FIELD EFFECT TRANSISTOR

A bipolar junction transistor (BJT) made as PNP or NPN is a current
controlled device in which both glectron current and hole current:involved .
the filed effect transistor (FET) is a umpolar device . It operates as a
voltage controlled device with either electron current in an n-channel FET
or hole current in a p-channel FET.

There are two categories ¢ FET : the junction filed effect transistor
(JFET); and -the metal — oxide — semiconductor filed effect. transistor
(MOSEET) . the:MOSFET category is further broken into : depletion and
enhancement types .

A gener‘al compzirison between FET and BJT devices can be mode :-

1- The FET has an extremely high input resistance 'lbOllt (100M.9)
typlcal , (BJT input resistance typically 2K ) -

2- The FET is less noisy than BJT and thus more suitable for input
stages of low level amplifiers.

3- FET is more temperature stable then BJT.

4- PET is smaller then BJT.

5- FET is smallel gain bandwidth then BJT.

6- The BJT. has a much higher sensitivity to changes in the applled
signal then FET

JUNCTION _FILED EFFECT — TRANSISTOR
(JEET)

The p!jysica] structure of a JFET is shown in fig (13.1) . The n-channel
JFET shown in fig (13.1a) is constructed using a bar of n-type material into
which a pair of p-type regions are diffused. A p-channel JFET is made
using a bar of p-type material with n-type diffused region as shown in fig
(13.1b). For the n-cannel JFET of fig (13.1a) the arrow at the gate shown
the gate to be p-type material with channel n-type.. The symbol for the p-
channel JFET of fig (13.1b) includes an arrow at the gate showing the gate
to be n-type material with channel p-type :
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JFET OPERA TION

-To examine how the device is operated , consider the n-channel JFET of
filg (13.2)shown with applied bias voltages to operate the device.

~the supply voltage ,Vpp provides a voltage across o ya 'n_ Sowuvee S Vhs
which vesults in acuvrest Ip [rom dveinis Souvie

A voltage between gate and source,Vgs ,is set by a voltage supply Ve .the
effect of the gate —source voltage will be to create a depletion region in the
channel and reduce the channel width to increase the drain source
resistance resulting in less drain current ‘
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Fig (13.3a) shows that a drain current through the n material of the drain
source produces a voltage drop along the channel , which is more positive
at the drain gate junction than at the source gate junction . this reverse bias
potential across the p-n junction causes a depletion region to form as shown
in fig (13.3a) .As the voltage ,Vpp is mcreased the current ,I; increases

: ,resultmg in 1arger depletlon reglon SO v G RN TP L IR

i -__.-»;,.4.‘ g o, : o

! —Any further increase in VDD Wlll result in no mcrease in the drain current
Ip then remammg constant.. This operation is shown in fig (13.3c).

' - -As Vg increases:;-the current. Ip.increases until -the depletion region is.

*+ fully formed:across the channel , after which ,the:drain current saturates

and remains a constant value even for increased Vpg . this value of drain




current is referred to as Ipgss the drain to source current w1th , the gate
source shorted . :

-When Vpg is increased to a level where it appears that the two depletlon
region ‘would touch a condition referred.to-as. pinch-off-will result. The
level of Vpg that establishes this condition'+‘is“-'referred :as the-'-pinch off
‘voltage Vp .
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DRAIN — SOURCE CARACTERISTIC

-Fig(13.4) shows a typical n-channel JFET drain —source characteristic .

-When Vs =0V and Vs <V; (pinch-off voltage ). I rises linearly with Vs

as shown in fig (13.4) this region is c‘lllcd ohmic region ,n chann(l
resistance is constant, : \
-When Vg =0V and Vs 2Vp 1 I remain constant at its satura"tiun valJ,i:
Ipss beyond V. ; {
-When V<0 ,Ip increases as Vg is increased until a saturqtlon fevel 1§
reached ,but this time at lower level then for Vg =0V ,since the depletion

region ,starting partly formed due to Vgs = -1V, fully forms at a lower level

of drain —source current .
-Fig (13.5) shows a drain —source character:stlc for a pxchannel JFET w:th
positive gate —source voltage reducing the drain —source current .
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Nes =0V 4 ID(M!H). Ves=e ;
4 <
AV Y
Satutahion Yegion i
—2V + 2\
lo s . 2a -5V —lov “ISV =y
Vps CVo\H) :  Vps
Fig (13.4) fig (13.5) .

