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The next few weeks have a simple task!

Already know basic electrical engineering

Use it to desigh a custom circuit board in a new
software program

Mill it and solder on all the parts right
Already know basic programming

Write a custom program to test your board



The next few weeks have a simple task!

Already know basic electrical engineering

Use it to a hew

P So if you are now

il it 5 feeling like.....

Already know basic programming

Write a custom program to test your board
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Today’s Focus

2 weeks from now

Electronics
Design

Design your own
circuit board
Mill and stuff it

4 weeks from now

Embedded

Programming

Design your own
circuit board
Mill and stuff it

Program it



A short outline for today

o Almost all you need to know
about Electrical Engineering

@ Almost all the tips you need
to design custom boards

e Almost all the steps it will take to
produce a custom board



Why do | even need to know anything about
electrical engineering?
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Why do | even need to know anything about
electrical engineering?

We are going to learn how
to make our own custom

circuit boards that connect
e inputs and outputs to our

own microcontrollers!




Ohm’s Law:

V =1 %R

VOItage (measure in volts)
' Current (measure in amps)
Resistance (measured in ohms)

https://learn.sparkfun.com/tutorials/voltage-current-resistance-and-ohms-law/all



https://learn.sparkfun.com/tutorials/voltage-current-resistance-and-ohms-law/all

Voltage

Measures the difference
in electrical potential
between two points —
often an input voltage
(vee) and ground (gnd)




Current

Measures the rate of flow
of electrons in a circuit

Amperage

More Less



Resistance

Less rasistance

B i g i g T

Measures

through a circuit




Ohm’s Law: How much current goes

through this resistor?

V =1=x%xR

VOItage (measure in volts)
. Current (measure in amps)
Resistance (measured in ohms)
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Ohm’s Law: How about these

resistors?

V =1=x%xR

VOItage (measure in volts)
. Current (measure in amps)
Resistance (measured in ohms)




Ohm’s Law: How about these

resistors?

 Resistance in series adds

* To learn more about series and
parallel check out this link:
https://en.wikipedia.org/wiki/Se
ries and parallel circuits
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Ohm’s Law: How about these

resistors?

 Resistance in series adds

* To learn more about series and
parallel check out t +3V here!
https://en.wikipedia.org/WiKi/Se
ries and parallel circuits
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Ohm’s Law:

What about this LED?

V =1=x%xR

VOItage (measure in volts)
. Current (measure in amps)
Resistance (measured in ohms)
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What about this LED?

V =1=x%xR

VOItage (measure in volts)
. Current (measure in amps)
Resistance (measured in ohms)

Trick Question — OA

All diodes are one way!




' °
Ohm s Law: What about this LED?

V =1=x%xR

\"le]iz=f{ Green line on surface
I: Curre mount parts!

Resistance (measured in ohms)

Trick Question — 0A
All diodes are one way!




Ohm’s Law: Ok so what about this

(correct direction) LED?

V =1=x%xR

VOItage (measure in volts)
. Current (measure in amps)
Resistance (measured in ohms)
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Ohm’s Law: Ok so what about this
t direction) LED?

Infinite )
V' = currentwillgo L o
\Voltage BOOM ! |

' Current
Resistance

Trick Question Again — oA

Diodes have O resistance!




Ohm’s Law: Ok so what about this
direction) LED?

Infinite

\/ = current will ge
voltage« BOOGMNMH melt

l: Current (meceeoc e,
Resistance (measured in ohms)

Trick Question Again — oA

Diodes have O resistance!




Ok so what about this
(correct direction) LED with a
current limiting resistor!

Ohm’s Law:

V =1=x%xR

VOItage (measure in volts)
. Current (measure in amps)
Resistance (measured in ohms)




Ok so what about this
(correct direction) LED with a
current limiting resistor!

Ohm’s Law:

V =1=x%xR

VOItage (measure in volts)
. Current (measure in amps)
Resistance (measured in ohms)




Ok so what about this
(correct direction) LED with a
current limiting resistor!

Ohm’s Law:

* 500 to 1K ohm resistors
work well (for me)

* The order of the
resistor and LED does
NOT matter




Our second and final equation - Capacitance

d paCita NCE (measured in farads)
. Current (measure in amps)
Change N VOItage over time (measure in volts/second)

https://learn.sparkfun.com/tutorials/capacitors/
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Capacitance

The science here can get a little
complicated but/and | like to think of a

capacitor as a filter for changes in voltage

C — I o dV / dt Dielgctric

Ca pacita NCE (measured in farads)
' Current (measure in amps)
dV/dt: Change in Voltage over time

(measure in volts/second)

Terminal

Metal Plates



Capacitance

The science here can get a little
complicated but/and | like to think of a

capacitor as a filter for changes in voltage

Dielectric

Terminal

Metal Plates

https://learn.sparkfun.com/tutorials/capacitors/application-examples
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Capacitance

The science here can get a little
complicated but/and | like to think of a

capacitor as a filter for changes in voltage

Dielectric

Terminal

Metal Plates
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Capacitance

The science here can get a little
complicated but/and | like to think of a

capacitor as a filter for changes in voltage

Dielectric

Terminal

Metal Plates

https://learn.sparkfun.com/tutorials/capacitors/application-examples
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But how will I know
if my component
needs a capacitor?

And how big of a
capacitor will |
nheed?




But how will | know
if my component
needs a capacitor?

