Prototyping techniques for microelectronics laboratory
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Introduction

Goal of this lecture: to learn the main prototyping techniques that will be used
within the course

* How to develop simple test circuits?

* What kind of components will we use?

 What are the most common mounting techniques?
e WhatisaPCB?

* What is a breadboard?

 How to design a breadboard or a PCB (Fritzing)?

* How to solder electronic components?
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What is a PCB?

Mechanical platform providing:

+ electrical interconnections of electronic components

%+ a surface for mounting electronic components

e s
| -
PCB or PWB PCA

printed circuit board printed circuit assembly
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Various kinds of PCBs

* Printed Circuit Boards (PCBs):

— Convenient form of interconnecting electrical components using
industry standard attachment processes
— 3 Basic Types of PCB-Component Assembly Technology
 Thru Hole (TH)
* Surface Mount (SMT)
* Micro-electronic Multi-Chip-Module (MCM)
— 3 Basic Types of PCB substrate systems (fabs)
* Rigid epoxy including FR4, BT and others
e Ceramic, Alumina (Al,0;), AINi, Metal core
* Flexible Substrate (flex circuit)

— Single, Double and Multi-Layered
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Generations of SMT devices

SMT - Surface Mount Technology Generations

20mm

Evolution of IC packages

Small Outline Package

Shrink SO Package

TSSOP <\
Thin Shrink SOP

Depopulated, Very Thin, Quad Flat Pack, No Leads
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|IC Packaging progression

- CSP /WLP

Through Hole Surface Mount

C- -9 O~ _O

¢ I > °or 2o

c- -9 35/ ~°
3 %o/ Lo
g 3 SOP

C e “Small outline package
g 3 =25 mil pitch

g % " Limited by perimeter leads
g g ®100 mil pitch

g g “ Limited by through hole spacing

(CSP = Chip Scale Package,
WLP = Wafer Level Package)

CSP/WLP

“ Area array 0.8 mm to 0.5 mm

“ Limited by substrate wiring

1 mil = 0.0254 millimeters (2.54 cm/1000=25.4 mm/1000)
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PCB: section

Metal lines

Insulating
substrate
(base
material)

Via Hole
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Various kinds of PCBs...

PCB-classification

i S—

Base material Conductor pattern Physical nature Production method

“+Organic (FR4) “*Discrete (no imaging) “+Rigid (+/-) “*Print
“*Inorganic (Ceramic) < Graphic (photo imaging) <*Flexible (-) “+Etching
+Rigi-Flex (+/-) <+Pattern plating

“*Laser cutting

[ <«—Rigid part
Flexible part ——

. i FR4 = composite material,
\ o fiberglass cloth with an epoxy
Rigi-Flex PCB

resin binder (flame resistant)
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Physical characteristics

Relative permittivity

Dielectric loss factor

Resistivity [Qm]

Dielectric strength [kV/mm]

Glass transition temperature [°C]
Coefficient of thermal expansion [1/K]
E-modulus [Gpa]

Poisson’s ratio

Density [kg/m?]

Water absorption [%]

FR4

4.7
0.021
3x10™
30

135
17x10°
25

0.28
1900
0.16

Polyimide-Flex

3.4
0.002
1015
240

220

25 x10°
40

0.34
5560
0.8
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Typical SMT assembly process

Setup Screen Print SMT Placement Reflow

Hand Assembly Wave Solder Flnal Assembly

Functlonal Test

L | 1
1 ‘\ -
)
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Passive components
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Standard resistor colors

oy
 Color Code

* First 2 bands = digits

* 3d band = power of 10

* 4% band = tolerance: gold 5%, silver 10%, none 20%

 E.g. brown black red is

= (10 followed by 2 zeros)

Ol I Jd| OO 0| | W NN| | O
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How to remember resistor colors?

 Black =0 (no color)

 White =9 (all colors)

* Grey is close to white, so make it 8
* Brown =7? Might as well be 1

* The rest correspond to the spectrum
— ROYGBV
Red = 2...etc.

