Title: Fall 2025 Camp, Printed Circuit Board Design

Please use 319K ed discussion for questions, PCB Camp category
Instructor: Jonathan Valvano valvano@mail.utexas.edu

Class: watch YouTube videos and ask questions in zoom office hours
Youtube video playlist

Office Hours: See ECE319K Syllabus Page on Canvas for zoom link

The plan for fall 2025 is to run camp asynchronously during the week of 10/20 to 10/24.
You will finish assignment 1 alone, form groups 2-5 students, and then finish assignment 2 by
10/27/2025, get PCBs back before doing Labs 8 and 9. If you want me to buy the PCB,
assignment 2 must be in groups of 2-5. Don’t finish assignment 2, and then look for a group; that
is no fun for the others. If you want to work alone, you can simply buy the PCB yourself (I will
still review and answer questions)

OH: see my door, EER5.820 (next to Dr. Y), ask for questions

How to find partners:
-A good way to find PCB partners is in lab, before class, or after class.

Disclosure: There will be no student cost, no face to face student contact, and no grades. This
camp is completely optional. It will not affect your regular ECE319K/ECE319H grade.

Description: Printed circuit board (PCB) :design process; tools for PCB layout and fabrication;
standardization; design for testability. Make a PCB similar this this


mailto:valvano@mail.utexas.edu
https://www.youtube.com/watch?v=jFH2ipnWdcY&list=PLyg2vmIzGxXHAPRka--bNAuEx-pzhG_Ir
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Figure 2. PCB manufactured by JLCPCB (from Fall 2023).



Overview: This hands-on course will walk through the process of PCB design, layout,
construction, and test. Each team of two to five students will layout an ECE319K/ECE319H
PCB that contains all the circuits required to complete Labs 5, 6, 7, 8, and 9. The circuit design
and software will be presented as part of regular ECE319K/ECE319H, but in this camp, students
will manufacture the interconnections as a printed circuit board. Students will translate the
electrical circuit into a PCB design, where most of their parts are selected from a starter file
containing the parts already in your ECE319K/ECE319H lab kit. Students will learn to consider
issues like drill holes, high current routing, standard values, tolerances, and testing. Students
draw the electrical circuits in schematic form as the first assignment, performed individually. If
you complete assignment 1, teams of 2 to 5 will be formed and the team will create one PCB
design. Teams of 2 to 5 students who complete their PCB layout by Monday 10/27/2025 8pm
will have their board manufactured, making five copies (Valvano will pay for it). There are two
20-pin headers and some hardware that will be distributed with the PCBs. Since all students will
create similar circuits, students will evaluate each other’s layout. It takes about 2 weeks to get
PCB boards produced, so the PCBs should be back in time for you to use it in Labs 8, and 9. To
use the PCB for ECE319K/ECE319H you will need to solder the kit components onto the PCB.

Signup: (no actual commitment)

https://docs.google.com/spreadsheets/d/1J1cZKAabRoVnSQLbOWWUosIQ9vHIUVuZPtwNsV
PdiMY/edit?usp=sharing

Equipment: Students must have a laptop that can run KiCad.

Pre-assignment 1) Install KiCad:
Install latest version of KiCad, 9.0 or later, (do not spend any money); it was tested with v9.04; it
should work with 9.0.5 (current version, 10/2025)

Download and install https://www.kicad.org/

Warning: do not open files in KiCad 8

Bookmark this site, which has tutorials and videos:
https://www.kicad.org/help/learning-resources/

Download this helpful hotkey definitions
https://drive.google.com/file/d/18eobHEFZIUDPsCOhepW 1LWPgnnkM5Sumo/view?usp=sharin

Learn these hotkeys to greatly improve efficiency

Pre-assignment 2) Download the PCB camp Starter files

1) Download the entire Starter folder from
https://drive.google.com/drive/folders/1Cxj-Af-QSPSRLyT7VdW92KhDO7RoeUtv?usp=sharin
g

renaming the folder to your EID

2) Copy the ECE319K.pretty folder onto your computer (these are footprints).

https://drive.google.com/drive/folders/1J925VgsluFCgUggCIW_CLpITOCpJXSxF?usp=sharing



https://docs.google.com/spreadsheets/d/1JlcZKAabRoVn5QLbOWWUosIQ9vHJUVuZPtwNsVPdiMY/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1JlcZKAabRoVn5QLbOWWUosIQ9vHJUVuZPtwNsVPdiMY/edit?usp=sharing
https://www.kicad.org/
https://www.kicad.org/help/learning-resources/
https://drive.google.com/file/d/18eobHFZlUDPsCQhepW_lLWPqnnkM5umo/view?usp=sharing
https://drive.google.com/drive/folders/1Cxj-Af-QSPSRLyT7VdW92KhDO7RoeUtv?usp=sharing
https://drive.google.com/drive/folders/1Cxj-Af-QSPSRLyT7VdW92KhDO7RoeUtv?usp=sharing
https://drive.google.com/drive/folders/1J925VqsIuFCgUggCJW_CLpIT0CpJX5xF?usp=sharing

FES

= » This PC » Documents » v O £ Searct

* [ Name Date modified Type
ayBacl 2 Valvano 10/26/2023 2:22 PM File folder
ct v 2 ECE319K.pretty 10/26/2023 2:21 PM File folder

