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FETs vs. BJTs

Similarities:
« Amplifiers
« Switching devices
« Impedance matching circuits

Differences:
« FETs are voltage controlled devices.
« BJTs are current controlled devices.
« FETs have a higher input impedance.
« BJTs have higher gains.
« FETs are less sensitive to temperature variatiorsnd are more easily
integrated on ICs.
« FETs are generally more static sensitive than BET

FET Types

«JFET: Junction FET
*MOSFET: Metal-Oxide—Semiconductor FET

=*D-MOSFET: Depletion MOSFET
=E-MOSFET: Enhancement MOSFET

JFET Construction

There are two types of JFETs ¢ Drain (D)

Ohmic

contacts n-channel

n-iheamme|
p-ciimammel|

The n-channel is more widely used.
Gate (G)

Depletion
region

Depletion
region

© Source ()
There are three terminals:

*Drain (D) and Smunw(S) are connected to the-channel
«Gate(G) is connected to thep-type material

JFET Operation: The Basic Idea

JFET operation can be compared to a water spigot.

The sourceof water pressure is the
accumulation of electrons at the
negative pole of the drain-source
voltage.

Gate
The drainof water is the electron
deficiency (or holes) at the positive /I

Source

pole of the applied voltage.

The control of flow of water is the

gate voltage that controls the width @ .
of the n-channel and, therefore, the Drain
flow of charges from source to

drain.

JFET Operating Characteristics

There are three basic operating conditions for a JFET:

* Vgs=0, Vpgincreasing to some positive value
* Vgs<0, Vpg at some positive value
+ \oltage-controlled resistor
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JFET Operating Characteristics: Vgg=0V

Three things happen when s = 0 and Vpsis increased from 0 to a more positive

voltage
« The depletion region between p-gate
and n-channel increases as electrons ,){ +
from n-channel combine with holes Depletion ar-channel
from p-gate. Tegion.

+ Increasing the depletion region,
decreases the size of the n-channel g
which increases the resistance of the
n-channel.

Vi

=0V

Vos

+ Even though the n-channel resistance
is increasing, the current (b) from -
source to drain through the n-
channel is increasing. This is because
Vpsis increasing. =

JFET Operating Characteristics: Pinch Off

IfV gs=0and Vpsis further D
increased to a more positive voltage,
then the depletion zone gets so large
that it pinches offthe n-channel.

¥
Pinch-off

J Vis=Ve

This suggests that the current in the
n-channel (I) would drop to 0A,

but it does just the opposite—as Vs
increases, so doeg!

JFET Operating Characteristics: Saturation

. . 1
At the pinch-off point: & | 3
toss == Saturation level
) . Vos=0V
«  Any further increase in Vg does not : A =
: B creasing resistance due
p_roduce any increase in b Vgsat i to narrowing ol
pinch-off is denoted a3/ . |
|
« lpis at saturation or maximum. Itis \
referred to asl pgg i —
« The ohmic value of the channel is 1
maximum. 0 Ve Vos

JFET Operating Characteristics

As Vg becomes more negative, the
depletion region increases.

Ip=0A
¢ T

Vas >0V

JFET Operating Characteristics

As Vg becomes more negative: I (mA)

|/ Locusof pinclvoffvlues

(E—
‘Saturation Region

* The JFET experiences
pinch-off at a lower voltage
(Ve).

* Ipdecreases (d < Ipsd even
though Vpgis increased.

="

« Eventually I reaches 0 A. / i, 1 2

Vgsat this point is called \, 0| s o %3 % =2 Tos (V)

Y (for Vg =0V)

or V gs(offy-

Also note that at high levels of sthe JFET reaches a breakdown situation.g
increases uncontrollably if Vs> Vpgmae

JFET Operating Characteristics:
Voltage-Controlled Resistor

The region to the left of the Iy MA)  Locusofpnchof values
pinch-off point is called the s :/_,
. - Ohmic ‘Saturation Region
ohmic region. Iyss 8 T:gmn | Vas=0V

The JFET can be used as a
variable resistor, where ;5
controls the drain-source :

resistance (). As Vgsbecomes My /”v T T

more negative, the resistance 1
(rg) increases. ' M\
(W Il

t

[l
7
I
I
iy

1T _S(

6 T

T
o

| av=y,
ro of i 10 15 20 25 Vos (V)
T Vy(for Vg =0 V)
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p-Channel JFETS

The p-channel JFET behaves the

same as then-channel JFET,

except the voltage polarities and §
current directions are reversed

Voo

p-Channel JFET Characteristics

As Vggincreases more positively

« The depletion zone

! Breakdown
increases region
* Ipdecreases @ < lps9
« Eventually Ipb=0A 45V
1
25 s

Also note that at high levels of ysthe JFET reaches a breakdown situation: 4
increases uncontrollably if Vs> Vpsmae

N-Channel JFET Symbol

JFET Transfer Characteristics

The transfer characteristic of input-to-output is not as straightforward in
aJFETasitisinaBJT.