Ol I JdJ| OO U] | W | NN | O
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Once again: the resistor color code!

TOKEN RESISTOR COLOR CODE

|

" ' .
COLOR 15T BAND | 2ND BAND | 3THBAND | MULTIPLIER TOLERAHCE
; 0 0 0 1
EROWH 1 1 1 10 + 1% F
RED 3 2 3 100 + 294 e
; i 3 3 3 1K
4 4 4 10K
GREEN 5 5 5 100K + 0.5% o
& & & 1M + 0.25% o
7 7 7 108 + 0.10% E
g g g + 0.05% A
9 ) 9
0.1 + 5% 1
0.01 + 10% K
+ 200 M
i

From http://www.token.com.tw/resistor/image/color-code.jpg
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Standard resistor values: the E12 series

E-12 series
()

/\JSZAO%
9000006 O 06 0 0o o o @
101215182227 33 39 47 56 68 82 100

E_ 1 2 Ser|es 10% tolerance

2 %2%2%%%
\ \ \ \ \ \
\\33 \\39 \\ 47 \\6 N 68 N 82

< ¢ C 8 & <
L R S
—wresistorghidecn XX\
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Other E-series

Other E-series...

E-6 20%
E-12 10%
E-24 5%
E-48 2%,
E-96 1% 3 digits

E-182 0.5-0.250:1%0
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Types of capacitors

Ceramic capacitors: a ceramic material is used as the dielectric; two or more layers of
ceramic and metal layers (electrodes) = They are fabricated by coating a ceramic
disc with silver contacts on both sides

Ceramic types of capacitors generally have a 3-digit

code printed onto their body to identify their Ceramic materials for class 1 ceramic capacitors
capacitance value in pico-farads. Generally the first Chemical- = Relative permittivity T;:f:::::
two digits indicate the capacitors value and the formula € 10-51K
third digit indicates the number of zero’s to be MgND, 0, 51 _70
added. For example, a ceramic disc capacitor with ZnNb, 0, 25 _56
the markings 103 would indicate 10 and 3 zero’s in MgTa,0, 28 18
pico-farads which is equivalent to 10,000 pF or ZnTa,0, a8 9
10nF. _ (ZnMg)Tio, 32 5
gl (Zrsn)Tio, 37 0
BazTigc'zu 40 2

http://en.wikipedia.org/

Small and cheap, often used as decoupling caps
Ceramic Capacitor (from audio to RF)
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Types of capacitors

Film Capacitors = Insulating film as a dielectric 2 These include polyester (Mylar),
polystyrene, polypropylene, polycarbonate, metalised paper, Teflon etc.

Film type capacitors are available in capacitance ranges from as small as 5pF to as large as
100uF depending upon the actual type of capacitor and its voltage rating. Film capacitors
also come in an assortment of shapes and case styles

The electrodes = aluminum or zinc, which can be directly applied to the surface of the film,
or be in a separate metallic foil

e 'y
g

R

R

r

F
_.".

Dielectric

Material o _
Low tolerance, good reliability, high

temps are possible
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Types of capacitors

Electrolytic Capacitors are generally used when very large capacitance values are
required (low cost and small size) 2 Low frequency, power supplies, decoupling...

Structure:
1. metal, on which an oxide forms (the oxide is the dielectric)
2. An electrolyte covers the surface of the oxide = second electrode

The majority of electrolytic types of capacitors are polarised, that is the DC voltage
applied to the capacitor terminals must be of the correct polarity, i.e. positive to the
positive terminal and negative to the negative terminal as an incorrect polarisation
will break down the insulating oxide layer and permanent damage may result.

