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EI;I Vs conventional Transistors (BJT)

Advantages

1- High input impedance ; ~100 M !

—

2- Fewer steps in manufacturing process.

3- More devices can be packaged into smaller_area for integrated circuit IC

Disadvantages /

1- Low values of voltage gain.
e ——————

2- Poor high frequency performance.

3- Sensitivity to Electro-static Discharge (ESD) and special handling is required.

Instructor: Nasser Ismail
Summer 2020-2021
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FET Types:

{Field Effect Transistor}

FET
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Junction Field Effect Transistor JFET

JFET construction: n-channel JFET
v" Reverse biasing the gate to source junctions causes the Ll T —

formation of the depletion region i x Ds

I [

v" The drain has the proper polarity with respect to the DS Chann

source to establish the drain current /¢ Gate
— I P P VD S

v' The value of I ;s depends on the width of the [y v N-2ckchops T
+17/Gs
channel. + _
ource= ) $

’K/ The width of the channel is controlled by reverse,
Riasing the pn-junctions between gate and source . Ips=YTp=1§
—_ -

v If the channel width increases /s increases .

o é_\‘és &V

&
\ne l J
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Instructor: Nasser Ismail
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Operation of a JFET

Drain

+

DC Voltage Source

Source

‘w\mbc}\“"‘

Eh'ttp://www.Iearnabout—electronics.org/fet_03.php i

T, =€ (Vos)

D
=Lp=Ls
(= Sjlbs D
.r
Ves S st P"“"‘l‘
L_;——A yeyesie Yray
o{ Gdk +°q
. ; §owN C
Instructor: Nasser Ismail LJ-;
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N-Channel JFET Operation -5 chavacfen she

-When VDD is applied., electrons are drawn to
the drain terminal establishing drain current ID
2, J~  -Drain and source currents are equivalent (ID=Is)
-ID is limited by the resistance of the n-channel _
between the drain and source

-IG=0 ( due to the fact that the pn junction is

reverse biased)

-As Vs is increased , ID will also increase

\_'—‘-
> according to ohms law
I }__ aturation level P,
A o

Increasing resistance due
to narrowing channel

n-channel resistance

(4 Vos ENEE236 7

Instructor: Nasser Ismail
Summer 2020-2021 6



ENEE2360 8/8/2021
BZU-ECE

N-Channel JFET Operation

- As Vs is increased towards a value VP (pinch off voltage) , the depletion region is

widened and channel width is reduced increasing resistance to ID and the two

depletion regions will appear as touching each other

-These two effg%__s__ result in ID being kept almost constant

| D +
Ip | { ‘I’llu‘h-u")

Saturation level
) o~
=00 g VA
Increasing resistance due §
P P
n

to narrowing channel Vie = ¥

|

|

' Yo
| +

|

|

Vs =0V

n-channel resistance =

|
| s _
|

0 Ve Vs 6 ' 8

Instructor: Nasser Ismail
Summer 2020-2021
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N-Channel JFET Operation
The ]
<

7,

G

G
/
%3 O>vge> V), i 5

(a) Bias is zero and depletion layer is (¢) Bias greater than pinch-off
thin; low-resistance channel exists (b) Moderate gate-to-channel reverse voltage: no conductive path

between the drain and the source bias results in narrower channel from drain to source

The nonconductive depletion region becomes thicker with increased reverse bias.
(Note: The two gate regions of each FET are connected to each other.)

ENEE236 9

Instructor: Nasser Ismail
Summer 2020-2021 8
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JFET Circuit Symbol:

P-Channel

D D
G G lT—D
T
@ | '\\ ° :@
Ver _ 45 N S

&S \
/
0& Ve Ly c ’ Vo 2VNes 2o
s '4\-|\j(. .
? s\;qlut ¥ n neg ahue

Instructor: Nasser Ismail
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JFET output characteristic:
~
, PR L A T
wh
de e
G | [ (Fch off D
region Fg'ﬁn) Ves = —1 G )
. +
| Ves = —2 '—E N VDD_—?
\ + ‘ [’G.S’ S
? e =%, - =
‘ ~ g n’aLb “"‘J
Instructor: Nasser Ismail
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Pinch of voltage Vp:

For V5 = 0 ,the value of V5 at which /5 becomes essentially constant
Drain

Is the absolute of the pinch of voltage Vpg = |Vp|
* Ips*+—

Some literature refer to Vp as VGs(off)

1P Py,
A e —
v, = {negative value for n_channel «~ V. n '
- | positive value for p_channel ~~ Tource
-

