Anatomy of a Pi

Single board computer

RPi 1 15t released in 2012
Pi4 released June 2019

Best selling British Computer
30 million boards sold
as of May 2021

Raspberry Pi Foundation
Nonprofit educational charity

---------------------

----------------------
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SoC: System on Chip (CPU & GPU)

CPU

e 64 bit Quad Core Broadcom BCM2711B0

. 1.5 GHz
. SRM Cortex-A72 Cores

. Architecture handles "out of order" execution

. prioritizes performance over efficency , i Ar
. one of the reasons Pi 4 gets hotter than pi 3 _ -~ ~ Be'fOfd'(‘;g
. Has GPIO Alternative Assignments built into it '

e 32 bit Broadcom VideoCore 6

* 500 mHz, supports OpenGLES 3
. Runs 4K video decoder at 60 frames/sec



https://www.raspberrypi.com/documentation/computers/processors.html
https://datasheets.raspberrypi.com/bcm2711/bcm2711-peripherals.pdf
https://forums.raspberrypi.com/viewtopic.php?p=1800968&hilit=Broadcom+VideoCore+VI#p1800968

* 1,2,4 or 8 GB options
 |LPDDR4 SDRAM

e Low-Power Double Data Rate Synchornous

Dynamic Random Access Memory
. transfers data on rise and fall of clock signal

* 2400 MHz

Belford, CC
0.0

e 32 bit Broadcom VideoCore 6
* 500 mHz, supports OpenGLES 3



https://forums.raspberrypi.com/viewtopic.php?p=1800968&hilit=Broadcom+VideoCore+VI#p1800968

sudo apt update
sudo apt install agnostics
Reviews for RPi (2022)

Tom's Hardware

Hard drive with image of operating system.

50 MBps top transfer rate
Twice Pi 3 speed

Raspberry Pi Speed Test

Android Central
Explaining SD Cards
(2020 YouTube by ExplainingComputers)
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https://www.raspberrypi.com/news/sd-card-speed-test/
https://www.tomshardware.com/best-picks/raspberry-pi-microsd-cards
https://www.androidcentral.com/best-sd-cards-raspberry-pi-4
https://youtu.be/oLQ8A_vcBqU

LEDS

e RedLED - Power On

*  Flicker indicates power problem
 Raspberry Pi Speed Test
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* Green LED - SD Card Activity
* Flashes during read/write operations
e Patterns vary depend on Pi Model

Belford, CC0.0



Green LED & Boot Problems

Pi 4 ACT Codes
1 Flash - Incompatible SD Card (not FAT)
2 Flashes - SD Card cannot be read (failed to
read from partition)
3 Flashes - generic boot failure
8 flashes - SDRAM failure
9 flashes - Insufficient SDRAM
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https://chicagodist.com/blogs/news/raspberry-pi-troubleshooting

GPIO Pins

Tiner/Belford, CC 0.0



5V Power
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GPIO4 (GPIO_GCLK)

(UART_TXD0) GPIO14
(UART_RXDO0) GPIO15
(GPIO_GEN1) GPIO18

GPIO17 (GPIO_GENO)
GPI027 (GPIO_GEN2)
GPI022 (GPIO_GEN3) (GPIO_GEN4) GPIO23
(GPIO_GENS5) GPIO24
GPIO10 (SPI0_MOSI)
GPIO9 (SPI0_MISO)

GPIO11 (SPI0-_CLK)

(GPIO_GENG6) GPIO25
(SPI_CEO_N) GPIOS
(SPI_CE1_N) GPIO7

ID_SC (12C EEPROM)

ID_SD (12C EEPROM)

additional Pi 4
options

SPI1 CSO

SPI1 MOSI Ethernet
Port

SPI1 SCLK

SPI
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Raspberry Pi 3 GPIO Diagram, Free SVG: Public Domain :
Belford, CC0.0



GPIO Pins

5V PWR

5V PWR 2 GPIO Conventions

GPIO4 (GPIO_GCLK)

(UART_TXD0) GPIO14
(UART_RXDO0) GPIO15
(GPIO_GEN1) GPIO18

GPIO BCM (CPU)

e Broadcom
(either BCM or GPIO)

GPIO17 (GPIO_GENO)
GPI027 (GPIO_GEN2)
GPI022 (GPIO_GEN3) (GPIO_GEN4) GPIO23
(GPIO_GENS5) GPIO24
GPIO10 (SPI0_MOSI)
GPIO9 (SPI0_MISO)

GPIO11 (SPI0-_CLK)

e GPIO Board
 (pin numbers 1-40)

