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Slide 1 FET

FET’s (Field — Effect Transistors) are much like BJT’s (Bipolar Junction Transistors).

Similarities:
* Amplifiers
 Switching devices
 Impedance matching circuits

Differences:
» FET’s are voltage controlled devices whereas BJT’s are current controlled
devices.
« FET’s also have a higher input impedance, but BJT’s have higher gains.
* FET’s are less sensitive to temperature variations and because of there
construction they are more easily integrated on IC’s.
» FET’s are also generally more static sensitive than BJT’s.
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Slide 2 FET Types

 JFET ~ Junction Field-Effect Transistor
* MOSFET ~ Metal-Oxide Field-Effect Transistor
- D-MOSFET ~ Depletion MOSFET

- E-MOSFET ~ Enhancement MOSFET
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Slide 3 JFET Construction

There are two types of JFET’s: n-channel and p-channel.
The n-channel is more widely used.

Drain (D)
Ohmic
contacts n-channel
Gate (G)
o
Depletion Depletion
region region
Source (S)

There are three terminals: Drain (D) and Source (S) are connected to n-channel
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Slide 4 Basic Operation of JFET

JFET operation can be compared to a water spigot:

@ Drain

The source of water pressure — accumulated electrons at the negative pole of the applied
voltage from Drain to Source
The drain of water — electron deficiency (or holes) at the positive pole of the applied
voltage from Drain to Source.
The control of flow of water — Gate voltage that controls the width of the n-channel,
which in turn controls the flow of electrons in the
n-channel from source to drain.
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Slide 5 JFET Operating Characteristics

There are three basic operating conditions for a JFET:

A. Vs = 0, Vg increasing to some positive value
B. Vs <0, Vg at some positive value
C. \oltage-Controlled Resistor
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slide6  A. Vg =0, v, INCreasing to some positive value
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Three things happen when Vg = 0 and V5 Is 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 from p-gate.
* increasing the depletion region, decreases the size of the n-channel which
increases the resistance of the n-channel.
* But even though the n-channel resistance is increasing, the current (I) from
Source to Drain through the n-channel is increasing. This is because Vs is increasing.
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Slide 7 Pinch-off

+
Pinch-off

g—"—"lp P|— Vps = Vp

If V55 =0 and V5 is further increased to a more positive voltage, then the depletion zone
gets so large that it pinches off the n-channel. This suggests that the current in the n-
channel (I5) would drop to OA, but it does just the opposite: as Vg increases, so does I.
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Slide 8 Saturation

A I, i
Saturation level
VGS - 0 V
Increasing resistance due
to narrowing channel
n-channel resistance
0 Vp Vbs

At the pinch-off point:
« any further increase in Vs does not produce any increase in 5. Vg at
pinch-off is denoted as Vp.
« ID is at saturation or maximum. It is referred to as Ig.
 The ohmic value of the channel is at maximum.
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Slide 9 B. Vg <0, Vg at some positive value
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As V¢ becomes more negative the depletion region increases.
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Ip < lpss

Slide 10
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As V¢ becomes more negative:
o the JFET will pinch-off at a lower voltage (\Vp).

* | decreases (I < lpgs) even though Vg is increased.
* Eventually 15, will reach OA. Vg at this point is called Vp or Vg -
« Also note that at high levels of Vs the JFET reaches a breakdown situation.

ID will increases uncontrollably if Vs> Vpsmax:
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C. Voltage-Controlled Resistor

Slide 11
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The region to the left of the pinch-off point is called the ohmic region.
The JFET can be used as a variable resistor, where VGS controls the drain-source

resistance (rd). As Vg becomes more negative, the resistance (rd) increases.

lo
Md=
(1-Ves(, )2 [Formula 5.1]

Robert Boylestad Copyright ©2002 by Pearson Education, Inc.
Upper Saddle River, New Jersey 07458
All rights reserved.

Digital Electronics



Slide 12 p-Channel JFETS

¢ <= +
= Vpp
+ —
Vos =+ Vee

p-Channel JFET acts the same as the n-channel JFET, except the polarities and currents are
reversed.
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Slide 13 P-Channel JFET Characteristics

A I, (mA)
7 -
Vos=0V

6 L
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1 Ves J/,,VGS =+5V
| | I | =
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As VGS increases more positively:
* the depletion zone increases
* | decreases (I < lpss)
« eventually I = 0A

Also note that at high levels of VDS the JFET reaches a breakdown situation. ID increases
uncontrollably if Vps > Ve
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Slide 15 Transfer Characteristics

The transfer characteristic of input-to-output is not as straight forward in a JFET as it was
ina BJT.

