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BJT Transistor Modeling

* A model is an equivalent circuit that represents the AC
characteristics of the transistor.

* A model uses circuit elements that approximate the
behavior of the transistor.

* There are two models commonly used in small signal
AC analysis of a transistor:

— r, model
— Hybrid equivalent model
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Removal of the dc supply and
insertion of the short-circuit

equivalent for the capacitors.

BJT Transistor Modeling

Capacitors chosen with very
small reactance at the frequency
of application — replaced by
low-resistance or short circuit.
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BJT Transistor Modeling

Circuit redrawn for small-
signal ac analysis

o

Transistor small-signal
ac equivalent circutit
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The r, Transistor Model

Common Emitter Configuration L
3

Al (mA)
\

Al 1
sope = —5 =
AV T,
. AV ¢
0
Al -
The output resistance ris -
typically in the range of
40 kQ to 50 kQ

20
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Common-Base Configuration
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bl (m) - Common-Base
4 = : °
Configuration

e =3 mA b 2=
3 L

fc =21 mA e I
2 : Fo e l = 0
i fe =1 mA : \ 4 * Pl

e =0mA J

1. Ao - a f
0} CH
: J,=1
The output resistance e
r, 1s quite high. =3 I
typically extend into P .o > L
the megaohm range. El ‘ 7 |
! r 1 I.=al, ”
Common Base r,
equivalent circuit J .
Bo OB
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. . Network after the removal of the effects
Common-emitter fixed-bias of V., C, and C,

configuration.
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Common Emitter Fixed Bias Configuration
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Common Emitter Fixed Blas Configuration

Input impedance:

l, [,
— -
Z; =Rp ||Pre e b 1 | ¢ 1 ;
Z; =PBr s ‘
1 B e‘ RE 210Br, Ry Br, ‘ Bl, &r, R,
Output impedance: ¢ _l_ e % +
Z() = RC | I'o - - ] ;
Zo =R¢| ¢, 210R Voltage gain:
V.
=P Rell) . 1y =2 =—ﬂ{ p ]<Rcllf>
\Y R _Re¢
A, == :_( clir.) , A, r, >10R

11
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Common Emitter Fixed Bias Configuration

0

Demonstrating the 180° phase shift between input and
output waveforms.

12
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Example 5.1

Determine r,, Z, (with r,=00), Z_ (with r =),
A, (with r,=c0). § 470 kQ
Repeat with r,=50 kQ.

—tp 10 uF

13
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Example 5.1 - Solution

470 kQ

) -
10 uF 100
50 k2

14
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Common-Emitter

Voltage-Divider Bias

.7.:",
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= a | 2 l e
o O . ~O-—— & EE o
T I
R’
r, model requires you to determine f3, r,, and r,,.
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(s} . K3 O

R'=R,||R, = ‘ L.
E R R, pr, ‘ ﬁ/;.% T Re ‘

Input impedance: — b j Iy

Z; =R'||Pr,

o -;- ;\,;/ O o . -TL o
Output impedance: K
Z, =Rc||r,
Z, =Rc r,210R ¢ :
Voltage gain:
V. V.
V, =— lb(RCHro) , | =— aVo:_IB[ j(RcHro)
re IBre
\Y% R R
AVZVOZ_((;_M ’ AV:__C r,=210R

16
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Example 5.2

Determine r,, Z;, Z, (with r,=0), A (with
r,=o0). Repeat with r,=50 kQ.

22V
‘,.
- v
¥
6.8 kL2
56 kL2 10 uF
10 pF /l .
O )l L ) —_— ﬁ — 0f)
——
‘,
— §‘\'A_‘ kQ
1.5 k2 == 20 ul
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10 uF

22V

56 kQ2

0

‘ |

6.8 k€2
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Common-Emitter
Emitter-Bias Configuration
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Impedance Calculations

—

Input impedance:

V., =1,pr, +1 R,

V, =1,8r.+(S+1)1,Re

Z, :\I/—i:,Bre+(,B+1)RE

b

-

Zy,=pr.+ PR =pB(r.+R:) -
Z, = PR forR, >>r,

Z; =Rg|1Z,

¥ \
| ‘ I.=(p+ 1),
R; %

Output impedance:

Z =R

L

20
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Gain Calculations
Voltage gain:
Vo=l Ro=-pl,R.

vV, - —ﬂ(\é—i)&

AV:VO:—'BRC -
Vi Z,
substituting Z, = B(r, +R )
AV = VO = — RC
V. r, +R,
and for the approximation Z, = SR
A = Yo = R
V. R

L

21
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Example 5.3  Without Cg (unbypassed):
Determiner,, Z;, Z, , A, . ignore r, for r, > 10(R-+Ry)

g 470 kL2

10 wF IJ
o H———

— ——
_ (156 k{2 gl S
10 uF

T ki

10 puF

=120, r, =40 k£

P

22
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) T¢
|
Y
‘i g
)

ik l I.=(p+ I,

Thisis aso known as the common-collector configuration.
Theinput is applied to the base and the output is taken from the emitter.
There is no phase shift between input and output.

23
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Impedance Calculations

Input impedance: e Y jl,,

Z; = Rgl|Z, pr.

-~

Zy=pr.+( +1)Rg -~ .
Z =B R.) | §/<,,.

Z, = PR, (for R.>>r) v 1

L= (p+ DI,

24
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Impedance Calculations

Output impedance: +
V.
=2 1=(B+D),

b o
V.
=([f+]1)—-
(B )Zb

(Y,

T P+ (SR

since (f+1) = f

|, = v

o, +R

TodetermineZ_, V. Issetto zero

ZZO:: FzEl“é ) Z ]

0 el R->>r
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Gain Calculations

Voltage gain:

26
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Example 5.7 Determiner,, Z;,Z,, A, . 12V

B

220 k€2

B=100,r,==Q

10 uF
—f—
L

27
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Example 5.7 - solution 0

B=100r,==Q

10 uF

!

28
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Common-Base Configuration

Theinput is applied to the
emitter. — }»ﬂ P -
The output is taken from the + v C 3 +
collector. i -, R =
L ow input impedance. 4+ B _ :
High output impedance. 2 = Vg = Vee  _
. . A e ) l+ )
Very high voltage gain. P ¥ ©
No phase shift between input
and output.
I
< g j/ S 2
_.5; - . 4
+ ] ’ T +
‘ -
\ m——e R!; ,‘ f o Iv R(»
~ | -
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Calculations

| nput impedance:

Zi=Rellre $=T°

Output impedance:
Zo=Rc

0

I,
{ C
O O
| T -
-—
f o, R,

Voltage gain:
Vo=-1oRe ==(-Ic)R.

