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Drive a Load using a FET transistor

Use a Field Effect Transistor to provide more power than a microcontroller can supply.
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INTRODUCTION

A Field Effect Transistor (FET) is a device that can control the flow of electricity based on the voltage
input an its gate pin. In this tutorial you'll learn how to use an FET as a switch to control large
amounts of power with a voltage from a microcontroller. If you want to read more about FETs, here
is a good introduction.

TOOLS:

Breadboard (1)
Breadboard Jumper cables (1)
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Step 1 — Set out the parts you need.

O
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N-Channel Enhancement Mode Field Effect Transistor
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Ordering Information

® The kit contains a 10 Kohm resistor (color codes), a a small signal N-channel MOSFET, two red
LEDs, and a Circuit Playground microcontroller to turn the LEDs on and off.

@ There are other FET transistors available that will handle more power if you want to drive a
device like a motor, but this tutorial uses a smaller transistor to light two LEDs.

® The link in the first step goes to MakerStock. You can download the datasheet by clicking on
"Fairchild Semiconductor 2N7000BU". The critical part of the data sheet is shown in the second
image.
@ It is always a good practice to have the datasheet for any electronic parts you are using handy.

® The kit also contains a breadboard, some hookup wire, and a USB cable to power the
microcontroller.

This document was generated on 2024-12-18 07:48:08 AM (MST).
© 2024 bucknellmakers.dozuki.com/ Page 3 of 9


https://www.calculator.net/resistor-calculator.html
https://stock.maker.bucknell.edu/product/nmos-small-signal/

Drive a Load using a FET trans... Guide ID: 309 - Release: Drive a Load using ... [minor] 2024-12-12

Step 2 — Simple blink circuit

Input from CircuitPlaygroundD——

Y

The first circuit we'll set up on a breadboard drives the LEDs directly using the output of the
microcontroller. Wire it up as shown in the first image.

Build the circuit shown in the pictures on the breadboard. One of the pictures is the schematic
view and the other shows how to hook up the circuit on a breadboard.

® |t matters which way the LEDs are wired up. On the bullet-shaped case there is a flat side near

one of the pins. That flat side corresponds to the line in the schematic diagram, and has a
shorter pin. The other, longer pin corresponds to the arrow and is the anode (anode-arrow).

@ Make sure to put the LEDs in so the longer pin goes to the positive voltage side, away from
ground.
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Step 3 — Setting up the circuit

® When you have double checked
the wiring, plug in the USB cable to
power up the circuit. It may take a
moment to start.

@ If the light on the Circuit
Playground doesn't blink it may
be the code was changed. You
can download the code.py file
from this drive site and copy it
onto the Circuit Playground.

® You should see a red LED on the
Circuit Playground flash at about a
5% duty cycle (0.05s on, 0.95s off).

® The two LEDs on the breadboard
will flash very dimly since the
output voltage from the pin is not
high enough to drive them as
shown in the video.

® |f the two LEDs don't flash make
sure they are inserted the right way
and they are connected to output
A1 of the Circuit Playground
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Step 4 — Use the FET to drive the LED

S 3-lead TO-92
Y 02 (Top view)
N LED
SZ (e Q
§ LED ’ \
DRAIN
Input from CircuitPlayground G 5 §$7000 SOURCE
R1 >hgs
10 K - GATE
L

® Next we'll wire up the FET as a switch, using the output signal from the microcontroller to drive
the gate, turning on and off the LED.

@ Be aware transistors are complicated devices. In this tutorial we are using it in a very simple
way.

® Hook up the transistor exactly as shown. It has three pins - a gate, source, and drain - and the
circuit won't work if you have them hooked up incorrectly.

® What the NMOS FET does is act like switch so that when a voltage is applied to the gate, larger
amounts of current can flow between the source and drain (the terminals of the 'switch') to make
the LED brighter.

@ The resistor help make sure the gate stays at ground, or 0 volts. Since the input is high
impedance stray electric fields can turn the device on if this part isn't there.

® We will use the 5V output of the Circuit Playground to drive the LEDs. This is labelled VOUT.

® Hook up the + and - terminals as shown in the diagram.
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Step 5 — Testing the FET driver circuit

® Double check your connections
then power up the microcontroller
board using the USB connector.

® Here instead of driving the LED
from the 3.3V output of a pin that
has limited current, we are putting
5V with no current limit into the
LEDs through the FET.

&\ Because the LED is only on for a
short amount of time, it won't be
damaged by this amount of current.
If it was going to be on longer we
would put a resistor in series with
the LED to limit the current!

® This handy calculator is useful to
determine the current limiting
resistor you need for a given
LED.

® |f you hooked up the circuit
correctly you should see both LEDs
flashing much more brightly
because of the power we can
supply using an FET.

@ If the LEDs aren't flashing double
check that you wired the circuit
correctly, the LEDs are in the right
direction, and you have the S, D
and G pins of the FET wired
correctly.
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Step 6 — More on FETs

sNp—— ® We used an NMOS FET for our
driver circuit but there are also
PMOS FETs. They work the same
e . ﬁﬁ 45 way but the circuit is slightly
HER R RIS o W_E? PMOS modified as shown in the schematic
o diagram.
10 K
SZ\ D2 ® You need to choose the specific
& NP FET transistor for your project
based on the amount of power you
SZ§ = need to provide to the load.
@ There are many different variations

of this basic circuit. For example a
device called an H-bridge can be
used to vary motor speed in
forward and reverse directions.

@ You can also use this circuit to
vary the power to a load (for
example dimming a light or
controlling a servo) by using a
technique called pulse width
modulation.

(#] Woot, you have completed the FET
driver tutorial and added another
skill to your toolbox.!
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Step 7 — Get the badge!
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Mode New Load save Serial  Potter | Zoom-n Zoom-out Theme | Check  Tidy Help
codepy @ XN

1 ¥ SPDX-FileCopyrightText: 2021 Kattni Rembot f ndustr

2 # SPDX-License-Identifier: MIT

3 ""MCircuitPython Blink Example - the CircuitPython 'Hello, World!'"

4

s # the import statements br i oftwar Librar

6 import time # libra et to make blink n

7 dmport board # library to y the microcontreller board

s dimport digitalio # library ) input and output

9

10 # these lines of code define the value 'led' to be the in na ED
11 # and have the data go out instead of in

12 led = digitalio.DigitalInOut(board.LED)

13 led.direction = digitalio.Direction.OUTPUT

14 # same but defining 'drivepin' to be pin 1 to drive the external LED

15 drivepin = digitalio.DigitalInout(board.D6)
16 drivepin.direction = digitalio.Direction.OUTPUT
17

in

18 This is the main loop

15 while True:

20 led.value = True 4 set the internal D or

21 drivepin.value = True turn on the output pin
2 time.sleep(0.05) # wait 0.05 seconds

2 led.value = False # turn the LED off

2 drivepin.value = False # turn off the output

25 time.sleep(0.95) # wait 0.95 seconds

26

® To earn the FET driver badge you'll
need to do two things:

® 1) Rebuild the driver using a
PMOS rather NMOS transistor.
The BS250P is available from
MakerStock.

® 2) Change the code to variably
adjust the brightness of the
LEDs based on the input of a
potentiometer. This will show
you how to use pulse-width
modulation (PWM). You'll need

to use much shorter on and off
times than the previous code.

You will have to set up the
potentiometer as a voltage
divider and read the input
voltage using an analog pin.

After completing the challenge
please put the original code.py file
on the Circuit Playground. The
code is in this folder.
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