Typical use: filters and charge accumulations in supplies

Aluminium Foil
Electrodes
? -
- - +
—é - + i+ N

- — ==
/ i f ) Ut
i ini i Symbols Aluminium Tantalum

Comoer . Fim (biaecticy ' Electrolytic il
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Do not mess with electrolytic capacitors!!!
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|IC with DIP package

-, Be very careful with
OFFSET NULL =] 1 8 f=Nc electrical
INVERTING INPUT —] 2 7}t connections!
NON=INVERTING — 3 6 |—outPUT
INPUT
v-—{4 5 |- OFFSET NULL
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The breadboard

(020 10 0,00 0,000 00,00, 0,00 0,00
(00.0,0,0,0.0,0,0.0,0.0.0.0,0.0.00.0_0

o000 OO-O-00

o000 O-O-0-00
o000 OO000
o000 OO-O-00
o000 O-O000
o000 OOO000

o000 OOO00
o000 OOO000
o000 OOO000
o000 OOO00

o000 OOO000
o000 OOO000
o000 OOO000
o000 OOO000
o000 OOO000

o000 OOO000
o0 000 OOO000
o000 OOO00O0
OO0 O000 OOO000

o0 000 OOO00O0

+

The breadboard will
be your buddy in the
lab: it will help you
creating, organizing,
and prototyping
circuits

Advantages:

-quick mounting
-easy debugging
-easy to add/remove
components

Cons:
-only good for lab

tests, not for real life
operation!
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101000 000000
L0000 (/.
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101000 0100000
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11000 010000
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Many components have

compatible leads.

——
Buses

Microelectronics Laboratory — Prototyping techniques for microelectronics laboratory - 23



Front side of a breadboard

Buses
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Back side of a breadboard

Metal strips

® Metal strips
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Breadboard: a very simple circuit

LEDM

- & -
@ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ W
@ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ W
@ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ W
@ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ W
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@ @ @ @ W OE @ @ @ @ @ @ @ OE W W W W
@ @ @ @ W OE @ @ @ @ @ @ @ OE W W W W
R @ @ W OE W @ @ o @ @ @ @ W W W W W W
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- - - L8
S ——
- - | |
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Breadboarding a transistor amplifier
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Drawbacks of Breadboards...
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How to...organize circuits on breadboard with Fritzing

Untitled Sketch.fzz - Fritzing - [Vista mdm I . 1 ===
File  Modifica Componenti Visualizza  Finestra  Aiuto
f Welcome Breadboard M- Schema =] PCB {> Code Inspector “x
Breadboard1
229 "
Recent Sketches | Blog eaive v
ér-elat-:li:mard‘l
B passabassofzz ! Build a Tinkercup, an 10T starter project for your office desk .
w1 Tinkercup is a coffee cup connected to the internet that shows the user the tempera
m2  lan. 22 2015 André location 0.052 & 0,000 =
rotation 0.0 ¥
@ 3 It's Fr|t;ma5l New.Frltang "Code View" release and a |Iﬂ|e present Locked
s Proprietd
http://fritzing.or /home/ e
p g g size full+ v
Mow. 24, 2014 Mushin lsabelle part number
Das Fritzing Creator Kit im Schulunterricht Tag
Wit dem folgenden Rundschreiben wenden wir uns an alle Schullehrer in den MINT breadboard
[ Mew Sketch Nov. 18, 2014 André Connessioni
conm.
3 Open Sketch Fritzing Mews. nome
Componenti @ x

| Shop Q Core Parts =

In Schematic or PCB viewa CORE Basic

if you drag from a fritzi
bendpoint with the Alt MINE [u.] n
(Linux: Meta) key downa
you will drag out a new Fritzing CreatorKit CO —im- * *
wire from that bendpoint- The Fritzing Creator Kit ’
provides a fast, easy and
entertaining introduction to &
the world of interactive \U/ @ * b
electronics.
order now =

[rizng St

All Tips Next Tip

Microelectronics Laboratory — Prototyping techniques for microelectronics laboratory - 29



How to...organize circuits on breadboard with Fritzing

Untitled Sketch.fzz - Fritzing - [Vista &Eﬂdbﬂa;i'

| Modifica

Apri...