Current gain:

Assuming R; >>r,

r e |
e e | | |
= — = —1.
A :VO:aRC:RC 0 e i
YV r. |
i e e Alzl_oz_ag_
v POSITIVC... V; Al V1T Prcse.
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Example 5.8 0 uF

Determiner,, 7, Z,, A, A S il

o

0.98 5kQ
| MQ b

Il




Fundumental of Electronic |
Msc: Munther Naif Thiyab

University of Anbar
College of Engineering
Dept. of Electrical Engineering

R,
R, §| . [g pa— [\’ I + C I
— A o o——AAA— s "
be G s S +
P . l, T /.
-—
‘ n._;”,;.fL..'\/ — i — pr, ‘ Bl Re Z,
C .
— oF — =l _

« Thisisavariation of the common-emitter fixed-bias configuration
« |nputisapplied tothebase

« Output istaken from the collector

« Thereisa 180° phase shift between input and output
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Calculations

g S
Output impedance: h
Bl
Z, =R_||IR: ‘
Voltage gain: T i
=41, +1"
R;
For Bl >>1'>1_=pl, + ——AAA 1
IL,=0A
Vo :_IORC :_(ﬁlb)RC V.= 0 Br B1,=0A
V Q

Ib :_i_)vo:_ﬂV_RC

pre
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Calculations  input impedance

ZI _\I/_I’ o__\/_iRC
i e

R R R rR. R R
V. =1, p8r. =, +1)pr, =1, pr.+1 " pr,

1, R
Vi _Iiﬂre_R_F|:1+r_ﬂre\/i \ = X

7. :Vi — IBre
! 1+'Br{1+RC} “ -

. r

e

I
Br 7. = €
7 =P i
r, re_> 1L PR > 1_|_RC
R 3 R¢

B (
] T+ _—9— I,', . I
or v |1+2% | 1B oy pr | Z
R e || | " Br ‘ BI,
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Deter mining the current gain using the voltage gain

From example 5.2
Z:=1.35 kQ. '
AV:'36876 gsn k(2 . I.(: .

Current Gain A, ::—0 , : -)l' t =0 IR
| _V_i _ Vo - gwm h“'g s =
' 135k ° 6.8k | 7]
V, > -F
. 6.8k V_ 1.35k |
A. =90 — . =0 . . . . .;'A' ,;' ‘ £,
(Y] Vv, 68k o . SL |
1.35k § gf B { mé,, gh =
(36876 K 732 o1 T T S
6.8k v . =
Z 1.35k

or A, =—A, =L =—(-368.76) = =732
‘R 6.8k

L
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VO
| A\/L :\T

, With R,

, With R, and R
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I
.q -
I

V, ==l (R:IILIR, ) =

A
=

W(RC”RL) — A, =—=—

M\A' ¥ W’h ’ ¥

Blb

|
Ry 7 A A R R

= r,IR-IR, = RAIR,

_IBIb(Rc”RL) 1y =—,

V _ (RdRY)

10
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i - - - = -i_

=
-
R

R, =r,IR:R, =R IIR,

Input impedance:  Z, = R;||Ar.,
Output Impedance: Z, = R|Ir,
Z\V vV, Z

Tofind overal gain: V, = — , =
Z,+R, Vg5 Z, +R

Vv, V, Z.
= : — I
As = Ve V, V AVLZ +R, As zi+RSA”L

11
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C

?U:

Op

SE
oF

*The Darlington circuit provides avery high current gain—the
product of the individual current gains. B, = B,

A Darlington transistor connection provides a transistor having a
very large current gain, typically afew thousand.

Darlington pairs are available as compl ete packages.

A Darlington pair is sufficiently sensitive to respond to the small
current.

12




Fundumental of Electronic |
Msc: Munther Naif Thiyab

University of Anbar
College of Engineering
Dept. of Electrical Engineering

T
Tk

DC Biasof Darlington Circuits

Base current: o +Vee
Iy = Vee — VBE
Rp +BpRE

Emitter current:
le=PBp+DIg =PplB

Emitter voltage:
Ve =1 gRE

Base voltage:
VB = VE + VBE

13
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RELAY
»When light falls on the LDR, L D1 W
its resistance reduces. (S\r ML e
> The bias voltage is supplied to < | iR
the transistor and this voltage is \/ n 1 Ot
enough to make the transistor i -
and relay work. Ay
»A variable resistor is also 5 __
connected on the base of > W n
transistor to  adjust the ﬁ y BES4
sensitivity.

Garage
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Similarities:
« Amplifiers
» Switching devices T
« 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
casily integrated on ICs.
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FET Types

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

*D-MOSFET: Depletion MOSFET
E-MOSFET: Enhancement MOSFET
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5 Drain (D)

JFET Construction

n-channel
3

There aretwo types of JFETs i '
*/-channel =
op—ChanneI Uaje._(,(;l 'I p n p F
The n-channel ismorewidely
used. i
I:)cplclu,m

De plc(i‘:;n , ,
Therearethreeterminals: region ‘
SOUrce Source (§5)

Drain (D) and Source (S) are
connected to the n-channel
«Gate (G) isconnected to the p-

type material
Water analogy for the |

JFET control mechanism. G Drain
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JFET Operating Characteristics:
Vgs =0V, Vps SOMe positive value

When V;5=0and Vsisincreased from O to a more positive voltage:

» The depletion region between p-
gate and n-channel increases.

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

* Even though the n-channel
resistance is increasing, the
current (Iy) from source to drain
through the n-channel 1s
increasing. This is because Vg 18

Increasing.

Depletion

region \Q

-

n-channel

Vb
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JFET Operating Characteristics:
Vgs =0V, Vpg SOMe positive value

I
4 I, |
| Saturation level
Ipss = — — =
| Vos=0V
| Increasing resistance due
| to narrowing channel
l
l
|
| n-channel resistance
|
l >
0 Ve Vbs

/rversus V,for V..=0V.
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JFET Operating Characteristics: Pinch Off

If Vi = 0 and Vg 1s further increased to
a more positive voltage, then the
depletion zone gets so large that it pinches
off the n-channel.

As Vis increased beyond |V, the level
of I, remains the same (Ip=Iyq).

| bss IS the maximum drain current
for a JFET and is defined by the
conditionsV ;=0 and Vs > |V

6
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JFET Operating Characterlstlcs V5e<0

*As V¢ becomes more negative, o
the depletion region increases. + i

*The more negative Vg, the
resulting level for I is reduced.