And how big of a
capacitor will |
need? (and what are
all of those labels?)




http://academy.cba.mit.edu/classes/embedded_programming/doc8183.pdf

Features
* High Performance, Low Power AVE® B-bit Microcongrolier
= Ad i RESC Archi
= 120 Powuorful instructions = Most Single Clock Cycle Execution
= 12 x § Gonoral Purpose Working Regisiors
- Fully Static Operation | N

* High Endurance, Non-vodatile Momory Segmonts
= 2MMKEK Byins of In:System, Saif-programmabio Flash Program Momory
+ Endurance: 10,000 Writn'Erase Cyclos -
= 128/256/512 Bytes of in-System Programmabie EEPROM B"hlt AVRB

- 1;-.\:“1 :-‘:ufi'-ndm Microcontroller

 Propamming Losk o Sefiomagpimmning Plach & SEPROM Duts Boswlly with 2K/4K/8K
’ hj-ﬂf.“hﬂdﬂt-1i-bl TimernCounter with Two FWM Channels, Each Bm" In's“tﬂm
Eonst Programmable .
+ 8 Single-onded Channeis
+ 12 Differential ADC Chanmel Pairs with Programmabie Gain (1 § 20x) Fla'h TI m e t r :I

= Onechip A;:' Comparator
s o s St e ATtiny24A

—— Arinyan the data sheet!

= Low Power idle, ADC Moise Reduction, Standby and Powerdosn Modes
= Enhanced Power-on Reset Circuit
= Programmabie Brown-owt Detection Circuit with Sofrware Disable Function
= Inermal Calibrated Oscillstar
= Onechip Temporature Sensar
* 0 and Packages
= Available in 20-pin GFMMLENVOFN, 14-pin SOIC, 14-pin PDIP and 15-ball UFBGA

= Twalve Programmaiie WO Lines
* Dpersting Voliage:
= 1.8 =58V
* Spoed Grado:
= 0=4 MHZ @ 1.0 = L5V
= 0= 10 Mz @ 2.7 = 5.5V
= 0= 20 MHz @ 4.5= 5.8V
* Industrisl Temparatirs Rengs: -30°C 1o +85°C
* Low Power Consumption
= Active Mode:
+ 210 A ot 1.8V amd 1 Mbz
= ldla Mods:
+ B3k ot 1.8% and 1 MHz
= Poswer-down Mode:
* 0.1 i @t 1.8Y amd 26°C p— "
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Features
* High Performance, Low Power AVE® B-bit Microcongrolier
» Advanced RESC Architecture
= 120 Powuorful instructions = Most Single Clock Cycle Execution
= 12 x § Gonoral Purpose Working Regisiors
= Fully $1atic Gperatian | N

* High Endurance, Non-vodatile Momory Segmonts
= 2MMKEK Byins of In:System, Saif-programmabio Flash Program Momory

 1zeasemz u:q::':rm Pml::!h:uﬂt EEPROM 8-bit AVRB
- 1;nu.m1 n:::‘f.:._ SRAM et Microcontroller
 Programing Loch for Sabroramiming Fush & EEPROM Dot Sacury with 2K/4K/8K
! h:::'u':::“nu 16t TimerfCountar with Two PWM Channeds, Each Bytes In-System
~ TSl AuS Programmable
+ 8 Single-onded Channeis
+ 12 Differential ADC Channal Pairs with Programmabie Gain (1x { 2 Flash
= Programmable Waichdog Timer with Separate On-chip Oscillator
= One-chip Analog Comparator R
o o ATtiny24A
- GabugGIMIRE On-<hip Debug Systam ATtiny44A
= In-System Programmable via SP1 Part
- itarms and € s ATtiny84A

+ Pin Change Inermapt on 12 Pins
= Low Poassr ik, ADC Moiss Reduction, Stndby and Power-dosn Modss
= Enhanced Power-on Resat Circuit
= Programmable Brown=nut Debection Circut with Software Disable Function
= Intermal Calibrstad Oscillsior
= Onchip Temperature Sensar
* U0 and Packages
= Awailable in 20-pin GFRMLFVOFN, 14.pin SOIC, 14-pin POIP and 15-ball UFBGA
= Twelve Programmabile WO Lines
* Dpersting Voliage:

= 0= d MHZ @ 1.0= B8V
=0 =10 MHz @ 2.7 = 5.5¥
= 0=20 MHz @ 4.5= 5.5
* Industrisl Temperatsre Rangs: -40°C ia +85°C
* Low Power Consumpticn
= Active Moda:
+ 110 jai a5t 1.8V smd 1 MMz
= ldla Mods:
+ 33k ot 1.8% and 1 MHz
= Povwar-down Mode:
* 0.1 i @t 1.8Y amd 26°C p— "




