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FETs vs. BJ1s

Similarities:
e Amplifiers
* Switching devices
e 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 variations and are more easily
integrated on ICs.
* FETs are generally more static sensitive than BJTs.

PEARSON

Electronic Devices and Circuit Theory, 10/e 2 Copyright ©2009 by Pearson Education, Inc.
Robert L. Boylestad and Louis Nashelsky Upper Saddle River, New Jersey 07458 « All rights reserved.



FET Types

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

*D-MOSFET: Depletion MOSFET
*"E-MOSFET: Enhancement MOSFET
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JFET Construction

There are two types of JFETs

en-channel
ep-channel

The n-channel is more widely used.

There are three terminals:

Drain (D)

Ohmic
contacts n-channel
\
Gaée G) I p n p
Depletion Depletion
region region

Source (S)

*Drain (D) and Source (S) are connected to the n-channel
*Gate (G) is connected to the p-type material
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JFET Operation: The Basic Idea

JFET operation can be compared to a water spigot.

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

Source

The drain of water is the electron
deficiency (or holes) at the positive !
pole of the applied voltage. ’

The control of flow of water is the
gate voltage that controls the width @ Drain
of the n-channel and, therefore, the

flow of charges from source to

drain.
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JFET Operating Characteristics

There are three basic operating conditions for a JFET:

* V=0, V4 increasing to some positive value
* V<0, Vg at some positive value
* Voltage-controlled resistor
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JFET Operating Characteristics: Voo =0V

Three things happen when V¢ =0 and V4 is increased from 0 to a more positive
voltage

 The depletion region between p-gate

and n-channel increases as electrons n
L L ’) +
from n-channel combine with holes Pepletion n-channel
from p-gate. mglon e/
 Increasing the depletion region, . i Az,
1 \ )5 -~ o
decreases the size of the n-channel 4 MA
which increases the resistance of the - t i
n-channel. Vs =0V
. - - S|, -
 Even though the n-channel resistance l 5,
is increasing, the current (I)) from _L
source to drain through the n- .
channel is increasing. This is because
Vps 1S Increasing.
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JFET Operating Characteristics: Pinch Off

If Vg = 0 and V4 is further increased to %,, "
a more positive voltage, then the g
depletion zone gets so large that it
pinches off the n-channel.

This suggests that the current in the n-
channel (I;) would drop to 0A, but it does Yas =0V
just the opposite—as V4 increases, so does -

I, .

-
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JFET Operating Characteristics: Saturation

At the pinch-off point:

* Any further increase in Vg does not
produce any increase in I;,. V¢ at
pinch-off is denoted as V ..

« I is at saturation or maximum. It is
referred to as I .

* The ohmic value of the channel is
maximum.

A L i
i | Saturation level
i 4
\ VGE — U V
[ Increasing resistance due
J to narrowing channel
|
I
N\
] n-channel resistance
I
I B
0 Ve

Vbs
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JFET Operating Characteristics

As V¢ becomes more negative, the
depletion region increases.
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JFET Operating Characteristics

As VGS becomes more negatlve: L1 (mA} 1 oeus of pinch-off values
—f— I —_—
. Ohmic | Satration Region
 The JFET experiences g oo | o——
Ld _I'|_ A 5B [ | [ E | I |} E {j‘s— 1
pinch-off at a lower voltage : 2 i 0 A A
F i | | | 1 |
(Vp)- P T T
T o o
ST 0 OO
* I decreases (I}, <I;qs) even 4 H—AA T H--
Q1 1A L1 | N .
though Vq is increased. ST T
i ._:J’ : I | | | 4 - :ﬂﬂ;:—z‘u"
N /AAnn I O O I I /P
* Eventually I, reaches 0 A. i ] ; ; I g
. . . : | | | | | | | | | _rrvﬁ.ﬁ-__-i:r_llnr'
Vs at this point is called V, 0 s 0 e 8 2% Vs (V)
Vollor V. =0V)

or V ;s ofp)

Also note that at high levels of V4 the JFET reaches a breakdown situation. I,
increases uncontrollably if Vi > V.-
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JFET Operating Characteristics:
Voltage-Controlled Resistor