3) Copy the ECE319K kicad_sym file onto your computer (these are symbols).
https://drive.google.com/file/d/1PTcwJrMAg-hL 1xInbpiC1G8xil8dOrC7/view?usp=sharing
4) Rename “Starter” to “YourEID” in all four file names

» This PC » Documents » Valvano v O £ Search Valvano
~ [ Name Date modified Type
] fp-info-cache / 10/26/2023 1:21 PM File

' Valvano.kicad_pcb / 10/26/2023 1:21 PM KiCad Board 7.0

[ Valvano.kicad_prl K 10/26/2023 1:20 PM KICAD_PRL File

m Valvano.kicad_pro / 10/4/2023 12:44 PM KiCad Project 7.0
-}!—.‘Valvano.kicadfsch 10/26/2023 1:21 PM KiCad Schematic 7.0

Video Preassignment 2) Downloading and arranging starter files

Link the ECE319K.kicad_sym symbol library into KiCad version 9.0.5
Video Attaching libraries to KiCad

m\falvano — KiCad 7.0 ;F o~
File Edit View Tools Preferences Help

E— Project Files 'l'-i-) Configure Paths...
~-& Valvano.l i

E 88 Valvan 1==; Manage Symbol Li
R -~ Valvan EE%I Manage Footprint Libraries...

N ﬂ Preferences... Ctrl+,

: -%-}A Set Language >

raries...

Click Add empty row to table


https://drive.google.com/file/d/1PTcwJrMAq-hL1xInbpiC1G8xil8dOrC7/view?usp=sharing
https://youtu.be/jFH2ipnWdcY
https://youtu.be/jFH2ipnWdcY
https://youtu.be/8r9vKaDEWwA

Symbol Libraries

Global Libraries  Project Specific Libraries

Active  Visible Mickname Library Path Library Format
Sensor_Motion SKICADT_SYMBOL_DIR} Sensor_Motion.kicad_sym KiCad
Sensor_Optical S{KICADT7_SYMBOL_DIR}/ Sensor_Optical kicad_sym KiCad
Sensor_Pressure S{KICADT_SYMBOL_DIR}/Sensor_Pressure.kicad_sym KiCad
Sensor_Proximity SKICADT_SYMBOL_DIR} Sensor_Proximity kicad_sym KiCad
Sensor_Temperature SKICADT_SYMBOL_DIR} Sensor_Temperature.kicad_sym KiCad
Sensor_Touch S{KICAD7_SYMBOL_DIR}/Sensor_Touch.kicad_sym KiCad
Sensor_Voltage S{KICADT_SYMBOL_DIR}/Sensor_Voltage kicad_sym KiCad
Simulation_SPICE S{KICAD7_SYMBOL_DIR}Y Simulation_SPICE.kicad_sym KiCad
Switch S{KICADT_SYMBOL_DIR}/ Switch.kicad_sym KiCad
Tirmer S{KICADT7_SYMBOL_DIRY/ Timer.kicad_sym KiCad
Tirner_PLL S{KICADT_SYMBOL_DIR}Y/ Timer_PLL.kicad_sym KiCad
Tirner_RTC S{KICADT_SYMBOL_DIRY Timer_RTC kicad_sym KiCad
Transformer SKICADT_SYMBOL_DIR}Y Transformer.kicad_sym KiCad
Transistor_Array S{KICAD7_SYMBOL_DIR}/ Transistor_Array.kicad_sym KiCad
Transistar_BJT S{KICADT_SYMBOL_DIR} Transistor_BIT.kicad_sym KiCad
Transistor_FET SKICADT_SYMBOL_DIR} Transistor_FET.kicad_sym KiCad
Transistor_IGET SKICADT_SYMBOL_DIR} Transistor_IGBT.kicad_sym KiCad
£

TN W

Pa*l Add empty row to table l

S{KICADT_SYMBOL_DIR} Ch\Program Files\KiCad\7.0\share\kicad\symbolsh,
SIKIPRIMODY

Specify the nickname to ECE319K and the path to the ECE319K.kicad_sym file

Ch\Users\jonat\Onelrive\Documentsivalvano



Symbol Libraries

Global Libraries  Project Specific Libraries

=

ctive  Visible Mickname

Sensor_Voltage
Simulation_SPICE
Switch

Timer

Timer_PLL
Timer_RTC
Transformer
Transistor_Array
Transistor_BIT
Transistor_FET
Transistor IGBT
Transistor_Power_Module
Triac_Thyristor
Valve

Video
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Path Substitutions:

Library Path

e e e = e e e e e = e = b s s e

SKICADT_SYMBOL_DIR}/ Senser_Veltage kicad_sym
S{KICAD7_SYMBOL_DIR}/Simulation_SPICE. kicad_sym
S{KICAD7_SYMBOL_DIR}/ Switch.kicad_sym
S{KICADV_SYMBOL_DIR} Timer.kicad_sym
S{KICAD7_SYMBOL_DIRY Timer_PLL.kicad_sym
S{KICAD7_SYMBOL_DIR}/Timer_RTC kicad_sym
S{KICADT_SYMBOL_DIR}Y/ Transformer.kicad_sym
S{KICADT_SYMBOL_DIRY Transistor_Array.kicad_sym
S{KICADT_SYMBOL_DIR} Transistor_BJT.kicad_sym
S{KICAD7_SYMBOL_DIR}/Transistor_FET.kicad_sym
S{KICAD7_SYMBOL_DIR}/Transistor_IGBT.kicad_sym