T RANSFER CHARACTERISTIC

Transfer characteristic are plots of Ip versus Vs for a flxed value oi
Vps - The transfer characteristic can be obtained directly by
measurement of device operation or draw from the drain
characteristic as shown in fig (13.6) . Two important pomts of the
transfer curve shown are the value of Ipss and Vp. : ,
- Transfer characteristic can be sketched to a S‘\tle‘lCtOl‘y level of
accuracy by using Shockley’ s equation (which represent the
relationship between Ip and Vs ) i -

l/
Ip =1Ipss (1- I“ R el ] Vs Ip
e

Vgg:o\./

VG-S _-'l \/

: ' 59 ”~°v
Vc.s . DS

Fig (13.6)
EX (13.1) Determine the drain current of an n-channel JFET having pinch
off voltage =-4V and drain —source saturation current =12mA at the
following gate-source voltage a) Vgs =0V, b) Vgs =-1.2V

SOLUTION
Using Shockley’s equation

Voo o
a)][) = ]Dsg(l"”]’*/g“‘g‘")_ =,12H'1A(1—-—04—)2 =12mA

P -

SR A



b)I, =12 A(l-—-—-——) =5.88mA4

 TRANSCONDUCTANCE FACTOR (Em)

-The ‘change in drain . current that-will result.from a:change:in gate —to
- source voltage .It is measured with drain-source shorted .

A“"D
AV
-The value of (gm) is measured in Slemens (s) or mho (1/Q) with typical
value (lms to 10ms) . _

-An equation for (gm) can be derived as follows

gm=

Ip = Ipss (1 —%)2

"

al,
gm= a s 2]’,)‘\.‘\. (1 e I;\

: 2
S &M=

_ oGS )

But gmo is the value of (g m) at Vgs =0

o Ves 21
am =.J'gn'10 (1-=).....(3) where gmo= =25 .....(4)

v Wl
EX(13 2) calculate the transconductance gm of a JFET having specified
value of Ipss =12mA and Vp =-4V at bias points a)Vgs =0V, b)
-\/GS =-1.5V
‘SOLUTION

“Using eqs.(3,4)

: Ve
S gm = gmo (1- T/H)
»

25

where gmo = -5

| 7]
- 2(12mA) 24%107 L 6x107'S

|-4v| 4

Ve
a) gm = gmo (I—T -—6mS(1~—~—-) 6mS

r

b) gm = 6mS(1 - _7) =3.75mS
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FET BIASIN G

-DC bias of a FET device requires settmg the gate source voltage , which
result in a desired Ip (drain current) .

-For a JFET the drain current is limited by the saturation current ,Ipgs

-A depletion MOSFET can be biased below, at , or above Ipss

-An enhancement MOSFET requires biasing at a gate source voltage
greater then the threshold value to turn on the device. -

1- FIXED BIAS
-since the FET has a high impedance seen looking into the gate (either

reverse-biased p-n junction in a JFET or enhancement MOSFET) the dc
voltage of the gate set by a voltage divider or fixed battery voltf\ge is not

. ‘affected or loaded by the FET

-Fixed bias is obtained using a battery to set the reverse bias voltage Vs as
in fig(11, ]) Battery Voo is used to set Vgg with no resulting current
through Rg on the gate terminal . (£ =0).

