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= Diain Retention: 20 years ot B5°C [ 108 yoars a8 25°C

Lock for Salf. Flazh & EEPROM Dats Security

* Poriphsral Featuran
= O B+l andl Qe 16-bit with Two FAM Each
- st ADC
+ B Singlu-anded Channeis
* 12 Differential AGC Chanmal Pairs with Programematbile Gain (1x / 20x)
P s Waichdog Timar with S On-chip Oscill
Ginechip Ansing Comparator
Universal Sariai interface
Spocial Microconirolier Fasiures
debugWIRE On-chip Debug Systom
win SPf Part
Internal and Extemal imtermupt Sosces

= Enhamced Power-on Reset Circuit
=P Brown-out

|ATMEL

8-bit AVR"
Microcontroller
with 2K/4K/BK
Bytes In-System
Programmable
Flash

ATtiny24A
ATtiny44A

ATtiny84A

We’re going to end up
basing our circuit around
using an ATtiny44 or 45 so

lets take a quick look at the
specs for the 44 to see what
we can have it do....
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Figure 2-1. Block Diagram
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-; Its not actually that scary |
L ] o f T promise - also we don’t need

, to memorize all of it! In fact
e most of the TAs don’t

Hw|'_|“'"?m+‘_"_4 — know all of it!
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PDIP/SOIC

vCC []1

(PCINTB/XTAL1/CLKI) PBO []| 2
(PCINTO/XTAL2) PB1 [|3
{PCINT11/RESET/dW) PB3 [ 4
(PCINT10/INTO/OCOA/CKOUT) PB2 [] 5
(PCINT7ACP/OCOB/ADCT) PA7 (|6
(PCINTE/OC1A/SDA/MOSI/DIVADCE) PAG [] 7

L)

| GND

| PAO (ADCO/AREF/PCINTO)

1 PA1 (ADC1/AING/PCINT1)

] PA2 (ADC2/AIN1/PCINT2)

| PA3 (ADC3/TO/PCINT3)

|1 PA4 (ADC4/USCK/SCLT1/PCINT4)

] PAS (ADCS/DO/MISO/OC1B/PCINTS)

Hey look here’s some port stuff
seems like it has something to do
with the inputs!




Table 10-3. Port A Pins Alternate Functions

Port Pin

Alternate Function

PAQ

ADCO: ADC Input Channel 0
AREF: External Analog Reference
PCINTO: Pin Change Interrupt 0, Source 0

PA1

ADC1: ADC Input Channel 1
AINO:  Analog Comparator, Positive Input
PCINT1:Pin Change Interrupt 0, Source 1

PA2

ADC2: ADC Input Channel 2
AIN1:  Analog Comparator, Negative Input
PCINT2: Pin Change Interrupt 0, Source 2

PA3

ADC3: ADC Input Channel 3
TO: Timer/Counter0 Clock Source.
PCINT3: Pin Change Interrupt 0, Source 3

PA4

ADC4: ADC Input Channel 4

USCK: USI Clock (Three Wire Mode)
SCL: UsSlI Clock (Two Wire Mode)

T1: Timer/Counter1 Clock Source
PCINT4: Pin Change Interrupt 0, Source 4

PAS

ADCS5: ADC Input Channel 5
DO: US| Data Qutput (Three Wire Mode)

MISO: SPI Master Data Input / Slave Data Output
OC1B: Timer/Counter1 Compare Match B Output

PCINTS: Pin Change Interrupt 0, Source 5

PAB

ADC6: ADC Input Channel 6
Di: US| Data Input (Three Wire Mode)
SDA: US| Data Input (Two Wire Mode)

MOSI:  SPI Master Data QOutput / Slave Data Input
OC1A: Timer/Counter1 Compare Match A Output