S{KICADT_SYMBOL_DIR}/ Transistor_Power_Medule kicad_sym

S{KICAD7_SYMBOL_DIR}/ Triac_Thyristor.kicad_sym
S{KICADT_SYMBOL_DIR}/Valve kicad_sym
S{KICADT_SYMBOL_DIR}/Video.kicad_sym

leDrive/2021PCBcamp/KiCad/ECE3 19K kica d_s'_,fm

S{KICADY_SYMBOL_DIR} C:\Program Files\KiCad\7.0\share\kicad'\symbolsh,
S{KIPRJMOD} Ch\lUsers\jonat\Onelrive\Documentsiwvalvano

Library Format

KiCad
KiCad
KiCad
KiCad
KiCad
KiCad
KiCad
KiCad
KiCad
KiCad
KiCad
KiCad
KiCad
KiCad
KiCad

Link the ECE319K.pretty footprint library into KiCad 9.0.5

m valvano — KiCad 7.0

= valvano.|

2

”
’

File Edit View Tools Preferences

: = PManage Symbol Libraries...
B . iiEEI =
..... . valv =

...... valy -E Manage Footprint Libraries...

- valv ¢ Preferences... Ctrl+,

-{A Set Language »

Help
E s = (—i—) Configure Paths... I_

Click Add empty row to table



Footprint Libraries

Global Libraries  Project Specific Libraries

MNickname
TerminalBlock_Altech
TerminalBlock
TerminalBlock_4Ucon
TerminalBlock_Dinkle
TerminalBlock_MetzConnect
TerminalBlock_Philmaore
TerminalBlock_Phoenix
TerminalBlock_RMD
TerminalBlock_TE-Connectivity
TerminalBlock_WAGQO
TerminalBlock_Wuerth
TestPoint
Transformer_SMD
Transformer_THT
Transistor_Power_Module

Valve

AN RNRNNENANRENRR-NERR 2
2.
m

pl Add empty row to table l

Library Path
HEKICADT_FOOTPRINT_DIR} TerminalBlock_Altech. pretty
S{KICADT_FOOTPRINT_DIR}/ TerminalBlock.pretty
S{KICAD7_FOOTPRINT_DIR}/ TerminalBlock_4Ucon.pretty
SKICADT_FOOTPRINT_DIR}/ TerminalBlock_Dinkle.pretty
S{KICADT_FOOTPRINT_DIR} TerminalBlock_MetzConnect.pretty
S{KICAD7_FOOTPRINT_DIR}/ TerminalBlock_Philrmore. pretty
SKICADT_FOOTPRINT_DIR} TerminalBlock_Phoenix. pretty
S{KICADT_FOOTPRINT_DIR} TerminalBlock_RMND.pretty
S{KICAD7_FOOTPRINT_DIR}/ TerminalBlock_TE-Connectivity.pretty
HEKICADT_FOOTPRINT_DIR} TerminalBlock_WAGQ.pretty
S{KICADT_FOOTPRIMNT_DIR} TerminalBlock_Wuerth.pretty
HEKICADT_FOOTPRINT_DIR} TestPoint.pretty
S{KICADT_FOOTPRINT_DIR}/ Transformer_SMD.pretty
S{KICAD7_FOOTPRINT_DIR}/ Transformer_THT.pretty
SKICAD7_FOOTPRINT_DIR}/ Transistor_Power_Module. pretty
S{KICADT_FOOTPRINT_DIR} Vahee pretty

CrFT AMT COE TR T PUNT A e ik e e ok

Specify the nickname to ECE319K and the path to the ECE319K.pretty folder

Library Forme
KiCad
KiCad
KiCad
KiCad
KiCad
KiCad
KiCad
KiCad
KiCad
KiCad
KiCad
KiCad
KiCad
KiCad
KiCad
KiCad

[ |



Footprint Libraries

Global Libraries  Project Specific Libraries
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Mickname
TerminalBlock_4Ucon
TerminalBlock_Dinkle
TerminalBlock_MetzConnect
TerminalBlock_Philmore
TerminalBlock_Phoenix
TerrminalBlock_RMND
TerminalBlock_TE-Connectivity
TerminalBlock_WAGO
TerminalBlock_Wuerth
TestPoint
Transformer_SMD
Transformer_THT
Transistor_Power_Maodule
Valhve

Waristor

T~ (T =

Path Substitutions:

S{KICADT_3DMODEL_DIR}

Library Path
S{KICAD7_FOOTPRINT_DIR}/ TerminalBlock_4Ucon.pretty
HEICADT_FOOTPRINT_DIR}Y TerminalBlock_Dinkle pretty
S{KICAD7_FOOTPRINT_DIR}/ TerminalBlock_MetzConnect.pretty
S{KICAD7_FOOTPRINT_DIR} TerminalBlock_Philmore.pretty
SKICADT_FOOTPRINT_DIR} TerminalBlock_Phoenix.pretty
SKICADT_FOOTPRINT_DIR} TerminalBlock_RMND.pretty
HEKICADT_FOOTPRINT_DIR} TerminalBlock_TE-Connectivity.pretty
HEICADT_FOOTPRINT_DIR}Y TerminalBlock_WAGO. pretty
SKICADT_FOOTPRINT_DIR} TerminalBlock_Wuerth.pretty
HEKICADT_FOOTPRIMT_DIR}/ TestPoint. pretty
S{KICADT_FOOTPRINT_DIR}/ Transformer_SMD.pretty
S{KICAD7_FOOTPRINT_DIR}/ Transformer_THT.pretty
S KICADT_FOOTPRINT_DIR}/ Transistor_Power_Module.pretty
HEICADT_FOOTPRINT_DIR} Valve.pretty
HKICADT_FOOTPRINT_DIR}Y Varistor.pretty

