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Learn To Solder

sy: MITCH ALTMAN
(SOLDERING WISDOM)

ANDIE NORDGREN
CCOMICS ADAPTATION)

JEFF KEYZER
CLAYOLT AND EDITING)




Learn To Solder




SOLLER CEST FACILE
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Learn To Solder
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Learn To Solder

SOLDAR ES FACIL!

APRENDE COMO HACERLO

por: MITCH ALTMAN
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SO WIRD ES GEMACHT
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Solder Your Aruino Clone




How to Set Up and Use the Arduino Software

=@ sketch_juld7a | Arduino 1.0.5

File Edit Sketch Tools Help




How to Hack Arduino Programs (“Sketches”)

o Blink | Arduino 1.0.5
File Edit Sketch Tools Help

Blink
Elink
Turns E 10 hen Or One ;

up routine runs once when you pr

soid setup ()
f/ initialize the digital pin as an output.
pintode (led, OUTPUT) :

; he loop routine runs over and over again forewver:
woid loop() |
digitalWrite (led, HIGH); /4 turn the LED on (HIGH is the woltage lewel)
[ ord
Lo »

1 Arduine Duemilanove v ATmega3zs on COMS




Solderless Breadboard
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To
-» D13
on Arduino
To
on Arduino

Long lead

/

Short lead
S

MM BL LR

Solderless Breadboad with LED and wires
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Arduino For Total Newbies
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O — 2 Arduino
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Use either one Use either one
of these two terminals O of these two terminals
for one side of the switch for the other side of the switch




Make a TV-B-Gone Remote Control with your
Arduino Clone without soldering

Solderless Breadboard with parts & wires for TV-B-Gone

Short lead

-»\/cc
on Arduino

To
- 3
on Arduino

| £ = i:":‘*‘l:!
| 7 AT

I 1 ybj

To
- D2
on Arduino
- | Efli To

\' gu— - N D

on Arduino

el

l

AT
ElEiElEl

Hin







Questions?
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Universal Remote Control
www.tvbgone.com
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Universal Remote Control

g

www.tvbgone.com

BE A HAPPY WURKER'




Intro

ot MITCH ALTMAN
e L bonien. « i Chief Scientist / CEO

“Useful Electronics for a Better World”

™

Universal Remote Cantrol

www.CornfieldElectronics.com

572 Hill St. #Penthouse, San Francisco, CA 94114
phone: +1 415/377 - 5993
mitch@CornfieldElectronics.com
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Questions?



Everything You Need to Know About Electronics
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Everything You Need to Know About Electronics

Nucleus

.
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Electrons

Electrons




Everything You Need to Know About Electronics

Circuits = Electrons going in circles = Magic!




Everything You Need to Know About Electronics




Everything You Need to Know About Electronics

Volts / Voltage




Everything You Need to Know About Electronics

Speed of electrons is Current
measured in Amps
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Electrons pushed with 1.5V.
So, they move!

Amps / Current
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Everything You Need to Knci/;v Abqut Electronics

L

Speed of electrons is Current
measured in Amps

48 3 times more Volts
3 times more push
3 times faster electrons

Sae 3 times more current / Amps

Amps / Current




Everything You Need to Know About Electronics
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Too mu&“l;‘energy’?
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Lots of energy!

Amps / Current
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Everything You Need to Know About Electronics
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Speed of electrons is Current
measured in Amps

~°_ Resistance in the electrons’ path
LN slows them down,
which means

less current / Amps.

Resistance / Ohms




Everything You Need to Know About Electronics

Resistors / Ohms




Everything You Need to Know About Electronics

Ohm’s Law




Everything You Need to Know About Electronics

Volts = Amps x Ohms

Ohm’s Law




Everything You Need to KnqQw Abo;L;Jt Electronics
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Power Supply — it matters how you connect it!



Everything You Need to Know About Electronics
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What happens:?
00"

Power Supply — it matters how you connect it!




Everything You Need to Know About Electronics

Red wire:
Power,
Plus, Positive,
4.5V,

Vcc

Black wire:
Minus, Negative,
oV,
Ground

Power Supply — it matters how you connect it!