PCINTE: Pin Change Interrupt 0, Source 6

PA7

ADCT7: ADC Input Channel 7

OCOB:: Timer/Counter0 Compare Match B Output

ICP1:  Timer/Counter1 Input Capture Pin
PCINT?: Pin Change Interrupt 0, Source 7

PDIP/SOIC
=

vee 01 14 [] GND
(PCINTE/XTAL1/CLKI) PBO []2 13 [ PAO (ADCO/AREF/PCINTO)
(PCINTY/XTAL2) PB1 []3 12 [11 PA1 (ADC1/AING/PCINT1)
(PCINT11/RESET/dW) PB3 [] 4 11 |11 PA2 (ADC2/AIN1/PCINT2)
(PCINT10/INTO/OCOA/CKOUT) PB2 []5 10 |11 PA3 (ADC3/TO/PCINT3)
(PCINT7/ICP/OCOB/ADG7) PA7 []6 9 |1 PA4 (ADC4/USCK/SCL/T1/PCINT4)
i

(PCINTE/OC1A/SDA/MOSI/DIJADCE) PAG [ 8|1 PA5 (ADC5/DO/MISO/OC1B/PCINTS)

Ok so on the Attiny44 we have two
ports one with 8 pins and one with 4
pins that logically are connected to

different internal things so they can
have different roles.

That wasn’t so scary!




Vil 4

=V

il &

PDIP/SOIC

VCC [
(PCINTB/XTAL1/CLKI) PBO []
(PCINT/XTAL2) PB1 [
(PCINT11/RESET/dW) PB3 [
(PCINT10/INTO/OCOA/CKOUT) PB2 [}
(PCINT7/ICP/OCOB/ADC7) PA7 L[]
(PCINTB/OC1A/SDA/MOSI/DIADCE) PAB [

1
2
3
4
5
]
7

14
13
12
1
10
9
8

] GND
] PAO (ADCO/AREF/PCINTO)

] PA1 (ADC1/AINO/PCINTT)

] PA2 (ADC2/AIN1/PCINT2)

] PA3 (ADC3/TO/PCINT3)

1 PA4 (ADC4/USCK/SCLIT1/PCINT4)
] PAS (ADC5/DO/MISO/OC1B/PCINTS)

Oh hey look at Neil’s hello world
board — it looks like the programming
6 pin header has all of it’s named

things connected to the ports on the
Attiny with those names!

Oh and the clock too (XTAL)!




] GND
13 [ PAO (ADCO/AREF/PCINTO)

Vil 4 ks
12 ] PA1 (ADC1/AINO/PCINT1)

- [ 11 |1 PA2 (ADC2/AIN1/PCINTZ2)

LV Vil 14 10 ] PA3 (ADC3/TO/PCINT3)

|| PA4 (ADC4/USCK/SCL/T1/PCINT4)
] PAS (ADCS/DOMISC/OC1B/PCINTS)

Neil’s hello world

<e the programming
s all of it’s named
to the ports on the
those names!

NOT:BAD AT ALL...

memegeneralor.net |0Ck too (XTAL)'




Vil 4

&V IVl &

2
O
¢
v
T
]
92,
(=)
=

PDIP/SOIC

VCC [
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b
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1 GND
| PAQ (ADCO/AREF/PCINTO)
| PA1 (ADC1/AIND/PCINT1)
1 PA2 (ADC2/AIN1/PCINTZ)
| PA3 (ADC3/TO/PCINT3)
1 PA4 (ADC4/USCK/SCL/T1/PCINT4)
| PAS (ADCS/DO/MISC/OC1B/PCINTS)

Yah but what about this stuff?
What is it doing there? And
what if | want to add things

like buttons and LEDs? How do

| even think about that?



Lets talk some basic electric engineering...

V =1 R

Voltage
I: Current
Resistance




Lets talk some basic electric engineering...

V — I % R A Light Emitting Diode has nearly O

ol resistance so if we connect it directly from
I Cour?iit power (+5V) to GND (0V) then it will have
Resistance nearly infinite current = BOOM!




Lets talk some basic electric engineering...

V — I % R A Light Emitting Diode has nearly 0
resistance so if we connect it directly from

CeliEEE power (+5V) to GND (0V) then it will have

I: Current

Resistance nearly infinite current = BOOM!




Lets talk some basic electric engineering...

V =1 R

Voltage )" sv
I: Current
Resistance | K,-:Sp Ju
\ M
ftg}\
e
So we use a current limiting g{ g’rnd-"‘l' rﬁ

resistor in series with the
LED throughout our designs GN




Lets talk some basic electric engineering...

