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Introduction

* |n this Tutorial we will read values from a
TMP36 Temperature Sensor.

* We will use a Raspberry Pi Pico and
MicroPython.

* We will use the Thonny Python Editor
which has built-in support for the

Raspberry Pi Pico hardware/MicroPython
firmware.



What do you need?

Raspberry Pi Pico
A Micro-USB cable

A PC with Thonny Python Editor (or another

Python Editor)
Breadboard

Electronics Components like LED, Resistors,

Jumper wires, etc.
TMP36 Temperature Sensor

e
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Raspberry Pi Pico

e Raspberry Pi Pico is a microcontroller board
developed by the Raspberry Pi Foundation

* Raspberry Pi Pico has similar features as Arduino
devices

e Raspberry Pi Pico is typically used for Electronics
projects, loT Applications, etc.

* You typically use MicroPython, which is a

downscaled version of Python, in order to program it

https://www.raspberrypi.com/products/raspberry-pi-pico/
https://projects.raspberrypi.org/en/projects/getting-started-with-the-pico
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Pico Pinout

Power

Ground

UART / UART (default)
GPIOQ, PIO, and PWM
ADC

SPI / SPI (default)
12C / 12C (default)

Debugging

[ UARTO TX J 12C0SDA | sPioRx § GPO_ I
2
| GND_ K

[ 12C1SDA | spiosck B GP2 Q¥

[ 12c1scL | spioTx | GP3 JH

LUART1 TX | 12C0 SDA | SPIORX | GP4 JI
[UART1 RX | 12c0scL | spiocsn | GPS V]
[ oND B

[ 1201 SDA | spiosck | GP6_ R

[ 12ciscL | spioTx B GP7 (1

[UART1 TX J 12COSDA | spi1Rx | GP8 Rl
[ UART1 RX § 12C0SCL § SPI1Csn §  GP9  JiF)
| GND_ JRE]

[ 12C1SDA | spi1sck | GP10_ BT

[ 12ciscL | spiiTx | GP11JH

[UARTO TX J 12C0SDA [ spiiRx | GP12 )
[ UARTORX § 12c0scL § spi1csn § GP13 RV
| GND__[RE]

[ 12¢1 SDA | spi1sck B GP14 D)

[ 12c1scL | spiiTx | GP15  BU
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£l GND |

37

£ 3va(our) |

35

24 GP28 ] ADC2 |

8 GND | AGND |

4 627 | Aoct | i2ciscl |
KR GP26 § ADCO § 12C1 SDA |
30

(If  GP22 |

i GND |

o GP21 |
] GP20 |
P8 GP19 ] spio Tx_J 121 SCL |
28 GP18 | SPi0 SCK § 12C1 SDA |
(<] GND |

22 Y 12C0 SCL _§ UARTO RX
ViR GP16 § SPIORX § 12C0 SDA § UARTO TX
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Thonny

T& Thonny - <untitled> @ 1:1
File Edit View Run Tools Help

JEZ-d O @ =

<untitled>

Shell

>>> print("Hello World")

Hello World

>>>

- o x|

Thonny is a simple and user-
friendly Python Editor

Cross-platform: Windows, macOS
and Linux

Its free
https://thonny.org

MicroPython (Raspberry Pi Pico) = COM6&
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MicroPython

* MicroPython is a downscaled version
of Python

* |t is typically used for
Microcontrollers and constrained
systems

https://docs.micropython.org/en/latest/index.html https://micropython.org
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MicroPython Firmware

* The first time you need to install the
MicroPython Firmware on your
Raspberry Pi Pico

* You can install the MicroPython
Firmware manually or you can use
the Thonny Editor



Install MicroPython Firmware using Thonny

T& Thonny - <untitled> @ 1:1

File Edit View Run Tools Help

DEEH OF @™
<untitled>

1

Shell
Python 3.106.9 (C:\Users\hansha\AppData\Local\Programs\Thonny\pyth

V]

on.exe)

>>>

¥ Local Python 3 « Thonny's Python

Conjgure interpreter...

https://projects.raspberrypi.org/en/projects/getting-started-with-the-pico/3

'ﬁ. Thonny options
General Interpreter Editor Theme & Font Run & Debug Terminal Shell Assistant

Which kind of interpreter should Thonny use for running your code?
|MicroPython (Raspberry Pi Pico)

Details

Connect your device to the computer and select corresponding port below
(look for your device name, "USB Serial" or "UART").
If you can't find it, you may need to install proper USB driver first.

Port
|< Try to detect port automatically >

M Interrupt working program on connect
Synchronize device's real time clock

M Use local time in real time clock

[V Restart interpreter before running a script

=

Install or update MicroPython

: Cancel
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TMP36 Temperature Sensor

A Temperature sensor like TM36 use a
solid-state technique to determine the
temperature.