Everything You Need to Know About Electronics
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(electrons slowed down the sameﬁueifh"er Way)

Resistors — it doesn’'t matter which way




Everything You Need to Know About Electronics

Minus / Negative side

Minus / Negative side

One-Way valve for electrons

Diodes — it matters which way!




Everything You Need to Know About Electronics

Short wire is Minus / Negative
Special kind of Diode — it Emits Light!

LED — it matters which way!




Everything You Need to Know About Electronics

Lots of different colored LEDs! (including IR)
LED




Everything You Need to Know About Electronics

%

More current > More brightness! (until...)

LED




Everything You Need to Know About Electronics

More current > More brightness! (until...)

LED




Everything You Need to Know About Electronics

This is why we put a resistor in line

LED




Everything You Need to Know About Electronics

Series = in line Parallel = across




Everything You Need to Know About Electronics

A “code’ is IR light blinking on-off-on-off

IR Remote Control




Everything You Need to Know About Electronics

Takes about 60 seconds

About 150 IR "OFF" codes (one per blink)

TV-B-Gone universal remote control




Everything You Need to Know About Electronics

LED & battery

Our first circuit




Everything You Need to Know About Electronics

Short wire is Minus / Negative
Little buckets for electrons

Capacitor / Farads




Everything You Need to Know About Electronics

Strips of metal connected together — or not

Switch




Everything You Need to Know About Electronics

A complete computer on a chip

Microcontroller




Everything You Need to Know About Electronics

to control electronic parts connected to its pins.

Microcontroller




Everything You Need to Know About Electronics

2
special
pins: Pin 8 =
Ground
Pin 1

Pin7 =
Vcc

A complete computer on a chip

Microcontroller — it matters how you hook it up!




Everything You Need to Know About Electronics

A complete computer — running a program!

Microcontroller — turned on!




Everything You Need to Know About Electronics

all other pins are
input pins
or
output pins

Your program controls electronics parts
on these other pins

Microcontroller




Everything You Need to Know About Electronics

Analog Electronics:
Any voltage between Ground (0V) and Vcc

Digital Electronics:
Only 2 choices: Ground (0OV) or Vcc

2 types of electronics




Everything You Need to Know About Electronics

Ground (0V) Power / Vcc

Low High
Off On
0 (

without Voltage  with Voltage
without current with current

Digital Electronics:
Only 2 choices: Ground (0OV) or Vcc

Digital Electronics




Everything You Need to Know About Electronics

To make a pin an
output pin

e

you tell it to become an output pin
with a statement in your program

Let’s tell pin 13 to be an Output Pin

Microcontroller — Output Pin




Everything You Need to Know About Electronics

Low High
Off almost the same
(0V) as the Red wire

of the power supply

Only 2 choices: High or Low

Microcontroller — Output Pin




Everything You Need to Know About Electronics

A real world example

How to make an LED blink?

Hello World

Microcontroller



Everything You Need to Know About Electronics

Software Microcontrollers

Type: make an LED blink

Hello World
on your screen

Hello World

Microcontroller




Everything You Need to Know About Electronics

Without a
microcontroller
we can
blink with our
power supply

Turning an LED on and off
(Leading up to Hello World)




Everything You Need to Know About Electronics

Let’s replace ﬁ
the power supply ﬁ a

Turning an LED on and off
(Leading up to Hello World)




Everything You Need to Know About Electronics

With a microcontroller:
we can use an Output pin
for power (i its on)

Let’s use Pin 13

And we use the Ground pin for Ground

Turning an LED on and off
(Leading up to Hello World)




Everything You Need to Know About Electronics

Since an Output pin
is almost like the Red wire of our power supply
when it is On

Let’s connect this LED to an
Output pin...
...instead of our power supply

—{( D

And make it blink!

Turning an LED on and off
(Leading up to Hello World)




Everything You Need to Know About Electronics

Since an Output pin
is almost like the Red wire of our power supply
when it is On

o Let’s connect this LED to an
f[ Output pin...
o ...instead of our power supply
With a resistor And make it blink!

(so no magic smoke goes away)

Turning an LED on and off
(Leading up to Hello World)




Everything You Need to Know About Electronics

Since an Output pin
is almost like the Red wire of our power supply
when it is On

Let’s connect this LED to an
Output pin...
...instead of our power supply

| And make it blink!
(so no magic smoke goes away)

Turning an LED on and off
Hello World




Everything You Need to Know About Electronics

This is our Hardware for Hello World!