*Eventually, when V=V, (-ve)
[Vp=Vesemls Ipis 0 mA. (the device
is “turned off’.

*The level of V¢ that results in _ Ls |, }
[,=0 mA 1s defined by V=V, | &,
with V;, being a negative voltage for

n-channel devices and a positive

voltage for p-channel JFETs. Application of a negative
voltageto thegateof a JFET.
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JFET Operating Characteristics

A1 (MA) | ocus of pinch-off values

l '
Ohmic |  Saturation Region
Region | ,
[, ‘;,’\ — () \"
I
l ,
[ Vos=-1V
.‘ 3 4
\;1\ = e \
| .l"'("\ - 3 V
| | .,-\""(;.\=-4 1 = Vp
| L) 1 11 1 V o
U ‘5 10 15 20 25 Vps (V)

V,, (for V. =0 V)

n-Channel JFET characteristicswith /,cc=8 mAand V,=-4V.
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JFET Operating Characteristics:
Voltage-Controlled Resistor

oThe region to the left Of A1, (mA) _Locus of pinch-off values

| /

the plnCh-Off pOlnt 1S Called (rhnT: 5 Saturation Region
. . Region | -
the ohmic region. pss 8T as=0
*The JFET can be used as a ]
Voe==1V

variable resistor, where V¢
controls the drain-source s+//

; Vie=—2V
resistance  (ry). A§ Vs oy
becomes more negative, the , , 1 ‘ { Vos=—-4 V=,
resistance (ry) increases. g 5 10 15 20 25 o5 (V)

\‘, (for \{\ =0V)
r . : :
rq = o where 7, 1s the resistance with
2 : .
Vs V=0 and 7, 1s the resistance at a

Vp particular level of V .
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The p-channel JFET behaves
the same as the n-channel JFET,
except the voltage polarities and
current directions are reversed.

| 5

10
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p-Channd JFET Characteristics

b I, (mA)
-
: ” 6
As V¢ Increases more positively
L1 Ves=+1V
* The depletion zone Vs =42V IJ Breakdown
increases S
‘05 =+3V
* I, decreases (I < Ipgq)
Vgs=+4V Ves=+5V
 Eventually[;=0A : s . :
15 -20 05

Also notethat at high levels of V5the JFET reaches a breakdown situation:
| 5 Increases uncontrollably if Vs> Vg

11
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(2) (b)
JFET symbols: (a) n-channel; (b) p-channel.

12
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oD oD
\ O = — V. v
+ S GG

G o G __+
Ip=1Ips; — Vop21Vp| lp=0A = Vuop
+ T --_ A + ) e
\( OV "2;_\- V(,(, — ‘/(;S
SR o I -0
S o S

V > )V
oD
0 i \ ~ /."" & /
+
G i
Ip = Yop

- + ——
Vo6 = Vos ,
+ - <> ‘S

'-:-L (¢)

(@) V=0V, I,= I, (b) cutoff (/=0 A) V,¢less than (more negative than) the
pinch-off level; (¢c) 7,1s between 0 A and 7,4 for V<0V and greater than the 13
pinch-off level.
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JFET

In a BJT, 3 indicates the relationship between I (input)
and I (output).

In a JFET, the relationship of V¢ (input) and I, (output)
1s a little more complicated (Shockley’s equation):

2 2,
Vis ;

lp =lpsg| 1-—=
VP

William Bradford Shockley 14
(1910-1989)
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JFET Transfer Curve

I, (MA) A

D

A I, (mA)

—10 10}

Vs =0V

Vos=—-1V

Vos=-2V

_Vgs=-3V
= Vos==4V

In=0mA, Vgs =V,

N

-

20 25 ”

Thisgraph showsthe value of | for a given value of V 4.

15
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Plotting the JFET Transfer Curve

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

Step 1
2
| ph=1 ]__E
D=!Dss Vo
Solving for Vg =0V [y
Step 2
ep| = | 1_@ :
D =!Dss Vo
Solving for Vgs =V, (Vasary) 1o = 0A
Step 3
Vo)
Solving for Vgg =0V toV, ID=IDSS[ —$]
P
. _ _1\2
l.e.For Vgg =-1V | ;=8mA| 1- 4) = 4.5mA

Conversely , for a given
I, Vg can be obtained:

R
Vo=V, |1- |2
IDSS)

16




Fundumental of Electronic |

University of Anbar
Msc: Munther Naif Thiyab

College of Engineering
Dept. of Electrical Engineering

Example 6.1
Sketch the transfer curve defined by [,(c=12 mA and V,=-6V.

ID (mA)

2 -1 |0 Vg
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MOSFETS

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

Therearetwo typesof MOSFETS:

» Depletion-Type
« Enhancement-Type
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Depletion-Type M OSFET Construction

(Drain)
»The Drain (D) and Source (S) ? S}O? jrchannel
connect to the to n-doped regions. L /

n

» These njdoped regions are| .~
connected via an n-channel. (Gmc)\ . G
»This n-channel is connected to s i | Subsa >
the Gate (G) via a thin insulating
layer of S10,,.
»The n-doped material lies on a 3
p-doped substrate that may have “ \\
an additional terminal connection = i
called Substrate (SS).

n-Channel depletion-type MOSFET.
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[)

//’,"- —————
| 7
r n
»V;=0 and V¢ is applied across r/ e |
the drain to source terminals. “if ” +
G9 . 1-1"' P T' —V
»This results to attraction of free| '/t“ P
electrons of the n-channel to the er.
. s~ S
drain, and hence current flows. "
7
\

n-Channel depletion-type MOSFET with
V:s= 0V and applied voltage /.
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Depletion-Type MOSFET :Basic Operation and Characteristics

»Vs 1s set at a negative voltage
such as -1 V.

»The negative potential at the gate
pressures electrons toward the p-type
substrate and attract holes from the p-
type substrate.

» This will reduce the number of free
electrons 1n the n-channel available
for conduction.

»The more negative the Vg, the
resulting level of drain current I 1s
reduced.

»When V  is reduced to V; (Pinch-
off voltage), then I,=0 mA.

510, layer ,n~channel
A/
&
/A
7 o -+
/ -// e -
4

7 /(_//,4. Recombination
SAE€ / process

/A e —e =1+ p-material

e e substrate

( C

. NN
SN -

i N\ Holes attracted
o 10 negative
g\Qr\\' i / potential at gate

NN NN NN N

DD DD N\
;;_:;._‘._x;._\;_x.