The region to the left of the

Ay (mAY | aeus of pinch-off values

pinch-off point is called the s
. . Ohmic | Saturation Region

ohmic region. Region |

fnee BT T | Vas=0V

TSN !'L,.r | | | L

7 e : -
The JFET can be used as a A ‘f o N
variable resistor, where V ¢ s / _.,‘:_i._': 0 O I
X : { Voe=-1V
controls the drain-source A f-H*'_,. - i
g 1 1
i 7, |
resistance (ry). As V. becomes yyiwa : mam _
more negative, the resistance AT 1 Vos==2V
(r,) increases y R 0 N
d o s EE RSN T Yes=-4Y=%
fa = 2 0 5 10 15 20 25 Vg (V)
( _ VGS Vo (for V.. =0 V)
Vp
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p-Channel JFETS

The p-channel JFET behaves the
same as the n-channel JFET, i
L] L] e 'L_I'
except the voltage polarities and T
current directions are reversed.
=
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p-Channel JFET Characteristics

As V¢ increases more positively

 The depletion zone
increases

» I, decreases (I, <Iq)

« Eventually I, =0A

Breakdown
region

Vo
- Gs_+?‘lu’

-y

25 s
Also note that at high levels of V) the JFET reaches a breakdown situation: I,
increases uncontrollably if V¢ > V.-
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N-Channel JFET Symbol

o
B
Ip
Vbs
+
Ves
- 0
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JFET Transfer Characteristics

The transfer characteristic of input-to-output is not as straightforward in
aJFET as itis in a BJT.

In a BJT, B indicates the relationship between I; (input) and I (output).

In a JFET, the relationship of V¢ (input) and I, (output) is a little more

complicated:
2
In = Incc| 1-YGS
D DSS
A P
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JFET Transfer Curve

I imAd & b {p, (mA)

. V=DV
This graph shows the s
value of I, for a =
given value of V. 5 Mg =1 V
Vg =-2V
Vg ==3V
i 1 | i | | | sk 4;"
GsVi=4 =% =22 10 15 20 25 Vg
B Ip=0mA Vg =V,
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Plotting the JFET Transfer Curve

Using Ijgq and Vp (Vg o) values found in a specification sheet, the transfer
curve can be plotted according to these three steps:

Step 1
2
Ip=1Ipss ( - EJ
Vp
Solving for V=0V Ip = Ipgs
Step 2

2

Vas
Ip =Ipgg| 1- -85
D DSS( V)

P
Solving for Vg =V, (Visem) In = 0A

Step 3

2
Solving for Voo =0V to V|, Ip=1Ipgs (1 _ _‘;GS J
P
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JFET Specifications Sheet

Electrical Characteristics

ELECTRICAL CHARACTERISTICS (T, = 25"C unless otherwise noted)

| Characierisiic | Sombot | Min | Typ [ Max | v |

OFF CHARACTERISTICS

Gate-Source Breakdown Vollage Vinmass 35 Wile
g = =10 g Ade, Vg =10

Gare Beverse Carrem s nudc
(Wgg ==15 Wi, ¥z =) K - ~1.
(Vs = =15 Wik, Vg =1, T, = 100°C) - - 200

Giate Source Catoff Vollage Yosim ; Ve
(Vs = 13 ¥ide, [ = 10 nAdc) ANS45T =05 = =60

Gate Source Violtage Ve Vde
Vs = 15 Vide, 1y » 100 pAdc) INSAST 25 !

OM CHARACTERISTICS
Lero-Gae-Yoliage Drxin Conrent® I miude
(Vg = 15 Vide, Vg = 2NS457 1. 0 5.0

SMALL-SIGNAL CHARACTERISTICS

Forward Transfer Admiitance Common Sownce* |¥el pnthios
(¥ = 15 Wile, ¥Wgs =0, 1= LIVKHz) ANSAST L] - SOH

Ourpist Adminamee Comimon Source® 1%l pemthos
(Vg = 15 Ve, Vg =0, = LI KHz) - 1o A0

Capacilamoe Ci nF

(¥ = 15 Wde, Vg =0, 1= 10 MHz) == 4.5 .0

Beverse Transfer Capacilanos T pE
(¥ = 13 VWi, ¥gg =0, M= LOMHz) - 1.5 a0

"Pulae Tear Palse Wiith £ 60 ma: Dy Csche S F0%
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JFET Specifications Sheet