In a BJT, B indicated the relationship between Ig (input) and I (output).

In a JFET, the relationship of V4 (input) and I, (output) is a little more complicated:

Vs

Ve

Io=lpss(1-—-)° [Formula 5.3]
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Slide 16 Transfer Curve

I, (mA) A A, (mA)
—{10 10

Vos=0V

Ves=-1V

Ves==-3V
VGS - — 4.:‘\’,

15 20 25 Vs

VigtV) =4 -8 3 = 0 0
ID: 0 mA, VGS = VP

From this graph it is easy to determine the value of I for a given value of V.

Robert Boylestad Copyright ©2002 by Pearson Education, Inc.
Digital Electronics Upper Saddle River, New Jersey 07458
All rights reserved.



Slide 17 Plotting the Transfer Curve

Using Ipss and Vp (Vgsofn) Values found in a specification sheet, the Transfer Curve can
be plotted using these 3 steps:

Vs

Step 1 b= IDSS(].—W)2
[Formula 5.3]
Solving for V5= 0V: lo= 'DSSK/GS:OV [Formula 5.4]
Step 2: o = loss(1 Vs, ,
o= loss( _W) [Formula 5.3]
Solving for Vs = Vp (Vgsef): h;:OA/,GS:VP [Formula 5.5]
Step 3:
: Vs, ,
Solving for Vg =0V to Vp: o= |DSS(1—7) [Formula 5.3]
P
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Specification Sheet (JFETS)

2N5457

CASE 29-04, STYLE
TO-92 (TO-226A4)

5

MAXIMUM RATINGS 1 Desin
Rating Symbol VYalue Unii

Drain-Source Voluge Vi 25 Vidc 3
Drain-Gate Voltage Voo 25 Ve o
Reverse Gate-Source Voltage Vo 25 Ve L 3 2 Source
Gate Cusrent Ig 10 mAdc E SFET
“Total Device Dissipation @ T, = 25°C Pp 310 m 5

Derate shove 25°C 282 mWrC GENERAL PURPOSE
Junction Temperature Range Ty 123 C N-CHANNEL—DEPLETION
Siorage Channel Temperature Range Tug ~65 1o =150 0

ELECTRICAL CHARACTERISTICS (T, = 25'C unless otherwise noted)

Refer 1o ZN4220 for graphs.

[ Characteristic | Symbot [ win [ Tym Max | Unit
OFF CHARACTERISTICS
Gate-Source Breakdown Voltage Vinmass 25 Ve
(lg= =10 pAdc, Vg =10}
Gate Reverse Current Vs g
(Vgs ==15 Vde, ¥pg =0} - - -1.0
(Vg = =15 Ve, ¥oe =0, T, = 100°C) - - _a00
Gate Source Cutaff Voltage Voagem Ve
(Vipg = 15 Wdc, 1, = 10 nAdc) AN5457 -0.5 - =i
Gate Source Voliage Vs Ve
(Vs = 15 Vde, Iy, = 100 pAdc) 25487 25 -
ON CHARACTERISTICS
Fem-Gase-Voluge Drain Curment® Ipss made
(Vg =15 Vde, Vgg =00 INS4ST 1.0 0 50
SMALL-SIGNAL CHARACTERISTICS
Forward Transfer Admirance Common Source® 1¥ul prmhie
(Wps =15 Ve, Vg =0, 1= 1.0 kHz) ANSAST 1000 - SO0
Dutpist Adminance Common Source® 1¥ael jpemhos
Vs = 15 Ve, Vgs =0, = 1.0kHz) = 10 50
Capacitance Cuy nF
Vs = 15 Ve, Vs =0, = 1.0 MHz) - 45 70
Reverse Transfer Capacilance Cra pF
{Vps = 15 Ve, Vgg =0, = 1.0 MHz) 1.5 30

*Pulic Tear Palse Width < 630 ma; Dty Cyole S M
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slide19 Case Construction and Terminal Identification

2N2844

CASE 22-03, STYLE 12
TO-18 (TO-206AA)

1 Source

JFETSs

GENERAL PURPOSE
P-CHANNEL

This information is also available on the specification sheet.
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Slide 20 Testing JFET

a. Curve Tracer — This will display the ID versus VDS graph for various levels of VGS.

b. Specialized FET Testers — These will indicate IDSS for JFETSs.
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Slide 21 MOSFETs

MOSFETs have characteristics similar to JFETs and additional characteristics that make
then very useful.