They use the fact as temperature
increases, the voltage across a diode
increases at a known rate.

2.7-5.5V in ¢ Ground

Analog voltage out
https://learn.adafruit.com/tmp36-temperature-sensor
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| po

| ep1

I Ground
| ep2

| p3

| Gp4

| ps

I Ground
| cpe

| ep7

| cps

| Gpo

I Ground
| p10

| Gp11

| gp12

| P13

I Ground
| P14

| p1s

O 0O N o u A W N =

e T e O = T =
0 N o U A W N = O

19
20

Analog Values with Pico

veus |
VSYS |
Ground I
3V2-EN

3V3(0UT)

Ground
GP27
GP26
RUN
GP22

l
I
GP28 |
I
l
[

Ground
GP21
GP20
GP19
GP18
Ground
GP17
GP16

Raspberry Pi Pico has
3 Analog Inputs (ADC)

ADC_VREFI

ADC2
AGround
ADC1
ADCO

| ADC 0 — Pin 26

| ADC 1 — Pin 27
ADC 2 — Pin 28

https://pico.pinout.xyz

https://docs.micropython.org/en/latest/library/machine.ADC.html



https://docs.micropython.org/en/latest/library/machine.ADC.html
https://pico.pinout.xyz/

| po

| ep1

I Ground
| ep2

| p3

| pa

| ps

I Ground
| cpe

| ep7

| cps

| Gpo

I Ground
| p10

| Gp11

| gp12

| P13

I Ground
| P14

| P15

19
20

TMP36 Wiring

40
39
38
37
36
35
34
33
32
31
30
29
28
27
26
25
24
23
22
21

VBUS
VSYS
Ground
3V3_EN
3V3(0UT)

GP28
Ground
GP27
GP26
RUN
GP22
Ground
GP21
GP20
GP19
GP18
Ground
GP17
GP16

| 3.3v

ADC_VREFI

|
I
| Apc2
I
l
[

AGround
ADC1
ADCO

2.7-5.5V in

Analog voltage out

https://pico.pinout.xyz

Ground
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Main Code Structure

1. Initialization.

2. Read from ADC (Analog to Digital Converter) using
“read ul6()” function.

3. Convert raw ADC Value (0-65535) to Voltage Value
(0-3.3v). The built-in ADC has 16 resolution.

4. Convert from Voltage Value to Temperature in
degrees Celsius. Use information from the TMP36
Temperature Sensor Datasheet.



ADC Value to Voltage Value

Analog Pins: The built-in Analog-to-Digital Converter (ADC) on Pico is 16bit, producing
values from 0 to 65535.

The read ulé6 () function gives a value between 0 and 65535. It must be converted to a
Voltage Signal 0 - 3.3v

ADC=0->0v
ADC = 65535 -> 3.3v

3.3V 1 This gives the following conversion formula:
(x) + b (x) = 3.3
X) = ax —
’ Y 65535

oV

0 65535



Voltage to degrees Celsius

a. TMP35

2.0

18 Tmpsr Convert form Voltage (V) to degrees Celsius
1.6 *Vs =3V /\‘° .

ia P From the Datasheet we have:

1:2 / /\\b y

(Xl,yl) = (075V,ZSOC)
(eryZ) = (1V7500C)

1.0

OUTPUT VOLTAGE (V)

: 7 LA
A 1

0.2 ,//// There is a linear relationship between

e o e Voltage and degrees Celsius:

TEMPERATURE (°C) —_—
This gives: y=ax+b
y — 25 = 50 — 25 (x — 0.75) We can find a and b using the following
1—-0.75 known formula:
Then we get the following formula: Y=y, = Yo — V1 (x —x1)
y=100x—50 T '

Datasheet: https://cdn-learn.adafruit.com/assets/assets/000/010/131/original/TMP35 36 37.pdf



https://cdn-learn.adafruit.com/assets/assets/000/010/131/original/TMP35_36_37.pdf

Main Code Structure

1. Initialization

adcpin = 26

tmp36 = ADC (adcpin)

2. Read from ADC:

adc value = tmp36.read ulo6 ()

3. Convert raw ADC Value (0-65535) to Voltage Value (0-3.3v):
volt = (3.3/65535) *adc value

4. Convert from Voltage Value to Temperature in degrees
Celsius:

degC = (100*volt)-50



TMP36 Example

from machine i1mport ADC
from time 1mport sleep

adcpin = 26
tmp36 = ADC (adcpin)

while True:
adc value = tmp36.read ulé6()
volt = (3.3/65535) *adc value
degC = (100*volt) -50
print (round (degC, 1))
sleep (5)



T& Thonny - C:\Users\hansha\OneDrive\Documents\Industrial IT and Automation\loT\Raspberry Pi Pico\Code Examples\tmp36.py @ 4:12
File Edit View Run Tools Help

D& [b] @™

tmp36.py

=

from machine import ADC
from time import sleep

adcpin = 26|
tmp36 = ADC(adcpin)

while True:
adc_value

OWooO~NOTUVTAE, WN

tmp36.read_ulé()

R
= ®

volt (3.3/65535)*adc_value

R R
B wN

degC (1e0*volt)-50
print(round(degC, 1))

(Y
U
n

R
N O

sleep(5)

Shell
>>> %Run -c $EDITOR

258
258
27.
30.
28.