Apri File Recenti

‘ Apri Esempio
Chiudi Finestra

Salva

Salva come...

Share online...

COrder a PCE...

Esporta

Esci

Componenti
Curl+0
»
»
Crrl+W
Curl+5
Curl+Shift+5
»
Crrl+Q

Visualizza Fir

Breadboard

[0 Mew Sketch

Tl Open Sketch
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Design of a simple low pass filter

11©
1

Vs
Av®y Ay
Wog (S) = =
S+ S R
Ho 14— A =——2
Iy, Rl
Transfer function of a low pass filter 1
Wy = ——
A,=Low frequency gain RZC

oy=Bandwith
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Design of a simple low pass filter

=
A WPB(S): AOCOH — AO
S_I_a)H 1_|_i
W
R, 1
= ——< 0, =—-
% R, " R.C

We design the filter to have: A,=-10, f,=®,/2n=1/(27R,C)=1000 Hz
R,=10 R,, C=1/(20007R,)

We choose:

R,=150 Q

R,=1500 Q
C=100 nF
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The Breadboard Environment

Untitled Sketch 2.fzz - Fritzing - [Vista Breadboard] = | B S
File  Modifica Componenti Visualizza  Finestra  Routing  Aiuto
£ welcome Breadboard M- Schema = PCB ¢>» Code Inspector “x
Breadboard1
e w4
Breadboard]
Placement
location -0.052 %+ 0.000 %
rotation 0.0 %
Locked
Proprieta
famiglia breadboard
size full+ hd
part number
Tag
breadboard
Connessioni
aagt LD L L L L L L L L DL L L L R conn.
i L L B B LI L L B L] . " w - . e .- e L B L .- e - .. E nome
: : Componenti a x
iotooo¢o+oooo¢oooooooo+o»oooooo¢oooo¢o+oooo¢o+oooo¢o+otoo¢o+ooooE QCanParts =
e e0eststestttresttteststsrstiestttetsssssstersstssstsnesssnsssony [ooe =
| i
| - e s R§ o
|.IIll.lilIII.I.I.".I'I.II.I.I"III.I.'I".."III.I.'I'I‘.I.I.II: ’
:.....C......C........O....C........‘......C......C......C.O....:
O I T I I T I I I T I A I I O w—l.—a *n-
i.“..0."....0..‘...0."..‘.0‘..5.......“...."....0..“..0....“:
M : ’ Input
‘ ot =
: “ s s es seses sesss seeEe sEese ssese swess sTeEss sesss sewoes H —
: L LI L L .. w LI L . LI LI B LR L . . .. i sesed \‘-j
D una connessione da instradare ‘l
Aggiungi nota
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The Circuit Environment
Untitled Sketch 2.fzz* - Fritzing - [Vista schema] L= | O e

File  Modifica Componenti  Visualizza  Finestra  Routing  Aiuto

R1

f welcome 7 Breadboard

Placement

pch layer too

location -1.137 -0.543
rotation 0.0
Locked
Proprieta
famiglia resistor
=% i tolerance +5%

resistenza 15082

pin spacing 400 mil

power

bands 4

packa THT
rt number

Tag

resistor, basic resistor, fritzing core

Componenti (=1
1. Drag and Drop the components from the part list Q, core Parts =
2. Choose right values (resistance, tolerance, ...) CoRg E=sc
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Add a generic IC from the part list

