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MOSFETs Used as a Switch

Problem:  Use a MOSFET to turn on and
off an LED.

Vf = 2.0V @ 20mA

R = 


5V−2V

20mA

 = 150Ω

Solution:  A MOSFET switch is very
much like a BJT switch:

Vgs = 0V, the MOSFET is off

Vgs = 5V, MOSFET is on (ohmic)
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Select a MOSFET (Digikey)
Search MOSFET

40,953 results (2022)



To narrow the search, select

MOSFET, N Channel

Through Hole

In Stock

100mA < IDS < 200mA

This limits the number to something more manageable:



Select one

in stock, costs $0.42 each, has an on resistance of 5 Ohms

Click on the data sheet and you get the technical specs for this MOSFET:



Datasheets

max(Vds) = 60V

max(Ids) = 115mA

= 800mA (pulsed)

Vtn = ?

kn = ?



Page 2: Data Sheets

VGS = 5.0V,  ID = 50mA,  RDS = 1.7 Ohms (nominal)

IDS = kn

VGS − VTN −

VDS

2

VDS

50mA = kn

5V − 2 −

(50mA)(1.7Ω)

2

 (50mA)(1.7Ω)

kn = 0.1989 A/V
2



Final Design: (take 1)

Assume Rds = 1.7 Ohms.  Then

Rnet =
5V−2V

20mA
= 150Ω

Rnet = RDS + Rd

Rd = 148.3Ω

(plus or minus 5%: resistors have 5%
tolerance)
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Final Design (take 2): 

Determine { Vds, Id, Rds }

Need 2 equations for 2 unknowns

Assume Ohmic region

Ids = kn

Vgs − Vth −

Vds

2

Vds

Ids = 0.19895 − 2 −
Vds

2

Vds

The circuit gives the second equation

Vds = 3 − 148.3Ids

Vds = { 0.0337V,  6.0341V }

The one close to zero is the correct one:

Vds = 33.7mV

Ids = 20.002mA

Rds = Vds / Ids = 1.6854 Ohms
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Note:  Works for any load providing...

1.7 Ohms is small relative to the resistance of
what you're driving

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.
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Checking in CircuitLab

2N7000FS isn't an option in CircuitLab

Pick a MOSFET with kn close to 0.1989

- IRF830:  K_P = 2.00897 A/V2

Modify parameters to match

- K_P = kn = 0.1989 A/V2

- V_TO = Vth = 2V

Red LED isn't available.

Modify 1N4004: Vd = 2.0V @ 20mA

Vd = nVT ⋅ ln 
Id

Idss
+ 1

2.00V = n ⋅ 0.026V ⋅ ln 
20mA

7.69e−11A
+ 1

n = 3.97



Checking in CircuitLab

Calculated: 

Vds = 33.7mV

Ids = 20.00mA



T(on), T(off)

It also takes some time for the
MOSFET to turn on & off.

CGS = 20pF

CDS = 11pF

Charge through 148 Ohms

VDS = 5V ⋅ 1 − exp 
−t

RC





Discharge through 1.68 Ohms (Rds)

VDS = 5 ⋅ exp 
−t

RC



MOSFETs are fast relative to BJT
transistors.
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JFET:  Junction Field Effect Transistor
MOSFET:  Normally Open Switch

JFET: Normally Closed Switch

Same equations as a MOSFET

"on" when Vgs < Vth
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Bigger is Better
MOSFETs are inexpensive, fast, tolerate high voltages and high currents

max(Ids) = 8A and 500V

Rds(on) = 0.65 Ohms

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





Summary

MOSFET switches are actually really easy to
use

Off:  Vgs < Vth

On:   Vgn > Vth

The "on" resistance is usually very small

Can often ignore

The "on" current can be very large

1000A for some MOSFETs

Most switches used in industry are
MOSFETs

We avoid them in lab due to static electricity
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