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Field Effect Transistors

What is FET?

In FET, a weak electrical 

signal coming through one 

electrode creates an electric 

field which controls the 

current flowing.

FET are smaller and more temperature stable than BJT and suited for IC applications.



FETs are voltage controlled devices.  BJTs are 

current controlled devices.

FETs have higher input impedance. BJTs have 

higher gain.

FETs are less sensitive to temperature variations 

and are better suited for integrated circuits

FETs are generally more static sensitive than 

BJTs.

Similarities: Amplifiers

Switching devices 

Impedance matching circuits

Differences:
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FETs vs. BJTs
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FET Family

FET

MOSFET

Depletion Enhancement

p-channel n-channel n-channel n-channel

JFET

Depletion

p-channel p-channel

CMOSJFET:  Junction FET

MOSFET:  Metal–Oxide–Semiconductor FET

D-MOSFET:  Depletion MOSFET

E-MOSFET:  Enhancement MOSFET



5

JFET construction.
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JFET schematic symbols.
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Summary: Varying VDS with VGS = 0V
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Summary: Varying VGS

JFET drain curves
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This graph shows 

the value of ID for 

a given value of 

VGS.
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JFET Transfer Curve
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where IDSS = saturation drain current
VP = pinch-off voltage (or VGS(off))
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BJT vs. JFET
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JFET

Specification Sheet
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Example

The partial datasheet for a 2N5459 JFET indicates that typically IDSS =  9 mA and 

VGS(off) = -8 V (maximum). Using these values, determine the drain current for

VGS = 0 V, -1 V, and -4 V.
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JFET Biasing Circuits

 Gate bias (Fixed bias) circuit

 Self bias circuit

 Voltage-divider bias circuit
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Gate Bias (Fixed bias)
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Self bias circuit.

0

GS G S

D S

D S

V V V

V I R

I R

= −

= −

= −

R
G

R
S

R
D

Load

0V

I
D
R

S

+V
DD



Basic Electronics, FETEL 202116

Voltage-divider bias.

R
1

R
2

R
D

R
S

R
L

+V
DD

Q
1

2

1 2

G DD

R
V V

R R
=

+

0

0

GS

D

S G GS
D

S S

G
D V

S

GS GI

V V V
I

R R

V
I

R

V V

=

=

−
= =

 =

 =



17

JFET Biasing:
Gate bias/Fixed Bias Configuration
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Example
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JFET Biasing: 
Self-Bias Configuration
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)( DSDDDDS RRIVV +−= SDS RIV =

SDGS RIV −=

2. Plot the transfer curve using IDSS and VP

(VP = |VGSoff| on spec sheets) and a few 

points such as VGS = VP / 4 and VGS = VP / 2 

etc. 

The Q-point is located where the first 

line intersects the transfer curve. Using 

the value of ID at the Q-point (IDQ):

1. Select a value of ID < IDSS and use the component value of RS to calculate 

VGS.  Plot the point identified by ID and VGS and draw a line from the origin of 

the axis to this point.

RDDDSDSD VVVVV −=+=
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JFET Biasing: 
Self-Bias Calculations

2

1 GS
D DSS

P

V
I I

V

 
= − 

 

Basic Electronics, FETEL 2021

Graphical calculations



21

Example
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IG = 0 A

ID responds to changes 

in VGS.
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JFET Biasing: 
Voltage-Divider Bias
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The Q-point is established by plotting a line that intersects the transfer 

curve.

21

2
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VG is equal to the voltage across 

divider resistor R2:

Using Kirchhoff’s Law:

SDGGS RIVV −=

23

JFET Biasing: 
Voltage-Divider Bias Calculations
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Plot the transfer curve by 

plotting IDSS, VP and the 

calculated values of ID

Plot the line that is defined 

by these two points:

VGS = VG, ID = 0 A

VGS = 0 V, ID = VG / RS

The Q-point is located where the line intersects the transfer 

curve
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JFET Biasing: 
Voltage-Divider Q-Point
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Using the value of ID at the Q-point, solve for the other 

values in the voltage-divider bias circuit:

SDS
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SDDDDDS

RIV
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+−= )(
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JFET Biasing: 
Voltage-Divider Bias Calculations
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Example

Determining the Q-point
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JFET Amplifiers
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JFET amplifier:
FET Small-Signal Model

Transconductance:  The ratio of a change in ID to the 

corresponding change in VGS

• Transconductance is denoted gm and given by:
GS
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For VGS = 0 V
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JFET amplifier:
Mathematical Definitions of gm

FET AC Equivalent Circuit

Basic Electronics, FETEL 2021



Ω =iZ

Input impedance:

Output Impedance:

os

do
y

rZ
1

== constant  VGS ==

D

DS
d

ΔI

ΔV
rwhere

yos= admittance parameter listed on FET spec sheets
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JFET amplifier:
FET Impedance
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This is a common-source amplifier 

configuration, so the input is applied 

to the gate and the output is taken 

from the drain.

There is a 180 phase shift 

between input and output.
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JFET amplifier:
Common-Source (CS) Self-Bias
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Gi RZ =

Ddo ||RrZ =

   
Rr

Do
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10



Input impedance:

Output impedance:

)( Ddmv ||RrgA −=

Dd Rr
Dmv RgA

10
−=

Voltage gain:

JFET amplifier:
Common-Source (CS) Self-Bias Calculation
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Removing Cs affects 

the gain of the circuit.
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JFET amplifier:
Common-Source (CS) Self-Bias Calculation, without CS
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JFET amplifier:
Common-Source (CS) Self-Bias Calculation, without CS
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This is a common-source 

amplifier configuration, so the 

input is applied to the gate and 

the output is taken from the 

drain.
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JFET amplifier:
Common-Source (CS)  Voltage-Divider Bias
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Impedances
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Voltage gain:
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JFET amplifier:
Common-Source (CS)  Voltage-Divider Bias
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JFET amplifier
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Admittance is defined as 

where

Y is the admittance, measured in siemens, Dẫn nạp
Z is the impedance, measured in ohms

here 

Y is the admittance, measured in siemens. 

G is the conductance, measured in siemens. Độ dẫn

B is the susceptance, measured in siemens. Điện nạp
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https://en.wikipedia.org/wiki/Siemens_(unit)
https://en.wikipedia.org/wiki/Electrical_impedance
https://en.wikipedia.org/wiki/Ohm_(unit)
https://en.wikipedia.org/wiki/Electrical_conductance
https://en.wikipedia.org/wiki/Susceptance

