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Webinar Logistics

 Turn on your system sound to hear the streaming presentation.

« If you have technical problems, click “Help” or submit a question
asking for assistance.

- Participate in ‘Attendee Chat’ by maximizing the chat widget in your
dock.
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Dr. Don Wilcher

Visit ‘Lecturer Profile" in your console for more details.
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Agenda:

Raspberry Pi Pico Overview

RP2040 Microcontroller System Architecture

The transistor electromechanical relay basics

Lab: Wiring and Testing a Transistor Relay Module
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Raspberry Pi RP2040 :

"Raspberry Pi RP2040 SoC, a surprisingly powerful yet
radically low-cost microcontroller packing dual Arm Cortex-

MO+ processors, the most energy-efficient Arm processor
available” (Adams, 2021).
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Raspberry Pi Pico Overview

Raspberry Pi Pico is a microcontroller board based on the RaSbberry
Pi RP2040 microcontroller chip.

Raspberry Pi Pico has been designed to be a low-cost yet flexible

development platform for RP2040, with the following key features:

» RP2040 microcontroller with 2MByte Flash

+ Micro-USB B port for power and data (and for reprogramming the
Flash)

- 40 pin 21x571 'DIP" style Tmm thick PCB with 0.1" through-hole pins
also with edge castellations

o Exposes 26 multi-function 3.3V General Purpose I/0 (GPIO) 7
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Raspberry Pi Pico Overview. ..

23 GPIO are digital-only, and 3 are ADC capable

o Can be surface mounted as a module

+ 3-pin ARM Serial Wire Debug (SWD) port

+ Simple yet highly flexible power supply architecture

o Various options for easily powering the unit from micro-USB, external
supplies, or batteries

+ High quality, low cost, high availability

+ Comprehensive SDK, software examples, and documentation
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Raspberry Pi Pico Overview. ..

0.- AR Ll
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Raspberry Pi Pico PCB: Top _
and Bottom views
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Raspberry Pi Pico Overview. ..

Raspberry Pi Pico
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Question 1

Adams(2021) stated that the “"Raspberry Pi Pico

RP2040 Is a surprisingly powerful yet radically
low-voltage microcontroller”.

a) CoS

b) Sock

c) SoC

d) PSoc

11
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RP2040 Microcontroller System Architecture

Why is the microcontroller called RP2040?

The post-fix numeral on RP2040 comes from the following
1. Number of processor cores (2)
2. Loosely which type of processor (M0+)
3. floor(log2(RAM / 16k)): use to calculate a number
representing SRAM which equates to 4
4. floor(log2(Nonvolatile /16k): equates to 0 if no onboard
nonvolatile storage

12
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RP2040 Microcontroller System Architecture. ..
Why is the microcontroller called RP20407

A A A T
RP2040 part number — [ floor(log2(nonvolatile / 16k))
configuration floor(log2(ram / 16k))

Type of core (e.g. MO+)

Number of cores

Raspberry Pi
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RP2040 Microcontroller System Architecture. ..

ﬂ
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RP2040 Microcontroller System Architecture. ..

Squarewave Example State machine
RP2040

Microcontroller’s

PrograrnrnatﬂeI/C) 7 .program squarewave

(P10) uses state 8 set pindirs, 1 ; Set pin to output
machines to execute 9 again:
short binary programs. 10 set pins, 1 [1] ; Drive pin high and then delay for one cycle
11 set pins, © ; Drive pin low

12 jmp again ; Set PC to label "again’

15
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RP2040 Microcontroller System Architecture. ..

RP2040 microcontroller dedicated hardware interfacing Supbort: “

« GPIO pins can be driven directly or from various dedicated logic
functions.

 Dedicated hardware for fixed functions such as SPI, 12C, and UART.

 Flexible, configurable PIO controllers can be used to provide a wide
variety of 10 functions.

