c | |16F650.H
B videos | |redlight.c | |INTIGCXKXH | |16F628A.H
I Consoie ]| ~
File name: - [Alltypas 7 v]
o ] |
llrlength 20 lirln:l Cel:1 Sel:0 Dos\Windows ANSI INS
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l.c -

otepad + -

File Edit Search View Encoding Language Settings Macro

cEHGE R GBI skl c|dig| %||

Run | Plugins

MNppExec [ Execute...

®

Direct Execur  Ctrl+Fo

length:1543 Ln:1 Cel:1 5Sel:0

William Sandgvist william@kth.se

| = melc |
1 /% mel.c Play a melody */ v Show Conse
2 Toggle Cons  Ctrl+~
R = Py
: v | Console Cor
5 I Vi I Console Out
& |RA2 16F628 RL1| Mo internal ¢
7 |RR3 RRO| Save all files
8 |IRR4-od [
Execute...
g | RAS /MC]
10 GND ——-|V=s Command(s):
11 Earphone —-<-|RBO/IN]
o - MNPP_SAVE -
12 IRB1/Rx(| 4 "E(NPP_DIRECTORY)"
13 |IRE2/Tx= od .. \Work),
14 |RB3/CC] W ACemx\Cox.exe S{FILE_NAME) -a
15 I
16 "~/
10 f#% B Wrsadsan Sealw S~ ) b
Console — v]
[ oK J ’ Save... ] ’ Cancel ]
L S

A script
starts the
compiler



Chip programmer PICKIt 2

M pICKkiE 2 Programmer

File  Device Family  Programmer  Tools  Wiew  Help

P I C K | t 2 — Midrange/Standard Configuration
Stand alone program for Device: PICTEFE284 Canfiguration: ~ 21FF
Checksurm:  19FF OSCCAL: B andGap:
To download code to ch|p PICKit 2 found and connected. MICROCHIP
FIC Device Found.
| WhD PICki 2
™ on 3
Read Wit | Werify | Erase | Blank Check | |7|_ MCLR 25 j
e .
Program Memory
PG Ml ¥ Enabled Im Source: |MNone [Empty/Erased]
ooog 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3IFFF *~
0og 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 7
058 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
[l el Auta Import Hex
¥ Enabled IHE:-: Ol vI +Write Device
(j I (j oo FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF = HeadDEﬂcg+
Fa.St ownioa 10 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF _ Export Hes File

0 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
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Programing task

In groups of two ...

Programming assignment should give you a practical
experience of basic electronic circuit work. This is useful
knowledge for project courses and thesis.
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Technical report?

William Sandgvist william@kth.se



Report on software for an
embedded system

You document:
e System structure
e The scope of the program

e Program structure

e How application/function is to be tested

William Sandgvist william@kth.se



e Assembly Image

An embedded processor is built into a product. It is hardly
possible to describe the processor computer program without
first at least briefly explain the product!

Cenlrally Located
Instrament Display

o g;,?:,'gf;_f'""* * __ = “ 4 _“"‘ " “/ IIIIIIIII F An assembly image defines
e SIS R\ ¢~ What the different parts are
e e R 5 N called - you then use these
. LSRN < g /.- exact names consistently

22X wene throughout the report when

Carg! Nabfiesiuim

ey T you need to refer to the

» Fiberglass-Reinfeted Urelfsane
el Prang

Hidden Antenna Al Compasite

] an
Charnger

B stumend Pase | rod u Ct
/

0.19 Cd = Low Roiling-Resistance Tires p "
.ﬁﬂrudl,'rl.tlnlr.sl. 5

,." Frant-Wheel-Drive

! ! ! Squesze-Casl e 3
Induetively Coupled / | Day-Time b1 n?,:ln“u-_.u-. Whesls General Motors
Charge Parl / Running Lamps B

) anl_F:'.".'" Hydraualic

Redlecior-Oplics Lighting  Glimate Control System Fronl Dist Brakes
High Beam
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e Block diagram

EDO or Fast Page

A block diagram is a diagram
of a system in which the
principal components, or
functions, are represented by
block interconnected with
arrows showing the
relationships of the blocks.