F:/GoogleDrive/2021PCBcamp/KiCad/ECE3 19K,

C\Program Files\KiCad\7.0\share\kicad\3dmodels',

S{KICADY7_FOOTPRINT_DIR} C:\Program Files\KiCad'7.0\share\kicad\footprints!,

S{KIPRIMODY]

ChUsers\jonat\Onelrivel Documents\wvalvano

Library Forma
KiCad
KiCad
KiCad
KiCad
KiCad
KiCad
KiCad
KiCad
KiCad
KiCad
KiCad
KiCad
KiCad
KiCad
KiCad

Pre-assignment 3) Open your project YourEID.kicad_pro in KiCad

Make sure you can see both the schematic (sch) and PCB (pcb) views. You should be able to

switch back and forth without quitting and restarting KiCad.

Pre-assignment 4) Think about Labs 6, 7, 8, and 9

Think about all the hardware you will need for Labs 6-9. Most students use the same interface
circuits, so it will be easy to merge 2-5 students into one PCB design later during assignment 2.

You do not turn in Pre-assignment 4. Simply decide:

- how many switches do you want?
- how many LEDs do you want?
- which LCD you are doing?

- are you in ECE319K or ECE319H? (ECE319H needs TSOP31438, IR LED and ULN2003B)

- do you want the headphone jack and speaker or just the speaker?

- do you want the audio amplifier (MC34119)



- do you want to have a joystick (which you have to buy)?
- you are allowed to use the 12-bit DAC, just also include the 5-bit DAC (but don’t connect
DAC:s together

Decide which pins to use. These pins are already used

- PA10, PA11 UART to PC (runs Terminal window)

- PA22 UART2, PA8 UART1 to other microcontroller Lab 8
- PB6, PB7, PBS, PB9, PB15, PA13 SPI/GPIO to LCD

- PB18 ADC to slidepot

- PBO, PB1, PB2, PB3, PB4 to 5-bit DAC

- PA15 12-bit DAC output

- PA18, PB21 to LaunchPad switches

- PAO, PB22, PB26, PB27 to LaunchPad LEDs

Video Thinking about Labs 6.7.8.9

**Notice, the most common mistake students make is to connect the same microcontroller pin to
two different and unrelatied I/O devices*** In other words, use each pin for at most one
function.

The following data flow graph shows one possible pin assignment for Lab 9


https://youtu.be/jFH2ipnWdcY

Joystick
Routines

ADC
Routines

Switch TimerGO

Routines

|, 30Hz

LED
Routines

SysTick

Joystick | Voltage | ADCI
- > 12-bit
Positions }\Ifzg 5 ﬁg}g l
B 30Hz
SEL > PB16
Boolean GPIO
Position | Slide | Voltage | ADCO | 12-bit
S
| Pt om, 2B
Boolean 315-170
Inputs : >|PA26 | 4-bit
——| Switches >
> PA25
>{PA24 | 30Hz
30Hz
PAIT
Outputs LEDs |« PA16
- < PA15
5-bit | DAC
< — PB4
[ 3
Sound Speaker | * lpp; 5-bit
-
< PBO
11kHz
Images
<«<— ST7735
SoundsL g
>

Sound
Routines

30Hz

mages,sounds

ST7735
Routines

SDC
Routines

Step 1) Expand your Lab 2 circuits to have four switches and three LEDs. You are welcome to
add additional LEDs to any unused pins.
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Figure 2. KiCad schematic drawing showing one switch, and one LED.

Step 2) Plan your 5-bit DAC using five 1.5k and five 12k resistors. The default connection is the
150-ohm speaker, but you could put both the speaker and headphone jack connections.

TMA4C123

1.5k

Bi3
Bit2
Bitl
Bit0

Figure 3. Four bit binary weighted DAC. You will make a 5 bit DAC, just like Lab 5.

Step 3) The starter project has both the Adafruit and HiLetGo LCDs interfaced to the
microcontroller. The CARD_CS signal could be connected to a GPIO to allow you to use the SD
card feature on the ST7735 in future projects. If you connect CARD_CS, your software must set
it to output=3.3V, so the SDC is off. Even though this is the third semester using KiCad, please
double check the LCD interface making sure it matches the connections from Lab 6.
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Figure 4. Interface connections for the ST7735R LCD.

For now leave both LCDs in the schematic. If everyone in your PCB group has the same type,
you can remove the other one to simplify routing during Assignment 2.

Step 5) Connect the Slidepot to the microcontroller as described in Lab 7. The 2-pin testpoint
allows you to solder a U-shaped solid wire (clipped off wire from a resistor), to which you can
connect a voltmeter or scope during testing.
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Figure 5. Possible circuit to interface the sensor.

Step 5) To use the TExaS oscilloscope, we connect an analog signal to PB20. A 3-pin jumper
allows the operator to connect PB20 to either DACOUT or to PB18 (slide pot).