(GPIO_GENG6) GPIO25
(SPI_CEO_N) GPIOS
(SPI_CE1_N) GPIO7

ID_SC (12C EEPROM)
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ID_SD (12C EEPROM)

" SPI1 CSO

SPI1 MOSI
SPI1 SCLK

Raspberry Pi 3 GPIO Diagram, Free SVG: Public Domain
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GPIO4 (GPIO_GCLK)

GPIO17 (GPIO_GENO)
GPI0O27 (GPIO_GEN2)
GPI022 (GPIO_GEN3)

GPIO10 (SPI0_MOSI)
GPIO9 (SPI0_MISO)

GPIO11 (SPI0-_CLK)

ID_SD (I2C EEPROM)

5V PWR
5V PWR

(UART_TXDO0) GPIO14
(UART_RXD0) GPIO15
(GPIO_GEN1) GPIO18

(GPIO_GEN4) GPIO23
(GPIO_GENS) GPIO024

(GPIO_GENS) GPIO25
(SPI_CEO_N) GPIO8
(SPI_CE1_N) GPIO7

ID_SC (I2C EEPROM)
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SPI1 CSO

SPI1 MOSI
SPI1 SCLK
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Raspberry Pi 3 GPIO Diagram, Free SVG: Public Domain

e 8 Ground Pins

* Hook up first
. value voltage is measured from
. completes circuit

* Two 3.2V Power Pins
e Canrun through GPIO pins

* Two 5V Power Pins
e NEVER hook 5V to GPIO pin
e onlyrun3.2VtoPi
 can destroy Pi



GPIO Pins

GPIO Pins are 3.3 V - 16mA max (beware)
GPIO pins can be +/- 3.3 V digital pins

Alternate Communication protocols
UART - Universal Asynchronous receiver-transmitter

12C - Inter-Integrated Circuit,
. packet switched serial communication, ideal for sensors
. short range

SPI - Serial Peripheral Interface
Tutorials
Robotics back end

Belford, CC0.0


https://www.youtube.com/watch?v=dB-4nVc0s10&t=901s

UJART
Universal Asynchronous Receiver-Transmitter

Device 1 Device 2

e Device to Device Protocol
. Uses 2 wires

* Need 3 Pins
e GND
* RX (reception) connects to TX of other device
e TX(transmission) connects to the RX pin of other device
e Power (may be needed to power other device)

e Does not use a clock
e No "master" or "slave"
e Tutorial seedstudio



https://www.seeedstudio.com/blog/2019/09/25/uart-vs-i2c-vs-spi-communication-protocols-and-uses/

12C
Inter-Integrated Circuit

Device to sensor/actuator communication,
Master-Slave Bus configure
Requires 2 wires to transmit information
Need 3 Pins |
¢ GND — Belford, CC 0.0
e SCL (clock) connect all slaves SCL to SCL bus HAT attached through |2C
 SDA (data exchange) connect Slave SDA to SDA bus
 Power (may be needed to power other device)

pins 27 & 28 are reserved 12C for HATs
e Hardware Attached on Top



|2C

Sensors are addressable
up to 128 sensors per 12C

Tutorials
i2cdetect tutorial

adafruit tutorial (i2cdetect command)
pina 27 & 28 are 12C reserved for HATs

GPIO 2 & 3 alternate functions are the |12C SDA and SCL
They are defined by libraries


https://www.raspberrypi-spy.co.uk/2014/11/enabling-the-i2c-interface-on-the-raspberry-pi/
https://learn.adafruit.com/adafruits-raspberry-pi-lesson-4-gpio-setup/configuring-i2c

SP
Serial Peripheral Interface

more wires than 12C
can run faster than I2c

Need 5 Pins
GND
SCLK (clock) connect all SCLK pins together
MOSI (Master Out Slave In) - sends data from Master to Slave
MISO (Master In Slave Out) - sends data from Slave to Master
CS (Chip Select) - need one per slave
* by default CS0=GPIO8 & CS1=GPI07, you may need to configure more

MCP3008 Analog to Digital Converter uses SPI



SP

Serial Peripheral Interface

e MCP3008 Analog to Digital Converter uses SPI

Pin 16 (Vpp) connects to your positive rail

Pin 15 (VRer) connects to your positive rail

Pin 14 (AGND) connects to your ground rail

Pin 13 (CLK) connects to SCLK on your Adafruit cobbler (Board pin 23)
Pin 12(Dgyy) connects to MISO on your Adafruit cobbler (Board pin 21)
Pin 11(Djy) connects to MOSI on your Adafruit cobbler (Board pin 19)
Pin 10 (CS) connects to CEO on your Adafruit cobbler (Board pin 24)

Pin 9(Dgnp) connects to your ground rail

--------------------
---------------
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-----




NetWO rkl ﬂg [ PoE Header RJ45 Port

[ Ethernet Controller Chip .
Radio Chip —

............