Mectal
contact

SONO N

Electrons lcpcllcd
by negative
potential al gate
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Depletion-Type MOSFET : Basu: Operatlon and Characteristics

AL, (mA) Al
Depletion 10.9 = 7 Vos=+1V
mode Enhancement
mode
1!)\\ ""(, =0V
Vas =1V
B © II;_-\\ ‘(\ -2V
Inss Vs = ‘__ﬁ =-3V
______ 2
’ 4V
-5V
-6 -5 -4 -3 -2\-1 0| 1 Vo 7 Voo
Y Yo 03V, Vioe=V,==6V
2
» When V ¢ 1s reduced to V; (Pinch-off) [i.e. V =-6V], then [,=0 mA

»For positive values of V4, the positive gate will draw additional
electrons (free carriers) from the p-type substrate and hence I, increases
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A depletion-type MOSFET can operate in two modes:

Basic peratlon

Depletion mode
Enhancement mode

Al (mA)

Depletion 10.9 — -
e

Fundumental of Electronic |
Msc: Munther Naif Thiyab

Vee=+1V
mode Enhancement
mode
g \.'(,\ =0V
\(‘\‘ ==1\
/--»-.l~> w— — ‘(s____: V
) Vs = Yp=-3\
S — ~ S e s S— — 2
4V
) I | LL\ Fa =3V 8
-6 -5 -4 -3 -2\-1 0| | Vo / V,
Y Y 03
“ !
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D-Type MOSFET in Depletion Mode

Depletion Mode

4/, imA) ]
.
The characteristicsare il S S
similar to a JFET. Vil Z V.. \
/ S/ 7~ y
/ \ [ /
i When VGS - O V, ID — IDSS ,'/ [/‘.". o Vg =—1V
* When V<0V, Ip <Ipgg e =/~ O
e The formula used to plot the / e s = of =
. . / ‘ 2 . — -4V
transfer curve still applies: T S0 W DS i

y)
lp =1 DSS[ ——VGS]
Vp
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D-Type MOSFET in Enhancement M ode

Enhancement Mode

* Vi >0V

* I, increases above I

e The formula used to plot
the transfer curve still
applies:

2
Ilp =Ipss 1——VGS
Vp

Al (mA) Al
,,,,,,,,,,,,,,,,,,, Vie=+1V
Depletion 10.9 GS
——
mode Enhancement
mode d
[.')\\ ‘,'(,\ =0V
Vs =—1V
s Ldhes ' '
2 Vog==2 V
/ =Vp = /
—— 2 ————— ’_’1{?‘ \(,_\ = ?f =-3V
4 e ~‘
& | | h\ | 4] =Sy
=6 -5 -4-3-2\1 0] 1 Vs 7
Y 0.3, Vig=Vp=—-6V

o i
3

Notethat V5 isnow a positive polarity

Fundumental of Electronic |
Msc: Munther Naif Thiyab
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p-Channel D-Type MOSFET

ny (MA)

n oSS 3

b i (mA)




University of Anbar
College of Engineering
Dept. of Electrical Engineering

Fundumental of Electronic |
Msc: Munther Naif Thiyab

N
-~

D-Type MOSFET Symbols

n-channel p-channel

D
D
¢ | 5
¢ | s o l
$

o~
l

D D

o) o
G G
; Jl'l | =
S o
(a)

(b)

S

(a) n-channel depletion-type MOSFETSs,(b) p-channel depletion-type MOSFETS 10
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Enhancement-Type MOSFET Construction

e The Drain (D) and Source (S) connect
to the to n-doped regions.

» The Gate (G) connects to the p-doped
substrate via a thin insulating layer of

SiO,
e Thereisno channd

e The n-doped material lies on a p-
doped substrate that may have an
additional terminal connection called

the Substrate (SS)

Metallic
contacts

Q

Si0,
D n-doped
region
no-channel
/ |
n
p-type Substrate
substrate §S
n
\
A\
\ n-doped
S region

11
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Enhancement-Type MOSFET Construction

Electrons attracted to positive gate
(induced n-channel)

* For V44=0, I,=0 (no channel).

« For Vg some positive voltage, and
V=0, two reverse biased p-n junctions
and no significant flow between drain
and source.

« For Vi>0 and V>0, the positive
voltage at gate pressure holes to enter
deeper regions of the p-substrate, and
the electrons in p-substrate will be
attracted to the positive gate.

* The level of Vg that results in the

significant increase in drain current is
called threshold voltage(V ).

 For Vi<V, [p=0 mA.

_Region depleted of p-type
/,»‘ carriers (holes)

P

Insulating layer  Holes repelled

by positive gate

12
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Basic Operation of the E-Type MOSFET

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

6V

« Vgglisalways positive. } 1, (mA) TR Vi
=
« AsVgincreasss, |, g : Visg = 48 V
INcreases 9l
8
 AsVgiskept constant 7| Vos =+T V
and Vg isincreased, 6 |-
then | ; saturates (I psg) 5 - | Vi = 46 V
and the satur ation dl ﬁ
level, Vs 1STreached Vgs=+5V
Vs Can becalculated by: ; : ; = Vo=V |
0 5V R 15V 20 V 25 V™\ ”
Vo= V=2 13

Vpsat =Ves— VT
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E-Type MOSFET

‘/l,,(l’ll/\l A ,".,‘-1. A

&= / ““‘//h

5+ { S Vig = +6 V
Jo
//

4 41
3 - ; 3 /, 2 Vig = 45V
- 2 /

‘- +

To determine I, given Vgt |l p =k(Vgg— VT )2

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

k, a constant, can be determined by using values at a specific point and the formula:
| pioN)

(Veson) — VT) 2

k =

14
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E-Type MOSFET Transfer Curve

AT, (mA)

(’f'\ o !
Ol
. fY -
7 Vs =+T V

Al (mA)

L} B .

R b
f - f |

o ”~/ ~E, WAR

5 )

- ol G [ Vg =46 V
4t »

1/

T 5 7 4 2
Ve O] 5 10 15 20

| bioN)
2 —
0 =k(Ves —V7) ‘ (Veson) - VT)?

Substituting I;(on) =10 mA when V ;¢(on)=8V from the characteristics:

10 mA _ _ 2 15
k = oo 0.278x107° AIV? = 1,=0.278x10 * (Vs —2V )
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0-Channel E-Type MOSFETs

A imA) Al (mA)
\ -1 \.'\— &V
\
\ =,
- 6
— 35
\ Vs =5V
\ : Vo =4V
| Ye==3V
I ; ‘ | s >
g AT ;
4.3 2 -1 |0 v

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

16
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n-channel p-channel

J D I-_T D
G f€<——o 35S G Pp——o3SS

1, .