Maximum Ratings

2N35457
CASE 20-04, STYLE 5
TO2 (TO-226AA)
MAXIMUM RATINGS I Dewin
Ruling Symbaol Yalue Umit
Drain-Souree Yoltage Vs 25 Yide >
Drain-Gate Voltage Voo 2% Vile (ke
Reveree Giate-Souree Voltape Vi, -2 Ve 11 4 7 Sniree
Gate Current 1 10 mAde et
Toual Device Distipation @ T, = 5°C | Py 30 mW JFETs
Derate above 25°C 282 | mWre GENERAL PURPOSE

Jumetion Temperature Range T 125 C N-CHANNEL—DEPLETION
Siorage Channe] Tempesature Range Tug 65 10 +150 T

Buelir tn INGZ20 fur prajhs.

more...
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Case and Terminal Identification

2N2844

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

3 Drain
(Case)
2
Gate
32
1

1 Source
JFETs
GENERAL PURPOSE
P-CHANNEL
PEARSON Electronic Devices and Circuit Theory, 10/e 21 Copyright ©2009 by Pearson Education, Inc.
= Robert L. Boylestad and Louis Nashelsky Upper Saddle River, New Jersey 07458 « All rights reserved.




MOSFETs

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

There are two types of MOSFETs:

* Depletion-Type
« Enhancement-Type
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Depletion-Type MOSFET Construction

(Drain)
o §i0, n-channel
The Drain (D) and Source (S) connect
to the to n-doped regions. These n- n
doped regions are connected via an n- Metal cmms/
channel. This n-channel is connected to (Galc)\ / . Substrate
the Gate (G) via a thin insulating layer G | Substrate <
of SiO,.
The n-doped material lies on a p-doped "
substrate that may have an additional \
terminal connection called Substrate S :;g::,":,."
(SS).
Electronic Devices and Circuit Theory, 10/e 23 Copyright ©2009 by Pearson Education, Inc.
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Basic MOSFET Operation

A depletion-type MOSFET can operate in two modes:

* Depletion mode
e Enhancement mode

Al (mA) Ay,
Ve = v
Depletion 08 == Gs=*1
mode Enhancement
maode
—————— Ioss Vs =0V
Vas=-1V
Ioce
______ %“ Vgs=-2V
_______ Toss Voo = l?p =-3V
* -4V
=5V
";;\ / \"nx
Ves= V}-z -6V
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D-Type MOSFET in Depletion Mode

4ty (mA)

Depletion 10.9

muoide

mode

Depletion Mode

The characteristics are similar
to a JFET.

* When V=0V, I, = I W |
When V<0V, I, < "

The formula used to plot the transfer

D-MOSFET .

curve still applies:
2
Iy =1 ( Vﬁj
D =Ipss v
P =l

operating 1n D-mode operating in E-mode

25 Copyright ©2009 by Pearson Education, Inc.
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D-Type MOSFET in Enhancement Mode

& A (mA) Ly,
Enhancement Mode
Depletion e e
mode Enkancement
moie

* V>0V

* I, increases above I}

 The formula used to plot v
the transfer curvestit /|

applies:

D-MOSFET

¥

Note that Vg is now a positive polarity

+
Foo —

operating in E-mode

operating 1n D-mode

26 Copyright ©2009 by Pearson Education, Inc.
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p-Channel D-Type MOSFET

b [y (M) Ly (mA)

V. =4l ¥

(L)

V=42V
e R
=V
Vg =45V

AR o

‘;.'J.E 1
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D-Type MOSFET Symbols

n-channel p-channel
ol £
¢ | Iz—a sS E—I e
o8 S

| = D_%

o8
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Specification Sheet

Maximum Ratings

IN3T79T

CASE 22.00, STYLE 2
TO-1E (TO-20AM)

MANIMUM RATINGS
Hating Symhal | Value Unit “,“;_l%

Drsin—Sourre Volage Vs Ve -
Lt 8 T I Source

Galc-Sotrce Yoltage Yo Ml Ve
Desln Cusrent In 20 mAde MOSFETS
Tetal Device Dissipation @ Ty = 24°C Py i) mW.

e A i e LOW POWER AUDIO
Function Teesperature Range Iy +IT5 s S-CHANNEL - DEPLETION
Srwrage Channel Temperature Rango T —a5 i & Nl o

more...
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Specification Sheet

Electrical Characteristics

ELECTRICAL CHARACTERISTICS (T, = 250 unless alberume posed)