22. Register Summary

Address Name BitT Bit 5 Bit4 Bit 3 Bit 2 Bit 1 BitD Page
e
Ox3F |DuEF) ERED [ T H B v N z c Fage 14
e3E (MSE) =P - - - - - - = =] Fage 13
w30 DwSD) BFL EFT SFE EFS ) BF3 EFZ =51 EFD Fage 13
D3 (DS CCRIB Timer Counterl — Cutput Compane Regisier B Fage 83
D33 INSE) GIMEK - INTD FCE! PCIED - - - - Fage 50
T34, [DEA) QIR - INTFD FOIF1 PCIFD - - - - Fage 51
O3 (DuSE) TIESD - - - - - OCEDE OCIEDA TOED Fage 83
D38 wES) TFRD - - - - - OCFIE OCFDA oW Fage 54
37 (DNET) BFMCER - - R3IG CTFE RFLE FOWET FOERI EFMEN Fage 155
Ch3E [56] CCROA, TirersCounte — Cutput Compans Ragisier & Fage 83
D3 (DNEE) MCUCR BODE FUD 5E BM1 EMO BODEE [ [ Fages 3,50, 65
D34 (DuE4) MCLIER - - - - WDRF EORF EXTRF FORF Fage 44
D33 (DuE3) TCCROE FOCOA FOCIE - - WO cam cEol CEDD Fage B2
Dua2 (DuE3) TCHTD TimenCounter Fage 23
D31 (ST DECTAL CALT CALE CALS CALY CAL3 CALZ CAL1 CALD Fage 31
D30 (DwED) TCCRIA COMDAL CONDAD COMOE COMOED - - [ WGMDD Fage 73
DaIF (DtF) TCCRIA COM1AL COMLAD COMIE1 COMIED - - WGk WG Fage 105
2= |Iw3E) TCCRIE ICNCT ICEE] - [ WaM1Z caiz CEN CE Fage 108
DuI0 (Dw30) TCHTIH TimenCounter] — Counter Register High Eyos Fage 110
Du2C (3] TCNTIL TimenCiounter — Counter Register Low Byt Fage 190
28 (IN3E) CCRIAH Timer\Counier] — Gompare Register & High Eyes Fage 110
a2, [IwdA) OCRIAL TimeeriCountar] — Compars Fegisher & Low Byl Fage 190
[ CCRIEH Timer/Counter] — Compans Regiseer B High Eyee Fage 110
28 (DwE) OCRIEL TimeriCountar] — Compars Fegisher B Low Eyie Fage 190
D27 (DwAT) DWOR DWoRF O Fage 151
[ (De26) CLKFR CLWFCE - - [ - | cwxrsz | cxrs: CLKFE1 CLKFED Fage 31
D2 (Dwa5) ICRIH Timen/Counter] - Input Capture Segister High Syt Fage 111
D4 (Dwas) ICRIL Timer/Counter! - Input Caphure Regisher Low Eyae Fage 111
[T GTCCR TEM - - - - - - FERID Fage 134
D2 (D) TCCRIC FOCIA FOCIE - - - - - - Fage 103
[l WOTCER WHE WOIE == WOCE WDE WDFZ WDF1 WDPD Fage 44
D20 (Dwd) PCMEK1 - - - - PCINTI1 FCINTIO FCINT FCINTE Fage 51
OviF [D3F) E=ARH - - - - - - - EEARE Fage 20
el I3E) EEARL ESART EEARS EZARS EEARL EEARI EEARD EEART EEARD Fage 21
D10 (w30 EEDR EEFROM Dats Regiier Fage 21
D1C (Iw3C) EECR - - EEFM1 ESFMD EERIE EELIFE EEFE EZRE Fage 23
el 2 (Dw3S) FORTA FORTAT PORTAS FORTAS PORTAS FOATAZ FOATAZ PORTA PORTAD Fage &6
Dol 4, (w34 DORA DOAT DOE DOAS DO ] DOAZ Dol DoAD Fage 65
ol (Dw3E) Fike FRAT Filsg FIMAS Fibad FA3 FINAZ FibAT FINAD Fage 67
Corl B (Dw3E) FORTE - - - - FORTEZ FORTEZ FORTEI FORTED Fage &7
7 maT) DORE - - - - ooE3 DDEZ DoE1 DoEd Fage 67
Oorl (Dw35) FINE - - - - = FINEZ FINE FINED Fage &7
ol (Dw35) OPIDRZ General Fupose 10 Fegisher 2 Fage 22
Dol (Dw3<) [l Generl Fumose 0 Fegister | Fage 23
Dol 3 [Dw33) OFICRD e ] Fage 23
D2 (De32) PCMERD PCINTT PCINTE FPCINTS | FCMT4 | POINTZ | PONTZ FCINT1 FCINTD Fage 52
D11 (D310 Aesemnsed -
D10 (De30) UEER LIZ| Bufler Register Fage 127
Dv0F (Du2F) USIDR JEI Data Register Fage 125
D= |D2E) USIEA USIEIE USKEE UEIFF UEIDC USICNTZ UEICNTZ | USICKTI UEICNTD Fage 125
w00 (1201 USICR UEISE USIDE = LUEIAMD USIcE UEICED USICLY usTC Fage 123
Ow0C (IN2C) TIMER - - CIE - - CCEE OCTELA TOE? Fage 111
D3 [Ie2=) TFRI - - [ - - ] OCF1A OV Fage 112
eDA, (T2A) Reserved -
O3 (23] ] -
8 (Du2E) ACER = ACBO ACD =] ACIE ACIC ACIET ACIED Fage 123
Oell7 (DwIT) ADKIL REFE1 REFE0 WIS MU MG =] ML [ Fage 144
O (Du25) ADCERA ADEM C ADATE ADIF ADIE ADFED ADFE1 ADFED Fage 145
s (Dn35) ADCH A Diafa Fmgister High Byt Fage 148
D4 (Du24) ADCL ALY Data Rsgister Low Sy Fage 148
D (23] ADCERE EL ACME - [ mowa | - | aomaz ADTE ADITED Fages 130, 148
2 |22 Ry -
D0 2] DIDRD ADCTD ADKIED Apcsn | Aocsn | apcao | aDcoo ADCAD ADCOD Fages 137, 143
Tl (T ERR - - - [ - | erman | remm PRUEI PRADC Page 17
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Figure 2-1. Block Diagram
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Figure 2-1. Block Diagram
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Figure 2-1. Block Diagram

gl

PDIP/SOIC

Ny
VCC [ 14 71 GND

(PCINT&/XTAL1/CLKI) PBO [ 13 [J PAO (ADCO/AREF/PCINTO)
(PCINT9/XTAL2) PB1 [ 12 [ PA1 (ADC1/AINO/PCINT1)
(PCINT11/RESET/dW) PB3 [] 11 [ PA2 (ADC2/AIN1/PCINT2)
(PCINT10/INTO/OCOA/CKOUT) PB2 [ 10 [] PA3 (ADC3/TO/PCINT3)
(PCINT7/ICP/OCOB/ADC7) PA7 [] 9 [1 PA4 (ADC4/USCK/SCL/T1/PCINT4)
(PCINT6/OC1A/SDA/MOSI/DV/ADCE) PAG [ 8 |1 PAS (ADC5/DO/MISO/OC1B/PCINTS)

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

CTA REGIETER DATA REGIETER
PORT A FORT B
E L .

Al Al A
POAT B DRNWERS




Table 10-3.

Port A Pins Alternate Functions

Port Pin

Alternate Function

PAO

ADCO:
AREF:

ADC Input Channel 0
External Analog Reference

PCINTO: Pin Change Interrupt 0, Source 0

PA1

ADC1:
AINO:

ADC Input Channel 1
Analog Comparator, Positive Input

PCINT1:Pin Change Interrupt 0, Source 1

PA2

ADC2:
AINT:

ADC Input Channel 2
Analog Comparator, Negative Input

PCINT2: Pin Change Interrupt 0, Source 2

PA3

ADC3:
TO:

ADC Input Channel 3
Timer/CounterQ Clock Source.