Turning an LED on and off
Hello World




Everything You Need to Know About Electronics

How about our program?

-

3

Turning an LED on and off
Hello World




Everything You Need to Know About Electronics

Programs on microcontrollers are called “Firmware”

Turning an LED on and off
Hello World




Everything You Need to Know About Electronics

Microcontroller




Everything You Need to Know About Electronics

It lights up!!

Microcontroller




Everything You Need to Know About Electronics

Microcontroller




Everything You Need to Know About Electronics

We now have
Hello World!

Microcontroller




Everything You Need to Know About Electronics

\
e
We now have +0
Hello World! e We won't see it ®

Microcontroller
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We need a delay

Hello World — for real now!

Microcontrollers — they go really fast!




Everything You Need to Know About Electronics

Hardware Firmware

e pin 13 is Output pin
« setpin13 Low

* set pin 13 High
 delay

 set pin 13 Low

Programs on microcontrollers are called “Firmware”

Hello World

Microcontroller — Firmware




Everything You Need to Know About Electronics

A precision cut piece of quartz crystal

For precise timing

Crystal




Everything You Need to Know About Electronics

Hardware Firmware

 pin 13 is Output pin
* set pin 13 High
 delay

 setpin 13 Low

Let’s hack Hello World!

Microcontroller




Everything You Need to Know About Electronics

Add an IR LED to another pin
IR "OFF” code

Microcontroller




Everything You Need to Know About Electronics
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Add an IR LED to another pin (say,?inB)
and a resistor so no magic smoke goes away

IR “OFF” code

Microcontroller




Everything You Need to Know About Electronics

Let’'s add an Input pin!

We can add a Start button

Microcontroller




Everything You Need to Know About Electronics

How do we make a pin an Input pin?
We tell it to be one — with our program.
Any pin can be an Input pin (like, pin 2).
Only 2 choices: High or Low

Microcontroller — Input Pin
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To make the Input pin Low,
connect it to

the Black wire of our
power supply (Ground).

Microcontroller — Input Pin




Everything You Need to Know About Electronics

To make the Input pin High,
connect it to

the Red wire of our power
supply (Vcc).

High

Microcontroller — Input Pin




Everything You Need to Know About Electronics

To make the Input pin High,
connect it to

the Red wire of our power
supply (Vcc).

OR:
just leave it blank

High

Microcontroller — Input Pin




Everything You Need to Know About Electronics

m\\k H\\ﬂ !/ii

If firmware looks at If firmware looks at
Pin 2 when it’s like this, Pin 2 when it’s like this,
it reports back: it reports back:
Low High

Reading the Input pin

Microcontroller — Input Pin




Everything You Need to Know About Electronics

Reading the Input pin with a Switch

Microcontroller — Input Pin




Everything You Need to Know About Electronics

Hardware Firmware

Pin 13 Output — visible LED pin
Pin 3 Output — IR LED pin
Pin 2 Input — Push Button

Wait for Switch to be Low

Blink visible LED:
High, Delay, Low

Pulse IR LED for Sony “OFF” code:
High, Delay, Low, Delay...

Blink visible LED:
High, Delay, Low

Pulse IR LED for Panasonic “OFF” code:
High, Delay, Low, Delay...

Etc for all “OFF” codes

TV-B-Gone remote control
Microcontroller




Everything You Need to Know About Electronics

Hardware Firmware

Pin 13 Output — visible LED pin
Pin 3 Output — IR LED pin
Pin 2 Input — Push Button

Wait for Switch to be Low

Blink visible LED:
High, Delay, Low

Pulse IR LED for Sony “OFF” code:
High, Delay, Low, Delay...

Blink visible LED:
High, Delay, Low

Pulse IR LED for Panasonic “OFF” code:
High, Delay, Low, Delay...