It requires no advanced skills or tools for drawing a block diagram. This is a

DRAM
UP to 641 hyte

1L

BIOS and
Flash Disk

Clock Gen.

365X CPU

Chipset

Real time clock(RTC)
Eeyhoard controller
IDE decoder

P5i2 Mouse
WatchDog Time
Internal 16hit DIO

ISA BUS
SLOT

Iniemnal

16 bt DIO and
add
TH/TITHH

1o support
External

16 hit DIO

|
—
]

S0 IHz to External 1éhit DIO
SO0MHz. 2Channel programahleCS
Reset unit DM&P
M6117D
! ! |

P52
Eeyhoard
Interface

P5/2
Mouse
Interface

IDE
Interface

RTC
Interface

v

2 channel

Programabhle
ChipSelect

block diagram of the product components. Other chart types are used to

describe the program structure.
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Illustrated block diagram

—-

LCD Display

Stereo
Headphones atj
Speaker E{I;D:l +
Micraphane %\
Irwjut
Stereds Audio!
Audia Line_)
LEGEMLr
Ao covECs 5Dy e
Main/Core Audio Amp LCD Supply 5u Flllll' 3 AFJIF
[ Amplifier
(Coaer fi— @ rows
= Power
@ ADC/DAC
Power Management Bl Clacks
B Cther

If you turn to readers outside the group of technicians, it often

happens that the blocks are colored and illustrated ...
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Chart types for program code?

How to describe your program
as a picture?
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(There is a standard UML)

Unified Modeling
Language (UML) is an
object-oriented general
language for modeling all
types of systems.

UML - contains a variety of chart

types.
The language used primarily in software design, but

IS also useful in other fields such as business process
modeling and more. By creating a model of the
system to be constructed it will be easier to
understand and build it.

[ But ... UML Is too extensive for this course... }
William Sandgvist william@kth.se




Chart types for software

i‘,. FATEHERT OF REQUREMIMTE

Three common

chart types:

e Flowchart - how the
Processor executes

e Structural diagram -
program structure

e State Diagram - state el
machines

T SCALE DATA WALUES

¥ UBICARIZT SCALED SEMAL

PROGRAM 5 TRUCTURE DIAGRAR-STRUCTURED

FEXT FoRs

The arrows show how several different chart types interact

and may be required to provide a holistic picture.



Good chart properties

Good Diagramming Features

Small Simple Clear Complete Few abstract lses
itechinically) syimbols farmal rules

A good chart should be small, simple, clear, contain few
abstract symbols, and follow formal rules.

A good chart is helpful when to explain the
system to others.
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Example of a chart that breaks
all the rules!

Good Diagramming Features

Good chart |
properties Sl i} Rl st oW dcneiall f b

formal rules

3
- hn —_, L Go to box 5
N n-1
n YES - 5 N
Aol p; - old |2 nix — nix + 1 l=(hix 1,7 y—
e e |- il g CR
l < YE
n—IN s10A] Compute [_i.l 52;,_! |nz|, ) YES 5
iter, —0 B.p. o A No
i=1(NIN A el a Al = Compute
| Yes A - Rey 8,p by
nix o0 ? -—“:2 n=27 il Eﬁ'epz}: determinate
Old p, — ity shift
Oldp, —0 e , ¥ YES !
& — ZRep ] [ _i [
al, n-2<8? 1 ;
START I n Zh ﬁ_._[REp1P2 nix -0
..*. a . e
Yes, No
Message

6
7 . Old p, — ¢
- e o= iter, T=7? iter, —iter, + ljas- : :!1.2 Hy arz |
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So, the diagrams are only helpful
IT you make an effort when
drawing them ...
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intfac_c{int

We will use ...