PCINT3: Pin Change Interrupt 0, Source 3

PA4

ADC4:

USCK:
SCL:

T

ADC Input Channel 4

USI Clock (Three Wire Mode)
USI Clock (Two Wire Mode)

Timer/Counter1 Clock Source

PCINT4: Pin Change Interrupt 0, Source 4

PAS

ADC5:
DO:

MISO:
OC1B:

ADC Input Channel 5

USI Data Output (Three Wire Mode)

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

PCINTS: Pin Change Interrupt 0, Source 5

PA6

ADCB6:
DI:
SDA:
MOSI:
OC1A:

ADC Input Channel 6

USI Data Input (Three Wire Mode)

USI Data Input (Two Wire Mode)

SPI Master Data Output / Slave Data Input
Timer/Counter1 Compare Match A Output

PCINT6: Pin Change Interrupt 0, Source 6

PA7

ADC?7:

ADC Input Channel 7

OCOB:: Timer/Counter0 Compare Match B Output

ICP1:

Timer/Counter1 Input Capture Pin

PCINT7: Pin Change Interrupt 0, Source 7

PDIP/SOIC
L/
vee 1 14 [1 GND
(PCINT&/XTAL1/CLKI) PBO [] 2 13 [] PAO (ADCO/AREF/PCINTO)
(PCINT9/XTAL2) PB1 []3 12 [ PA1 (ADC1/AINO/PCINT1)
(PCINT11/RESET/dW) PB3 [ 4 11 [1 PA2 (ADC2/AIN1/PCINT2)
(PCINT10/INTO/OCOA/CKOUT) PB2 []5 10 [ PA3 (ADC3/TO/PCINT3)
(PCINT7/ICP/OCOB/ADC7) PA7 [] 6 9 | PA4 (ADC4/USCK/SCLT1/PCINT4)
(PCINT6/0C1A/SDA/MOSI/DI/ADCS) PA6 [] 7 8 |1 PAS (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

-

=

il N

PDIP/SOIC

VCC - GND
(PCINT&/XTAL1/CLKI) PBO []2 "] PAO (ADCO/AREF/PCINTO)
(PCINT9/XTAL2) PB1 [ ] PA1 (ADC1/AINO/PCINT1)
PA2 (ADC2/AIN1/PCINT2)
(PCINT10/INTO/OCOA/CKOUT) PB2 PA3 (ADC3/TO/PCINT3)
(PCINT7/ICP/OCOB/ADC7) PA7 PA4 (ADC4/USCK/SCL/T1/PCINT4)
(PCINT6/0OC1A/SDA/MOSI/DI/ADCS) PA6 []7 PAS5 (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)!




N PAO (ADCO/AREF/PCINTO)

w nw... " 0 I Bnn
"'?.‘-'-‘ :
V.. Y - 1 PA1 (ADC1/AINO/PCINT1)

-~ as PA2 (ADC2/AIN1/PCINT2)
LV Vil 1£& PA3 (ADC3/TO/PCINT3)
) PA4 (ADC4/USCK/SCL/T1/PCINT4)
8 |1 PAS (ADC5/DO/MISO/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...

memegenerator.net lock too (XTAL) |




Remember this This is him
kid? now!

We got
smarter! We

know the
basics now!




A short outline for today

a Almost all you need to know

about Electrical Engineering

9 Almost all the tips you need
to design custom boards

e Almost all the steps it will take to
produce a custom board



Board design quick tips and tricks

1. How to wire up a button (and other inputs)



How do | wire up a button? What do you think?

Green Check | Red X for
for Pin 1 Pin 2

Pin 1
Pin 2

Microcontroller




How do | wire up a button?

Pin 1 :
Din 9 Microcontroller

Connecting to GND is
more power efficient




How do | wire up a button?

Vin

You need a pullup resistor —
but this is so common there

Pullup
Resistor

are built-in pullups in most
+ Vout .
e microcontrollers you can

o ; :
}fﬂmh Butten turn on in software!

Ground




A pull what?

Vin

Pullup
Resistor

| :'-; Vout

Logic Gate

o (Buffer)
Switch
Ground

Long story short here is that
about O current goes

through a gate (transistor)
so we heed the resistor to
“force” the value to 5v or Ov

https://www.electronics-tutorials.ws/logic/pull-up-resistor.html



https://www.electronics-tutorials.ws/logic/pull-up-resistor.html

How do | wire up a button?

Vin

Pullup

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

| % Sl 3 HIGH (+5v) signal you will want
}: Logie Gate the pullup turned off!




Board design quick tips and tricks

1. Connect buttons to ground (and turn on the pullup but
no pullup for many other inputs)

2. Always place a filter capacitor AS CLOSE AS POSSIBLE
to the chip it is protecting



Board design quick tips and tricks

1. Connect buttons to ground (and turn on the pullup but
no pullup for many other inputs)

2. Always place a filter capacitor AS CLOSE AS POSSIBLE
to the chip it is protecting

3. Place an LED between power and ground near each
microcontroller for testing



Board design quick tips and tricks

1. Connect buttons to ground (and turn on the pullup but
no pullup for many other inputs)

2. Always place a filter capacitor AS CLOSE AS POSSIBLE
to the chip it is protecting

3. Place an LED between power and ground near each
microcontroller for testing

4. READ THE DATA SHEETS FOR EVERYTHING YOU USE!



Quick aside: other common components

MOSFET = code controlled switch Neil’s Speaker Hello World
(useful for output)

Voltage Regulator = allows for diff-
erent voltages

Header = make it easy to attach

other stuff




OK FINE BUT HOW DO

WE ACTUALLY MAKE A
BOARD?!?!?