[l Untitled Sketch 2zz* - Fritzing - [Vista schemal ESNEER

File  Modifica Componenti  \Visualizza  Finestra  Routing  Aiuto
£ welcome E Breadboard = PCB {> Code Inspector @
IC1
mo
w 1
‘_D
o2 Placement
—|I— location 3.100 & 0400 %
R2 rotation 0.0 v
1.5k0
Locked
b Proprieta
551[};-1 famigiia Generic IC
—AMMN— ser Medium {1.0mm 0. 0354in) v
[ E'""I advanced settings |
: ic : hole size Hole Diameter 1
H : in
E E Ring Thickness 0.508 |+ mm
i -t pin spacing  300mil v
package DIP (Dual Inlined ITHTI v
chip label IC
Edit Fin Labels
From the datasheet s .
part number
S .
OFFSET NULL = —NC as -
Componenti 2 X
INVERTING INPUT — Lt Q core Parts =
CORE E - h u
NON~=INVERTING — — OUTPUT e BE i :
INPUT Mone Sy ;lf 4!.‘
V- — OFFSET NULL 0 n . . -
-
* Textile
b O 5
— T Ruota i Autoinstrada —
M 4228 1.628 in




Add a generic IC from the part list

[l Untitled Sketch 2.f22* - Fritzing - [Vista schemal (=8 = |
File  Modifica Componenti  Visualizza  Finestra  Routing  Aiuto
£ welcome [ Breadboard =] PCB <> Code Inspector @ x
IC1
mioo-
w Ic
=
52 Placement
_I I_ location 3.100 & 0.400 %
RrR2 rotation 0.0 ¥
1.5kQ Loded
Tt Proprieta
R1 i 3
1500 famigiia Generic IC
—AAN— fer Medium {1.0mm/0.0354in) v
[ e B E'""I advanced settings |
i I i hole size Hole Diameter 1
i : in
i : Ring Thickness 0.508 |« mm
i -t pin spadng  300mil hd
’ . package DIP (Dual Inline) TTHTI hd
H Pin Label Editor |2 S chiplabel  IC
Edit Pin Labels
From the datasheet _ _ R .
IC Pin Label Editor
U lick label / part number
Click on a label next to a pin
OFFSET WULL =1 aF=nNC 1 Offsetrul NC| & number to rename that pin. Tag
7 Inv Input Vil 7 ‘You can use the tab key to .
v ey + move through the labels in Componenti & X
3 lon-inv input Qutput & order. e
INVERTING INPUT —] 2 7h=vt —_— : Q core Parts =
4 V- Offsetnull| 5 E - I Y u
CORE
NON=INVERTING =] 3 & f=—0UTPUT . - sl i :
INPUT Ripeti [ Salva ] [ Annulla bt 12 ii - !‘.'!: J-i
V=4 5 |—OFFSET NULL \ 0 . . -
o

ﬁ Textile
Um 8 |
seead { —_
O_ bﬁ; . a una co e da instra = @ ICs
Aggiungi nota Ribalta Autoinstrada g T [I'_'] m ' N —
B17 i . v ==




Make the electrical connections

ﬂ passabasso.fzz - Fritzing - [Vista schema] l = E &J
File Modifica Componenti Visualizza  Finesra  Routing  Aiuto
£ welcome E# Breadboard [=] PCB <> Code Inspector @
L
[ =
=8
O
A ||
]
R2
1.5k0
120
Componenti (=1
1C1 =
" Q C:el’arts _
1500 ] Ot & — el N M
; CORE
V signal AN P
[ T MINE .E!—E

Follow the instructions given in the classroom
to build your circuit! Remember that green
connections are ok, red ones are missing...

I S

Instradamento completato
Aaqgiunai nota Autoinstrada

-ee.-

* Vista Breadboard

;;;;;

@ J_ —
— e
“ text ﬂ

Vista PCB

_|-=
5
1

\ bext

[~




Now...switch to the breadboard view!