* Radio Chip <
» Metal Encased to reduce EMF interference &
» Dual band 2.4/5Ghz IEEE 802.11ac WiFi |
* Bluetooth 5.0

nnnnn

* Ethernet Controller Chip i OLE R
* RIJ45 Ethernet port
* 900+ Mbit bandwidth

 PoE (Power over Ethernet) Header

. Allows PoE HATs
. 2021 Raspberrypi.com/news

Belford, CC0.0

PoE HAT RaspberryPi.com, CC 4.0



https://www.raspberrypi.com/news/announcing-the-raspberry-pi-poe-hat/
https://www.raspberrypi.com/news/announcing-the-raspberry-pi-poe-hat/

USB Type C Power Port

---------------------

[ PMCI Chip

5V 3 amp

more power than Pi 3
PMCI (Power Management Integrated
Circuit) chip
Note- early issues with "e-marked"
power cables
Hackaday article (2019)
Problem fixed (2020, Tom's Hardware)
OTG (On the Go) Connectivity ?
RPi Forum Post (2019)

.....................

Belford, CC 0.0


https://hackaday.com/2019/07/16/exploring-the-raspberry-pi-4-usb-c-issue-in-depth/
https://www.tomshardware.com/news/raspberry-pi-4-usb-c-update
https://forums.raspberrypi.com/viewtopic.php?t=243966

.....................

USB 2 & 3 Ports

VL8805 USB Controller
e 2 USB 3.0 ports (340Mbs)
e 2USB 2.0 ports

---------------------

nnnnn

Belford, CC 0.0

e Connects to SoC via PCLe Interface [ UsBControler
 Peripheral Component Interconnect Express =830

 Very Fast (up to 5 Gbps) 2820




"""""""""""""""

* 3.5mm TRRS

* 4 pole audio and video
 Tip, Ring, Ring, Sleeve

* analog output AL e
e (composite or s-video) : . o et o0
e Headphone jack [ AV jack
Video
* Default output is HDMI audior & audior

e How to switch to AV !: A

Audiol Wikimedia commons, CC4.0

GND AudioR


https://mlagerberg.gitbooks.io/raspberry-pi/content/3.5-analog-video-output.html
https://commons.wikimedia.org/wiki/File:RCA_to_3.5mm_video_cable.jpg

Micro HDMI 2. O

----------------------

High Definition Multimedia Interface o

Drive two 4K displays at 30 fps
Drive one 4K display at 60 fps

19 pins like full size
Multiple Adapters available

HDMI-0 is near USB-C connector

Primary (default) port

 useif only 1 monitor

HDMI-1 in near MIPI CSI port

---------------------

mmmmmm

.....

[

micro HDMI O

Belford, CC 0.0

micro HDMI 1

)

Wikimedia commons, CC 4.0



https://commons.wikimedia.org/wiki/File:RCA_to_3.5mm_video_cable.jpg

MIPI CSI-2

MIPI-Mobile Industry Processor Interface
* mobilephone cameras

CSI-Camera Serial Interface

Provides Bus to SoC

Fast data transfer

Uses 15-pin ribbon

.......................

---------------------

nnnnn

Directly interfaces with GPU [ csl Belford, CC 0.0
. Uses fewer CPU resources than USB cameras
. If you use a USB camera, use one with hardware encoding and USB 3.0

Wikimedia commons, CC 4.0



https://commons.wikimedia.org/wiki/File:RCA_to_3.5mm_video_cable.jpg

MIPI DSI

MIPI-Mobile Industry Processor Interface
« mobilephone displays

DSI-Display Serial Interface

Connects directly to GPU
* reduces CPU load

Like cell phone displays

Can be touch screen [ csl

.......................

.....................

Belford, CC 0.0

Wikimedia commons, CC 4.0



https://commons.wikimedia.org/wiki/File:RCA_to_3.5mm_video_cable.jpg

Additional Accessorles

Power Source
5V 3 Amp USB type C

Heat Sinks
Case
micro SD card (get good one as you will do a lot of read and write)
storage space (32GB and above)
read/write speed (get class 10)

Desktop mode
micro HDMI cable
mouse
keyboard