Vil 4

=W I &
I: Current
Capacitance

dv/dt : change in voltage

What is the capacitor doing
sitting between GND (0V) and
VCC (5V) on Neil’s board?




Lets talk some basic electric engineering...

Vil 4

=W I &
I: Current
Capacitance

dv/dt : change in voltage

Think of it as a tiny backup
battery for changing spikes down
in voltage (it filters them out)!




Lets talk some basic electric engineering...

Vil 4

=V VI 1&£
I: Current
Capacitance

dv/dt : change in voltage

Batteries and regulators are far
worse than you think at their jobs!
Put a capacitor AS CLOSE AS
POSSIBLE to the VCC and GND
terminals on every chip for
consistent performance

Think of it as a tiny backup
battery for changing spikes down
in voltage (it filters them out)!




Lets talk some basic electric engineering...

What about a

button?




Lets talk some basic electric engineering...

Well we could
connect the
button to +5V or

GND (0V) and then
into the Attiny —
how do we pick?




Lets talk some basic electric engineering...

It turns out
connecting to GND

is better (more
power efficient)
BUT....




Lets talk some basic electric engineering...

Wir

You need a pullup resistor — the

Pullug

pulue good news is that this pattern is
so common there is a built-in

Pl pullup in the ATtiny you can turn
Do oRE on via software so no need to

O
}jt put it in your design!




Lets talk some basic electric engineering...

Wir

pulue Be careful though if you are
connecting to a device that gives

Pl 2 HIGH (+5v) signal you will want
}: R the pullup turned off!




Remember this This is him
kid?

We got
smarter! We

know the
basics nhow!




Ok so now how do we go about actually doing
this...



Ok so now how do we go about actually doing
this...

-_——

4 )
Eagle to the

rescue

.




Sorry wrong eagle... but also I've heard good

things about KiCad

€

EAGLE




Tips for designing and routing boards:

1.

Do the schematic first (and finish it before moving on to routing)




Tips for designing and routing boards:

1. Do the schematic first (and finish it before moving on to routing)
2. Use lots of names to keep the schematic clean and readable




Tips for designing and routing boards:

Do the schematic first (and finish it before moving on to routing)
Use lots of names to keep the schematic clean and readable

Triple check the schematic before moving onto the board file
(and have someone else check it if you are unsure)




Tips for designing and routing boards:

Do the schematic first (and finish it before moving on to routing)
Use lots of names to keep the schematic clean and readable

Triple check the schematic before moving onto the board file
(and have someone else check it if you are unsure)

Add an LED from power to ground as a first sanity check when
you are done with the board that it is “working”
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Tips for designing and routing boards:

Do the schematic first (and finish it before moving on to routing)
Use lots of names to keep the schematic clean and readable

Triple check the schematic before moving onto the board file
(and have someone else check it if you are unsure)

Add an LED from power to ground as a first sanity check when
you are done with the board that it is “working”

When routing the board file copy the kinds of routing patterns
Neil or other people have used
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Tips for designing and routing boards:

Do the schematic first (and finish it before moving on to routing)
Use lots of names to keep the schematic clean and readable

Triple check the schematic before moving onto the board file
(and have someone else check it if you are unsure)

Add an LED from power to ground as a first sanity check when
you are done with the board that it is “working”

When routing the board file copy the kinds of routing patterns
Neil or other people have used

If you get super stuck routing add 0 ohm resistors!
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Tips for designing and routing boards:

Do the schematic first (and finish it before moving on to routing)
Use lots of names to keep the schematic clean and readable

Triple check the schematic before moving onto the board file
(and have someone else check it if you are unsure)

Add an LED from power to ground as a first sanity check when
you are done with the board that it is “working”

When routing the board file copy the kinds of routing patterns
Neil or other people have used

If you get super stuck routing add 0 ohm resistors!
| promise it gets way way easier after you do this a couple times.




And by
your final
project
you too
will be

making
crazy

boards

like this
one!




Fagle
Demo

http://fab.academany.org/2018/labs/fablaboshanghai/students/bob-
wu/Fabclass/week?7 electronic design/eagle practice.html