26.
26.

~] MW o

v

MicroPython (Raspberry Pi Pico) « COM6




TMP36 Code v2

from machine import ADC
from time import sleep

adcpin = 26
tmp36 = ADC (adcpin)

def ReadTemperature () :

adc value = tmp36.read ulb6 ()
volt = (3.3/65535) *adc value

degC = (100*volt)-50
return degC

while True:
degC = ReadTemperature ()
print (round (degC, 1))
sleep (9)



v3

TMP36 Code

from machine import ADC TemperatureSensors.py

class Tmp36Sensor:
def init (self, pin):
self.tmp36 = ADC (pin)

def ReadTemperature (self) :
adc value = self.tmp36.read ul6()
volt = (3.3/65535) *adc value
degC = (100*volt)-50
return round (degC, 1)

from TemperatureSensors import Tmp36Sensor
from time import sleep

adcpin = 26
tmp36 = Tmp36Sensor (adcpin)

while True:
degC = tmp36.ReadTemperature ()
print (degC)
sleep (5)
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PicoZero

T& Manage packages for Raspberry Pi Pico @ COM6

The picozero Python Library is
intended to be a beginner-friendly
library for using common electronics
components with the Raspberry Pi
Pico

It can be used instead of the
machine Library in many cases

You install it like an ordinary Python
Library using “pip install picozero” or
from the “Manage Packages”
window in the Thonny editor

https://pypi.org/project/picozero/

https://picozero.readthedocs.io

’picozero

Search on PyPI

<INSTALL>

picozero

Latest stable version: 0.4.1

Summary: A beginner-friendly library for using common electronics components with the
Raspberry Pi Pico.

Author: Raspberry Pi Foundation

Homepage: https://github.com/RaspberryPiFoundation/picozero

|PyPI page: https: i.org/project/picozero

Install Close

https://github.com/RaspberryPiFoundation/picozero



https://pypi.org/project/picozero/
https://github.com/RaspberryPiFoundation/picozero

PicoZero TemperatureSensor

TemperatureSensor / TempSensor / Thermistor

Search docs

class picozero.TemperatureSensor(pin, active_state=True, threshold=0.5, conversion=None) [source]

Bases: AnalogInputDevice

Getting started

Represents a TemperatureSensor, which outputs a variable voltage. The voltage can be
Recipes converted to a temperature using a conversion function passed as a parameter.

e picozero API Alias for Thermistor and TempSensor .

B LED

Parameters: « pin (int) - The pin that the device is connected to.
-~ DigitalLED . active_state - The active state of the device. If True (the default), the
+ PWMLED AnalogInputDevice Will assume that the device is active when the pin is high
+) RGBLED and above the threshold. If active_state is Faise , the device will be active
= B when the pin is low and below the threshold.
. « threshold (float) - The threshold that the device must be above or below
= PWMBuzzer . . .

to be considered active. The default is 0.5.

=) Speaker « conversion (float) -
+ Servo A function that takes a voltage and returns a temperature.
@ Motor e.g. The internal temperature sensor has a voltage range of 0.706V to

, 0.716V and would use the follow conversion function:
+ Robot / Rover
def temp_conversion(voltage):

+) DigitalOutputDevice
return 27 - (voltage - ©.706)/0.881721

PWMOutputDevice

temp_sensor = TemperatureSensor(pin, conversion=temp_conversion)
+ Button

If None (the default), the temp property will return None .
+ Switch

https://picozero.readthedocs.io/en/latest/api.html#temperaturesensor-tempsensor-thermistor
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PicoZero Temp36

from picozero import TemperatureSensor
from time import sleep

def TempCelsius (voltage) :
tempC = (100*voltage)-50
tempC = round (tempC, 1)
return tempC

pin = 26
tmp36 = TemperatureSensor (pin, conversion=TempCelsius)

while True:
tempC = tmp36. temp
print (tempC, "°C")

sleep (5)



Raspberry Pi Pico Resources
* Raspberry Pi Pico:

https://www.raspberrypi.com/products/raspberry-pi-pico/

* Raspberry Pi Foundation:

https://projects.raspberrypi.org/en/projects?hardware[]=pico

e Getting Started with Pico:

https://projects.raspberrypi.org/en/projects/getting-started-with-the-pico

* MicroPython:

https://docs.micropython.org/en/latest/index.html
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