[ Structure chart

J

— program structure

e See exercises! e See Digital Desig

Icain [ full

(int fac_c(int x))

‘{' else
< ye=0
\coff ¥l 1 /Z_S\ coffee "f:\‘ “if l N
ot L ;
ldrop_cup | f=0 | =1
coir &4 Ifull X while
e >— N
Icoffee coffee Y I
drop_cup Idrop_cup f=f"x
— 7
full Ifull = x-1
I
[ State chart i
— for statemachines | '*“*lmf |
Flow chart |-f)

William Sandgvist william@kth.se

! — how the Processor executes
e See Datorteknik!



e Flow chart

Flow chart is used when it is important to show exactly how the

processor executes code. For example, when analyzing assembly
code to ensure that different paths through the program takes the

exact same time.

Programflow

Elowchart 2
25 |

OO <= [T
108 L13
=Y
More AutoShapes... o O (] [:—_]
Qd I 6
ARvaadl
QBoo

Stars and Banners 3

Callauts 3

NG i

Tool to draw flow charts
could be found in Word
and PowerPoint.

Same time ...

William Sandgvist william@kth.se
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\

But the program
structure is better
described with a
Structure chart.

~
=)

/




e Structure chart E

Jsp3.2.ex

(v} \ #* .
Sequence Selection lteration

JSP-chart

resolution
( more about this! )

Ifl;lé 511/;/\\\. 5 //\\

-
time (what happens next?)

Structure diagram is an easy to draw (just three symbols) two
dimensional chart (dimensions: time, and resolution).
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Structure chart editor E

jsp3.2.exe
=1
File Edit Appearance JSP  Generate Mavigate Help

Get dresse d Eat breakfast Goto school
| (52 - -
Find clothes Put clothes on Many glasses of beear Take acab Run
51} - - | {111 | (12
Take fram Ask girlfriend Cne glass* One step
wash hasket where clothes are of beer |-

-
4| | »

Itweas Qb with a new iterating component
Marning routine

|Java Applet Window

[Take the help of the JSP editor when you plot structure charts! ]

e The Programing task should be dokumented by a

Structure chart!
William Sandgvist william@kth.se



e C-code shell from the chart

|Gel dressed ‘ |Eal hreaktast | |Go 1o school | ‘

| & _

|Flnd clothes ‘ |Pu|c\mhes on | |Many glasses of bear I ‘Takea canol
81} 1
[s . 0 H H
Take from Ask girfriend ne glass One step
wash basket where clothes are ofbeer

From the structure

chart, one can directly
obtain a C code shell -
a good beginner's tool!

Jsp3.2.exe

E Program - O] x|
Fil
int maini) ;l
{
if (al)
f% Take from - wash basket */
else

S Pt clothes on *F

while (Il)

A% 0One glass of heer ¥/
if (32)

A% Take a cabh */
else

while [IZ)

ST One ztep */
H

A% Azk girlfriend - where clothes are */

Java Applet Window
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Knowledge control before Labl

JSP-Strukturdiagrammets delar

Sekvens

Bocka fér wilka olika "roller” de tio rutorna 1 strukiturdiagrammet har:

W]

Selektion

Funlctioner

Sekvens
 Sekvensdel
| Tteration
Tterationsdel
- Selektion
Selektionsdel

aljinlininlinlislEd

Jja A aja)w|

Komponenter

Ja A ajajel
Jjafajaiaiale)
aj A aa) o)A =)
aj A aa) aja)=)
Ja A ajajel

ajafafa A A=)

aj A A aja)-|

aljinjin}inlinlislC]

*

Tryck pa knappen for att berakna din svarsked.  Skriv xer ding svarskoder infor siutredovisningean

h) ISP-Strukturdiagram, svarskod

Calculate |

Svarslod

William Sandgvist william@kth.se

lteration



Knowledge control before Labl

JSP-Strukturdiagrammets delar

Bocka Br villea olila "roller” de tio rutorna 1 strulcturdiagrammet har

Funkfioner | Eomponenter
A[B[CID[EF |G HI|J
~ Sekvens |6|r|r|[‘|?|?|?[l_[l_[l_ r’!
Sekvernsdel|r|®@@|r|r|r|r|r[r | f!
Iteration ||—|[—}®|[—}®|I—|I—@||—||— : 'L
Iterartinnsda]||_||_||_|r|®|r|r|r@@ ﬁ ﬂ
Selektion ||—||—||—|[—||—|r|l—|l‘|l“|l“
Selektionsdel |~ [~ [~ [ [C [T [ [F 7 [