A short outline for today

a Almost all you need to know

about Electrical Engineering

@ Almost all the tips you need
to design custom boards

9 Almost all the steps it will take to
produce a custom board



-

Eagle to the
rescue

~




Sorry wrong rescue eagle... but also I've heard
good things about KiCad

EAGLE



Sorry wrong rescue eagle... but also I've heard
good things about KiCad

Details about the
- software will be given in

a later recitation but |
figure | can give you my
s “quick tips and tricks”




Schematic Board File

R RST2
¥
10K
INPUT2
RI3 (PCINT11/RESET/DWPES |2 _Fligz
AR (PCINT10/INTO/OCOA/CKOUT PB2
0 (PCINTO/XTAL2)pEL (23— XTAL22 PR?G sz
(PCINTS/XTAL1/CLKT}PBO | —2——XTALL2 GNP2le 2 1 RST2
VCC2 M.QS].ZO 04__SCK2
~ . (PCINT?/ICP/OCOB/ADC7)PA7 giBTNlﬁ VCE2 574 36 | MISO2
fa (PCINT6/CCLA/SDA/MOSL/ADCE)PAG 8—""0512
4 VCC  (PCINTS/OCIB/MISO/DO/ADCS)PAS 97“"1502
vee| (PCINT4/T1/SCL/USCK/ADCA)PA% Tg'%zu RESONATOR2
(PCINT3/TO/ADC3)PA3 [—9— . s
(PCINT2/AIN1/ADC2)PA2  (—12—BTNLL XTALI2H 13 XTAL22
(PCINT1/AINO/ADC1)PAL TBTNN A
& GND (PCINTO/AREF/ADCO)PAD |13 BTN9 -] 0o
ATTINY44-SSU
RJa R_RST1 BREAKOUT
v
v 1 2 | GND
0 INPUTL 10K T _030 00—4 X1
(PCINT1L/RESET/DW)PES %%Il
(PCINT10/INTO/OCOA/CKOUTIPBZ |2
VCC (PCINT9/XTAL2)FB1 3—”‘“—21 PROG H1
(PCINTS/XTAL1/CLKT)PRO |—2——XTAL1L e reTt
(PCINT?/ICP/OCDB/ADC7)PA7 |2 BTN8 MORIBA 34 | scki
= 6| MISO1
a . (PCINTE/OC1A/SDA/MOSI/ADCE)PAS |—-E—PIOSIL vegles o8+
42 VCC  (PCINTS/OCIB/MISO/DO/ADCS)PAS 5 MISO1
<53 (PCINTA/T1/SCL{USCK/ADCA)PAS [———SCK1 RESONATOR1
N (PCINT3/TO/ADC3)PA3 TBTN“ N
o723 (PCINT2/AINI/ADC2)PA2 [—LL—BTN3 XTALLL (pp2XTAL2L
= " (PCINTI/AINO/ADCLIPAL (12— BTN2 o
y¥o o (PCINTO/AREF/ADCOYPAD  [—2—BTN1 " GND1
ATTINY44-SSU
._BTNI BTN2 BTN3 BTN4 SCK1 MISO1 MOSI1 '\N\A- BINS BREAKOUT

}e ®el o]
= b E E s b g b g b 5 E \ \
1 GND —[ GND —[ GND =[] GND ~[] GND —1 GND g GND -[v_ 6nND
BTN9 BTN10 BTN11 BTN12 CK2 MISO2 MOSI2 BTN16
EANNEC SEc e S E Sl tE o g

GI‘\I_‘DE GNGDE GI(\?DE GI(\IADE G(ﬁ)DE GN)DE GND




Schematic Board File

R RST2
10K
INPUT2 ~ .
RI3 (PCINT11/RESET/DW)PE3 ‘5‘ _Fligz i vz 1]’5 WZ
A (PCINT10/INTO/OCOA/CKOUT)PB2  |—2——— | ‘ ‘
0 (PCINTOXTALYpB1 (23— XTAL22 PR?G sz _ ” slb-— ol
(PCINTS/XTALL/CLKI)PRO | —2— XTAL12 GND2L~ ~2 | RST2 | /
vee MOKIBR &2 | sck2
. (PCINT?7/ICP/OCOB/ADC7)PA7  |—2—— VOE2 575 A6 1 MISOZ P
y (PCINTE/CCLA/SDA/MOSI/ADC6)PAG

VCC  (PCINTS/OCIB/MISO/DO/ADCS)PAS
(PCINT4/T1/5CL/USCK/ADCA)PA4
(PCINT3/TO/ADC3)PA3
(PCINT2/AIN1/ADC2)PA2

o=z
vee N

11111 =%

Bo—aln mHe—=ds mo-—a

List the parts and
their connections

Actually route the

final traces

 PCINTITO/ADCPAS RESONATORT o
N [ 10 ;
o==3 (PCINT2/AIN1/ADC2)PA? | 2L (-2 XTAL21 -
= (PCINT1/AINO/ADCL)PAL |2 o p
v¥E (PCINTO/AREF/ADCO)PAD |13 S eno1 oo
ATTINY44-55U o
o7

BTN1 BTNZ2 BTN3 BTN4 SCKL MISO1 MOSI1 NS

e =t e e WW_BI

mfs]
a b E a b 3 b s b E 5 \ \
1 GND ~[ GND —[ GND =[] GND ~[] GND —[] GND g GND Y GND
BTN9 BTN10 BTN11 BTN12 CK2 MISO2 MOSI2 BTN16
fea o o e o= e mw

GI‘\I_‘DE GNGDE GI(\IADE GI(\IADE G(ﬁ)DE GN)DE GND




Tips for board schematics and routing:

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



Tips for board schematics and routing:

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

All of the parts can be found at

https://gitlab.fabcloud.org/pub/libraries/index



https://gitlab.fabcloud.org/pub/libraries/index

Tips for board schematics and routing:

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

2. Use lots of names to keep the schematic clean



R_RST2
MWW

10K
INPUT2
RI3 (PCINT11/RESET/DW)PB3 g %;2
o N Topx AL BT |2 XTAL22 PROG_H?
(PCINT8/XTALL/CLKI)PBO | -2——XTAL12 GND21~ 2 1 RST2
veep MOBIBS (34 | SCK2
-~ (PCINT7/ICP/OCOB/ADC7)PA7 giBTle vage s 6 | MISO2
o ) (PCINTB/OCLA/SDA/MOSL/ADCE)PAG 8—""0512
. Heo VCC  (PCINTS/QC1B/MISO/DO/ADCS)PAS Mlﬁgz
Cl =8 (PCINT4]T%/SCL/U?_(IZ_K5ADC4;PA4 43%“2 RESONATOR?
w PCINT3/TO/ADC3)PA3 |—2——
8\_"13 (PCINT2/AIN1/ADC2)PA2 | 11  BTN11 XTAlL121)] |:| 3 XTAL22
LU » (PCINT1/AINO/ADC1)PAL Tgméo F
Y ¥ cnpy [T GNP (PCINTO/AREF/ADCO)PAD |13 ~ -
ATTINY44-55U
DYV Rasrt BREAKOUT
= ¥
vog 1 2 | GND
0 INPUTL 10K 3R ST
(PCINT11/RESET/DW)PB3 g %5(11'1
(PCINT10/INTO/OC0A/CKOUT)PB2
veey (PCINTO/XTAL2)PBL [S——XTAL21 PROG H1
(PCINTS/XTAL1/CLKT)PRO | —2——XTALLL —
GNPTTS oz ] RsT
_ (PCINT7/ICP{OCOB/ADC7)PA7 g—ﬁg\g ! %CQ:I%O Qg——scgé .
) ) (PCINT6/OCLA/SDA/MOS/ADCE)PAG  —E——— 155 o8 MI
Heo VCC  (PCINT5/OCIB/MISO/DO/ADCS)PAS |5 MISO1
£ (PCINT4/T1/SCL/USCK/ADC4)PA4 42%1‘ RESONATOR1
w (PCINT3/TO/ADC3)PA3 |23 —
Ul‘ia (PCINT2/AIN1/ADC2)PA2 | 11 BTN3 XTALL |:| 3 XTAL21
= y (PCINT1/AINO/ADC1IPAL Tgm% ] "
¥ ¥ enpt [ GNP (PCINTO/AREF/ADCO)PAD |—2—— o1 b
ATTINY44-55U
RJl
BTNL BTN2 BTN3 ._II SCK1 MISO1 MOSI1 BTNS
of] rof] of of] of] ol oW
b o[ o[ 5L a b s 5L s [
—[ GND = GND = GND —[] GND =[] GND —[] GND = GND —[_ GND
BTN9 BTN1O BTN11

RJZ2 BTN16
e

GND

e

ol
o
—

E- 3 b

GND

MOSI2
v S E

GNDE

59

BTN12 o SCK2 Bl MISO2
0

S ARCY

GND

U)

GND GND

T
GNDE GNDE ~[]
D2




Tips for board schematics and routing:

1. Do the schematic first (and
on to routing)

2. Use lots of names to keep t

3. Triple check the schematic
routing (and have someone

finish it before moving

ne schematic clean

oefore moving onto
else check it)



Tips for board schematics and routing:

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

2. Use lots of names to keep the schematic clean

3. Triple check the schematic before moving onto
routing (and have someone else check it)

4. Copy the routing patterns Neil or others use



Wit

o~
\— w

BREAKQUT!
low wm

w v B




R1 C1
10K 1uF

VCC GND CTS
PBC PAQ

PB1 1€1 PA1 VCC
PR3 pe 1 J2 FTDI

5 (bll)

p2 It 111 pus Tx
PA7 PAZ
PAB PAS Rx




Tips for board schematics and routing:

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

2. Use lots of names to keep the schematic clean

3. Triple check the schematic before moving onto
routing (and have someone else check it)

4. Copy the routing patterns Neil or others use

5. Add 0 ohm resistors if you get stuck routing



R_RST2
AW

10K
INPUT2
M‘ (PCINT11/RESET/DW}PB3 ; g?
(PCINT10/INTO/OCOA/CKQUT)PB2
w (PCINTO/XTAL2)PB1  [—S—XTAL2Z PR?G H22
VCCD (PCINTS/XTALL/CLKI)PBO | -2—XTALL2 %S@Q 4 :55%
L8 - O—
~ (PCINT7/ICP/OCOB/ADC7)PA7 275'”\“5 VU255 36 | MISO2
exam Ie a . (PCINTG/OCLA/SDA/MOSI/ADCE)PAG - [—2——MOSIZ
Heo VCC  (PCINTS/QCIB/MISO/DO/ADCSIPAS |———MISO2
Ve 58 (PCINT4/T1/5CL/USCK/ADCA)PA4 |2 SCK2 RESONATOR?
o (PCINT3/T0O/ADC3)PA3 TBTNU . 5
Of a O T2 (PCINT2/AIN1/ADC2)PA2  |—2——BTN1I XTa12df ny 13 XTALD2
v ” (PCINT1/ATNO/ADCTIPAL Tgméo o
m enpo [ GNP (PCINTO/AREF/ADCO)PAD  |—3—— = o
O h m ATTINY44-55U
VTV by hvie BREAKQUT
. o 10K vef 15 oz lanp
eSIS O (PCINT11/RESET/DW)PB3 ;‘ $)S(11—1
(PCINT 10/INTO/OC0A/CKOUT)PB2
veey (PCINTS/XTAL2)PB1 3—XTA|-21 PROG M1
that Was (PCINT8/XTAL1/CLKT)PBO |—2— XTALL1 afi—— rsT1
pily o2 |
- (PCINT7/1CP/OCOB/ADCT)PA7 [—5—BTNS MORIES G4 1SCKL
o ) (PCINT6/OC1A/SDA/MOSI/ADCE)PAG 8—M0511 vogisA &6 | MISOL
a d d e d HEs VCC  (PCINT5/OCIB/MISO/DO/ADCS)PAS |2 MISO1
o= (PCINT4/T1/SCL/USCK/ADCAPA4 455%31 RESONATOR1
w (PCINT3/TO/ADC3)PA3 [—2
o3 (PCINT2/AIN1/ADC2)PA2 |—LL— BTN3 XTALY (3 XTAL21
I ater = ” (PCINT1/ATNO/ADC1)PAL Tgm% o
¥ ¥ oot [ GNP (PCINTO/AREF/ADCO)PAD 13— T —enp1
. ATTINY44-55U
RJl
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eof] of] of] ol of] A e
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Tips for board schematics and routing:

1. Do the schematic first (and finish it before moving

on t:
2. Use
3. Trip

rou
4. Cop

5. Add 0 ohm resistors if you get stuck routing



You can save yourself time if you make a board that
has an LED and a button so you can program it to turn

The rOad a head the LED on and off with the button... (at least that

used to be the minimal assignment...)