Instructor: Nasser Ismail
Summer 2020-2021
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JFET Transfer characteristic curve:

/Z\_) Vos(t

]_vz Ips(t) = Ipss

‘ /’1-; fl-“‘“

In pinch off region: “
- >
Vo<Ves<0

[Vps| > Vel — |Vgsl
N e p —

Instructor: Nasser Ismail
Summer 2020-2021

12



ENEE2360 8/8/2021
BZU-ECE

>
P-channel JFET . ,.I »
-)—! \l (—‘D & \ -_.Lp
2 ] S
Ips(t) = Ipss (1 - VG;S)’ r—l i s
|
In pinch off region: " M \
/ \ ? J_‘_unt‘l
\ -
[Vpsl > [Vpl — |Ves| & L / \\/
/ AN
N
(=) ' S
A v/’ ~
= Ve Vgs(t)
7
et 4

Instructor: Nasser Ismail
Summer 2020-2021 13
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Summary: Pinch off voltage: = a c¢hwe serom
w  BRIT
v" The voltage that cusses the depletion region to touch and close the channel is
called pinch off voltage

v For the n-channel JFET to be in the pinch off region:
M By, <V <0
[Vps| > Vpl — |Vgs|
oo e el

v" For the p-channel JFET to be in the pinch off region:

\Y; [Vps| > Vel — |Vgsl :)‘#

27 2 Vp > Ve >0

Instructor: Nasser Ismail
Summer 2020-2021 14
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Li?
10-8-202)

Common JEET Biasing Circuits

> Ve
> Fixed-Bias

» Self-Bias
» Voltage-Divider Bias

/

?m-bl\""# "“’Jt
4

at},v'g Mod&

e chawnel  JFET - /7' ,,5..-'-
- —~Vgs =0
Wés = -1
G lID UGS: 2
+
Ngs
b - Vos
¥
chm 1o Yoo
Dok sheet

Instructor: Nasser Ismail
Summer 2020-2021 15
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Basic Current Relationships
For all EETs.
Tesod) MEEl
*
For JFETS V5s
e e
punhen i
Lres=/
Instructor: Nasser Ismail
Summer 2020-2021 16
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Fixed-Bias Configuration
KveL >
WDS = Voo — IDR;j
V, =0V
~Vy =V, s
Vs = Veg KVL L
Instructor: Nasser Ismail
Summer 2020-2021 17
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. l TLpss =0mA 2
To=Toss (f- -%efl,—\i 2,
¥

Te =0 — KVLA ) vos

.S tVés =0 =) V&;:"l'{“ ‘s’~ -
Ip= lomh (‘ = L

= 2.9 m A
Kviyl
16 = Lo Rp+ Vps — Wpg= [6 - 3-9=A X 2L
= %2V
Example

V=V, -V, =-15-0=-15V «~

2
=10 mA(l — ﬁj

=3.9 mA .~

3)check for Vo] > Vo] |[Vgs| ?
2)Vos =V — IR,

AV T RVEET
=16-((2k )(3.9mA)) gwie Jifﬂ“ A assumptioniis true_
=8.2V ‘.‘ " r«lﬂ'* 19

Instructor: Nasser Ismail
Summer 2020-2021
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Graphical method:
e[pe=Ipeo(l - 255 )2 A
DS= IDSS Vp
*Ves=-1.5v Fixed 47
'g"; 77777777 3.9mA
Ves®) LT i
4y ) -1.5v
Instructor: Nasser Ismail
Summer 2020-2021 19



ENEE2360 \I-_o_l_)-
BZU-ECE l T
D
Ko
V‘: ngs -b_t--"_‘_
Vo = Vpn -Zpke Vs
5 +
® Vviy Vo
Vos= Vp-Vs % Vs
vp = VPs+ Vg pE—
he Jer =
\r‘D =
DKD:I’US “S::ID-es
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Self-Bias Configuration

2
v Ve =V V=0V ==V,
— V, =1 ,R,

fO0) e Ves =R, )

e >
= YD =Vop —I5Rp

VDS :VD _Vs

:VDD - IDRD - IDRS

Ra is important to isolate the bt 4 <

signal from ground in amplifier
circuits

=Vpp = I5(Rs +Rp) -

Cal

Instructor: Nasser Ismail
Summer 2020-2021
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Vgs = Vé&- Vs

Fiud Vés, Tp, Vos ?
et ~”

go ’Wh\;h
__#

N = 0O

Vs = To Rs

i A 5

= 0=-TIpks=-1 oRs

(Te zo)