Tryck pd knappen for att berdkna din svarskod.  Skriv ser ding svarskader infor shutredovisningen

| h) JSP-Strukturdiagram, svarskod

Calculais | . | Svarskod FOFTSHIT Sja)’va i

William Sandgvist william@kth.se



e Publishing software code

Program code are written With[a font that has a fixed width ]
("typewriter style"). Normally fonts have variable width:
"I’ 1S more narrow than”W?.

Fank: Faont style:
ICnurier e IReguIar

Biold
Ttalic
Biold Ikalic

10
12
14 =

Courier New, iIs one such "fixed" font. Have you used 80
characters per line in the text editor, when publishing size
should be set to 8 points if one line is to fit on A4. If the lines
are broken it makes your code difficult to read. Please note! Tab

characters may need to be replaced with a number of spaces.
William Sandgvist william@kth.se



Comments

If you write all comments in English you can take advantage
of that there are millions of talented PIC programmers around

the world.

You can expect to easily find someone who understands your
program and who is willing to further develop your code.

If you publish code with English comments it is available to
the whole world.

comments // or J/* */ 1n english.

William Sandgvist william@kth.se



o ASCII graphics

I \V4 I
| RAZ 1BF G285 RAl|-»- PWMEND 1/0
| RAZ RAD|
| RA4 RAT/OSCL|
| RAS/MCLE RAG/OBCE |
GND —---|Ves wdd | -— +5V
|REOQSINT (RE7)/PGD]|
|RE1l/Rx (REGR) / EGC
2683 Hz |REZ/Tx EEGS |

EWM —-<—-|RE3I/CCE  (RE4) /S PSM|
I I

Uze LP-filter to =e =inus

*/

. . . .. )
Important information can be embedded in the application
code as ASCII graphics. It will then be available to all
L regardless of the system. )

All the course program examples has ASCII-graphics to
show how to ”connect” the chip.
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Exemple of ASCII-graphics

ll.l"ie‘

LM2577 Step Up converter (Top view)

ELF& T3-277-45

| | IM2577 I
| | Vin 5 |-<- Vin +7.7 ¥
| | Switch 4 |->- D Schottky -»>- Vout +12V
| | GND 3 |--- GND
| | FeedBack 2 |-<- R divider (R1 18k, R2 3.3//5.6k)
| | Compare 1 |--- RC-met (Rec 2.2k, Cc 0.33uF) - GND 1 +T.7v
1 | Dot at pin 1 12345 ; ;Té?v .
GND oSigna
L 150mH (4-5) ELFA 58-690-37 L e b4 +5V Vec
Cin 0.1 uF (5-GND) Cout 680 uF ( Vout-GND) Voeo. oo/ 5 #5V Vee
= e e & Release
6789 7 Gnd
S g8 Gnd
BDXRS610 one axis Gyro SparkFun breakout board (Top view) 2 Gnd
(15 mm * 15 mm) ®f
ADXRSE10 ( 1 1 1 1 \
oy With ASCII-grafics inside your
Gnd ---| GND -
Rate —<-| Rate code, you will have hardware
—<—| Temp . . . .
Teste >-| 512 . Information in reach all the time
eztN -»>-| S5T1 =
' hil di
Rate LP-filter 2k2, 0.68 uF \VV 11e yOU ale CO |ng J
=
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Functional prototype - Product

e Functional prototype (working prototype)

The meaning of a function prototype is to convince
others that you have solved the technical/software
problems that may exist with the design.

One has deliberately refrained from a variety of
properties that a finished product must have. This has
been done to save costs and development time.

What you do In a project course or in thesis work is
probably a function prototype of this type.