I__T D l—j D
S
(a) (b)

Symbolsfor (a) /7-channdl enhancement-type M OSFETs and
(b) p-channel enhancement-type MOSFETS.

17
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Basic Current Relationships

For all FETs:
| G ~ 0A

Ip=Ilg

For JFETS and D-Type MOSFETS:

2
lp =1 DSS[ ——VGS}
Vp

For E-Type MOSFETS:

I =k(Vgs—V7)?




University of Anbar p a Fundumental of Electronic |
College of Engineering R - E Msc: Munther Naif Thiyab
Dept. of Electrical Engineering B\,

Fixed-Bias Configuration

VDD

p

Vg =0, Vy =V, Vs =V Vo6 = O

Network for dc analysis.
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2
VGS\ A, (mA)
D DSS V ) A l“ (MmA) |
p , D‘ g5 DSS
‘ eVICe 8
Z Network —_ =
/ |

Q-point |

| (solution) ~
"",) | | () ";,‘\

M . 1 1 | - i -~ \ {,

Finding the solution for the
Plotting Shockley’s equation. fixed-bias configuration.
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Example 7.1

2kQ
C /)
(; In.\'s = l“ n\“\
+ . V.=-8V
| MS2 -0 Y
o 2V
+
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Example 7.1 - graphical solution

A I,) (mA)

ol VvV

/ = 10 mA

DSS

9
2kQ

8

f

oD
Q-point

5 " G Ipss = 10 mA
= ) ‘,’; = —S \"

|
-5 -4 -3 =2 -1 o Vess
\
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Vop
RD
I 1
it 0 oD
G,

Rg

T |V Is=1p

- )
() -
v §

DC analysis of the self-bias
configuration.
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Self-Bias Configuration

Ves =—1pRs 1
2 p
VGS\ R
lp =lpss|1 & z
P J
oD
2 G
1, =1,s|1 bR ¥ ’I:
vV,
m -0 8
2
+
|5 =1pe | 1+ I\D/RS) Ves & Rs
. T Y Is=1p
By squaring and rearranging, |, has the form:

15 +k, +k,=0 [Solvefor ] DC analysis of the sdlf-bias

configuration,
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N

Self-Bias Configuratio — graphical solution

«Sketch the transfer curve. AT,

eDraw the line: Ipss

Ves=-IpRs

*The Q-point is located where
the line intersects the transfer
curve.

*Usethe value of |, at the Q-

{/r)\‘\

point (I0) to solve for the Ip

other voltages: . ¥

Vs =V, -1, (Rs+R, >
0 Vs

Ve =1,Rg m "V;

Vo Vs +Vs
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Example 7.2

Flnd VGSQ’ IDQ’ VDS’ VD, VG, VS

3.3kQ
Solution
Ve — | R oD
Draw theline: Ves=-IpRs
G : IDSS =8 mA
A II) (mA) C Vv 6V
s - + R
—4{ 8 x‘
; W =05
\ 1 MQ
\ —10 Rs & 1 kQ
Network—" 4 <
R
3
l \. [ ] ¥y
l l l ”,I- >
= =g <§ <4 =8 2 = 0 Vs (V)
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Example 7.2 - solution

A, (mA)
A, (mA)

—

Q-point Ip =2.6 mA
5 v

Y

6 54 =3!'2.1 [0 V¥

Vs, =—2.6 V

Sketching the device Deter mining the Q-point
characteristicsfor the JFET for the network.

10
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Voltage-Divider Bias

oy Vo Vb Vop
DD
R
3 R, >
L
1".: : 0 A
—
oV « s o »I:
+
" + Vos — *"{5
R+ R, € Vg O *
Vie & Ry

Redrawn network for dc analysis.
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Visequal to the voltage across

divider resistor R,

_ R2Vbp
© T Ri+R,
Using Kirchhoff’s Law:

Ves=Ve —IpRs

The Q point 1s established by
plotting a line that intersects the

transfer curve.

VWJ

R,

R,

VIH}

12
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~.

VoItageDlder Blas

Step 1 Ves =V - IpRs
Plot the line by plotting two I
points: ;
Vs =V Ip=0A
Ves=0V, I =Vs/ Rg /
/
Step 2 Vas =0V, Ip = Vg/Rs

> 4

Plot the transfer curve by plotting
|hss Vp @nd the calculated values

of I 7
Step 3 «

Vp 0 +Vg Vas

ID =() m‘k. VCS = V'G

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

13
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VoItageDiider Bias

Ves=Vg —IpRs

Q-point
Increasing
RS! = values of Rg
Rsl > RSZ

0 Vo

Effect of R;on the resulting @-point. e
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VoItageDider Bias

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

Vb
VDS:VDD_ID(RD+RS)
R
Vy =V, - IRy R, R, > 7
Vs =1,Rg | Vo
{ 0A
| | VDD o Ve '« = »Ii
— j— +
RU=IR2=R4R, ) ot |
Vs = *5

15
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Exam pl e 75 Find VGSQ) IDQ) Vbs> Vp» Vi Vs

o+l6V
24kQ
2.1 MQ
T I, (mA) 10 uF
9 Q————"————o v,
8 (1ee) .
DSS
- V, F { Ipgs =8 mA
| 5 uF fp=cdV
O
5 270 kQ
1.5kQ  ==20uF
4
3

it

Ip = 2.4 mA

9 Q

—Ip=121 mA(V;s=0V)

Q-point

-

& =g a8 = 0 1 |2 *
=18V V=182V
(7p=0mA)

16
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D-Type MOSFET Bias Circuits

18V
Depletion-type MOSFET 1.8 kQ
bias circuits are similar to 110 MQ
those used to bias JFETs. | ” oV
The only difference is that ; L s ’
depletion-type MOSFETs J E g

V. Vp=-3V

can operate with positive =t .