- Rg is mcluded to allow any ac signal applied through capacitor C to
develop across Rg -

-Since th:e gate source is reversed biased, there is no current through that
junqti()n; No dc current passes through C so that no current result through
RG z 5

+0D
L ®12v
1.2k 2
c::z RO
Vi C’! '8 oy
{ | l /.’ }L VDS .
el T
2 ("5\* 2 DSS=12mA
Vi = ToRe = OF 1SV Voo . V=4V
RG T AGTNG T T
Vig =V =V =V — 0=V, (14.1) l
Yar IMQ RO
Ip =1~ ], ) i A— (14.2) < :
Vin =1 nRp L
Vo =Vip = 1ok, sl 2:8) =

Fig. (14-1)

EX(14 I) defermme the drain current Iy and drain — source voltage VDS
for fig (14.1) it Rp = 1.2KQ , Vpp =12V , Rg = 1MQ
V(;G = 1.5V ’ Ibss =]12mA N Vp =_-4V

™




SOLUTION
Vos = Voo =~1.5V

Ve
i _JDSS(1~-V_-2~12 A(lm-———) =469mA

P

V, =V, — 1R, =12V ~(4.69mA)1.2KQ) = 6.4V
V=V, =V, =64-0=64F

', GRAPHICAL ANALYSIS USING JFE T DRAIN -
SOURCE CARACTERSTIC

-A dc load line representing the operfmon provided by eqlntlon (14.3) is
drawn as following :- = :
- Tt) = VI)I) jan 0 (14 3)
If I[) =0 —. VD = VD[)

If Vps=Vp=0 . [, =0
RD
Tomnt
\/ds—;.d
Vpp _l_%l T
Rp ILKAT {0
3
Ves ==

2 4 ) f 8 1o 14
v s
DSG = €4V
VDDs @ 7,: Vop
Fig(14.2)

| EX(14 2) determine the operating point for the circuit of fig (14.1) using
JFET whose drain characteristic is shown in ﬁg (14 2)

SOLUTION
The dc load line is drawn by.connecting the lme between pomts

IfIp=0 .. Vp=Vpp=12V".

| -
IfVps=0 .. 1, = b 12V
) R, 12KQ

=10mA




If Vgs = -1.5V , the operating point shown in fig(14.2) is at

Ig=47md Vs = 6.4V

2-JFET AMPLIFIER WITH SELF BIAS

-Using a source resistor Rg to provide the gate — source bias voltage without
the need for a second supply voltage as shown in fig (14.3). since no gate
current will pass through the reverse biased gate — source the gate current
is -

(.7 =0

Ve =1;R; =0

Ve=1,Rs.....(14.4)

V(;x = V(; - V.\' :

= =, DRS Wi YG=0V

Vie = =Ty Rg vvunn(14.5) *
Bl £, 5 Pl ——ﬂ)2 .....(eq 14.2)
- o $ra

Fig.(14-3)

-Equation (14.2) and (14.5) can be saved mathematically - - T find I,

and Vgs .Graphical technique may be used to solve equatlons (14.2) and

(14.5) as follow:-

1) Plot JFET transfer characteristic of eq (14.2) _

2) Plot the straight line of eq (14.5) the self bias line by selectmg two point

of the line

1f I;)——_O—‘?".VCS:O

‘VGS:VP”:“ ]”= ]:

The intersection of the self bias line and the tr:msfer characteristic provides
the desired Q — pomt

EX(14.3)

Determine the values of Vgg, Ip and VDs for the circuit of fig (14.5) when,
Ipss=10mA and V,=-4V, ;

SOLUTION .

1)To plot the JFET tra nsfer characterlstlc according. to eq(14.2) -

I T A A
D D-SS( V‘,_,)




Vas (V) Ip(mA) o
0 ‘ 10 Tpss ' 1 l e
(03Vp)-1.2 5 (Ipss/2) | 58 ot
(O.SVP)—Z 2.5 (IDSS/4) VD
Ve -4 ' 0 . : .