(PB16 |

_IF‘i{

dumper_3_Open {

1"'3
M

( DACOUT |

Figure 6. Placing the jumper between PB20 and PBI8 connects the slide pot analog voltage to
the TExaS scope. Placing the jumper between PB20 and DACOUT connects the DAC analog
voltage to the TExaS scope. Removing the jumper altogether allows you to connect the PD3 pin
to any analog input.

Step 6) ECE319K Lab 8 uses PA8 (U1Tx) and PA22 (U2Rx) to implement serial communication
with another system. Add a 3-pin shorting jumper, like J3 in Figure 8. To simplify Lab 8, we will
connect PAS, PA22, GND to this 3-pin header. We can then place a shorting jumper across PA8
to PA22 to debug Lab 8 (loop back mode). The normal solution to Lab 8 uses two boards with a
3-pin cable connecting PA8-PA22, PA22-PAS, and GND-GND.
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Figure 7. Placing the jumper between PA8 (UlTx) and PA22 (U2Rx) allows you to test Lab 8
with one board.

Step 6b) ECE319H Lab 8 uses an IR LED output and IR receiver input. For the IR LED output,
you need an LED interface that can handle 20mA current. The IR LED (OED-EL-1L2) requires

about 10 to 20 mA, 1.2V to activate. Therefore, you will interface the IR LED to the PA8 output pin using
a ULN2003B, a 220 ohm resistor and the +5V supply. [ = (5-1.2-0.5)/220 = 15 mA.

7120038 2V

MSPMO0 R % ,l,

PAS

Figure 8. IR LED interface for ECE319H. COM is floating

For the TSOP31438 receiver has three pins with 0.1in spacing, with 0.1in between pins 1 and 2,
and 0.2in between pins 2 and 3. The red arrow is the IR sensor. Position the TSOP31438 so the
sensor points away from PCB. IR light received from spot shown with red arrow.
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Figure 9. TSOP31438 IR sensor interface for ECE319H. +Vs is 3.3V, C; is 0.1 uF, and OUT is
connected to PA22 on the receiver. GND is pin 1, Vs is pin 2, OUT is pin 3.

Assignment 1) Draw the circuits for Labs 6,7,8,9 using KiCad

Please complete assignment 1 before moving on to assignment 2). There is a google drive
directory into which you will upload your files for review or submission. Please do not
edit/change files from other students. You will find the link to this directory in the announcement
on Canvas.

Video Assignment |

Valvano file review:
Place three Assignmentl files (.kicad_pro, .kicad_pcb and .kicad_sch) in a separate folder,
with the folder name matching your EID, in this googledoc

https://drive.google.com/drive/folders/1v8xCaj9u7tnt40zHcpSUaDIHQCR3YTS

and Valvano will review, look for a docx file with my comments. I will not edit your SCH files
(you have the master). When review is complete, I will make a comment in the associated docx
file. You may look at designs from other students, but please do not edit/delete files that are not
yours. After review, Valvano will move entire folder to
https://drive.google.com/drive/folders/116FRspJJTWW 1pT8OTTHGM SgrnHIX XX 7

Step 1) Build switch interfaces: 2 is minimum, 4 is awesome

Step 2) Build LED interfaces: choose how many LEDs you want

Step 3) Build DAC/speaker interfaces with Testpoint

Step 4) Build slide pot interface with Testpoint, one way to create testpoints is to add a two-pin
jumper, connect both pins to the signal. On the PCB we will solder a ‘U-shaped’ solid wire

(clipped off resistor wire) into both holes to create a place to which we can clip the scope or
voltmeter.


https://youtu.be/LXbfDyRMgAQ
https://drive.google.com/drive/folders/1v8xCaj9u7tnt4OzHcpSUaDIHQcR3Y7S_
https://drive.google.com/drive/folders/1l6FRspJJTwW1pT89TTHGMSgrnHIXXxLz

Step 5) Look at sch and pcb to make sure the SCH is perfect. At this step you will
Check each net to make sure it is correct
Check all parts to make sure they are correct
Observe the PCB to make sure all the parts are correct

Optional stuff: Sparkfun https://www.sparkfun.com/products/9032
Buy a joystick and connect it to two analog inputs; connect its switch to a GPIO pin
The Sparkfun #9032 Joystick part is in the ECE319K library

Wire up the two potentiometers like two copies of Lab 7. SEL+ and SEL- are a simple switch.
Connect Vert and Hori to two analog inputs on the same ADC (i.e., both on ADCO or both on
ADC1)

J5
Joystick
Any 33V e—> vy
analog a—_ —_— . Vert
P Gnd eL V- M1 7 Not connected
8 .
Second 3.3V L I M2 T Not connected
analog e=- . 5 . M3 [—=— Not connected
pin o 6 Hori M4 1 10 Not connected
Gnd —H-—
oy 12
GPIO 33V TR SEL+
pm ——— ] —
(use internal SEL |

pulldown, PDR)

Look at the ADC_InitDual function in ADC.c¢ project already on your computer to see how to
sample two analog channels

Step 6) Run an ERC check before submission
@ baseline_project — Schernatic Editor
File Edit View Place Inspect Tools Preferences Help

B ‘_.h Ig E E% Electrical Rules Checker

Schernatic Hierarchy “é Previous Marker

Root (page 1)

“é Mext Marker
“é Exclude Marker

@ Simulator...