750 Q

values of Vg and with I
values that exceed . ilo MQ
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Example 7.7 Find Vg, Ing, Vis g8y

Step 1 %1.8 kQ
Plot the line for 110 MQ

*Vgs = Ve [pb=0A t—F——"
I;=V5/Rg, V=0V

‘ Ipgs = 6 MA
StepZ Vi—)| JE Yp=-3V

Plot the transfer curve using Ij,qq, Vp and

calculated values of 1. § 10 MQ g 750 O
The Q-point 1s located where the line
intersects the transfer curve is. Use the I at R,V
. . : 2VDD
the Q-point to solve for the other variables in Vg = R. R
the voltage-divider bias circuit. 1 2
These are the same steps used to Ves=Vg ~IpRs
analyze JFET voltage-divider bias 18

circuits.
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Example 7.7 - Solution

For Vg =+V
Vo ) 1)

I =1 o [1-ﬁ} :6mA(1—+ ) ~10.67mA
V) N

V, = 13&“”;1?6'\)/' ~15/ >V, =15/ I (750)
T18V

p I (mA)

+ 11

-3 -2

|
-1

|
|
|
|
|

,
|
|

19
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Example 7.9  Find Vg0, Ing, Vi 20V
A I, (mA) 6.2 kQ
. 12 // P I‘ a |
T4 J Inse =8 mA
+1 V. o—)}— Vp= -8V

| ML 2.4 kQ

= o

To plotline V =—I R;:

Il =V /Rg
IDQ: 1.7 mA FOF VGS = _6, I D = _(_6) / 24k = 25mA
L L 0] . Toplottransfer curvefor V =+2V:

-8 -7 -6 -5 -4 -3 -2 -1 01 2 ;’(;s \2
L Vas, =43 V Ves

— W} =8m (1—

12’

=12.5mA
-8 )




University of Anbar
College of Engineering
Dept. of Electrical Engineering

Pl 6 Eleeinon

Second Class

Chapter 7 : FET Biasing
LecO7 p3

Munther N. Thiyab

2019-2020




P A Fundumental of Electronic |
i f-' ¥ Msc: Munther Naif Thiyab
74

University of Anbar
College of Engineering
Dept. of Electrical Engineering

%

E-Type MOSFET Bias Circuits

A I, (mA)

The transfer characteristic for
the e-type MOSFET i1s very
different from that of a simple Ip=k (Vis — Vasan)_
JFET or the d-type MOSFET.

g

Iy = k (VGS _VGS(I'h )2 I,

/ . / !
/ Vg I’f:’.‘i] 1‘(:‘.&'3 Vs

Ip=0mA

21
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Feedback Bias Circuit

Vop

& } o

Q

¢ : QD

V., o——" ﬁ—l l -
G ||<- Vps

= : + _
I[,=0A I:IS
Veg=0V
Vs = Vs
Ves=Vpp—IpRp

DC equivalent of the network -
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Step 1
Plot the line using
*Ves= Vb Ip =0A
‘lp=Vpp /Ry, Vgs=0V

Step 2
Using values from the specification
sheet, plot the transfer curve with

Ip

*Viasths Ip = 0A .
.V GS(OI’])’ I D(on) 0 Vesm ) "'_ Voo V(;S
Step 3
The Q-point islocated where the Ves=Vpp —1pRp

line and the transfer curve intersect

Step 4
Using the value of |5 at the Q-
point, solve for the other variables
In the bias circuit.

23
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Example 7.11  Find Vgq, Ing 12V
Plot Transfer Curve: 2kQ
2 2
_ . -3
o =K (Ves Vesn ) =0.24x10° (Vg —3) .
1 uF
Al
12 _D Vs = 10V, I = 1176 mA §10 MQ H ID(on) =6 mA
- VGs(on) =8V

! Vi ) Vesamy =3V

10 — 1 uF

9 -

8- -

A |
Ip —— e ——————— > D (on)

5 /’? K = 2

4 Y ol (VGS(on) _VGS(I'h))

3 / |

o o Vs = :6 V.1, =2.16 mA . 6mA . -3

‘T , k =——5=0.24x10
=% T - > (8_
0 1 2 3 45 6§ 7 i,_?» 9 10

Verer Vet
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Example 7.11 - solution 2V
Plot theline: Vss=Vp - 1pRp 2kQ
Vs =12 —15(2K)
IL
A Ip=mA l|:lF oV,
12 10 MQ "N
) \ J VGson) =8V
] V,'C 1 & VGS(Th)=3V
9 1 uF
5 -
;
im (§]
Rf:- -
4

Ll

f::(_f 2.75 mA Q-point

[
|

II
o 1 2 3 4 5 6!'7 8 9 10 11 12

Vis,= 64V (Vop)
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I Voo

Plot the line and the transfer curve to find
the Q-point. Use these equations:

RD
Rl
D
Vg = R2Vob
R1+R2 Ic=0A I
¢ — —
_ G
Ves=Vg —IpRs < I
Gs ~
Vps =Vpp —Ip(Rs+Rp) . o
2 / \
[ ) Rs
d
€ 2
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Example 7.12

k _ I D (on) 5
(VGS(on) _VGS(I'h))
3mA _
K = (10_5)2 =0.12x10° 2 M.Q§

I, =Kk (VGS _VGS(Th )2

2

|, =0.12x107°( &5 —5)

] 18M (40/ ) _18/
22M +18M
VGS :VG | DRS

Ves =18/ —1(0.82k)

18 MQ

0.82 kQ2
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Example 7.12 - Solutlon

A IH(mA)

30

V :
G _21.95mA
Rs 20

10
.-"“Q = 6.7 mA

(Q-point

0 S

V{;S (Th)

10

-

15 | VGs

(;’{-}“IZSV ":"F{r :lsv

lp =0.12x10%( 4 —5)°

Ve =18/ —1,(0.82k)
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| ntroduction

FETs provide:

Robert L. Boylestad and Louis Nashelsky

* Excellent voltage gain
e High input impedance
 Low-power consumption
 Good freguency range
Electronic Devices and Circuit Theory, 10/e 2 Copyright ©2009 by Pearson Education, Inc.

Upper Saddle River, New Jersey 07458 « All rights reserved.



FET Small-Signal M odel

Transconductance

Therelationship of a changein |5 to the corresponding changein
Vs iscalled transconductance

Transconductanceis denoted g, and given by:

T
PEARSON Electronic Devices and Circuit Theory, 10/e 3 Copyright ©2009 by Pearson Education, Inc.
=t Robert L. Boylestad and Louis Nashelsky Upper Saddle River, New Jersey 07458 « All rights reserved.




Graphical Determination of g,

Ip
I'pss
_ Al | '
&m = Xy (= Slope at Q-point)
i (EAY
0 Visg
PEARSON Electronic Devices and Circuit Theory, 10/e 4 Copyright ©2009 by Pearson Education, Inc.