[bss=10ma

Wi WG=0V V-4V
-
Ve
L ]
o RG
S Ohm o 23 ]
2 1.5 k0hm
: _ B o . o Fig.(14-5)
2) To plot the self bias line according to eq (14.5) lb(m(—\)
; VGS = -IDRS 7 T
Vs (V) In(mA) Vs r2 16 ""'IDSS
: 1, =loma (I- =75
(-Vp/Rs) 2.64 (Vp) -4 )
Ves = -Lp (5K L~ -5
i
—_—_H;___ w—-——-' ————— | 2.6umA
: L e T 2sma
: {'hl"““‘r ~~~~~ »\.ér%n/"
: 1 [ IDG\
| [ I .
< ! 1 |
- =314V i
Ves 3 Vesa 2 !
Fig.(14-6)

Fig (14.6) shown the plot of the transfer characteristic and self bias line
with resulting dc bias at

Visg = =24V, 1y = 1.6mA

Vo=V, —I,R,=24~(1.6mA)62) =14V
Ve =1I,Rs =1.6mA(1.5K) = 2.4V

Vs =V =V =14-24=11.6V




3- VOLTAGE DIVIDER BIASING

- The additional gate resistor Rg from gate to supply voltage as shown
in fig (14.7) , results in greater adiustment of the dc bias point and
permits larger value of Ry to be

+VDD
. & 9
R -
V., =0 — % - ‘
G o 4 R np ( ) _; 1 L | gRD
Ic=0 - : Ro! S - T
Vc,‘.\‘ = V(}‘ =V =Wy =d gy arnses (]48) : J—{ }_“
‘ ; o B -
: Y Vi :
~ RGZ ll
I ZRs
Fig.(14-7)

EX(14.5) Determine the bias cunent ID and the bias voltage VD ) Vc; ;
Vps for circuit of fig (14.8). When IDSS—SmA and V,=-4V,

SOLUTION
The transfer characteristic is drawn’ by using the eq (14.2).
Iy = ]m\ (I- )2 | ‘; ' < VDD=18Y
i : * *
Ves (V) Ip(mA) [
| , £ Eay > RO e
0 ] 8 IDSS :. ;}i 21 r;'. -Ohm & T ki |3.i ~uF
(0.3Vp) - 1.2 4 (lpss/2) | |
(0.5Vp) -2 2 (lpssi4) 9 '
Ve -4 " 0 0 vi ' DSS-BimA
‘ - | e
VG‘ = _——]ELVHD
RGJ i Rc.'z b
270KQ % 2?0F:Gcfr RS
16V)=1.82V . < I 20 UF
&9 1MQ+27OKQ( ) 1.5 kOhm .
- The.self bias line is obtamed using e cj ([ﬁ‘gj

Ven =¥grzle= = = ; ) L s o o
VGQ—ISQV 1 (I SKQ) '
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1 I A Lo (ma)y
Ip=0—.Ve=182V nE Taes ’
1.82
Vos=Vp 101, = — = 1.21mA
GsT TP p=1skq "
IDQ =2.4mA s VDSQ =18V ¢
Vp=Vpy—IpRp =16V - (2.4mA)(2.4KQ) =10.24V - ‘
VS = ID RS = 24mA(1.5 KQ) =3.6V --'f-“i—Zé;.ﬂ!{'}w‘-ﬂjwaﬁgl:ﬁ:_Sﬁ i A A 8 8 b
-.'. VDS = VD — VS =10.24V -3.61 = 664V MMMMMMM 338 r‘"—A
Ipas2-4mA
1 A ;
|
1.2\ mA
|
Vs - _ 1 \
:l}',‘ -3 i\ -1 @] 1 ‘!‘.2__
P Vcst? =—lgv 82

FET SMALL SIGNAL ANAL YSIS

-FET device can be used to.build small s1gnal ampllfier cct. pr0v1dmu
voltage gain very high input resistance.

-Both JFET and depietion MOSFET cah Oi)&la with-similai dc¢ bias ,

providing the same voltage gain . The MOSFET dewce however provides
much higher input resistance .