Ina BJT, Bindicates the relationship betweend (input) and | (output).

In a JFET, the relationship of Vs (input) and |5 (output) is a little more
complicated:

2
v

I p =1psg{1—22
Ve

JFET Transfer Curve

This graph shows the
value of I, for a
given value of \jg.

Vs =0V

V=1V

Plotting the JFET Transfer Curve

Using Ipssand Vp (Vesory) values found in a specification sheet, the transf
curve can be plotted according to these three steps

Sepll

2
| 5= lpss| 1-YES.
Ve

Solving for Vgg= 0V Ip=lpss

2
1p=1 1_@
p=lps IV

Solving for Vs =V, (Vasm) o= 0A

SEp3
2
Solving for Vs =0Vto V, 1 p= |DSS[1-%]
N
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Electrical Characteristics

JFET Specifications Sheet

[ Crarscriic T

T
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Ge-Sourc Hreakdawn Vob Vamess | Vir
110 5 Ade, Vo= 0
T Reverse Curenn To i
(Vo =15 Vie. Yo =0) - - 10
(Von =213 Vi Yoa =0T, = 100°C) - - )
ot Soures CufT Voiage Vo I3
(Vos =15 Ve, I = 108AGe) iy 05 = a0
Gt Sowres Yolage Yoo Ve
Wiy =15 Vil Ty = 100 pAde) axsis 25
Valisge Drain Current® = e
(Vo= 15 Vi, Vou =0) 2557 10 a0 s0
Forward TransferAdmitance Comrion Sauree® il s
s = 15 Vi Yo fiih) s o S0
et )

Topot Capcitmnce
(Vo =15 Ve, Ves =0,= 10 MHz)

Reverss Tramfer Capacitance
(Vog™ 13 Y Vay =0.0= 1031z

[ —

JFET Specifications Sheet

Maximum Ratings

IN5457
CASE 2904, STYLES
TO92 (TO-226A4)
MAXIMUM RATINGS 1
Railng Symbol | Value | Uni
Tl Soune Volugs Vi v B
Drain-Gaie Volage Ve Vi 3
Revene Gae Souce Volage Ve |~ 2 Ve i1} -
G Curent o A F
Toul Devie Ditipaton @ T = 25C | Py 30 | oW JFETs
Dot e 24°C 2w | e | GENERAL PURPOSE
Jumction Temperature Range T 125 T N-CHANNEL—DEPLETION
Sorge Clannel Temperatize Range P T

R (0 IN4Z20 for graphs

more...

2N2844

TO-18 (TO-206AA)

CASE 22-03, STYLE 12

3 Drain
(Case)
2
Gate
g
1

1 Source
JFETs
GENERAL PURPOSE
P-CHANNEL

Case and Terminal ldentification

Testing JFETs

¢ Curve Tracer
A curve tracer displays the |, versus Vg graph for
various levels of \4g.

* Specialized FET Testers
These testers show pksfor the JFET under test.

MOSFETs

characteristics that make then very useful.
There are two types of MOSFETs:

« Depletion-Type
« Enhancement-Type

MOSFETSs have characteristics similar to JFETs and dditional

Depletion-Type MOSFET Constiructiomn

The Drain (D) and Smuna(S) rchannel
connect to the ton-doped regions.

Thesen-doped regions are

connected via am-channel. This Metal cnnuus/ ?
n-channel is connected to thé&aie (Gm)\ é Substrate
(G) via a thin insulating layer of % Sidme 7
SiO,. g

7

The n-doped material lies on -
doped substrate that may have an
additional terminal connection
called Substrate(SS).

N

ki nedoped
(Source) regions
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Basic MOSFET Operation

Adepletion-type MOSFET can operate in two modes:

+ Depletion mode
« Enhancement mode

D-Type MOSFET in Depletion Mode

Depletion 109
mode.