passabasso.fzz - Fritzing - [Vista Breadboard] =RNSN X
File  Modifica Componenti  Visualizza  Finestra  Routing  Aiuto
= Inspector @ x
f welcome Breadboard M- Schema = PCB <> Code P
V signal
v. 4
¥ signal
Placement
Izcation 0.675 -1.450
rotation 0.0
Locked
Proprieta
famigiia net label
label v signal
L I
Componenti QX
Q, core Parts =
"~"‘ ‘-..
& ® & & a8 & & 8 @ & 8 @ & @ LI OI.%... L L L L L L & & 8@
L LI L B L L R l'.'l‘l-l-."\--._"'.' .. L - " " e L L R L L B
_ll‘i"-.
® #F §F F & F 8 F F F B 8 % F R R R R R OR R F R R R E R F R F R R R R R R RS R R R R E RN
L L R B R O B B B R B R L B L B L B B DB B B B B B L R L B L R L B D B DR DL B B
® F F F 8 OFF R R R R R R R R R R R R F R R E R F R E R R R R R R R R R E R F Y F YYD
L L B D R D B B N R B B B L B B B B B D B B B B B B B L R L B L B L B L B DB BB B B
L L BN R B B B B R N N N B R L R B B R B . B R B B R B N B L S B B L R B R B
L N D e DR I DN R O D B B B R N B N B R L R R B U R DR R D N B N B B B B B B B B R B R B B e B R R B R B
LA L L L O N D B R L L L L B L B L B L D D I DL D B B L L L B L B D R DL R B
R R R R
LA L L L O L B L B R L B L B L L B L B L B L B R L D L B B L L B L B L B L D DL L B
I I I I R R @ o
I — —T—l'elel:el
TITST TSI TTIET SSTT STV TEVTET TVSET SSTTS seses sreve - -
L L LI I B L B - e e L L L LI B B LR L B L L B tEKt“
Vista PCB
l \ LexLﬂ
CON
TRIB |
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Fix all the connections: use the Rastnet

-12V

e o " o &

e o @ ii\
+12V

P 9 " " " e "R e * @ " 9 W e
F e v e e e e * v v e e
P 9 " ®" " e W W e * " ® @ W e .
Breddboard1 A ratsnest displays
rF e @ 9 e 9 e Ve RSR 03ME102 Brezdboard o ¢ @O ¢ 9@
a set of connected
e 9T T T YT e T P T v "
connectors (a
“net”), and it can
g e o o o o o Suggestpotential
P @ PP PP paths for routing
> e @ PP between those
» o = |l i~ o o 0o 0 0 0 connectors
» -f ° o o 0o 0 o o
Vsignal

b o o o e o o o @ e o o o @ II\
e o 0 o @ e o GND
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File

Componenti

Q Core Parts

Modifica Componenti  Visualizza  Finestra  Routing  Aiuto
£ welcome § E& Breadboard [ =] PCB <> Code

CORE DBasic

NMH o
"’;"*'-R S O

Inspector

4, =
Aggiungi nota

Ribalta

Autoinstrada

4 889 0.831 in 5 9

L () (3
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File  Modifica Componenti Visualizza  Finestra  Routing  Aiuto

: EZ Breadboard : [==] PCB : <> Code : Componentt L

- Q core Parts
: o LLET
S L —
3 Ll B
_"_ (o)
o

f Welcome

Vista Breadboard

R2
1.5kQ = 7|

AN~ (ia]

I. Vista schema
IC1 0 _L_ i —vi-; [ abe .

R1 '

, 150Q i g - 12y -
_MM— :' ¢ Inpu / I m S—
1 if ,‘ i ' \ text E

| X

I Inspector 2 X

-12V

Agaiungi nota Ruota

Autoinstrada

3.058 1302 in 60 9%
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And now...build the breadboard!
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The PCB environment can be used to build PCBs...

ﬂ passabasso.fzz* - Fritzing - [Vista PCB] ‘ . ; ‘ i 4
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Soldering...

Solder flux

Has “flux” inside. Flux is a wax-like material
that has a few percent acid, for cleaning the
oxide layer from wires being soldered
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Soldering...

GOOD JOINT  BAD JOINT

(volcano shape) (dry joint)

shiny
dull
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Soldering...

Heat the joint Apply the solder
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Soldering tips

* Liquid solder conducts heat better than a dry tip, so
it helps to put a dab of solder onto the tip before
soldering. The associated flux can also help clean up
the tip.

* It helps to “tin” the leads being soldered individually
before actually trying to solder them together.