-The common source amplifier conﬁguratlon pr0v1des best voltage gain
operation . An input signal is applied to the gate ; and the output signal is
taken from the drain, the source terminal being the reference or common.
-A common drain amplifier provides a noninverted output with near unity
gain . .

-A common gate amplifier connection is used less frequently , providing
voltage gain with no polarity inversion . '

-The FET ac equivalent cct is even simpler th’m that for a BJT , having
only an output current. source with value dependent on the device
transconductance g,, .

-JFET and depletion MOSFET devices are often used in a linear circuit
-Enhancement MOSFET. device are used in large scale integrated (LSI) ,
very large scale integrated (VLSI):and ultra large scale integrated (ULSI) .

JFET SMALL SIGNAL ANALYSIS

Fig (15.1) shows a simple equivalent circuit of FET . The ac voltage applied

to the gate source , l{as’ results in a drain current 7,. of value g Ve, - the

E

device: transconductance>;: g+, relates.the-amount of current resulting from .
an applied .voltage.across:gate source . The current -source having. value .
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8u Vs 18 i/oltage controlled current source , since the current produce

depends on the input voltage ¥

> Notice that there is an open circuit shown ‘between the gate and

source terminal . since the gate - to source junction is reverse biased
" in normal operation , the extremely large resistance between those

terminals can be assumed to be infinite in most practical situations.

D G 0
s

y S
=
Fig.(15-1) -

. The value of g, can be obtained from Shockley equation
qm 2 gm':o (- Vo ¥ cos (15.1)

VI"

' 250 ;

where, gmo = 7"“:(15 .2) , ryg = output resistance

’
-The vqluc of g, is the value tranconductance at Vgs = 0V bms and
represents a fixed value of the maximum gain of the JFET device .

The small signal output resistance of a common source JFET is defined by
Vs AV AV -
B =g
id A
;j' This parameter is also called the drain resistance ry or ry, . This output
¢ resistance is usually listed on specification sheets as
" Yos = small — signal output conductance
-To demonstrate use of the ac equivalent circuit , consider the FET
amplifier cct of fig (15.2a) . The ac equivalent cct is drawn in fig (15.2b)
with capacitors replaced by a short for ac operation and with the FET

device replaced by 1ts simple equivalent cct (rq assumed infinite or open
cet).

|\CQ—(Unstant ) ohm’s -(153)



+vDD

Fig (15.2a)

Vy==l,Ry=— g, VR, «...(15.4)
But v, =V,

]/ .
oA, = 7“ =~V Ryerrn(15.5)
R;=Rg .....(15.6)

R() 5 11]) ..(15.7)

vi G

ol ]

Fig (15.2b)

-The voltage gain equation can be written ini"a modified from by identifying

a resistance

r — .....(15.8a)
Ry

A =-g R, =-—2 .....(15.8D)
¥ :

m

There is a similarity between the JFET ac resistance ,r,, , at the dc bias
voltage Vs and the BJT ac resistance ,r. at the bias current I, .
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EX(15.1) Calculate Ay ,R; and R, for the JFET amphﬁer of fig (15.3a)

(ignore rq) .When Ipss=8mA and V =-4V.

SOLUTION

DC analysis to find Vgs

1)plot the JFET transfer characteristic using

Eq(14-2)
[n = ]n.\t\'(l _ﬁ)z
5
Vgs (V) Ip(mA)

0 8 Ipss
(0.3Vyp)-1.2 (Inss/2)
(0.5Vyp) -2 2 (Ipss/4)

Ve -4 0 0

2)plot the self bias line Vs = -IpRs

Ves (V) Ih(mA)
0o 0
(-Vp/Rg) 20 (-Vp) 4

VDD=16Y

RD '

12kOhm  CZ:

2nF
C1 I e
VI 7=|F G [st =§mA
. v[— 4V
l o s
M Ohm 3 -

20 n Ohrn R

1 >

Vg =0V

VS = IDRS

Vaes = Ve -V
=-IpRs

Fig (15.3b) shows the plot of the transfer characteristic and self bias lines

with resulting de bias at Vg =-0.94V using Eqs (15.1 , 15.2) 4L (ma
2 g
gmo = _]/"N = 2><8n/1A =4mS
Vil -] ¢
gm = gmo (1- (") =4n S(l—m) =3.06mS
—4) | 4y
Using Eqgs (15. 5 ,15.6 , 15.7) : ls.
: —g. R, =—(3.06mS)(1.2kQ) = ~3.67 ,' |
R, R =1MQ . : S ' b >
| —L - - 3 Vos =08 KA
R,=Rp=12KQ 3 3 L o5 ==0y]

Fig.(15-3b)
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1- AMPLIFIER WITH SOURCE RESISTANCE

-If the amplifier is built with part of the source resistance unbypassed , the
relation for voltage gain can-be determined using-the ac equivalent cct of
fig (15.4a) (the output resistance ,rq yconsidered-negligible) .

+vDOD

L ]
<
-—
AR :
< !
3
< ;
o
» :

.l":gner " o
S

Fig (15-4b) RN Fig (15-4a)
Vgs=Ve—Vs=V;-IjRs = V; ';gmvgsRsf
2 Vi=(I+guRs) Vgs - Vgs=Vi/l+ gRs
Vo =-1iRp=-g,VgsRp = - guRp Vi /I+ guRs;

So that
4, =Yo_ 8k (150
Vi l4g Ry ¢
Using eq (15.8a)
r’h‘ = 1
. glﬂ
1

(;—)R,, R .

SAy =2 =—2L_ . ...(15.10)

1+ (—I—)RS, Tm + Ry
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EX(15.3) for the network shown in fig (15.7)
a)find expressions for Ay ,R; and R, (ignore ry)
b)calculate Ay ,R; and R, When Ipss=8mA and V ———4V

SOLUTION _—
l)plot the JFET transfer characteristic - VDD=+16Y
Fs
]D"']DSS(I_—I—/': ’ ' | 4 I
RD
: ‘ < Rot 2.4 kOhm zgaF
Vas (V) In(mA) ©5 21 W Ohm YE
0 8 IDSS vi ' ¢ : "
._{ [ ) Ip§segma
(OSVP) -1.2 4 (1[)35/2) | : Vip=-4V
(O.SVP) -2 2 (1033/4) - ‘
" RE1
Vp 4 0 0 < RGZ EEBUEI Chrn
% 270K Ohm
2) plot the self bias line _
The gate is reverse biased so that [=0, - : :§ RS2 _| ¢s
the gate voltage Vg is “;" : i S
m;:.__fﬁ;ﬂ“,mn L TR ‘ ,
R + R 2.1MQ 4+ 270KQ 3 : Fig.(15-7a)

Ves = Vo= V=V —1i(Rs; + Rsa)
=128V - 1,(0.3KQ + 1.2KQ)
Vs =1.28V - 1,(1.5K)

If
][) =0 - V(_;s =1.82
1.82
Ves =0 -0 1, =——"_=12ind
w s » 15K

From fig (15.7a) , the dc¢ bias Vggg =-1.8V
V,

gm = gmo (1 ——13“—)

r

= 2y (1- I'/f'ixg)

n i
¢ [ .
gmzzwmm (- 1m) 5 i
|- 47| 14
7, = —]—m—, =454.5Q
gy 2.2x107
3
Hpei= R, 2.4%10 —_318.

r, + R, 454 54300

m

R, = RGI//RGZ—21MQ//27OKQ 239K
R, = Rp = 2.4KQ

Fig.(15-7b)

4
@
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2-SOURCE FOLLOWER (COMMON DRAIN)
CIRCUIT

- The voltage gain for source follower..is .less. than. unity - w1th no
polarity inversion (change) and the cct . provides "high input
resistance and. lower -output resistance - than common - source
configuration . Fig (15.11) shown the source follower .