There are 2 types:
* Depletion-Type MOSFET
* Enhancement-Type MOSFET
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Slide 22 Depletion-Type MOSFET Construction

(Drain)
D ;
5i0, n-channel
/
n
Metal contacts /
(Gate)\ Substrate
G /| p SS
h Substrate
n
A\
S \ n-doped
regions

(Source)
The Drain (D) and Source (S) connect to the to n-doped regions. These N-doped regions
are connected via an n-channel. This n-channel is connected to the Gate (G) via a thin
insulating layer of SiO,. The n-doped material lies on a p-doped substrate that may have an
additional terminal connection called SS.
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Slide 23

Basic Operation

A Depletion MOSFET can operate in two modes: Depletion or Enhancement mode.

A1, (mA) /),
. Vie=+1V
Depletion 10.9 GY=
mode Enhancement
mode
—————— Ipss — —— Vos =0V
Vog =—1V
_______ Ipss
N Vgs==2 V
_______ Inss Vo VEP =-3V
4 —4V
T " = A
-6 =5 =4 =3 —2\—1 of 1 Vg 0 Voo

Robert Boylestad
Digital Electronics

Copyright ©2002 by Pearson Education, Inc.
Upper Saddle River, New Jersey 07458
All rights reserved.



Slide 24

Depletion-type MOSFET in Depletion Mode

Al (mA) A,
) . | Vie=+1V
Depletion 109 =
mode Enhancement
mode
————— Ipss — —— Vs =0V
Vgg=-1V
————— Ipss
_____ Ipss A '%P =-3V
& _4V
T " = .
wf =5 = =3 —2\—1 0 Vi 0 F

Depletion mode

The characteristics are similar to the JFET.

The formula used to plot the Transfer Curve still applies:

Robert Boylestad
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Vas

Io=lpss(1-—)?
o= lbss( VP)

[Formula 5.3]
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slide 25 Depletion-type MOSFET in Enhancement Mode

A1, (mA) | WIS
. I S I Voe=+1V
Depletion 10.9 =
mode Enhancement
mode
—————— Ipss — —— Vos =0V
Vog =—1V
_______ I'pss
Ipss Vor= VP =-3V
——————— == 2
4 -4V
T " =y
wfyoif il 3 —2\—1 o 1 Vg 0 / Vi
Vp vh 0.3V Vgs=Vp=-6V
2

Enhancement mode
Vs > 0V, 1 increases above 1546
The formula used to plot the

: : V
Transfer Curve still applies: lo=loss(1-—=)* [Formula 5.3]
. .. - P
(note that VGS is now a positive polarity)
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Slide 26 p-Channel Depletion-Type MOSFET

I (mA) h [, (mA)

9 9 -

8 8 Vos=-1V

7 7

6 6 Vos=0Y

5 5

i p V=41V

3 3 Vos=+2V

l 2

2 < Vog=+3V

! | Vs =+ V

Vgs=+ V
5 6 Voo v
v, G Vig=Vp=46V os
(a) (b) (c)

The p-channel Depletion-type MOSFET is similar to the n-channel except that the voltage
polarities and current directions are reversed.
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Slide 27 Symbols

n-channel p-channel

D I“
(0]
G JI<—<=SS : IF_QSS
O
b
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Specification Sheet