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



Mathematical Definitionsof g,

g = Alp
M AVgs
- 2l pss [1_ VGS}
m
Vp| Vp
S 2l pss
Ve
Ves
Om = 9m0|: y 3
P
Where 1- E _ il
Vp I bss
Ves Ip
Om = Qmo(l—wj =0mo I oes
Electronic Devices and Circuit Theory, 10/e 5 Copyright ©2009 by Pearson Education, Inc.
=t Robert L. Boylestad and Louis Nashelsky Upper Saddle River, New Jersey 07458 « All rights reserved.




FET Impedance

| nput impedance:
Zi = o0()

Output I mpedance:

1
Yos
where;
\7/
_AvVps
g = Al |Vos =constant
D
Y.~ admittance parameter listed on FET specification sheets.
Electronic Devices and Circuit Theory, 10/e 6 Copyright ©2009 by Pearson Education, Inc.
=t Robert L. Boylestad and Louis Nashelsky Upper Saddle River, New Jersey 07458 « All rights reserved.




FET AC Equivalent Circuit

G o O oD
+
Vgc ; gﬂ'l’ V_E‘E rd
So A oI\
PEARSON Electronic Devices and Circuit Theory, 10/e 7 Copyright ©2009 by Pearson Education, Inc.
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Summary Table

Fixed-bias Voo 1 +V
[JFET or D-MOSFET] %ﬁ}{,ﬁ;ﬁ;m Rs "
Rp ¢, [JFET or D-MOSFET] Rp
it °V, It oV,
C — o r
Vio—) Z, e i 1 il -‘?,
— R
,{‘: {r g
& Ra
T Vaa As
Self-bias +Vop Voltage-divider bias Vo
bypassed Ry [JEET or D-MOSFET] i

[JEET or D-MOSFET]

i"l o E Fﬁ
1
1.“-5—"—* ——
r FID—} '21'.'
VA
: e
i Z;
R I Cs
PEARSON Electronic Devices and Circuit Theory, 10/e 27 Copyright ©2009 by Pearson Education, Inc.
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Troubleshooting

Check the DC bias voltages:

If not correct check power supply, resistors, FET. Also check to ensure
that the coupling capacitor between amplifier stagesis OK.

Check the AC voltages:
If not correct check FET, capacitors and the loading effect of the next
stage
Electronic Devices and Circuit Theory, 10/e 28 Copyright ©2009 by Pearson Education, Inc.
=t Robert L. Boylestad and Louis Nashelsky Upper Saddle River, New Jersey 07458 « All rights reserved.




Practical Applications

Three-Channdl Audio Mixer
Silent Switching
Phase Shift Networks
Motion Detection System

PEARSON Electronic Devices and Circuit Theory, 10/e 29 Copyright ©2009 by Pearson Education, Inc.
=t Robert L. Boylestad and Louis Nashelsky Upper Saddle River, New Jersey 07458 « All rights reserved.
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Common-Source (CS) Fixed-Bias Circuit

Theinput ison the gate and the
output ison thedrain

Thereisa 180° phase shift
between input and output

G D
O * » Q
+ - “ +
Z Z,

],.-"II ! R G V[: . Em Vg.'.' Td R 'l Il

— — S e —

O * - <
PEARSON Electronic Devices and Circuit Theory, 10/e 8 Copyright ©2009 by Pearson Education, Inc.
=t Robert L. Boylestad and Louis Nashelsky Upper Saddle River, New Jersey 07458 « All rights reserved.




Calculations

| nput impedance:

Zi =Rg

G D
; . o - O
Output impedance: = 5 ‘ +
Z R z
= 2 . 0 :
(0] D ” rd Vr I R(_: VJ:!‘ " gmvgar T RD ll.-'
Z,=R
o="D -— e —
AW 7N I N -y ?
voitage gain
\Y
_ 70
Av=+1-="9m(q lIRD)
I
A, =Yo
VA 9mRD| | 1R,
Electronic Devices and Circuit Theory, 10/e 9 Copyright ©2009 by Pearson Education, Inc.
=t Robert L. Boylestad and Louis Nashelsky Upper Saddle River, New Jersey 07458 « All rights reserved.




Common-Source (CS) Self-Bias Circuit

Vo

Thisisa common-source amplifier Rp
configuration, so theinput ison the gate 5 L
. . [ V
and the output ison thedrain & _ I ol
V.o A B >I:
; 11
Thereisa 180° phase shift between 5 vy
input and output - Ro g |
' Rg = Cy
G D
i * 0
+ + ‘ +
—_— —f—
' A
Vi ‘i Rg 1.,-"'“ { Em "!gs P R, = |
— — S ==
o & 4 O
Electronic Devices and Circuit Theory, 10/e 10 Copyright ©2009 by Pearson Education, Inc.
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Calculations

| nput impedance:

Zi =R
| G G D
O ] : 2 2
+ + ‘ +
Output impedance: — T
% % R V.s wlr B Ves T Ry "V,
Zo=TqlIRp
P | ) s
Z-=R 3 -
0="Dl 1 >10r,
Voltage gain:
Ay =-9n(rq lIRD)
A, =—-0nR
v="9mRD| | S10r,
11 Copyright ©2009 by Pearson Education, Inc.

PEARSON Electronic Devices and Circuit Theory, 10/e
=t Robert L. Boylestad and Louis Nashelsky Upper Saddle River, New Jersey 07458 « All rights reserved.




Common-Source (CS) Self-Bias Circuit

Removing C, affects Voo
the gain of the circuit.

Rp
D i .
L H oV,
) &
] 1l e
V:o 1
S .‘_
B
—-
Z Re
G D
o ] # 's]
+ + ;A + - - -
¥
= v * gangﬁ o
g5 /
S !
Vi Rg = Rp
Ry
I,
= —_—
o 0
PEARSON Electronic Devices and Circuit Theory, 10/e 12 Copyright ©2009 by Pearson Education, Inc.
=t Robert L. Boylestad and Louis Nashelsky Upper Saddle River, New Jersey 07458 « All rights reserved.




Calculations

| nput impedance:

G D
Zi =Rg + + | Y +
i 4, ‘.r?nri"}.-.-
A Ves 5
Output impedance: 5 § i _|s g i, x
Zo=Rp rq210R Ry f
5 T = 3
Voltage gain: =
Vv Rp+R
! 1+ gmRg+ D =
ld
Ay=—o___9mRD >10(Rp+Rs)
vV — - 2 +
i 1+gmRs! PrS

PEARSON

13

Electronic Devices and Circuit Theory, 10/e
Robert L. Boylestad and Louis Nashelsky

Copyright ©2009 by Pearson Education, Inc.
Upper Saddle River, New Jersey 07458 « All rights reserved.