TP I R S T e -

+VDD

Vi C‘II gm Vgs=id
I
Cc2 Vo
§ RG
‘ RS
Vgs'= V-V,
But .
V() = - IdRS = “gm'VgSRS
VgS = Vi = IdRS

Vgs= Vi—gnVgsRs

= (1+ ngSl) Vgs
_I_/Q s gm Vg.‘? R.\' _ g,,,R
Vi (I+g, RV l+g,R,

v (15.16)

Using r,

4
m

‘ (R,

1+ (‘L)Rs Tt Ry

m

Ri = RG teeas (1518)
Ro=Rs/rp..... (15.19)
(the o/p resistance is the source resistance Zdevice ac resistance)



EX(15.6)
For the network shown in fig (15.12)

18 -~

a)find expressions for Ay ,R; and R, VDD=+gV
b)calculate Ay ,R; and R, '
SOLUTION
1) plot the transfer characteristic _
I C1
Iy =1pe(1- ““I‘/gi)z vi=4nomy 90 UF
P N [ 3 I I L
L ] '
Vasi(V) Ip(mA) . _— v
0. : 16 Ipsg §1 Y uhm ; RS
(0.3Vp)-1.2 8 (Ipss/2) > 2.2k Ohn
(0.5Vy) — 2 4 (Iyss/4)
Vi -4 0 0 = o L
2) plot the self bias line B
qu =IyRg Fig.(15-12a)
I =0~ Vcs =0
li ‘ :
Ves = Vp ~-4 5 Ty = ot Bt
GS P D PR A Io(mﬂ')
s.the interscetion of transfer characteristic and self bias line is : 4!; '
\(,~—~2 s6V 16
o) % 1073
amo = ’_,}“”“ = o G =8mS Iy
1] -4 g
m m; (1 J"“‘\') 8(1 ~2'86) 2.3mS |
n=gmo (1-—)=8(l - ———)=23m,
g = gmo (13 - _ |
JFET ac resistance = I, A= 434,40 =18
' g, 23mS - !
]
' é
; 7 4 !
4 Ry 22x10 0433 - -y
ARy 4344+422x10 P |
r B : L r'g'}‘t\A_
e L i hes
Vs iy L
% ! i
- -2ty O
R;= Re=1MQ !

_' Ro = RS// P

=434.4Q 72.2K = 363.05Q

VGSQ =~2.PLVv
Fig.(15-12h)
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3- COMMON GATE CIRCUIT

A third configuration is shown in fig (15.15) with ac input.to source , ac
output form drain — this circuit being :the .common . .gate ampllﬁer
configuration . this amplifier form has low. .input, resistance |,
noninverting voltage gam (similar in magnitude ‘to:a- ‘common- clram )
,and output resistance the same an the common drain .

The ac equivalent for the circuit of fig (15.15a) is drawn in fig (15. ISb)

JVDD

RD Py - . e Dy = MO
i; e2 vo - ‘ | )
i |

S|

Fig (15.152) = | | fig (15.15b)

VO = - IdRD = "ngUSRD ': - g;nRD ('V:)
A=to_g R 1524)

I/ ! m
R, =Ry ... (1526}

EXHS ‘calculate V, for thc network of fig (15.15) if Rg = 1. 1KQ , Rp =
3 6KQ Ipss=10mA , Vp = -4V and V;=100m V,,,,
' S‘OLUT]ON JxID(Vﬁi“)

1) plot the trdnsfel Chdr'l(.tEl istic

Iy = Il —W) = 10mA(l l—;)’ |
2) plot the self bias line lo
Vcs = -RsID = —I.l(KQ)Id(mA) :

. Dc bias VGSQ = -2.2\f _ ‘
2 pee _ 2%10mA — 5mS

G f

gmo =

ek v

oV o

gm = gmo (1—

=,
!
i
i
&'
. T
L4

R 3
e il =——gn,R =2.25mS(3.6KQ) =8.1 Vs |, ; - PR
F, ; . : it -y ._3 BN -l o %

Vo =AvYi=8.1(100mV 1) = 0.81V