[ Characierisic

EEEETET

OFF CHARACTERISTICS

Dirwiin Sousve Brosudoan Viltage
(¥og =-TA Y, Ip= SAbjeAy

M

Vims

2y

Ciale Reverse Current (1)
(¥ ==Y, Ny = 10
(¥og = =10V, Vg =, T, = 150°C)

II'.I'lﬁ-

1.4

Uale Source Caoll YVaolage
{lp = 20 HA, Ve = 1Y)

27T

Vizuam

=70

Dyain-Gale Roverse Current il
Yoo = Y. Igaih

I

14

Ol CHARACTERISTICS

Hero-Giate-Woltagd Dinin Cemest
(Vs = 10V, Yz = 1)

18

:

{-S1ase Dvabn Curren
Vo = 10V, Vige = #3135 Y)

24r

:

SMALL-SIGNAL CHARACTERISTICS

Forward Transfer Admiziance
Wpm LW, Vgm0, 1 = 10 KbEr)

(Vg = 10V, Vs =1, F= 1.0 kH2)

NI

WY

1 54m}

e}

BEL L1

ymhis

Ehuepr Admimance
g = 10W, ¥ gg= i) Fe LOkHZ)

NI

pmhis

Input Capacilance
Vo = W0V, Vg = 0, F= LOMH2)

Rk

(1]

R

rF

Heverse Trander Capaciiance
(Wi = 10V, Vg = 0, (= 1.0 MIz)

ns

o

FURCTIONAL CHARAUTERISTICS

Mouse Figure
¥y = MY, Ve = 18 F= LOEHZ By = 3 megohims)

MNE

RE

il 13

11 This value af cutrent incluides Boah the FET leskape cumeni s well as the leakape curmem asscsated wilh the ie skt aml fialuee

when measured uncker beed aftzsnabis condilions.
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E-Type MOSFET Construction

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
Si0,

There is no channel

The n-doped material lies on a p-doped

substrate that may have an additional
terminal connection called the
Substrate (SS)

S0

D n-doped
/ region

no-channel

Metallic
contacts

Substrate
55

B-tvpe
Substrate

\\ n-doped

g region

PEARSON
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Basic Operation of the E-Type MOSFET

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

* Vg is always positive

o4y i (10A)
10 - Vs = +4 V
* As Vg increases, I T
increases g Vg 47V
* As Vg is kept constant it "
and V is increased, L Vas =45V
then I, saturates (Ij) i, R . ; et
and the saturation level, " ' 7 % Oom BN
Vpseat 1S reached
IV E{e] W Electronic Devices and Circuit Theory, 10/e 32 Copyright ©2009 by Pearson Education, Inc.
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E-Type MOSFET Transfer Curve

I (mA) LI, (mA)
. . . 10 Vas=+8V
To determine I, given V: oL
2 N
Ip =k(Vgs - V1)
L
51 Vs =46V
4=
Where: 3 Vi = 45V
V = threshold voltage T Ve
or voltage at which the e : e ——
MOSFET turns on ' Yos=Vr=2V
k, a constant, can be determined by using Vpseat €an be calculated by:
values at a specific point and the formula:
Vpsat = Vgs — V1
. Inoon
B 2
(Vgson) = VT)
Electronic Devices and Circuit Theory, 10/e 33 Copyright ©2009 by Pearson Education, Inc.
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p-Channel E-Type MOSFETs

uf”.ﬂm.n‘sl.]' JI.JI}E’“A]
g Vos=-0V
n =i
— 6
' =p Voe=—5V
Eﬁ P s =
Z
ﬁ
(o ’f/; n 59 —3
e - R
,ﬁ s Vg = =4 V
%
I 1! Vas==3V
" b 11| L - = -
. =6 =§ =4 =3 =3 -] 0 . ;
1 : 1'h.'~ 1-?—;_.;= 1.} =2V ii'ik"»

g

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

n-channel p-channel

iy b
G f«—oss G oSS

! 1,

LJ%D E_I%ﬂ
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Specification Sheet

Maximum Ratings

2N4351
CASE 20-03, STYLE 2
TO32{TO-26AF)
MAXIMUM RATINGS i
win
Rating Symbal Yaloe Unli
Drain-Source Vollage Vixg 5 Vil |J P
Drain-Giaie Yoliage Yy in Vil 2 fiey —.2.
Gute—Source Yolizpe® Vs 0 Vi e
Drmin Current lo 30 méde L | { Source
Total Devics Dissipation @ T, = 25'C o 100 mw i
Dernle sbove 25°C 1.7 mWrC MOSFET
Junction Temperzture Range T 175 LE SWITCHING
ST Tempersiare Fangs Tuy Sl o N-CHANNEL - ENHANCEMENT