William Sandgvist william@kth.se




Functional prototype - Product

" One must be clear about what is included and what
IS excluded. Things that are excluded must be
kperceived as uncontroversial. )

For example, one can show a functional prototype

with a "big" breadboard, while it is "estimated" that
the product would fit on a 5x5 mm PCB. Everyone
knows that electronic products can be miniaturized.

What you do Iin a project course or in thesis work is
probably a function prototype of this type.

William Sandgvist william@kth.se



Functional prototype

Prototyping means building an actual circuit for your
design. To verify the function, or to create a platform for
troubleshooting, If it turns out that it does not work.

One should always build and test a prototype step by

step, there is nothing worse than to troubleshoot and
correct the symptoms that have more than one cause.

It is always easier to find errors one at a time!

William Sandgvist william@kth.se



Everything starts with trying out the the
function with a breadboard

A breadboard is used to make temporary connections to test
or examine an idea. No soldering Is required so it Is easy to
change the connections and positioning of components.

- Schematic 5 PCB <> Code Bl 1
Q, core Part
CORE Basic
..................................................
.................................................. e [ n , i Jn
...............................................................
............................................................... o -00 2HE
...............................................................
............................................................... P ot
VO le—0O
...............................................................
............................................................... - -
...............................................................
............................................................... Inspector o x
...............................................................
| seeet uees weeis swees weees seess sases sases mases eaees
U
i
~ .
| D Cﬂ‘ >, No connections to route Pt
{| Addanote Rotate Flip Share
0177-0249in  133% () @ @

You can practice with: Fritzing Breadboard program!
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Components that do not use standard
electronics module 0.1% ?

Today's electronics consist of complex PCB with surface mount
components that do not use 0.1 "leg distance ".

How can a non-expert then Do
anythlng at all?
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Breakoutboards!

For prototype work there are
"breakoutboards” to facilitate the connection
of all types of special components to 0.1“ pin
standard.

William Sandgvist william@kth.se



When solution is complete?

To project courses and thesis projects,
you often need a more stable circuit
design than the breadboard can provide.

William Sandgvist william@kth.se



e You can move the function to a stripboard

One can assemble and solder components on a stripboard. It is a PCB with 0.1”
(2.54mm) pitch pattern of holes and parallel line strips.

Transverse connections are done with wires (Jumper wires), and disruption of
conduction strips are done, where needed, with a milling tool.

William Sandgvist william@kth.se



e You can move to a "Breadboard PCB"
PCB = Printed Circuit Board

There are ready-made circuit boards which have exactly the
same layout as a breadboard! First try it out the circuit on a
breadboard, and then when you have a final layout, solder to the
components on the same way on a PCB!

William Sandgvist william@kth.se



How can an electronics engineer
keep track of all wires?
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The ultimate tool 1s an
electronlc CAD software

k4
£ u --RET sy - D-AEAGLE ]
L'rﬂ&i WO s AR CL RS © e B [ew ew Jodk Ly ;nmmnmu-h
bﬂ&# [n=lw &z BACEE <« =
i
"E i _E-d- 8]l fl
T N Cl =l
£ e oug > L |
C# ap d §T
£ ™ 1 E -
¥ 4 £ 15
e Yo -
o ﬂ:@ —
o P -
ri" Eﬂr - .
LR F i3 P
ST p— l/r B
01 BEEIE - - —
l! L ¥
-] = 3 -
@ - = .—E. — ——
wE e il PICL&FB4AF
g'* L4l S "

For your
Information: ¢ Board View e Schematic View

Popular electronik-cad:
EAGLE-CAD
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http://www.cadsoftusa.com/

Schematic and Board View

NZ2A4 7R
Pt ¥a——  UDD SEL
P ¥ o—— AUDD CS
1 TEST evD
YR¥S—1 BUSH+ SCK
""iIo— BUS- + SI
* o1 XO S0
T ¥— xI IRQ
Vi ¥a—3 GND RESET

Every electronic component has a schematic representation
and a PCB representation (the component's foot footprint).
The two views are linked.