16



Question 2

The PIO state machine executes short |
programs. —=
a) assembly

b) Embedded C

c) binary

d) machine code

17
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RP2040 Microcontroller System Architecture. ..
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The transistor - electromechanical relay basics

The transistor and

electromechanical relay allow

the RP2040 microcontroller
to easily control a DC or AC

motor!

Transistor - Relay Driver Circuit

A

(

Transistor

.

Electromechanical
Relay

19
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Electromechanical Relay Construction

An electromechanical
switch that can be turned
ON and OFF by a low
current signal is called an
electromechanical relay.

Hinge spring

J
Moving contact |~ ss=Emse
- b
L] \

Fixed contact

Fixed terminal Coil terminal

|Movable termlnall | Base ‘

Source:
https://www.omron-ecb.co.kr/relay-basics/basic 20
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Electromechanical Relay Construction...

CONTROL féjﬁ}’) MOVABLE

ARMATURE

SWITCH
IRON
CQC;.E CONTACT
POINTS

Source:

21

https://www.circuitstoday.com/working-of-relays




Question 3

The transistor and electromechanical relay -
allow the RP2040 microcontroller to easily @
control a

a) DC motor

b) AC motor

c)a&b

d) none of the above

—

22
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Transistor Basics

Controlling a High Current Electrical
Load with Low Current Switching

-
Low Current

Switching
Device

%

Transistor

=

Ic
Equation 1: B = T or hfe = —

I¢
B Ip

Equation 2: [ = Bl

where:

B = Beta

I. = Collector Current

23
Iz = Base Current
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Transistor Basics...

Controlling a High Current Electrical

Load with Low Current Switching...

i Collector Collector
f / | Bai@ Bﬂ@

Emitter Emitter Transistor
Pt o Family of
Curves
Ir = ShmA
IC=40mA J

Vin IE = J0mA
IE = Z0mA
1WmA

7 r VN

o~ Valt)

Source:

https://components101.com/articles/understanding-bjt-transistor-and-how-to-use-it-in-your-circuit-

designs

: I¢ Ie
Equation1. B=— or hp =
IB IB

Equation 2: [, = Bl
where:

B = Beta

I. = Collector Current

Iz = Base Current

24
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Transistor Basics: Transistor Relay Driver Circuit...

vinR
Basic Transistor Switching Analysis Equation 3: vp = IIQN
T
+\Veo 5v10k(2
* QO Up =
NC NO L1k
Flywhee! vp = 4.5V

Constant Voltage  Diede ZS Relay
Bias circuit scheme

Vg > Vgg. vgg = 0.7v

D-a—’:

— Transistor is ON
1 am o vinR
B Vg =
el : NPN i
A A .- ) 0v10k(2
.f VVV I BC337 VB = —Tip
< E _
Vin 1KkQ > TR, vp = 0V
1 "f Vp < VRE:
O'v' , .
o O Transistor is OFF 25
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Transistor- Electromechanical Basics:
Tinkercad Circuits Transistor Relay Driver Model. . .

Name Quantity Component

T1(2N3904) 1 NPN Transistor (BJT)

R1 1 1 k& Resistor

D1(1N4001) 1 Diode

S1 1 Pushbutton

K1(5V) 1 Relay SPDT

M1(3V-6VDC) 1 DC Motor

Bat1 1 2 batteries, AA, no 1.5V Battery
P1 1 5, 5 Power Supply

R2 1 10 k& Resistor
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Tinkercad Circuits Transistor Relay Driver Model. . .

Electronic Circuit Schematic Diagram

27



Question 4

What semiconductor device is used to
operate the electromechanical relay
module? »

a) diode

b) resistor divider circuit

c) transistor

d) none of the above

28
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Lab: Wiring and Testing a Transistor-Relay Module

Big IDEAS (Learning Objectives):

1.

2.

The participant will be able to wire a transistor-based electromechanical
relay module to Raspberry Pi Pico's Power Supply pins.