This week 2 weeks from now 4 weeks from now

Electronics Electronics Embedded
Production Design Programming
e Mill and stuff a  Design your own * Design your own
circuit board circuit board circuit board
e Mill and stuff it e Mill and stuff it

* Program it



BUT WAIT!



BUT WAIT!

How do we mill a

physical board once we
have a board file?!?







Import it into Neil’s Fab Mods

@ mods X +

& > C (O A Notsecure | mods.cba.mitedu

M Gmail ﬁ Facebook Calendar E TinyMLx & TinyMlL

oNNE
mem programs
—TYOTCTTT
mill
MDX-20
PCB png
PCB svg
SRM-20
PCB png
PCB png conventional
PCB svg
PCB svg connect
mill 2.5D stl
mill 2.5D stl connect
vinyl cutter
GX-24
L cut png ™

for your lab —
talk to your lab TAs!




Import it into Neil’s Fab Mods

distance transform

o uts
image (RC\)
imagelnfo (oby )

set PCB defaults

mill traces (1/64)

edit delete

outputs
distances (F32)

edit delete

tool diameter (in): 0.01
cut depth (m):|0.004

max depth (in): 0004 diame outputs
| dis image threshold dit delet
offset number: 4 imagelnfo (object) mn diameter (number)| i)
mill outline (1/32) path (array) cut depth offset (number) — edit delete outputs,
settings (object) mm: (01016 in: [0.004 toolpath (object) image (RGBA)
tool diameter (in): = T dopth outputs| d
cut depth (in): [0 mm: (01016 in image (RGBA))

max depth (in): [0

. offset number: |4 = fill)
| setect png fie i offset stepover. (1= diameter)
direction: climb ® conventional
view | | invert path merge: (1 | (1 = diameter)

path order: forward ® reverse
sort distance: @

T
calculate | | view
5.1
traces png

offset (pixels).

view

threshold (0-1): (0.5

view

orient edges

edit delete

‘WebSocket device

Roland SRM-20 milling machine

outputs
image (RGBA)

status: [c.
open || ci
device:

edge detect

edit delete

edit delete

dev/{usbipo ] outputs
path (amrey)| outputs
image (RGBA)

waiting for file

move o origin

jog height
z(2 | (mm)
home:
x:[0 | (mm)
y:[1 | (mm)
z:(60.5 | (mm)

iew toolpath

move 1o home TS
inputs name. outputs
toolpath (object) | (mm) | toolpath (object) vector fit (pixels): [1
sort distance: @

(in)
view view



Import it into Neil’s Fab Mods

edit delete

ot
image (R
imagelnfo (c

Select your image and

select png file

view ’ invert
i
10267 x 8170 px

130.390 x 103.758 mm
5.133 x 4.085 in

traces.png




Import it into Neil’s Fab Mods

edit delete

distance transform

set PCB defaults

mill traces (1/64)

outputs
image «RGBA)‘}‘ edit delete

imagelnfo (object).

i outputs
tool diameter (in): 0.01 distances (F32)
cut depth (in): (0.004 S aen
max depth (in): 0,004 inputs diamet outputs
| dis image threshold dit delet
offset number: 4 — |imagelnfo (object) mn diameter (number)| i)
mill outline (1/32) N path (array) cut depth offset (number) — edit delete outputs,
settings (object) mm: (01016 in: (0.004 toolpath (object) image (RGBA)
tool diameter (in): = T dopth outputs| d
cut depth (in): [0 mm: (01016 in image (RGBA))

max depth (in): [0
offset umber.

offset number: |4 = fill)
offset stepover: (1 = diameter)
direction: climb ® conventional
path merge: (1 | (1 = diameter)
path order: forward ® reverse
sort distance. @

f
caiculate || view
5.1

traces png .
pog offset (pixels).

view

threshold (0-1): (0.5

view

orient edges

edit delete

‘WebSocket device

Roland SRM-20 milling machine

outputs
image (RGBA)

status: [c.

open || ci

device:
dev/{usbipo

edge detect

edit delete

edit delete

outputs;
image (RGBA)

outputs
path (amay)|

waiting for file

move o origin

jog height
z(2 | (mm)

iew toolpath

move 10 home edit delete

inputs name. outputs
toolpath (object) | (mm) | toolpath (object) vector fit (pixels): [1
sort distance: @

(in)
view view




Import it into Neil’s Fab Mods

[ set PCB defaults ]

[ edit delete ]

Select traces or outline —

mill traces (1/64) outputs
settings

L1

tool diameter (in): |0.0156
cut depth (in): | 0.004
max depth (in): |0.004

offset number: [4 — talk to your lab TAs
il odfine (192 about if you need to
adjust this at all

tool diameter (in): |0.0312
cut depth (in): | 0.024
max depth (in): |0.072

offset number: |1
_ Y,




Import it into Neil’s Fab Mods

edit delete set PCB defaults
image (RGBA)

imagelnfo (object), Ml traces (1/64)

edit delete

tool diameter (in): 0.01
cut depth (m):|0.004
max depth (in): [0.004

offset number: (4

mill outline (1/32)

settings { ect) mm: (01016 in: (0,004 toolpat,
— ) max depth

cut depth (in): [0 mm: (01016 Jin

SRS g (o) Jo offset number: |2 =l

ocs | ] =
Offset rumber. offset stepover: (1 = diameter)
direction: climb ® conventional
view | | invert / path merge: (1 ) (1 = diameter)
- path order: forward ® reverse
sort distance. @
. | cakcutate || view