* The smoke that comes mostly from burning flux—>
not healthy to breathe it in.

e Don’t hold solder in mouth

Soldering irons > Temperature regulated ones are
crucial, Tips are special — if you decide that you want a
sharper tip, you can sand the tip down to a point, but it
will dissolve a little bit each time you use it!
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Steps for PCB fabrication

Layout design (CAD)

Artwork generation or mask (Laser printer)

Board inspection and cleaning

¥

— Board Exposure/imaging (UV-light)

|

i% Development (Soften UV-insolated areas)

_% Etching (Removwal of UV-insolated areas)

Drilling (Build hc:mlesland vias)
Solder mask (Protection of copper tracks)
Silkscreen (Component lettering)

Final inspection and test

ONONNONONONOIOIO
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Printed Circuit Boards (PCBs)

1. Generate a layout, by using a PCB software. There are programs that are free, and
very expensive ones:

—  Eagle, from http://www.cadsoftusa.com/

—  Kicad, from http://www.kicad-pcb.org/display/KICAD/KiCad+EDA+Software+Suite
—  Fritzing, from http://fritzing.org/home/

—  ORCAD, from http://www.orcad.com/

Bottom

For our process, we generate a “positive” image: colored parts (which
print as black) will be copper, white parts no copper.
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Starting point: a copper layer

Laminated copper

Epoxy resin and glass fil
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The copper panel is coated with a photoresist

~ Dry film/Resist
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Photo tool is superimposed to resist; UV light to harden resist

s Photo tool

Dry film/Resist — '
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Powerful alkali solution to remove unhardened resist

Hardened resist —
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Removal of the unwanted copper using an alkaline solution

Microelectronics Laboratory — Prototyping techniques for microelectronics laboratory - 56



Removal of the (blue) photoresist
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Methods for PCB fabrication: with ferric chloride

Subtractive process
1. Use laser printer to print layout (also called
artwork) on a transparency

Align top and bottom, and tape them together.
3. Slip a pre-sensitized board between them.

Top transparency

N Bottom transparency

Circuit board, has copper on both sides,
covered with “photo-resist”.
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Methods for PCB fabrication (1): with ferric chloride

4. Expose in UV box for 5 minutes. The UV goes through
the clear parts of the transparency, and interacts with the
photoresist.

y

L8
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Methods for PCB fabrication (1): with ferric chloride

4. Soak board in developer - this
washes off the exposed photoresist.

5. Rinse developer off using
water

6. Etchin Ferric Chloride

solution. The photoresist that is
still on the copper prevents the
copper from being etched, at least
for a while. Etching usually
completes in 15-45 minutes,
depending on how old the solution
is
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Problems with ferric chloride!

 The ferric chloride solution is highly irritating!

* |t will also eat holes in your clothes, if it gets on them
and dries there. (— mysterious little holes next time

you wear them)
* Disposal/environmental problem!

Iron chloride is toxic, highly corrosive and acidic. The
anhydrous material is a powerful dehydrating agent.
Although reports of poisoning in humans are rare,

ingestion of ferric chloride can result in serlous

morbidity and mortality

A

CAUTION

TOXIC HAZARD
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PCB Milling

~—

Another subtractive process

PCB Milling (isolation milling) = Removes
areas of copper from a sheet (constituted
by FR4 substrate with a thin copper layer)

This is a non-chemical process = safer,
office- or lab-level production

CNC=computer numerical control

In production = CNC milling can not
replace etching (it is used for drilling vias!)
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How to fabricate PCBs?

Additive method = copper is plated on a substrate with the desired pattern

* The surface of the substrate is degreased, and a layer of photoresist material is
pressed onto the surface (photoresist is a polymer that becomes more soluble
when exposed to UV light)

* The circuit pattern mask is laid on top of the photoresist
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How to fabricate PCBs?

* The panels are exposed to UV light
* The mask is clear in the areas of the circuit pattern = The photoresist in those
areas becomes soluble
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How to fabricate PCBs?