* Tramiem povcaials of £ 73 Yol will nol comne paos-oxids failer

more...
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Specification Sheet

Electrical Characteristics

ELECTRICAL CHARACTERISTICS (T, = 25°C unless atheraize noted. )
Characteristic | symbd | Min | Max | umit |

OFF CHARACTERISTICS

Draii-Source Breakdown Vellage W iR T 5 - Yo
(g = 10 A, Vg = 09

Ferod(ate-Voltage Drain Curment Eh_“

(Wi = 0V, Vigg =0} Ty =15°C = [0 nade
Ty=150°0 - 11} jAdc

Gote Feverse Cament Tass - 10 pAdc
(Vg = & 15 Ve, Vg =10

ON CHARACTERISTICS

Gate Threshold Voltage Vs 1.0 5 Vo
(Wps = W0V, I = 100A)

Drain-Bource On-Vollage f e - 1.0 L
(I =2.0mA, Vs = 10V}

Cm-5ante Prain Current. Tpveey an - mAde

{Vos = 10V, Vi = 10 V)
SMALL-SIGNAL CHARACTERISTICS

Farward Transfer Admittznee ‘,_.'.r‘| 1K) il Hmby
(Vi = W0V, I = 20 mA T = LINEHE)

Input Capacilance Cl - 5.0 pF
(Ve = 1V, Vg =L T = 140 kHz)

Reverss Transfer Capacitance U - 1.3 pkF
(Vg =0, Vs =0,f = 140 kM)

[Irmin-Suhstrale Capacilanos Clinahy = 5.0 pF
(Vigmy = 10V, [ = 140 kHz)

Drain-Sodree Resislises e = 0 e
(¥gs =10V, Ip =0 = 1.0 kHe)

SWITCHING CHARACTERISTICS

Turm-0n Delay (Fig. 5) i = 45 s
be Tz P &8 i i k 6 | m
- Ge =
Turn MV Debay Fig- Th | e Fipune 8 Times Circuit Delermaned) laz = 0 L
Fall Time {Fig. 8 Ig - L11] ns
N (el Electronic Devices and Circuit Theory, 10/e 37 Copyright ©2009 by Pearson Education, Inc.
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Handling MOSFETs

MOSFETs are very sensitive to static electricity. Because of the very thin
Si0, layer between the external terminals and the layers of the device,
any small electrical discharge can create 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.

PEARSON Electronic Devices and Circuit Theory, 10/e 38 Copyright ©2009 by Pearson Education, Inc.
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VMOS Devices

VMOS (vertical MOSFET)
increases the surface area of , A

. Source terminals
the device. externally connected

Advantages

$i0,

e VMOS devices handle

higher currents by =777 of channel
providing more surface
L. z n+ (substrate)
area to dissipate the heat.
Wid;r channel
«  VMOS devices also have DI +

faster switching times.

Electronic Devices and Circuit Theory, 10/e 39 Copyright ©2009 by Pearson Education, Inc.
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CMOS Devices

500,

CMOS (complementary " .

MOSFET) uses a p-channel Ve A [ i =

and n-channel MOSFET; 1 o (7 { ;

often on the same substrate as | |

shown here. T | [ “‘ AN
Advantages EHER RN

e Useful in logic circuit designs
 Higher input impedance

« Faster switching speeds
 Lower operating power levels
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Summary Table

Ig=0A,lIp=Ig
D

Vas \
In=Ipee (1 =255
D Dﬂ( Ve

I6=0A, 1=
D
G
o—l Vp
2

§
In=1, 1-
D ms( A

Ipss

lg=0AIp=1I¢

I_T D
I Vi
G q 'Dllmi
§

Vasion

Ip=k( gs=Vgsam)®
pe= Ipomy - _
Vasion = Yos )

0 Ve S () V(.. (an) V(.‘S
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Common FET Biasing Circuits

JFET Biasing Circuits

* Fixed — Bias

* Self-Bias

* Voltage-Divider Bias
D-Type MOSFET Biasing Circuits

*Self-Bias
*Voltage-Divider Bias

E-Type MOSFET Biasing Circuits

*Feedback Configuration
*Voltage-Divider Bias
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Basic Current Relationships

