
MOSFETs Used as a Switch

Problem:  Use a MOSFET to turn on and off an LED. Assume the LED draws 20mA at 2V.

Solution:  A MOSFET switch is very much like a BJT switch:
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When VGS = 0V, the MOSFET is off, as is the LED.

When VGS = 5V, you want the LED to turn on with 20mA flowing.  Rd serves to limit the current to
20mA (if needed).  Rg is for safety:  it discharges any static on the gate, making sure it's 0V when left
floating.

First, pick out your favorite MOSFET.  What we need is a MOSFET with an on-resistance less than 150
Ohms:

Ron =
IDS

VDS
=

20mA

5V−2V
= 150Ω

Going to Digikey (www.digikey.com) and searching for MO SFET's results in 22,000 MOSFET's to
choose from:
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To narrow the search, select

MOSFET, N Channel

Through Hole

In Stock

100mA < IDS < 200mA

This limits the number to something more manageable:

Selecting the third on (it's in stock, costs $0.42 each, has an on resistance of 5 Ohms) gives you the
pricing information:

Click on the data sheet and you get the technical specs for this MOSFET:
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We're operating at +5V and 20mA.  This MOSFET can take +/- 20V and 115mA, so it will work.

To analyze this circuit, we need to know VTN and Kn, however.  On page 2 of the data sheets, the
following is given:

At

VGS = 5.0V

ID = 50mA

RDS = 1.7 Ohms (nominal)

This lets you solve for Kn:

1

RDS
=

IDS

VDS
= Kn


VGS − VTN −

VDS

2



(1)
1

1.7Ω
= Kn


5V − 2 −

(50mA)(1.7Ω)

2
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Kn = 0.1989

Assume Rds = 1.7 Ohms.  Then

Rnet =
5V−2V

20mA
= 150Ω

Rnet = RDS + Rd

Rd = 148.3Ω

(plus or minus 5%.  We have 5% tolerance resistors in lab.)

Assume you have a 148.3 Ohm resistor.  Find the approximate (Vds, Ids)

When ON, the MOSFET is approximately 1.7 Ohms

Ids = 


5V−2V

148.3Ω+1.7Ω




Ids = 20mA

Find the actual resistance using the MOSFET model with Kn = 0.1989 A/V2

The Mosfet gives us one equation for two unknowns:

Ids = Kn

Vgs − Vth −

Vds

2

Vds

Ids = 0.19895 − 2 −
Vds

2

Vds

The circuit gives the second equation

Vds = 3 − 148.3Ids

This is a quadradic with two solutions:

Vds = { 0.0337V,  6.0341V }

The one close to zero is the correct one:

Vds = 33.7mV

Ids = 20.002mA

Taking the ratio:

Rds = Vds / Ids = 1.6854 Ohms

The actual resistance when on isn't exactly 1.7 Ohms, but it's pretty close.
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Note that you can power just about anything you like with this MOSFET, providing that

1.7 Ohms is small relative to the resistance of what you're driving (150 Ohms in this case),

The net current flow is less than 115mA continuous, 800mA pulsed (from the data sheets),

The power supply you're using is less than 60V.  The maximum VDS = 60V for this MOSFET.

It also takes some time for the MOSFET to turn on.  The capacitance is (from the data sheets)

CGS = 20pF

CDS = 11pF

Likewise, when you turn the MOSFET off, the capacitor charges up to +5V as

VDS = 5V ⋅ 1 − exp 
−t

RC





or

RC = (150Ω)(11pF) = 1.6ns

In three time constants,  you're at 95% of 5V:

e−3 ≈ 0.05




t

RC

 = 3

t = 3RC = 4.95ns

It takes about 5 nanoseconds to turn the LED on, and 5 nanoseconds to turn it off with this MOSFET.
The maximum frequency is likewise 100MHz ( 1 / 10ns).

MOSFETs are fast relative to BJT transistors.

If you need to power a bigger device, use a bigger MOSFET.  For example, doing the same search in
Digikey but looking for a MOSFET that takes 8A results in a slightly more expensive MOSFET ($1.51
each):
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with one table from the data sheets:

Note that this device

Can turn on and off devices which take up to 8A and 500V

Has an on-resistance of about 0.65 Ohms

VGS needs 10V to be on.  The off voltage (VTN) is between 3V and 5V.

It's also a bit slower: it takes 18ns (turn-on delay) or 75ns (turn off delay) to turn on and off.  That's still
really fast relative to a BJT.
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