)

v Vés
ID: _LDSS (l- ‘Vr)
l’

8/8/2021

2 .
Tp = lomA ( | = ) &Ee— 7“"%.‘
et
Example
=4V
Ves :VG -V, =0-V, ==V, DSS =10mA
+15V
V, =1,R, =6001, o
1.9kQ
V., =600 o4
T Vbs
1) |D =10m & Re s .
1 MQ Rs
X=1p 0.6 Q2
ax’ ) -
X2
o
ian
X lpj = I'/‘?-A A ) Ioss O —10mA
( -4
AY
Neg = -IpiRs ‘{_____)}
= -3mA Y0 4L S )
Ve = -1.3 ¥ Tp= 3mA, Vgs==I-vv

Instructor: Nasser Ismail
Summer 2020-2021
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Example-continued
solving for I :
I, =14.77 mA > 1. and thissolution is not possible
I, =3 MA <thisis the correct solution

2) -V, =—600I, =—600x 3mA =L,

=15-3mA (1k + 0.6k) =10.2 V.
: ~

3)check for |V |>|V. |-V, | ? Ky
10.2>]-4-|-1.8

) assumptionis true -/'(/

Instructor: Nasser Ismail
Summer 2020-2021 22
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Graphical method

Vp

9
Vs=-(0.6K) I5s

when Vis=-3v — [Hs= SmA

* Ips=1Ipss(l- zas )2 9 et

When VGS=O —> IDS= OmA \

% 10mA
’

qrier

Instructor: Nasser Ismail
Summer 2020-2021

23



ENEE2360
BZU-ECE

8/8/2021
L1%
-8 -202]
sec 1
____——d

I;=0A

/5 responds to changes

in Vg ‘ ;
! i
-

l’\ml

/r‘l‘:,D \==/

Instructor: Nasser Ismail

Summer 2020-2021
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Voltage-Divider Bias Calculations
/I=0A
Vis equal to the voltage across —
divider resistor R,: —
R,V
\/. —_2"DD =
/7 G Rl + R2 “—.“‘ éR]
—7V, =1,R, / | Lp-TI¢
Using Kirchhoff’s Law: Yo
ZVGS =Vs — IR, 4 {_v
- RV g ) T TR
GS D" 'S
R+R, \*
The Q-point is established by plottin%ine that intersects the transfer
curve.
const

) - \[(,-S= Ve —Vs —Ve-Tp Rs :@Q%’lbﬁs
N~ —
S
2)- - ID:—I"DSS Ll_" V?)

GWL) (n 1 b.\

Instructor: Nasser Ismail
Summer 2020-2021 25
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I/ ]‘:3 = Ipsg ( = VP %
Ior —» 7 onby one
Tor — ) T ? Covkgec"‘
/ 4o lwdow
\,65 o
Example V) Vp R T Dy ot

V, must be more positive than V

to keep the gate — source junction reverse biased

2) VD._

V. = IR,
— RZVDD
“ R +R,
V. =V, — I,R
Ve d
V — RZVDD
GS R1;+l§2
VD=VDD v . v
Voo -V Vo= Vop-Ipfy
I =
<\L R, /
’ Voo \ *
ID;IDSS - V&5,
> v
—_—> :J Vs WS ]{_,./ow.,. ms-ka//! J Vp! 3
¢ ? v 2 e Vop_VDS
Nog = NppoT - T Tp= VYDD-VD>2 |
$ = Vop-ToRp - ToRks = e s

)14 VS ,,\ra,g know v

- Vs

Instructor: Nasser Ismail
Summer 2020-2021
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Example
\f(rS _4_ o
Vs =1,R =(1.52mA) (2.2kQ)=3.34V, | _~ —
VA =i15:1.54v/ v
~— 1IM+6M e
v
Ya184-334-18Y 50 €O
also
2
=Y 33 5 ma S
R, 2200
Instructor: Nasser Ismail
Summer 2020-2021 27
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Example-Vo unknown
For the same example, if V, was not given,
then we use the square law rule I, =f(V,,)
to find I, and V__by substituting the expression
— R2\/DD
R, +R,

~IR

Hw

_—
QasSirmt
_____..—-‘

Vf :"'"I

l,o’yf.