Etc for all “OFF” codes

TV-B-Gone remote control
Microcontroller




Everything You Need to Know About Electronics

Review:
Low High
(0)i] almost the same
(0V) as the Red wire

of the power supply

Any other pin can be -
an Output pin

Output pin — only 2 choices: High or Low

Microcontroller — Output Pin




Everything You Need to Know About Electronics

Low High \EV L VP
\3! \'\g\\
Off almost the same o“\\J =
(\) as the Red wire ca® 6““\\] “)“\. o
of the power supply e o\
o™
A\

Output pin — only limited current

Microcontroller — Output Pin
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Current on input pin
gets amplified on
output pin

so, output is the
same as input,

but bigger current!

Ground\

INput =—py

Output / Current amplifier

Transistor
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Hardware Firmware

Pin 13 Output — visible LED pin
Pin 3 Output — IR LED pin
Pin 2 Input — Push Button

Wait for Switch to be Low

Blink visible LED:
High, Delay, Low

Pulse IR LED for Sony “OFF” code:
High, Delay, Low, Delay...

Blink visible LED:
High, Delay, Low

Pulse IR LED for Panasonic “OFF” code:
High, Delay, Low, Delay...

Etc for all “OFF” codes

TV-B-Gone remote control — we're done!

Microcontroller




Everything You Need to Know About Electronics

Questions?



Learn To Solder

sy: MITCH ALTMAN
(5OLDERING WISDOM)
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(COMICS ADAPTATION)

JEFF KEYZER
(LAYOUT AND EDITING)







#3: 14w, | k resistor
I (AKA the big one)

i —
— =

(AKA, the little one)

#4. uaw.m k resistor
—




TIIIEI R LR L LA A
o 9 TR IIT s

.
—
L™
=

o
L

=

-
=
==
[ .
[ i

=
it
e
i

e

1
[ & [

o

-

L=
=
-

=

Ly
[P
@
[ .
(s B

o

s

—_—
i
ad
"
=




Bend leads
before inserting the part
iInto the board




Insert leads into pads

P90 .
Ci
= 10505




Push part down
all the way




Wires bent
half way
out




How to hold a
soldering iron



The perfect kind of
solder for electronics:

60/40 rosin core,
0.031" diameter



3 Safety Tips...



Safety Tip #1:

Hot !



Safety Tip #2:

Lead (PDb) is toxic



Safety Tip #3:

(coming soon)



2 secrets
to good soldering...



Secret #1:

Clean the tip!

Bang 3 times,
Swipe, Rotate, Swipe






‘Push solder in,
over the pad,
and under the tip




Push In
about 1 mm of solder




. B solder away,”
But keep holding soldering iron down
i for 1 more second

A




Secret #2:

Keep hot tip down
1 second
for solder to flow !



. B solder away,”
But keep holding soldering iron down
i for 1 more second

A







A Little Bump
of Solder

20

HHH

Perfect !




Hold the lead
while cutting it

all the way down
to the little bump of solder




Safety Tip #3:

Hold or cover the lead !



All done |




One part at a time



Till all the parts are soldered






#3: 14w, | k resistor
I (AKA the big one)

i —
— =

(AKA, the little one)

#4. uaw.m k resistor
—
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- Install this resistor the same way,
in the location marked “10 k™.




DiaVOI ino 18 pF caps, #5

The two |8 pF capacitors in the
kits are marked by black stripes.

Add the two caps to
the board here;

Sa

= 4

If they are taped together, pull them
straight out of the tape to use them,

Bend the leads out below the board,
then sclder and clip the leads.

T —




Mavolmo

Add the three caps in

the locations shown.

Bend out, solder, and
trim the leads as usual,

0.1 uF caps, #6

There are three of these capacitors.
Pull them out from the tape as before.




DidVOlino Tactile button switch, #7

Insert the switch where shown.

It may *snap* into place.

e

You can bend the pins inward to hold this one
in place while you solder. The leads are short
and usually don't need trimming.




PiaVOIiHU LED, #8

A

3 mm red-diffused LED.

Note the short and long leads:
Orientation matters!

Then push flush, solder & trim as usual.




L | L}
DlaVOIIHO 16 MHz Quartz crystal oscillator, #9

L= = =}

3
2

A

s &% 5 v
LS £D
O O oo D OO0 o0 o

Orientation does not matter, but the two pins go
in the outer two holes of the three available.