Depletion Mode

The characteristics
are similar to a JFET.

ip(mA) I
Depletion 109 Vis=+1V
mode |/, Enhancement
oo
Toss
5 g T %
- e « WhenVgs= 0V, Ip=lpss
E * WhenVgs< 0V, Ip<lpsg
5 o et ,é‘\,,‘ T T «  The formula used to plot the transfer
VoY oom curve still applies:
VesY
Fo=losg 12
25 26
D-Type MOSFET in Enhancement Mode p-Channel D-Type MOSHET
Enhancement Mode
. VQS> ov Ip(mA) K I (mA) Ly (mA}
* Ipincreases ab e
«  The formula ust i o
the transfer cur e "
applies: Y o5
2
- _Ves
'n-'ns{l Vp] Sl o ,%“
3 Iogs
- L !; 'El L 1
g B g w
SEFS
Note that Vg is now a positive polarity
27 28,
D-Type MOSFET Symbols Specification Sheet
Maximum Ratings
n-channel p-channel
D
2 IN3T97T
5 s MAXIMUM RATINGS i
Tl o | v | wan - |
e B N — N,
B P Gate-Sourcs Voltage = Vo AN Ve L iy
m;‘«t:mwmo'r C Iv: L MO
G G o Ll T l:" LOW POWER AUDIO
St Channe] Tu | wowedn|
s s
more...
29 30

Copyright 2000 N. AYDIN. All rights
reserved.



Specification Sheet

Electrical Characteristics

ELECTRICAL
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FUNCIIONAL CHARACTERISTICS

I I I I

e mesred o btk b scadiions. 31,

E-Type MOSFET Construction

The Draiin (D) and Smune(S) connect
to the ton-doped regions. These-
doped regions are connected via an-
channel

The Gatte(G) connects to thep-doped
substrate via a thin insulating layer of
Sio,

There is no channel

The n-doped material lies on gp-doped
substrate that may have an additional

terminal connection called the
Substrate(SS)

Metallic
contacts

Basic Operation of the ETygmeNULESHET

The enhancementyppd WIBHER ToppesiteDoiyyinrthieeahbaceemnmotele.

*  Vggis always positive

* AsVggincreases, §
increases

* AsVggis kept constant
and Vpgis increased,
then | saturates (bs9
and the saturation level,
Vpssat IS reached

E-Type MOSFET Transfer Curve

To determine I given Vgg:

I'b =k(Ves =Vr)?

Where
V; = threshold voltage
or voltage at which the
MOSFET turns on

k, a constant, can be determined by using

Vpssat €aN be calculated by:

values at a specific point and the formula:

I pon)y
k=— DN __
(Ves(on) =VT)

Vosat =Ves =V1

p-Channel E-Type MOSFETs

I (mA) Iy mA)

Thep-channel enhancementytypdDSSEE Tssisnifelatddibe-
channel, except that the voltage polarities and current ditions
are reversed.

MOSFET

n-channel
D

J
¢

s

Symbols

p-channel
D

£
=~

ﬁ_l;:lb

s
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Specification Sheet

Maximum Ratings

2N4351
CASE2003, STYLE2
T072.10.206A7)

Vi o 7S
i fIvs
Tl Do D 6Ty 25 e
e = e
o Teapear e T
S Tenprte e T [ Gwem]

more...

Specification Sheet

Electrical Characteristics

Chasric [yt [ o | e | ]

v 215 Vi Vs =01
e

37 38
Handling MOSFETs VMOS Devices
MOSFETs are very sensitive to static electricity. Bcause of the very thin
SiO, layer between the external terminals and the layersf the device, VMOS (vertical MOSFET)
any small electrical discharge can create an unwaetl conduction. increases the surface area of
the device. cxomly someted
Protection -5~ Ts-
Advantages
« Always transport in a static sensitive bag 502
* VMOS devices handle feciver
+ Always wear a static strap when handling MOSFETS higher currents by e
. providing more surface \ e )
+ Apply voltage limiting devices between the gate ansburce, such as area to dissipate the heat. e ZE Gubsiato)
back-to-back Zeners to limit any transient voltage. ‘Wides channel
* VMOS devices also have o+
faster switching times.
39 40
CMOS Devices Summary Table
CMOS (complementary Io=0 A=l
MOSFET) uses gp-channel P . o5
and n-channel MOSFET; L2
often on the same substrate as e (Y
shown here. N "
Advantages AR ¢ s
« Useful in logic circuit designs tomtons (1-522)
« Higher input impedance
« Faster switching speeds
« Lower operating power levels '“:“"_”{,,"
41 42|
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