Click on the errors one by one to see if it is a real error or something to be ignored



https://www.sparkfun.com/products/9032

Vielations (32) |gnored Tests (1)

Global Label 'PB13* @

~ Error: Pin not connected
Symbol U4 Pin 14 [SDC_CS, Input, Line]

~ Error: Input pin not driven by any Output pins
Symbol U4 Pin 14 [SDC_CS, Input, Line]

+ Error: Pin not connected
Symbol U1 Pin 5 [CARD_CS, Input, Line]

~ Error: Pins of type Output and Qutput are connected
Symbol U1 Pin 9 [MISO, Output, Ling]
Symbel U4 Pin 12 [SDC_MISO, Qutput, Line]

~ Error: Input pin not driven by any Qutput pins

Sumbnl L1 Pin STCARD C8 Innut |inel ~
Show: [JAll [ Errors [AWamings 15 [ Exclusions Save..,
Delete Marker Delete All Markers Run ERC Close

Electrical Rules Checker X

ui
Adafruit 5T7735R

HISD 160 tall, 128 wide vccC

2R LITE
MOSI
TFT_CS
CARD_CS

D/C

RESET
GHD

| _Lr . ,TESTOn

In the above figure, this was flagged as an error because two outputs are connected. This one
can be ignored because we will not solder both Adafruit and HiLetgo modules onto the same

PCB. You can ignore

- Two MISO outputs connected together (like above Figure)

- errors for unused unconnected pins
- RESET pin is not driven
- Two GND pins are connected on the LaunchPad

- 3.3V power from the LaunchPad is connected to other 3.3V power
- The H1 H2 H3 H4 pins are not connected (these are mounting holes for 4-40 screws)

Assignment 2) Place the components on the PCB file

If you want to have Valvano purchase the PCB, you will perform assignment 2 in groups of two
to five students. Please do not start assignment 2 until you have formed your group of 2-5. If
you wish to purchase your own PCB (about $27), you can perform assignment 2 in groups of any

size. Enter your choice on this googleDoc

Option 1) I wish to form a group of 2 to 5 students and these are the names of the other students.

Valvano will purchase the PCB.

Option 2) I wish to form a group of 2 to 5 students and invite others to join the team.. Valvano

will purchase the PCB.

Option 3) I wish to form a group on my own. My group will purchase our own PCB.

https://docs.google.com/spreadsheets/d/1J1cZKAabRoVnSQLbOWWUosIQ9vHIJUVuZPtwNsV

PdiMY/edit#gid=1957258355



https://docs.google.com/spreadsheets/d/1JlcZKAabRoVn5QLbOWWUosIQ9vHJUVuZPtwNsVPdiMY/edit#gid=1957258355
https://docs.google.com/spreadsheets/d/1JlcZKAabRoVn5QLbOWWUosIQ9vHJUVuZPtwNsVPdiMY/edit#gid=1957258355
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Figure 10. Example system from Spring 2021.

Step 0) Translate the schematic to the PCB
Video Translating to the PCB


https://youtu.be/ojKG1uKnpYY

PCB has colors, representing different aspects of the PCB. Figure 11, shows some of the colors
we need to understand. Copper layers will conduct electricity. The PCB has copper on the pads
and on the traces. Silk is the white objects we see on the PCB, used to simplify soldering and
system operation. The mask layer over copper means it will have a tin layer, allowing us to
solder to the PCB. You will notice most copper traces do not have a mask, so we cannot solder to
traces. However, pads will have mask, so we can solder to the pads. The edge cut determines the
size of the PCB. For PCB camp, I request you do not increase the size of the PCB, because the
cost of the PCB is determined by the size. Similarly, PCB camp will be limited to two layers.
The courtyard layers define the physical size of the components, and we should not overlap
courtyards. The fab layers are comments to assist us when laying out the board. The fab layers
will not be visible on the PCB.

Video Understanding PCB colors

Appearance

Layers  Objects Nets

Front (top) Copper O .
Back (bottom) Copper m——=l ©s.cu

[ | @ F.Adhesive

[ | @ B.Adhesive
Front (top) Silk O Fraste

\. @ B.Paste
Back (bottom) Silk @ F.Silkscreen
\ @ B.Silkscreen

Front (top) Mask —3l © £ Mask

Back (bottom) Mask —Il & B Mask
@ User.Drawings
B ./ User.Comments

@ User.Ecol
@ User.Eco2

Edge cut (PCB) @ Edge.Cuts
Front (top) Courtyard me B O Margin

ront (top) Courtyar O F courtyard
Back (bottom) Courtyard & s courtyard
Front (top) Fab IFreb

ront (top) Fa __mQsrb
Back (bottom) Fab = & User.1

[ | @ User.2

@ User.3
@ User4
@ User.5 v

» Layer Display Options
Figure 11. PCB colors


https://youtu.be/-EeXVTTMjNU

Step 1) Place parts to (show layers and grid again)
During layout you want to consider how the system will be used to create a hand-held game,
placing display, slidepot, and buttons in positions to make game fun to play.

0) look at layers

1) avoid overlaps, think about 3-D nature of physical components;
2) decide which side of the PCB will we put the components

3) make fun to play;

4) minimize airwire length by grouping and rotating;

5) reduce airwire crossings.