A shiny little can with two leads

Then push flush, solder & trim as usual.




piaVOIinU Header #10

This is the connector for the USB-TTL cable.

Test-fit it in plate so that
you see where it qoes.

- - - - - -

i e £t G e
[

alr

- W

These pins don’t bend. So. to hold it in place when you solder,
first solder one of the pins from the top to tack it in place.

Solder the other five pins from the back.
You shouldn’t need to trim them after soldering.




Time for the microcontroller,

Orientation matters. You need to
orient it with the half moon shape on
one end of the chip matching that on
the circuit board.



The chip should easily slip into the board, f
necessary, bend the pins of the chip to straight
up and down before inserting the chip. Do not

Earefully insert the Ehill bend them by hand; bend all pins on one side ata
tme by pushing them against a hard flat surface.

Again, double-check the orientation. |-|
From end of chip:
,‘ ne. || YES!




Flip the board over and solder the chip in place—
all 28 pins.

Tip: Gently bend over the corner pins to hold the
chip in place while you solder.




e
o
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Piavo I ino Adding socket strips

These socket striﬁs are an DJJiiunal extra for connecting to
Arduino-style “shield’ boards. Insert them where shown and

solder them in place, flush to the board.

two B-pin &
two B-pin
socket strips

Notes:

1.) The pins can't really be bent on the back side to hold them
in place. It's easier to tape them down with masking tape or
just to turn the whole board over, resting on them.

2.) It's best to solder one pin on each first, to make sure that
they're straight and flush, before soldering the rest.

3.) The pins are short enough that they don't normally need
trimming.




L | L |
DlaVOI "10 How to add a battery box (continued)

Whether or not you trim the
leads, here’s the procedure:

First, bring the wire [eads up
through the strain-relief holes at
the edge of the board as shown.

Then, solder the red wire in location VCC
and the black wire in location GND.

Pull any excess wire back through the
strain-relief holes to take out the slack.







Now we can
connect parts to our Arduino,
and program It!



L | |
P'dVO I INO  comnecting usB-Tr cable

The board is labeled with proper colors for
connecting the FTDI USB-TTL cable. Green
towards the top, black towards the bottom.

(If you have a different type of USB-TTL
interface, it may be helptul to know that
the “black” end is the ground side.)




Connecting with FTDI Friend board

HLALK FTDI Friend! by Adafruit
e () 7 ji freny

=DbCTS. U
~yquet, |

-
—HqTi g | -
. g T &
~Mdard” g’ Nl NN 5
GREEN




Connecting with SiLabs board

Solder 1 pin to DTR for automatic Reset™




How to Set Up and Use the Arduino Software

=@ sketch_juld7a | Arduino 1.0.5

File Edit Sketch Tools Help




How to Hack Arduino Programs (“Sketches”)

o Blink | Arduino 1.0.5
File Edit Sketch Tools Help

Blink
Elink
Turns E 10 hen Or One ;

up routine runs once when you pr

soid setup ()
f/ initialize the digital pin as an output.
pintode (led, OUTPUT) :

; he loop routine runs over and over again forewver:
woid loop() |
digitalWrite (led, HIGH); /4 turn the LED on (HIGH is the woltage lewel)
[ ord
Lo »

1 Arduine Duemilanove v ATmega3zs on COMS




How to Hack Arduino Programs (“Sketches”)




Solderless Breadboard
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Long lead
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Solderless Breadboad with LED
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Solderless Breadboad with LED and wires
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How to Use Solderless Breadboards

Solderless Breadboad with LED and Resistor and wires
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Arduino For Total Newbies

Dl SRole)
- —
H 4.5V 4.5V
4.5V
m red wire )
=== red wire
e
P
i ! 5V /Vee
Y &
I =
f =
e D3 2N3904
Lt ack wire (out)
O — 2 Arduino
D5
(in)
m NA/EU
select
gm
d
U EU: use 1K gn
m NA: no resistor
black wire
browr 2llov
O black hlac iolet
’ black black black
H gold C gold
& Ackage ‘
BE
; 2N3904 OR OR
O 10 Ohm 47 Ohm
- o—
I | ml
Use either one Use either one
of these two terminals O of these two terminals
for one side of the switch for the other side of the switch