5.1
‘WebSocket device

tool diameter (in):

traces png

Roland SRM-20 milling machine

status:  c
open || ck
device
Gev/{usbiipd

waiting for file

move o origin

jog height
z(2 | (mm)

iew toolpath

move 1o home dit delete
inputs name. outputs
toolpath (object) | (mm) | toolpath (object)

(in)
view

- —
| diamet outputs
imagelnfo| ject) mm 4 Jin diamete umber)

th (arra ffsel amber)|
path (arr cut depth offsel mber

image threshold

adit delete

distance transform

edit delete

bject)|

threshold (0-1): (0.5

view

edit delete

outputs|
image (RGBA)

vector fit (pixels): 1
sort distance: @

view

outputs
path (amay)|

orient edges

edit delete

outputs

distances (F32)|

edit delete

outputs
image (RGBA)

offset (pixels).

view

edge detect

edit delete

image (RGBA)

outputs

outputs;
image (RGBA)




Import it into Neil’s Fab Mods

mill raster 2D

edit delete

inputs

imagelnfo (object)
path (array)
settings (object)

~(

tool diameter
mm:[0.39624  |in:[0.0156 |

cut depth
mm:[0.1016  |in: [0.004 ]

max depth
mm:[0.1016 | in:[0.004 ]

offset number: |4 (0= fill)
offset stepover: (0.5 | (1 = diameter)

direction: climb @ conventional O

path merge: C] (1 = diameter)

path order: forward @ reverse O
sort distance:

calculate view

~

outputs

diameter (number)
offset (number)
toolpath (object)

Again check with your
TAs about these settings

but/and after you press
calculate it will compute
the toolpath




Import it into Neil’s Fab Mods

You’ll get a pop-
up with the

design when its
done




Import it into Neil’s Fab Mods

gJ

4,
-
y d—
‘l- - -
~ard
L Ll

0

U |

-

Really zoom in
and check the

Tf

design!




Import it into Neil’s Fab Mods

edit delete set PCB defaults
distance transform
image (RGBA) edit delete

imagelnfo (object), Ml traces (1/64)

- outputs
tool diameter (in): 0.01 distances (F32)
cut depth (in): (0.004 S aen
max depth (in): 0004 diame outputs
| dig image threshold dit delet
offset number: 4 imagelnfo (object) mn diameter (number)| i)
mill outline (1/32) path (array) cut depth offset (number) — edit delete outputs,
settings (object) mm: (01016 in: [0.004 toolpath (object) image (RGBA)
tool diameter (in). e outputs
cut depth (in): 0. mm: (01016 in image (RGBA))
o S 0 offset umber [ |(0=Afll)
Sty offset stepover: (1= diameter)

direction: climb ® conventional
path merge: (1 | (1 = diameter)
path order: forward ® reverse
sort distance. @

f
caiculate || view

offset (pixels).

view

threshold (0-1): (0.5

view

WebSocket device orient edges

edit delete

outputs
image (RGBA)

Roland SRM-20 milling machine
inputs | speed: |4 (mm's)| outputs
toolpath 2 file|

move o origin

status: [c.

open || ci

device:
dev/{usbipo

edge detect

edit delete

edit delete

outputs;
image (RGBA)

outputs
path (amay)|

waiting for file

jog height
z(2 | (mm)
home:
x:[0 | (mm)
y:|1 | (mm)
z:(605 | (mm)

iew toolpath

move 10 home edit delete

inputs name. outputs
toolpath (object) | (mm) | toolpath (object) vector fit (pixels): [1
sort distance: @

(in)
view view




Import it into Neil’s Fab Mods

WebSocket device
edit delete
Roland SRM-20 milling machine N 2
inputs deviceserver:

edit delete file address: [127.0.0.1 |

< ]

inputs | speed: D (mm/s)| outputs status: [can not open soc]
toolpath origin: file

port: | 1234
[ open ][ close ]

x: (mm) i
y- (mm) /dev/[usb/IpO J
z: {10 (mm)

send file to device

move to origin

jog height:

()

home:

Set the position of your

x: |0 (mm)
l’iféﬁi‘“ - board on the machine and

L ) “send file to device”




Import it into Neil's Fab Mods  |ESSu ey

— HAVE SET THE
mn /=0 CorrECtly! 11

Roland SRM-20 milling machine e
inputs I
edit delete file ; .0.0.
: < port: [1234 ]
inputs | speed: (mny/s)| outputs status: [can not open soc]
toolpath origin: file e
(mm)

X: [1 2 o

- ) device:
/dev/|usb/Ip0 ]

-

‘ send file to device ’

move to origin

o S

jog height:

sz JGam

home:

X: (mm)
y:|152.4 (mm)
z:|60.5 (mm)

move to home




And by
your final
project
you too
will be

making
crazy

boards

like this
one!







Remember this
kid?

This is him
now!

We now may
be too
powerful for
our own good!



A short outline for today

Can you do my
Q homework
for me?

a Almost all you need to know

about Electrical Engineering

@ Almost all the tips you need
to design custom boards

e Almost all the steps it will take to
produce a custom board



No.... But/and....



No.... But/and....




Good Luck!

More demos and details can be found from
last year at these links (and more software
details to come at a later recitation)

Electronics 101 Video

Eagle and KiCaD Overviews Video

And | did a version of this two years ago with a little Eagle demo at this Video



https://tourlomousis.pages.cba.mit.edu/fabclass-recitation-electronics/
https://vimeo.com/468262092
https://gitlab.cba.mit.edu/classes/863.20/site/-/blob/master/doc/EDA/EDA.md
https://vimeo.com/469037148
https://harvard.hosted.panopto.com/Panopto/Pages/Embed.aspx?id=0eaea916-ca45-4ec2-8d80-aadb0175fa8c