P

Instructor: Nasser Ismail

Summer 2020-2021 28
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Voltage-Divider Q-Point

Plot the line that is defined
by these two points:

Vios= Vs Ip=0A

Vies=0V, Ip= Vgl R

'K Vas=0V,Ip = Vg/Rs

Plot the transfer curve by
plotting /555, Vand the
calculated values of /,

Ip=0mA, Vgs= Vg

Vp (‘-4’\,) + ,k Vas

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

Instructor: Nasser Ismail

Summer 2020-2021
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Example p-channel |v 5v§¢—~p-s.4.u——7?-auw|(
—18mA IeeT
R, x|-20) | R
GS — + D
R,+R,
W =—4+1, Rj,j
.
(2 \[ t s ‘T ID
. =1 1 Vs ¢
D DSS VP _= | VS - Ipﬁs
({4 LRY) Ve =21 (-20)
B V & 2,425
) ’1‘))\,)
ENEE236 /,,'J 32

Instructor: Nasser Ismail
Summer 2020-2021
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—4+16501, Y
I, =18 mA(l— D j
* Solving the quadratic equation and finding its
roots yields: _—
I, =4.7mA Iy, =7.4mMA V- channd
Y oemanrts
both values of 1, < 1,45 and are possible solutions f

= so we verify value of V. :

Vgsr = -4+ (4.7mA)(1.65kQ)=3.75V < V, Z correct solution
Ve =-4+(7.4mA) 1.65 k2) =€.21V)> V, x wrong solution_

X

ENEE236

0o L Ves & Vp

Instructor: Nasser Ismail
Summer 2020-2021

31



ENEE2360
BZU-ECE

8/8/2021

Graphical method

%
* Ips=1Ipss(1- Vi: ) 2
1.6SKe

* Vgs=-4 + (08K) Ipg

when Vgs=-4v = Ips= OmA
when Vgg=0v — IDS==3H2 mA
-7

18 mA

e

Instructor: Nasser Ismail
Summer 2020-2021
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. / DUJ,’-/ 5‘1{3-,\5
Ve f\J of r\j
B K‘iaf N\

Dighortnon dut

v e
+5cd—off o

Sa"'k-/‘“*l'“h
Midpoint Rias. EET-
For maximum Symmetrical Swing

* Place_Q-point in the middle point of the transfer characteristic to
allow for maximum swing between loss and zero

Foss
1 V,
Dflet 1, =051, y V2 v ¢ NIg
2
V GS 1 /’ '
:I 1— GS :1_ - V(’
) @l P
v (Voo ) Ve (1-0.707) Vs
0.5=1-> =V,(0.2928

—3 2) let V, = 0.5V,

ENEE236 36

Instructor: Nasser Ismail
Summer 2020-2021
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Choose &’and Rs for mid point bias
Example | 051 —6mA
V, =05V, =6V
vV 4
VGS =0 = 3 = _0882 VC’
~ 34 (34 )
Vs 0882
R TomA = V¢=0
< ¢ — —3V5=V6—Vé5
Y/DD_IDRD_VDZO :o._.-o,ﬂ'(Z)
V =Vgs(off ) =-3V VvV -V =o.Y&2
= oD P — L/
. =12mA Ro=" =1k < Tokg

Instructor: Nasser Ismail
Summer 2020-2021
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~ it be hyh
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. Vi) Tpes JfFeT
\A " °
¢ foy Ves=0 G
woul® i e v T >0 y
Q —_— \/J’.D »f—w Ves=-L
To beoomes I8
- Toes
\[g_( Y

foe Vs #'t_‘,".—-

»y
Metal Oxide Semiconductor Field Effect TransistorfMOSFET
* 1) Depletion type MOSFET: &n ‘?Wu*-'

» 2) Enhancement type MOSFET: EMOSFET D hannel

* The MOSFET differs from the JFET in that it has no pn junction
structure; instead, the gate of the MOSFET in insulated from the
channel by a silicon dioxide ( S;0, ) large.

* Due to this the input resistance of MOSFET is greater than JFET.

Instructor: Nasser Ismail
Summer 2020-2021 35
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Depletion type MOSFET:

e Construction of n-channel DMOSFET:

| Gate Drain ID G-—
e
Metal

~ Silicon
dioxide

Vb3

T Substrate
J-‘

Instructor: Nasser Ismail
Summer 2020-2021 36
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Operation , characteristic and parameters of DMOSFET
¢ n-channel DMOSFET

- On the application of Vj,sand keeping V(=0 2lectrons from the n-channel
are attracted towards positive potentiai of the drain terminal .