If you select a signal line in the diagram, then the
corresponding ““pin" in the printed circuit representation is

also marked! Easy to orient the components.
William Sandgvist william@kth.se



Board View

Electronics CAD is the main tool for an electro engineer when it
comes to organizing the wiring of a circuit!

But one need not produce a circuit board in order to take
advantage of all the information on the component pin numbers,
footprints, position and orientation, that one can get from a
"board View"'!

CAD software is the natural place to gather information about your
circuit and your components!

It will often be confusion about component orientation: up, down,
left, right, pin number, and so on - but everything can be described
In the CAD file in a precise and unambiguous way!

William Sandgvist william@kth.se



A tried and tested circuit board Is evidence

If you you consistently used an Electronics CAD, then a tested circuit
board can be seen as a proof that the circuit diagram presented in a
report and the real circuit you have made your measurements on are

the samel

e \Who else dares to promise that all is connected right?

William Sandgvist william@kth.se
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Fritzing: Schematic, PCB, Code
Breadboard I-w.- Schematic I PCB I-i} Code I

] l_ Q
T i O—0 o o

a5y o] @ o]

| * GND o g E

% | = —11 — o9 q \ 3

"t LS e
" —- =18z = 6 ol |l e
L_ = - —* CTD TTL-232R- 80 s o
l_— | P M (opional) IJ""'#D

You should document your Programming task with a Fritzing-
sketch. You shold draw a printed circuit board, PCB, and this
drawing should pass the Design Rules Check.

Help If you want to order

= .l Fritzin
Autoroute . ) 47
: - a PCB it’s up to you!
Design Rules Check (DRC) i i
I Your sketch is ready for production: there are no connectors or traces that

Autorouter/DRC settings...

owerlap or are too close together.

Ok
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So now you know the secret of
how an electronics engineer can
keep track of all the wires?
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What Is a Mockup?

Mockups are non-functional PCB's that are used to show the
physical format of a circuit board which is not yet available.
A mockup Is just some few components to try out where the
contacts should be placed, and to show how large the most
bulky components are. The components are soldered to a PCB
with 0.1 pitch pattern of holes that only has solder pads.

.*b\.
Qa000¢ 00000800800000800000 ~
60000 S0000000000C0000000 S
0a000 0000080000000000000
GO00B00000000 00006 00000000000000
G000GO0000G00000B0D060 0000000000000000000
0000000000000000000000G00000000 B8000B000000006000000
0000000000000 0000000000000000000G000000000000000000080
0000000000000000000000000000000000000000000000000000000
Q0000000000000 00000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000Q0000000
Q0000000000000 00000000000600000800000000000 000000000
0000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000CN00000000000000000
- 0000000000000000000000000000000000000000000000000000000
Q000000000000000000000000000000G00000000000000000000000
O0600000000000000000000000800000000 000000000000000800
Q0000000000000000000000000000000000 0000000000 0000000
00000000000000000000000060000060000 00000000000000000
00000000000000000000000000000606000 00000000 Q0000
_00000000000000000000000000000000000 0o
0000 0000000000000000000000000 000 Qo0
OQ000000000000000000000000000 o o0
0800000000 06000000000000006000 0 oo
000000000000 000000T000000000 o0

William Sandgvist william@kth.se



Virtual Mockup

There are programs that
can convert a CAD file
Into a 3D image!

This can be used to
show the size,
appearance, component
placement long before
the actual product is
exists!
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http://www.matwei.de/doku.php?id=en:eagle3d:eagle3d

Virtual Mockup

There are programs that
can convert a CAD file
Into a 3D Iimage!

This can be used to
show the size,
appearance, component
placement long before
the actual product is
exists!
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http://www.matwei.de/doku.php?id=en:eagle3d:eagle3d

Mockup of a product

A common Mockup
material 1s OASIS
foam

3D-CAD

—

A mockup showing how it will look like - but
In a material that lacks strength.


http://www.youtube.com/watch?v=Cf6mWQ8QreA

Function Prototype + Mockup

A function prototype together with a
mockup eliminates the need to directly
produce a finished product.

This 1s often enough to convince others
(technicians/funders) that you have
sustainable idea.
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