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Let's Recall!

eSemiconductor basics - n-type and p-type materials and
charge carriers (electrons and holes).

*PN junction diode - depletion region, forward bias and
reverse bias operation.

eCurrent flow in semiconductors - movement of electrons and
holes under applied voltage.

*BJT-Working Principle and Types.
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eIntroduction to JFET (Junction Field Effect Transistor)

eConstruction and Structure of JFET

eTypes of JFET — N-Channel and P-Channel

eWorking Principle of JFET S
ePinch-Off Voltage and Channel Control 1
eRegions of Operation (Ohmic, Saturation, Cutoff) = —
eDrain Characteristics of JFET

S

eTransfer Characteristics of JFET
eAdvantages of JFET (High Input Impedance, Low Noise)
eApplications of JFET (Amplifiers, Switches, Buffer Circuits)
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Why tO S tu dy ] F E T ?DT-Empathize JM*”

The Problem: BJT Limitations ~ The Solution: JFET
Standard Bipolar Junction Transistors (BJTs) ~ Voltage-Controlled operation driven entirely
are current-controlled. - byan electric field.

© Low Input Impedance .
© Signal Loading Effect Ny,

© Base Current Requirement /yk

J

]
:

@ Infinite Input Impedance . . |
(Typically > 1019 Q) !

@ Zero Gate Current J\/\ V/ , - -

@ Preserves Weak Signals \\K\ ' /l

Draws current from the source, The gate junction is reverse-

distorting delicate signals like biased, ensuring minimal loading
human heartbeats. ~ondriving circuits.
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Wh at iS IF E T DT-DEFINE > Hm

Drain

*JFET is a three-terminal semiconductor device consisting of

Gate, Source, and Drain. N

= n-type
t [ depletion layer
1 p-type

It is a voltage-controlled device, where the gate voltage

Gate

controls the current flow in the channel. R
*JFET is a unipolar device, meaning current conduction occurs
due to only one type of charge carrier (electrons or holes). Source

eIt controls current through a semiconductor channel using an Symb(’l “

Controls current flow

electric field. via electric field

Entry point of charge
carriers

D Exit point of charge
carriers
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eThe gate is reverse biased, resulting in very high input

impedance and nearly zero gate current.



Types of JFET

Source (S): Entry point of charge carriers. Drain (D): Exit point of charge carriers. Gate (G): Heavily doped PN junction
controlling the channel.

| Drain (D) I Drain (D)
Gate(G) N Gate(G) ) .
=T # [crome| # I T o |

| Source (S) | Source (S)

Structure of N-Channel JFET Structure of P-Channel JFET

N-Channel JFET P-Channel JFET

- Channel is N-type semiconductor - Channel is P-type semiconductor

- Majority carriers: Electrons - Majority carriers: Holes
- Controlled by a negative gate voltage - Controlled by a positive gate voltage
- Higher mobility, highly efficient
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Working of JFET

« Step 1— No Bias (Vgs=0)
When V5 = 0 and a small V¢ is applied, maximum drain current (ly5s) flows from
Drain to Source. The depletion region is very small, allowing full channel
conduction.

« Step 2 — Negative Gate Voltage Applied (Vg <0)
A negative voltage at the Gate reverse-biases the PN junction, causing the
depletion region to widen. This "squeezes" the channel, increasing its resistance
and reducing drain current (lp).

« Step 3 — Pinch-Off (Vgg = Vp)
When V4¢ reaches the Pinch-Off Voltage (Vp), the depletion regions meet at the
center of the channel — the channel is completely blocked and I — 0. This is the

Cut-off region.
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Working of JFET

Step 1: Zero Bias (Vs = 0V)

Drain (D)
0

|DSS
o C——

—

=

Gate (G) Gate (G)

IDSS

\4

o)
Source (S)

The channel is wide open.
Maximum drain current (I, flows
from Drain to Source.

J

Step 2: Negative Bias (V< 0)

Drain (D)

Gate (G) Gate (G)

\
- —— -

oY

Sour;e (S)

Reverse-bias widens the depletion
zone. The channel narrows,
resistance increases, and current

\__drops.

(WIS DB i TR R

-

/
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Step 3: Pinch-Off (V= V,)

Drain (D)
lp= 0

Gate (G)

V Gate (G)
p P
N

=

Source (S)

Depletion regions merge
completely. The channel is fully
blocked and current stops (I, = 0).

N

J
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Regions of Operation

Sla £ o

Ohmic (Linear) Saturation (Active) Cut-Off Region
Region Region
* Condition: Vgg = 0 (or e Condition: Vpg > [Vis -  Condition: Vgs < Vp
low), low Vps Vp| « Behavior: Channel is
 Behavior: Device acts as  Behavior: Drain current completely pinched off.
a voltage-controlled (Ip) is constant, Current is zero. Device
resistor. Current rises independent of Vpg. The acts as an open switch.
linearly with voltage. ideal region for signal
amplification.
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Output Characteristics: The Drain Curve

Mapping the precise relationship between voltage and current across operating regions.