* The mask is removed, and the surface is sprayed with an alkaline developer
that dissolves the irradiated photoresist
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How to fabricate PCBs?

* The panels are then electroplated with copper (thickness 25-50 um) = the areas
covered by photoresist can not act as a cathode, and are not plated; tin lead is
used as a protective coating to prevent copper from oxidizing

—+

e

CATHODE
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Adding the plated copper

Plated copper —

“— Plated copper
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Adding a thin layer of tin
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Etching photoresist to expose the copper
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Removal of unwanted copper with alkaline solution

f
vy ¢
L f%

; y

N\, 7
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Remove the tin layer!
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How to fabricate PCBs?

* Soldermask = To protect the copper surface and prevent solder shorting between
components during assembly

* Coating machine simultaneously covers both sides of the panel with the epoxy
soldermask ink

* Next the coated panels are imaged. The imaged panels are put on a conveyor out
of the clean room and into the developer which strips off the unhardened and
unwanted resist
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How to fabricate PCBs?

» Silk Screen = Most PCBs have a component legend to show which component
goes Where
* Ink-jet printers are used to image the legends direct from the board digital data

~— Silk-screen
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More complicated PCBs...

- IntemalPlanel [GND) —s [T
’  MidLayerl —»

Md_awz__) SR

Typical 6 Ldyer PCB Construction "

Plated VIAs
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Sources

Part of the material (figures, text, ...) included in these slides originates from the following sources, which were freely accessible on the internet
at the time this presentation was created.

http://plasmalab.pbworks.com/f/Pat%E2%80%99s+Electronics+Lecture.ppt.
http://create.coloradovirtuallibrary.org/sites/default/files/Curriculum/SparkFun/Beginner/IntrotoBasicElectronics.ppt.
http://www.colorado.edu/physics/phys1240/phys1240_fa06/pdfdocs/Electronics%202.pdf
https://portal.uni-freiburg.de/design/resources/Downloads/LectureOverheards/TechnologyLectureNotes/MSTDesignLAbPCBTechnology.pdf
http://www4.uwm.edu/course/ee595/fall2006/Lecture%20Files/Electronic%20Mfg%200verall_shrunk.ppt.
http://www.eecs.umich.edu/eecs/courses/eecs373/Lec/W12Student/pcbpresentationdraft.ppt.
http://www.electronics-tutorials.ws/capacitor/cap_2.html
http://highered.mheducation.com/sites/dl/free/0073106941/443771/BreadBoard.ppt
http://www.youtube.com/watch?feature=player_embedded&v=jSPNvJOXYCQ
http://www.resistorguide.com/resistor-values/
http://en.wikipedia.org/wiki/Printed_circuit_board_millingtmediaviewer/File:Milled_PCB.JPG
http://www.cnc-routers.ie/?p=67

http://www.eurocircuits.com

http://www.madehow.com/Volume-2/Printed-Circuit-Board.html
http://www.instructables.com/id/Soldering-tips-and-tricks/?ALLSTEPS
http://www.elkosoft.com/md/mdhelp/chapters/triplate.html

https://www.youtube.com/watch?v=4yZxNKyd_IM
https://learn.adafruit.com/adafruit-guide-excellent-soldering/making-a-good-solder-joint

In case of issues related to authorship and/or copyright please contact the author for immediate removal
The following texts have also been used to prepare this lecture:

. R.C. Jaeger, T.N. Blalock, Microelettronica. McGraw-Hill

* A.S.Sedra, and K. C. Smith, Microelectronic Circuits. Oxford, 2009

*  Thomas L. Floyd, Electronic Devices. --: Pearson Prentice Hall, 2005

*  P.Horowitz and W. Hill, The art of electronics. --: Cambrdige University Press, 1989
*  Neil Storey, Electronics, A system approach. --: Pearson Prentice Hall, 2006

* V. K. Mehta, Principles of Electronics
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