Video Placement of Parts

Place TSOP at edge of PCB. Arrows represent the received IR light.

T30P31438| place TSOP
on edge of PCB

Step 2) Do a sanity check
0) Check airwires, do they all make sense?
1) Check nets, do they all make sense?
2) Do a DRC (checking for overlaps)


https://youtu.be/3xnVaeXftfI

Step 3) Route power and ground
0) Route ground with traces with 0.1969in (0.500 mm ~20mil) traces,
make a star pattern (no circles)
1) Execute DRC
2) Route +3.3V with traces with 0.1969in (0.500 mm ~20mil) traces,
make a star pattern (no circles)
3) Execute DRC

Video Route Power and Ground



https://youtu.be/rMoy4w9uWcU

Step 4) Route traces
0) Route traces with 0.0787in (0.200 mm ~8mil) traces,
1) Execute DRC
1deo Route Signal Tr

. *valvano — PCE Editor
File Edit View Place Route

A®8 0Da0

Track: use netclass width

Track: use netclass width
Track: 0.00000 in (0.000 mm)
Track: 0.00500 in (0,127 mm)
Track: 0.00597 in (0.130 mm)
Track: 0.00787 in (0.200 mm)
Tracks 0.00984 in (0.250 mm)
Track: 0.01181 in (0,300 mm)
Track: 0.013728 in (0.330 rmm)
Track: 0.01575 in (0,400 mm)
Track: 0.01772 in (0.450 mm)
Track: 0.0196% in (0.300 mm)
Track: 0.02165 in (0.550 mm)
Track: 0.02362 in (0.600 mm)
Tracks 0.02756 in (0,700 mm)
Track: 0.02933 in (0,730 mm)
Track: 0.03130 in (0.800 rmm)
Track: 0.03543 in (0,900 rmm)
Track: 0.03937 in (1.000 mm)
Track: 0.07874 in (2.000 mm)

Edit Pre-defined Sizes...



https://youtu.be/BPlzS7w7yn0

Step 5) Arrange silkscreen as needed
Label all testpoints, switches, LEDs, connectors, and jumpers
Put your team members on PCB
Execute DRC
Optional Image on Silk
Paint BMP save as monochrome bitmap
run import-bmp
select black for image (which ever you wish to see)
scale from 0.1 to 1 with trial and error
place it top silk

Video Adding Silkscreen to the PCB

Step 6) Make a mock up of the physical PCB
0) Print top
1) Print bottom, mirrored
2) glue to cardboard and arrange parts

Place three Assignment? files (.kicad_pro, .kicad_pcb and .kicad_sch) in a separate folder,
with the folder name matching one of your EIDs, in this googledoc

https://drive.google.com/drive/folders/15nr45plC7ZSaE-sAzIAO6NLITAO18F88

and Valvano will review, look for a docx file with my comments. I will not edit your SCH/PCB
files (you have the master). When review is complete, I will make a comment in the associated
docx file. You may look at designs from other students, but please do not edit/delete files that are
not yours. After review but not completely done, Valvano will move entire folder to

https://drive.google.com/drive/folders/152-47VKYSQPW _pt_igfipkJX VeswatQ3

When your review satisfies my standards, Valvano will move entire folder to

https://drive.google.com/drive/folders/1xr5QaeHwUrPVE1bSf8Bfi7bwEETK Vgkx
and you are done (then I buy it if finished by deadline and group is 2-5 students).

Ordering PCBs (Valvano does this)

There are many possible places to order boards. I suggest either of these:
https://oshpark.com/ is located in the US

https://jlepcb.com/ is located in China

Video PCB Production

1) For oshpark, see https://docs.oshpark.com/services/two-layer/
For jlcpeb see

https://jlepcb.com/help/article/362-how-to-generate-gerber-and-drill-files-in-kicad-7



https://youtu.be/N9kH0v0G2jw
https://drive.google.com/drive/folders/15nr45plC7ZSaE-sAzlAO6NLI1AO18F88
https://drive.google.com/drive/folders/152-47VKYSQPW_pt_igfjpkJXVeswatQ3
https://drive.google.com/drive/folders/1xr5QaeHwUrPVE1b5f8Bfi7bwEETKVqkx
https://oshpark.com/
https://jlcpcb.com/
https://youtu.be/ACbwlLB5WME
https://docs.oshpark.com/services/two-layer/
https://jlcpcb.com/help/article/362-how-to-generate-gerber-and-drill-files-in-kicad-7

Plot makes Gerbers,

|m| 2

Plot

Plot format: | Gerber ~ Output directory: | plots/
Include Layers Plot on All Layers
F.Cu A [e.Cu ~
B.Cu []B.Mask
[ F.Adhesive []B.Paste
[ B.Adhesive [ B.Silkscreen
F.Paste [1B.Adhesive
B.Paste DB.Courtyard
F.Silkscreen [JB.Fab
B.Silkscreen JF.Cu
F.Mask [CJF.Mask
B.Mask [CJF.Paste
O User.Drawings [JF.Silkscreen
[ User.Comments [JF.Adhesive
[ UserEcal DF.Courtyard
[ User.Eca2 [CIF.Fab
Edge.Cuts []User.Drawings
O Margin [J User.Comments
[JF.Courtyard Tilcer Frnl A
[ B.Courtyard w0 T
Output Messages
Show: []All Errors I} [ Warnings ()

Run DRC... (28 known DRC violations; 0 exclusions)

General Options

[1Plot drawing sheet
[IForce plotting of invisible values / refs
Indicate DMNP on fabrication layers

O Hide

(®) Cross-out

[[]Sketch pads on fabrication layers

Include pad numbers

Gerber Options
Use Protel filename extensions

[] Generate Gerber job file

Subtract soldermask from silkscreen

MActions Infos

Drrill marks: | Mone

Scaling: 1:1

Plot mode:  Filled

[ Use drill/place file origin
Mirrored plot
Megative plot

Check zone fills before plotting

Coordinate format: | 4.6, unit mm ~
[] Use extended X2 format (recommended)
[Jinclude netlist attributes

[ Disable aperture macros (not recommended)

1
2
x Save...