- '];his establishes current through the channel to be denoted as /55 at
=0.
GS

- If we apply negative gate voltage (V< 0) the negative char%e on the gate
repel electrons from the channel . The number of repelled electrons
depends on the magnitude of the negative voltage V5.

- The greater the negative voltage applied at the g2te | the level of drain
current will be reduced until it reaches zero ; V5= Vp .

Instructor: Nasser Ismail
Summer 2020-2021 37
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s
1 £ +
Lo o
1 At Recrmhimation
Av cew
.~
1e” A%
+ Z,/,,/
- Vow e of 4 e
- PN il
i
‘ 1’\—‘\*
1597 TR Melenatireted
e o mgating
| e / poeriad ke
Nl -

Figure 5.24 n-Channel depletion-type MOSFET with Vs =0 V and an apy
voltage Vpp.

Instructor: Nasser Ismail
Summer 2020-2021
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- For positive value of Vs, the positive gate will draw additional electrons
from the p-type substrate and the drain current increases .

o D
I
| . |L4r ~
Sub -
G G
s S
b &
P-channel n-channel
DMOSFET DMOSFET

Instructor: Nasser Ismail
Summer 2020-2021 39
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Drain characteristics for an n-channel DMOSFET

|
4 Ohmic i Ves = +2
region |
|
! VGS == +1
|
|
| Pinch off _
: region Ves =0
|
|
} VGS = —1
|
| VGS = _2
|
|
! —
| v/VGS =W

v

cut off re‘gi>

Instructor: Nasser Ismail
Summer 2020-2021 40
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Ves(t)

-
-
-
-
O——‘
-
as

Transfer characteristics for an n-channel DMOSFET

-
e

Instructor: Nasser Ismail
Summer 2020-2021
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Ohmic
region

n-channel DMOSFET

— Vg = +1

| pnchoff

4

Vs = +2

Pinch off
region

Ves = —1

b Ohmic
region

Vos = -2

(VGS = Vp

cut off re‘gh

Drain characteristics for an p-channel DMOSFET

Pinch off

region

V/VGS

Ves = —1
Ves =0
Ves = +1
VGS = +2
=W

cut off re‘gi}

Y

Instructor: Nasser Ismail
Summer 2020-2021

42



ENEE2360
BZU-ECE

8/8/2021

n-channel DMOSFET

Transfer characteristics for an p-channel DMOSFET

f

e
-
e
-
-
oo

Instructor: Nasser Ismail
Summer 2020-2021
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. ) _ Vegs | 2
In the pinch off region _» Tp="Toss (I - Vf)

. v
ips(t)=Ipss(1 - VLPS )?

- D‘["rff- on mode

4 For the n- channel

Vo £ Vs Lo 0T £ Tofss
Iu.nm«)f" M‘-”"'Lk

— in
¢ For the p- channel v 5S DO
ITo D Toss

ol

Instructor: Nasser Ismail
Summer 2020-2021 44
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Example
Suppose that the DMOSFET is in the pinch off region
100 M 0.5k
—
D
/ J Iop
G IDSS =4mA é’-
@$(12)=1.19v ............ B s T o
11M+100M ~ - V&( 11 M Vp=—-5v

sub 2 into 1, we obtain X =
=0 Chenned

— Ipg=6.13mA >Ipss !! THIS IS POSSIBLE AND
DMOSFET WILL OPERATE IN ENHANCEMENT MODE

—_—

3 Vps= ZDD' 0.5K Ips=8.93 v -
Yos > Yes 610V e pwv

9 .
off reg\t

Instructor: Nasser Ismail
Summer 2020-2021 45



ENEE2360 E MOSFET (- chewed) 5 no Flm},ub;-(

8/8/2021

BZU-ECE Al il
— we will hivean
\ l:'w’ua/'{ 0‘1«/""!‘(
_r} due 45 Vog
- g Nas SVestth) = VT
- Pp - bd.k...-l—{ roufcc./wl"‘gl""J
veHage |
9 This s Yo mivwmans
regpuryed vo Hage H

kw‘, am H«.JWJ

M\%he{ ( e = A ]

Enhancement Type MOSFET
* Construction of n-channel EMOSFET:

/

Source VGS
1 .: Gate Drain ]D G—
i Metal
N N ~si0,
P Vb3
Substrate

<)

Instructor: Nasser Ismail
Summer 2020-2021

46



ENEE2360
BZU-ECE

8/8/2021

Operation, characteristic and parameters of EMOSFET
- On the application of Vpgand keeping V;5=0 practically zero current flows .