For all FETs:

IG ~(0A
Ip=Ig

For JFETS and D-Type MOSFETs:

2
Ip = IDSS( ——VGSJ
Vp

For E-Type MOSFETs:

2
Ip =k(Vgs = V1)
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Fixed-Bias Configuration

Vps = Vpp —IpRp
Vg =0V

VC = VDS Iss
P
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Fixed-Bias Configuration

ol6V
A I, (mA)
§ 2kQ =10 mA
> D
b=~ Ip =5.6 MA
Vp=-8V %o
Ipgs =2.5mA
—
= ~Veg =-2V
PEARSON Electronic Devices and Circuit Theory, 10/e 45 Copyright ©2009 by Pearson Education, Inc.

23 = Robert L. Boylestad and Louis Nashelsky Upper Saddle River, New Jersey 07458 « All rights reserved.



Self-Bias Configuration
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Self-Bias Calculations

For the indicated loop, V¢ =-IpRg
To solve this equation:
* Select an I, <I,( and use the component value of
R to calculate V
* Plot the point identified by I, and V. Draw a
line from the origin of the axis to this point.
* Plot the transfer curve using I, and
Vp (Vp = Vg e 0 sSpecification sheets) and a few
points such as I, = I;)o/4 and I, = I;)o4/ 2 etc.

The Q-point is located where the first line
intersects the transfer curve. Use the value
of I, at the Q-point (Iy,) to solve for the

other voltages: .
G
VGS
Vbps = Vpp ~Ip(Rg +Rp) N -1*
Vg =IpRg R

i
1

Vp =Vps + Vs = Vpp — Vrp
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Self-Bias Configuration

I, (mA)
A I, (mA)
8 (Upss) 8
7 )
6 —6
5 —135
Device 4 a4
1’ 2 g EmA
T Q-point &A™~~~ »-~Ip,=20m
DSS
e —2 (—4—) | A% #
| —1 ! —1
| f
i N A T " S e
6 54 -3 21 [0 WM 6 5 4 32 -1 |0 VMW
Vi V; i
(V) (71’) Vasy=-26V
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Voltage-Divider Bias

oV,
DD
Rp

I, responds to changes in R,
Vs i o Vo

G,

—
G
g Ry =G
? —— L
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Voltage-Divider Bias Calculations

V. is equal to the voltage across
divider resistor R,:

? "I)I) ' VI)IJ ? l'.')H

Vg = R2Vpp
R
Rl + RZ §R1 RI g § D
. . 9 ‘ l”
Using Kirchhoff’s Law: L. E0A
G =2
v, - —
+
Ves = Ve —IpRg
e + Vos = ¢ ‘ I
R R Ve +
The Q point is established by plotting - 1§ "6 ‘
L . 7 R
a line that intersects the transfer - - b 3
curve. 4 L - |
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Voltage-Divider Q-point

Step 1

Plot the line by plotting two points:
*Ves=Veo Ip=0A

Step 2

Plot the transfer curve by plotting
Ipsss Vp and the calculated values
of I,

Step 3

The Q-point is located where the
line intersects the transfer curve
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Voltage-Divider Bias Calculations

Using the value of I, at the Q-point, solve for the other variables in the voltage-
divider bias circuit:

VDS — VDD _ID(RD +Rs)
VD = VDD _IDRD

Ve =1,Rq
Lot =Tny = VDD
R1 —*R2 —
Rl + R2
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Voltage-Divider Bias Calculations

°ofo0op
BN

o+16V

5 uF

L¥

-3 2y -1 |o 1 |2 3
Vosp=-18V Vo=182V
(Ip=0mA)
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D-Type MOSFET Bias Circuits

TISV

Depletion-type MOSFET bias -
circuits are similar to those §,,0MQ '
used to bias JFETs. The only I LV
difference is that depletion-type Toss e
MOSFETs can operate with Vio i | b
positive values of V¢ and with
I, values that exceed I . )

D DSS 3"’“9 750

54
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Self-Bias

Step 1
Plot line for

Vs = -IpRg

Step 2
Plot the transfer curve using I, Vp and
calculated values of I,

Step 3
The Q-point is located where the line
intersects the transfer curve. Use the I, at
the Q-point to solve for the other variables
in the voltage-divider bias circuit.