Generate Drill Files...

Generate Drill Files creates the holes



Generate Drill Files *

=

Output folder:

Format Options

(®) Excellon Origin: | Absolute i
L] Mirror ¥ axis ]
[ ] Minimal header LT Millimeters e
[JPTH and NPTH in single file Zeros: Decimal format (recommended) -~
LIze alternate drill mode for oval holes

() Gerber X2 Frecision: %3

[ ] Generate map: | Gerber X2 w

Messages

Generate Report File... Close

Zip the files in the plots folder
. 1

Mame Late modified lype Size
D akl2747-B_Cu.gbl 3/23/2025 12:08 PM GEL File 21 KB
| <5 erdmnarTe ask.gbs 3/23/2025 12:08 PM GBS File TKB
e [ Edit with Notepad++ aste.gbp 3/23/2025 12:08 PM GEP File TKB
@ Move to OneDrive ilkscreen.gbo 3/23/2025 1.2:08 PM GBO File 24 KB
7-Zip > e_Cuts.gm1 3/23/2025 12:08 PM GM1 File 1KB
) - u.gtl 3/23/2025 12:08 PM GTL File 21 KB
; £ sean ""'th M"_'m& Ismime ask.gts 3/23/2025 12:08 PM GTS File B KB
JO Search with FileSeek serim 3/23/2025 12:08 PM GTP File 1KB
112 Share Ikscreen.gto 3/23/2025 12:08 PM GTO File 185 KB
1 Send to > 9 Bluetooth device
! Compressed (zipped) folder
Cut £ p Pp
Copy [ Desktop (create shortcut) 1) SeleCt all
Documents . .
CETEL G Fax recipicnt ™ 2) right click and send
Delete - L .
Rename  Mail recipient to compressed zip
-2 DVD RW Drive (D:)
Properties [

2) upload zip to oshpark or jlcpcb
Specifications for JLCPCB can be found at
https://jlcpcb.com/capabilities/Capabilitie

For oshpark, see https://docs.oshpark.com/services/two-layer/


https://jlcpcb.com/capabilities/Capabilities
https://docs.oshpark.com/services/two-layer/

After camp is over
Valvano orders green PCBs from JLCPCB
Students get PCB from Valvano or TA

PCB production when you want to make your own PCBs

JLCPCB https://jlcpcb.com

5 copies, cool color options, less than 2 weeks with expensive shipping

1) Pass DRC

2) Create Gerber files,
https://jlcpcb.com/help/article/362-how-to-generate-gerber-and-drill-files-in-kicad-7
3) Upload Gerber.zip file to JCLPCB

When PCBs arrive
1) Fall 2025, Valvano puts PCBs in cabinet and TA gives out in lab. They are in a box in the cabinet in the
319K/319H/302 lab labeled PCB Camp. Ask any TA to give you the PCB.
If your team communicates effectively with each other, then one student can take all five and let
every know how to get the board from you.
If your team has not communicated well, please just take one PCB
All the boards look the same, be careful to select the correct one.
Feel free to use extra boards for when you mess up soldering, or give away to friends
2) Make a list of parts you need. Most PCBs need
4 one-inch spacesA
4 4-40 screws
2 2by10 male-male headers for LaunchPad
2 3-pin headers
2 jumpers
If you are in 319H your PCB might need
1 ULN2003B
1 IR LED
1 IR sensor
If you added the amplifier, you will need
1 MC34119P
Resistors, capacitors can be gotten from EER checkout.
You will buy Joysticks, LaunchPads and LCDs on your own
ECE319K parts can be obtained from ECE 319K TA
3) Take the list to EER checkout and ECE319K TA. Please take one set of parts per student; don’t try and
get parts for all students. Get parts just for you.

Students Solder
Collect solder, soldering iron, cutter, solder paste, patience
Check all parts before soldering: the LCD, jack and switches may


https://jlcpcb.com
https://jlcpcb.com/help/article/362-how-to-generate-gerber-and-drill-files-in-kicad-7

Collect all parts: use an ohmmeter to check resistor values
https://www.instructables.com/Simple-PCB-soldering/
https://www.youtube.com/watch?v=AqvHogekDI4
Solder the parts in reverse size order (resistors first and OLED last)
If the jack is wrong, plug your headphones into the jack, and determine which two pins have one
of the audio
e Audio channels (resistances between pins will be R, R, 2R). R is typically 32 ohms. pick
one set of two pins that is R, cut off the other pin and solder the good pins to the PCB



https://www.instructables.com/Simple-PCB-soldering/
https://www.youtube.com/watch?v=AqvHogekDI4