- If we increase V¢ in the positive direction the concentration of electrons
near the SiO, surface increases,

- At particular value of V5 there is a measurable current flow between drain

- A positive V5 above V5 induce a channel and hence the drain current (Ipg)
by creating a thin layer of negative charges (electrons) in the substrait
adjacent to the SiO, large.

and source ; Ips . AWK
wot +
~ i
- This value of Vs is called threshold voltage denoted by I\/L or Vw — )

>
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The conductivity of the channel is enhanced by increasing Vs and thus pulling
more electrons into the channel . n- al\v\.\we
D mvol FET]
"% O
\»m;‘
- — :
s 5
P-channel n-channel
EMOSFET EMOSFET

Instructor: Nasser Ismail
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Drain characteristics for an n-channel EMOSFET
& Ohmic
region
Ves =6
“ 0 Pinch off Ves =5
region
Toid o
Ves =3
_
cut off re‘gi}
Instructor: Nasser Ismail
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Transfer characteristics for an n-channel EMOSFET

'\_._’l-

2 A -
[T VGs(f)V
£ d L7
§ec
L4
12-4-20221
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y 1o
NG (el \—\ ~
Vs > Vg (o Vastw) i,
) o %
/\\4/65“’1" +
vo H"/L . \[& 4 S V65=V1
(date s heet) Y - y
. ps
Qov T
_} —6
G -
1. -
N \)és
- s
Drain characteristics for an L-channel EMOSFET
n-channel $ Ohmic
region
Ves = —6
%{, Pinch off Ves = =5 _
region
Ves = —4
Ve = =3
V/Vc;s =V =2
cut off re‘gi>
Instructor: Nasser Ismail
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Transfer characteristics for an p-channel EMOSFET
P-channel A
n-channel
’
?
’ o s r
Ip = £ (V4s) ¢

Lp= X, (VGS—\/T) ) '\"D"Lpssk\‘\,“)

SF::—,T
EmoSFET b MoSFET

Instructor: Nasser Ismail
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JFET

S

'/ Ig=0Adp=ig

Summary Table

D-MOSFET
N—

o= OA Iy =g

E-MOSFET
~——

T lg=0A Ipaly

Il

Va 0¥ Yas

Dg,o lfﬁn- ‘E?[... " O a.f

M‘J%NEEZSS Me de

K
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In the pinch off region- EMOSFET /
Vsl >1Vgs — Vr| #—-

Ves>Vor ;  n-channel

Ves<Vr ;  p-channel
Instructor: Nasser Ismail
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Example
Ips= K (Vs — Vi) 2 .1
Ves=Vg - Vs

V= 22M+47M( 8) =5.74v

+18v

Ry ?47!\/!
R, ézzm

Ik

§22k

D

K,=0.25X10"3A/V?

Ve=2v

Instructor: Nasser Ismail
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VS= (OSK) IDS

Ves =5.74 - (0.5K) Ipg.coeennnee.

solving for Vg

R,

f+181]

47T M § 2.2k

—

22M

Vos-:_

-
—

D

)

0.5k

I8-Tp (221050

m_lﬁzm(z%n)
1232 ——

Instructor: Nasser Ismail
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“ve F+-ve
Y,
Ves Zvir  VesdVvs

D

S
(—J - ‘\1, ‘_J *f:.‘:l']:,
F_oLm-:rf n-chennel

EAdo BT
=

Complementary MOS (cmos) inverter 0w
€2 ; - r—'ﬂum‘ v(

VeamVa Y I00SI0v U el 2

1) Let Vs(t)=10v [o,t.J Vs (1) T I v L@®

G\ = chonne]
lgta-tamsore-ovfin) ¥ o R
=
u oN
Q ison, replaced with short circuit
10v

Vs(®)

Q, is off, replaced with open_circuit

Instructor: Nasser Ismail
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e

i
Ve =0V

Vs(t)

D2
+
h D1
e Vo (8)
—
sl
=-

Instructor: Nasser Ismail
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2) LetVg(t)=0v

'V = = =0= V. — \
‘\ s1=V61-Vs1 =0=0v<Vpq > DFF ‘

Q, is off , replaced with open circuit

Vosz=Vez - Vsz =0-10=-10v<Vr; —» 6N
~— Y~ N~ T el

+10 v
is off , replaced with short circuit
QZ p ‘. -
vl sb-/f'
« T

Vs(6)

Instructor: Nasser Ismail
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Vs(t) 4

Inverter = NOT GATE ., t

CMos - lv.ur,A'&{

Instructor: Nasser Ismail
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