150

120

o
o

N
o

Drain Current, I (mA)

N
o

0 =] -40 25 60 85 100
Drain-Source Voltage, V¢ (V)
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Output characteristics of JFET

Terminologies involved in output characteristics of JFET:

eSaturation region: In this region, the JFET operates with low V 4, and
the current is constant. The current is controlled by the gate source voltage (V).

eOhmic region: JFET becomes an ohmic region with increasing VDS. The drain
current increases with V ;...

ePinched off region: By increasing the V|, it can lead to a pinch of region; in this

region, the channel narrows and the drain current becomes independent of the
VDS-

Breakdown Region: As the voltage of drain source becomes very high then the
JFET channels gets breakdown and current flows in an uncontrolled manner.
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https://www.geeksforgeeks.org/physics/electric-current/

-~
\

il
CLLEFITUTIONS

Transfer Characteristics & Shockley’s Equation

The mathematical heart of the device.

I ~Vas =0V, Ip=1Ipgs
DSS .

Ip = Ings % (1 - Vigo/Vp)’

I, (mA)

e I, :Actualdrain current

¢ Iss : Maximum saturation current (when V¢ = 0)

Vs = Ve _ .
I,=0 * V, :Pinch-off voltage (channel is fully depleted)
0 , < * Vs : Gate-to-Source voltage (the control input)
Ve

Ves (V)
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Transfer characteristics of a JFET

The transfer characteristics of a JFET plotted between the drain current (Id)
and drain source voltage (V4).

e [t can be determined by keeping the V ;. constant and drain current can be
observed by changing the gate source voltage. So we can observe that when the
gate source voltage Vgs is increased, the drain current Id decreases.

eWhen the drain source voltage is constant, it can be observed that the value of
the drain current varies inversely with respect to the gate source voltage.

eThe above transfer characteristics curve of JFET is described below; it can be
observed that the value of drain current varies inversely with respect to gate-
source voltage (V) when the drain-source voltage is constant.
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The Vitals: Key Electrical Parameters

LT FITUTIONS

r

Ibss "'#Jl‘

Zero Gate-Bias
Drain Current

Defines the absolute
maximum channel

V., =i
=
Pinch-off
Voltage

The threshold where
the channel completely

dm ¢

Transconductance

The voltage-to-current
gain (dl, / dV). Peaks

~
SUPERPOWER

rRi

Input
Impedance

The JFET's superpower.
The AC resistance

conduction. closes. at Vs = 0. looking into the gate.
Typical range: r Typical range: —@— Typical values: ' Typically > 100 kQ
1-100 mA. 4 Vto-10v. —@— | | 1000-10000ps. K (often > 10°9 Q).
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Trade Off’s

High Input
Impedance

I& Lower Gain

@ ESD Sensitivity
O:Q
AN

Low Noise
Figure

Simple VVoltage
Biasing Limited

Availability

Low Power
Consumption

Gate Leakage
f:o Current

Good Thermal

V<R E

Stability [@ Higher Cost
& S
L J
Advantages Disadvantages
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Voltage
Regulators

Maintain stable DC
output voltages
under varying loads.

Oscillators

Control frequency in
RC and LC circuits
for stable
waveforms.

Buffer
Amplifiers

Provide impedance
transformation
without gain in

source-follower
configurations.

02-04-2026

Applications Of]FET DT-IDEATE

¥

Sample-and-
Hold Circuits

Employed in ADCs to
sample and hold
analog signals.

-GD-

Electronic
Switches

Used in RF and logic
control circuits for
high-frequency
switching.

High-
Impedance

Ideal for high-

Low-Noise
Amplifiers

Used in audio and
precision
instrumentation for
signal integrity.
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Preamplifiers

impedance sensors
like accelerometers.
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Summary  terssummas

Workin Principle
& o e

Electric field controls channel
width, regulating current.

T es
@ YP

N-channel (electrons) and P-
channel (holes) JFETs.

Operatin Regions
L oo

Ohmic, Saturation, Cut-Off,
and Breakdown regions.

SJFET

Voltage-controlled
semiconductor device
controlling current flow.

- Characteristics

Drain and Transfer
characteristics show JFET
behavior.

Configurations
- o

Common Source, Comrmon
Gate, and Common Drain
configurations.

Advantages
o o

High input impedance, low
noise, energy efficiency.

Disadvantages

Lower gain, ESD sensitivity,
higher cost.
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LS BINA

ehttps://www.electronics-tutorials.ws/transistor/tran_5.html
ehttps://www.allaboutcircuits.com/textbook/semiconductors/chpt-5/junction-field-effect-transistors-jfet/
ehttps://www.tutorialspoint.com/electronic_devices/electronic_devices_jfet.htm
ehttps://www.elprocus.com/jfet-junction-field-effect-transistor/
ehttps://www.electronicshub.org/jfet-junction-field-effect-transistor/

ehttps://www.geeksforgeeks.org/junction-field-effect-transistor-jfet/
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PRI SDINA

Thank You
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