2N37Y7
CASE 2203, STYLE 2
TO- 18 (TO-206AA)
3 Dynin
MAXIMUM RATINGS
Rating Symbad | Walue | Unit o
IDenin-Sousve Voluge Vos e
MW7 0 W
1 Somrce
Gale-Source Yoltage Vi 10 Wil
Iesin Current I 0 mAd MOSFETs
Todal Devioe Ty = 25°C M 00 mW
Disipeicn | et LOW POWER AUDIO
Bunction Tepersture Range T +IT8 S N-UHANNEL - DEFLETION
Sioeuge Channel T Rangn L™ ~45 1 B b
ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise roted)
B Characteristic [ symbat | M | Typ | Max | Uni |
OFF CHARACTERISTICS
[esiin Source Breakderwn Voluge R _ N Ve
(Vg = -TA0 V. = S0 pA) INFTH 3 b-]
e Reverss Current (1) lezes PAk
g = =10V, Vg = 00 (K]
(Vg =10V, Vg = 0, Ty= 150°C) - 200
Gty Sousce Catoll Voltige Vi Vo
g =20 A Vs = V) EEE ] - 40 | -0
Desiin-Gate Reverse Current 1) hooiy 10 | phde
Vo= 10V, Iy
ON CHARACTERISTICS
10 -
(Vo = 10V, Vs =) B A s o
MY, Vg =+E5
- 0 =
L = 1! e i) 940 (L] 1%
SMALL-SIGNAL CHARACTERISTICS
Forward Transfer Admisiance | ¥ul pmhos
oy 10V, Yggm 0, = 1.0 kHzh
W7 ison | 2300 | 3000
(Vg = 10V, Vgg =10, [ = 1.0 MHZ)
PR EL Ll
Admitance | Yol o
(lpg = 10V, ¥ gg= 0, = 1.0 KkHz)
o o W n o
Input Capacitance Com pF
= Vg = = L0
(Vs = 10V, Vgg =0, = 1.0 MHz2) p— o -
Heverse Trsmsfer Capacitance Cou - ns 08 pF
(Vi = 10V, Vg = 0, (= 1.0 MHz)
FUNCTIONAL CHARAUTERISTICS

Niise Figure

(Vg = 10V, Vg =0, = 1.0 kHz, Rg = 3 mepohms)

‘N!-

| [*]-[*]

1) This value of curren includes boah the FET leakage cumeni s well as ibe leakage cument acsociaind with the tes) wcket and fixiuee
nder hest

when
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Slide 29 Enhancement-Type MOSFET Construction

Sio,

D n-doped
/ region
// / no-channel
n
Metallic
contacts
p _type S ubstratc
G substrate SS
n
\\
\ n-doped
S region

The Drain (D) and Source (S) connect to the to n-doped regions. These n-doped regions
are connected via an n-channel. The Gate (G) connects to the p-doped substrate via a thin
insulating layer of SiO,. There is no channel. The n-doped material lies on a p-doped
substrate that may have an additional terminal connection called SS.
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Slide 30 Basic Operation

The Enhancement-type MOSFET only operates in the enhancement mode.

Al;(mA) k1, (mA)
10 = ‘/};g =48V
Qi
8
7+ Vog=+1V¥
6 —
5 Vg =46V
4 —
i Vos=+3V
2 —
. Vos=+4 V
| e Vs =43V "
of 1 15 20 25 Vi
VGS = VT: 2 V
Vs IS always positive
As Vg increases, I increases
But if V4 IS kept constant and Vg is increased, then I saturates (Igs)
The saturation level, V5., IS reached.
Vo =Ves —Vs [Formula 5.12]
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Slide 31

To determine I given Vg

A

(=]

—_— N W e h O~ 00 WO

Transfer Curve

Vos=+8V

VGS =+7V

Vs =+6V

VGS:‘I'S v

Ves=+3V

o

ID :k(\/GS _VT)2

20 25
Vos=Vr=2V

SEAl

A

[Formula 5.13]

where V- = threshold voltage or voltage at which the MOSFET turns on.
k = constant found in the specification sheet
k can also be determined by using values at a specific point and the formula:

Vpsst Can also be calculated:

Robert Boylestad
Digital Electronics

|D(on)

B (Veson —Vr)?

VDsat :VGS _VT

[Formula 5.14]

[Formula 5.12]
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Slide 32 p-Channel Enhancement-Type MOSFETS

The p-channel Enhancement-type MOSFET is similar to the n-channel except that the
voltage polarities and current directions are reversed.