The participant will be able to test the transistor-based
electromechanical relay module using a wired test switch.

. The participant will be able to build an automated Raspberry Pi Pico

transistor-based electromechanical relay module tester circuit using
blockly code.

30
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Lab: Wiring and Testing a Transistor-Relay Circuit

RP2040 Relay
Pi Module

31
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Lab: Wiring and Testing a Transistor-Relay Module

RP2040
Pi

Transistor-Relay Module

(

Transistor Electromechanical
_—)
1 o ©o
J g J

32
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Lab: Wiring and Testing a Transistor-Relay Module

Raspbery PiPico

Transistor-Relay Module
Tester Circuit

Sponsored By

Transistor_R elay Module

VBUS + I |
3V30UT) <)_T_c S |
= [}
g

A

B

GND - {—/

| e VAT A

33
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Lab: Wiring and Testing a Transistor-Relay Module

Transistor-Relay Module
Tester Circuit (Solderless
Breadboard wiring

34
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Lab: Wiring and Testing a Transistor-Relay Module

Manual Testing of the Transistor-Relay Module

|
£

https://youtu.be/u50ISGWECTs

35
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Lab: Wiring and Testing a Transistor-Relay Module

Automated Testing of the Transistor-Relay Module Circuit Schematic Diagram

Transistor_Relay Module
VBUS + o

|
GP4

| = it
GND - H |
T
j

Raspberry Pi Pico
S

36
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Lab: Wiring and Testing a Transistor-Relay Module

Automated Transistor-Relay Module Tester Code with Piper Make

G @ FoRUM

WELCOME, @ SETTINGS
DON

Online Physical
Computing Platform!

EXPEDITION TELEPORT MENU

STARTER

MISSIONS
GETTING STARTED
BLINK BER
TRy SRS S
REACTION CAME
TERMS OF USE

https://make.playpiper.com/ 37
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Lab: Wiring and Testing a Transistor-Relay Module

Automated Testing of the Transistor-Relay Module Circuit Schematic Diagram

repeat forever

B tumpin 4~ ON~

wait o seconds
-

e
EE
Cie=r]
XN

@ Actions
Raspberry Pi 22 G 212019 18 G 17 16
Pico )
@ DDDDD .

GPIO PINS

cnounn.

o 1 2 3 & 5 6 ¥ 8 9 o n 12 13 14 15
EONNEGT ) DIGITAL VIEW CONSOLE DATA PYTHON 38
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Lab: Wiring and Testing a Transistor-Relay Module
Automated Testing of the Transistor-Relay Module Blockly Code

NOTE: The blockly
code Pin number is
the actual GPIO pin. B tumpin 4~ ON ~

repeat forever

wait o seconds

tumpin 4~ OFF ~

wait o seconds
wait @ seconds

https://youtu.be/0XhBOOdI6 Y

39
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Lab: Wiring and Testing a Transistor-Relay Module

Automated Testing of the Transistor-Relay Module Circuit Schematic Diagram

Raspberry pi 5V 5V G 33V A2 G ATA0O 22 G 212019 18 G 17 16
Pico

POWER.

GPIO PINS

o 1 6 2 3 4 5 G 6 7 8 9 G 10N 12 13 G 14 15

Pin 4 Toggle
while code i
running!

40



Question 5

The blockly code Pin Number is the actual .
GPIO pin. —
a) True
b) False

41
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Thank you for attending
Please consider the resources below:

Adams, J. (2021, February 1). Raspberry pi rp2040: Our microcontroller for the masses.
https://www.arm.com/blogs/blueprint/raspberry-pi-rp2040

RP2040 Datasheet. (2022). RP2040 datasheet: A microcontroller by raspberry pi.
https://datasheets.raspberrypi.com/rp2040/rp2040-datasheet.pdf

Raspberry Pi Pico Resources: Raspberry Pi Documentation - Raspberry Pi Pico and Pico W

42
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