Common-Source (CS) Voltage-Divider Bias

+Vip

Thisisacommon-source
amplifier configuration, so the §R| 3

- : tH5— "%
Input ison the gate and the C, 2 I
output ison thedrain. 4)%"—’[ >
5
V Tl R
% "'{r,' § RS — {_-g
Vio + A ) + . oV,
i
— —-—
Z Loy
R I R ) .l'j:lij - + Em Vg.r a R 0
Electronic Devices and Circuit Theory, 10/e 14 Copyright ©2009 by Pearson Education, Inc.
=TS Robert L. Boylestad and Louis Nashelsky

Upper Saddle River, New Jersey 07458 « All rights reserved.



| mpedances

| nput impedance:

Zi =R1[|R>
Vio s g 0 - {? oV,
Output impedance: s & ‘ s
Z, 2.
ZO = rd | RD IRE R] ll-"':,a,'. gmvg.r Fa Rﬂ'
Zo=R L i L L
0="D| v >10rp = . .
Voltage gain:
Ay =-On(rq lIRD)
A, =-0gnR
v="9m™D| | Si0r,
15

PEARSON Electronic Devices and Circuit Theory, 10/e
= e Robert L. Boylestad and Louis Nashelsky
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Source Follower (Common-Drain) Circuit

In a common-drain amplifier
configuration, theinput ison the
gate, but the output isfrom the
sour ce.

Thereisno phase shift between
Input and output.

? Vop

D
1
G
Vol .
5 C,
- I
t i\ oV,

PEARSON Electronic Devices and Circuit Theory, 10/e
= e Robert L. Boylestad and Louis Nashelsky
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| mpedances

| nput impedance:

S Zg
- | } 0
Zi =Rg i = o ¥
7,
. gmv:.'.' ,I ) )
Output impedance: « 1 " R v,
1 D

Zo=TqlIRsll—

Om = v

1
Zo=Rg|l—

rq4>10R
Om ! ¢ .

PEARSON Electronic Devices and Circuit Theory, 10/e 17

Copyright ©2009 by Pearson Education, Inc.
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Common-Gate (CG) Circuit

C, Ca
. . )| S D |
Theinput ison the source ks l % ¥ | .
and the output ison the — e
- Z: p Z
drain. Y M p > G v,
I/Ir
Thereisno phase shift _ = Voo =3
between input and output. 2 °
~— rd +
&, ‘ G,
I a § D b |
| e - |
+ 4
—r— gmv_;:.r e
. Z Z.
Vi Ry Vas Rp "

Q + G o
RE

PEARSON Electronic Devices and Circuit Theory, 10/e 18 Copyright ©2009 by Pearson Education, Inc.
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Calculations

: r,
| nput impedance: SE AR
C, C,
& S b b nu
s oyl a*Ro ; = @ —;
I — NS | .
1+ 9Imld —T gm"’fﬂs 7 T
¥ 48 .
N 1 | ! Vos Rp !
Z| =RS” ‘rdZ].ORD
Om

Output impedance:

Zo=Rpllrg
N Voltage gain:
Zo=Rp ‘ rg>10
Rp
Vv |:gm Rp + i
A, =—2= d szngDrdszD
1+ 2
ld
Electronic Devices and Circuit Theory, 10/e 19 Copyright ©2009 by Pearson Education, Inc.
=t Robert L. Boylestad and Louis Nashelsky Upper Saddle River, New Jersey 07458 « All rights reserved.
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D-Type MOSFET AC Equivalent

Go o * o}
J;n i ‘
O I E * Ves 4 B Vs T
° |
o * oy
PEARSON Electronic Devices and Circuit Theory, 10/e 20 Copyright ©2009 by Pearson Education, Inc.
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E-Type MOSFET AC Equivalent

D
l_
: G - MOS -
0, and r 4 can befound in 4l iy . .
the specification sheet for S o—% o _ )
the FET. > b oV Qu
Vis
” -b :
I y S
G | nMOS
q VAR [ Vo |
S 3
21

PEARSON Electronic Devices and Circuit Theory, 10/e
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Common-Sour ce Drain-Feedback

Thereisa 180° phase shift
between input and output.

+ v/ i
v Em Vgs

{

D B
-]

PEARSON Electronic Devices and Circuit Theory, 10/e
=TS Robert L. Boylestad and Louis Nashelsky
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Calculations

| nput impedance:

_ Re+rglIRp
=
1+9m(rg lIRD)
Zj=—<F R Rp.rq>10R
' T 1+9mRp F>>rgllIRp.rg210Rp
Output impedance: oV,
Z
Zo=Rge|lrg IRp 2 Ry
Lo = RD‘ Re>>rg|IRp,fg 210R
Voltage gain:
Ay ==Om(Rellrg IRp)
AV = _ng D ‘ RE>>rd|IRp.rg210Rp
Electronic Devices and Circuit Theory, 10/e 23 Copyright ©2009 by Pearson Education, Inc.
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Common-Sour ce Voltage-Divider Bias

C
vie—
—-
L Ry
Ry ==
-
D
Vo : - oG ; - oV,
+ ‘
— —~—
7 Z,
R| RE Vgs * gnrvgs T R”
LS-
PEARSON Electronic Devices and Circuit Theory, 10/e 24 Copyright ©2009 by Pearson Education, Inc.
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Calculations

| nput impedance:

Zi=R;|IR>
D
. V.o : : o ' a
: e
Output impedance: ‘
Z, Z
Z 0 = rd ” R D R| R3 V,l,'.k' J Hﬂrvgs L R”
ZOERD‘rd21O 1 L _L\ T Tl
\ Al mmen mamm
vuiltdayc yaiil
Ay =-9m(rq lIRD)
Ay = —ngD‘ rg 210R
Electronic Devices and Circuit Theory, 10/e 25 Copyright ©2009 by Pearson Education, Inc.
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Summary Table

Source-follower Drain-Feedback bias +Vin
[JFET or D-MOSFET] +Vpp E-MOSFET
C,
Vi—y}
—— 1 V El
i Re; I o /v o—)
(] -|§-RI-; EAY b i
zr: —
- = :,.'{r. -
Common-gate Voo Voltage-divider bias +Vpp
[JFET or D-MOSFET] E-MOSFET
Rp
c 2 G €
.""II'C “ i I{ G'I-"'ﬂ I[ = li"'l.r:
- -
z
— [ —l— o
z.l RS | ,r_'f”
Rg I{?:;
maore...
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