A (mA) Al (mA)
— 8 8 Vos=-6V
—7 7
— 6 6
-5 5
Vos=—>V
— 4 4
—3 3
—2 2 Yog=—4¥
1 | —
11;;&' =-3V
| | l | = vi -
-6 -5 -4 -3 =2 -] 0 v 0 Vv
GS EE: e DS
'|J'_"r g l'{'_r‘; = 'l.f-;— ==2V
(a) (b) (c)
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Slide 33 Symbols
n-channel

Kt

G f«<——o5SS
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Specification Sheet

MAXIMUM RATINGS

2IN4351

CASE 2003, STYLE 2
TO-72 (TO-206AF)

3 Dirain

Rating Symbal Valoe Unit
Drain-Source Voltage Vos 25 Ve .J
Drain-Gate Voltage Vi 30 Ve O [ Rl
Gate-Source Voltage® Vs 3 Ve Guie H
Dvain Current lo 20 mide B | 1 Source
e | 17 | awre MOSFET
Junction Temp Range T 175 ¢ SWITCHING
Storage Temperatare Range T | Bwan]| < N-CHANNEL - ENHANCEMENT

* Tearbem poscatials of £ T3 Vol will sl casne gasr-oside failers

ELECTRICAL CHARACTERISTICS (T, = 25°C unless otheraise noted. }

[ Characteristic [ symbot | wiin | Max | wvnmit |

OFF CHARACTERISTICS

Drain-Source Breakdown Vo W mRjpey 25 Vil
(lp =10 pA, Vg =0}

Fero-Gate-Yoltage Drain Current | P
(Ve = 10V, Vg =0) To=25°C - 10 nAdc

Ty= 130°C 2 10| pAde

Gabe Reverse Cament bss - 10 pAdc
(Vgg = # 15 Vdc, Vg =00

ON CHARACTERISTICS

Gate Threshold Voltage Vosmy | 10 5| v
(Vps = 10V, I = 10pA)

Drain-Source On-Vollage Voo Lo ¥
(Ip =2.0mA, ¥gs = 10V}

On-State: Drain Current [ 0 - mAde
(Vg = 10V, Vg = 10V)

SMALL-SIGNAL CHARACTERISTICS

Forward Transfer Admittance Iygl 1000 - b
Vs =10V, I = 2.0mA, 1 = LOkHz)

Input Capacilande Ciw - A0
(Vipg = 10V, Vgg =0, = 140 kHz)

Reverse Transfer Capacitance Cr - 1.3 pF
(Vg =0, Vg =0, = 140kHz)

Dirain-Substrate Capacilance Camt - 50 pF
(Vigm = 10V, [ = 180 kHz)

Drain-Source Resislance Ftsioa) - 300 ohms
(Vgs = 10V, I =0, = 1.0 kHz)

SWITCHING CHARACTERISTICS

Tum-On Delay (Fig. 5) [T = 45 ns

Rise Time (Fig. 6) :3 5 2":";’:::" Yios = 10 Vi, L 65 ns

fas =
Ture-CHY Delay (Fig. 7) i %ee Figure % Times Cirouil Delermaned) Loy - L] =
Fall Time (Fig. 8) 1] - 100 ns
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Slide 35 MOSFET Handling

MOSFETSs are very static sensitive. Because of the very thin SiO, layer between the
external terminals and the layers of the device, any small electrical discharge can stablish

an unwanted conduction.

Protection:
» Always transport in a static sensitive bag

 Always wear a static strap when handling MOSFETS

» Apply voltage limiting devices between the Gate and Source, such as back-to-
back Zeners to limit any transient voltage.
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Slide 36 VMOQOS

Source terminals
externally connected

D

VMOS — Vertical MOSFET increases the surface area of the device.

Advantage:
* This allows the device to handle higher currents by providing it more surface
area to dissipate the heat.
* VMOS:s also have faster switching times.
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Slide 37 CMOS

CMOS - Complementary MOSFET p-channel and n-channel MOSFET on the same

substrate. "
1|
Voo
S8 G, T\ G, _
S D, D, Si
< Si0;
n+ p+ | P p+ nt | 0 n+ p+
When "on" When "on"
J J P
Y Y
p-channel MOSFET n-channel MOSFET
n-type substrate
Advantage:

 Useful in logic circuit designs
 Higher input impedance
» Faster switching speeds
 Lower operating power levels
Copyright ©2002 by Pearson Education, Inc.
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Slide 38 Summary Table

!G.—.OAJD=;S I'pt

I
f.f AARY
I I DSS

|
|
|
|
|
|
|
|
Ip = Ipsg 1--) |
1

[G=0A‘!D:JS

o q
Vi
(c;;_l q Ipen) Ipiony

Vesom | [T ————

Ip=k( Gs— Vs m)?

F= ".')(on) -
 Wigsiai— Vsl 0 Vesm Ve Vos
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