Ve Vgs =+0.35V

These are the same steps used to analyze JFET self-bias circuits.
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Self-Bias

A} I, (mA)
020V
§6.2 kQ
e
Vi o— ) ’ Vo= -3V
1 MQ 2.4kQ
= —3 -7 -6 =5 -4 -3 2 -] 01 2 Vs
P Vos. =43V
Gs, 3
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Voltage-Divider Bias

Step 1
Plot the line for
*Ves= Ve Ip=0A
Iy =V/Rg Vs =0V

Ip (mA)

Step 2
Plot the transfer curve using I, Vp and
calculated values of I,

Step 3
The Q-point is located where the line intersects
the transfer curve is. Use the I, at the Q-point
to solve for the other variables
in the voltage-divider bias circuit.

These are the same steps used to analyze
JFET voltage-divider bias circuits.
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Voltage-Divider Bias

i 18V A ID (mA)
1.8 kQ
g 110MQ
f——
| Ipss = 6mA
) | V.=-3V
Vi (>-————)r P -
é 10MQ 750 Q
= = Vas
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E-Type MOSFET Bias Circuits

i, (mA)

Ip,
The transfer characteristic for
the e-type MOSFET is very Ip =k (Vgs - Vgsay)?
different from that of a simple
JFET or the d-type MOSFET. i e

!n|

/ Vasim Vs, Vs, T’(;.s
Ip=0mA Vsion )
59
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Feedback Bias Circuit

Voo
I;=0A

Rp
Vrc=0V I ¥

L .

Vs = Vs Re g
Vs = Vop —IpRp Vio |- g’_l

s

60
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Feedback Bias Q-Point

Step 1
Plot the line using V
*Ves = Vpp Ip =0 A 2

i ID

Step 2
Using values from the specification In,
sheet, plot the transfer curve with
*“Vestno Ip=0A

*Vésony Ipon) 0 Voscm)

Step 3
The Q-point is located where the line
and the transfer curve intersect

Step 4
Using the value of I, at the Q-point,
solve for the other variables in the
bias circuit
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Feedback Bias Circuit

A ID‘_‘ mA

12
11
10

b

>
IS
(US B U U N © NS B o< IV o)

Ip =275mA - 2=
Dy m

k4

01 S e s
"7 8 9 10 11 12

Vos, =64V (Vbp)

{ s |
4 5 6

lll»
o
(o) ==
(9%}

Vas
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Voltage-Divider Biasing

Plot the line and the transfer curve to find the

Rp
Q-point. Use these equations:
D
G = R2Vpp
Rl + R )
Vgs = Vg —IpRg S
Vps = Vpp —Ip(Rg +Rp) )
S
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Voltage-Divider Bias Q-Point

Step 1
Plot the line using
*Ves = Ve =R, Vpp) /(R +Ry), [ =0 A
‘Ip =Ve/Rg, Vgs =0V

Step 2
Using values from the specification sheet, plot the transfer curve
with
*Vesm In=0A
'VGS(on) > Ipon)
Step 3
The point where the line and the transfer curve intersect is the Q-
point.
Step 4
Using the value of I, at the Q-point, solve for the other circuit
values.
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Voltage-Divider Biasing

T 40V
) A Ip(mA)
3kQ
30
22 MQ * Ipg,
D V
+  2N4351 G -21.95mA
: V, =5V N 20
Vi GS (Th)
g : I Ds [D(on)=3mA
- = at VGS (on) = 10 Vv
VGSQ - 09 10
18MQ§ IDQ56.7mA :
0.82 kQ ;
¥ l >
0 5 10 =" ¢ 15 b 20 25 Vox
= i
_-L VGS (Th) VGSQ = 12.5 V VG = 18 V
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p-Channel FETs

For p-channel FETs the same calculations and graphs are used,
except that the voltage polarities and current directions are reversed.

The graphs are mirror images of the n-channel graphs.
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Applications

Voltage-controlled resistor
JFET voltmeter
Timer network

Fiber optic circuitry
MOSFET relay driver
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Homework 4 (Chapter 6)

 Transfer Characteristics
- 63(11,12)
 Depletion-Type MOSFET

— 6.7(28)
 Enhancement-Type MOSFET
—  6.8(33,36)
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Homework 4 (Chapter 7)

 Fixed-biased

- 72@1)
* Self-biased
- 7.3(6)
 Voltage-Divider
- 7.4 12)
e Depletion-Type
-  7.508)
« Enhancement-Type
— 7.6 (20)
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