5 tlae a5 W Bloe B stites (s30T a8 g0me ;5 e Sl 5l (9,0 31 S () S 2SIl
Sl 9 Jyol b 4z 52 6513 9l 5l s 2l (saas g0 (xS0l S (ot ot GRS O] el
bl ey onl (eass qblie 40lS o 5u5e (ligzils 38l55) Cobe luatee Wigise ]

Opgo dn (ol )5 0 90 Slibrial )5 o) (nl Glllae g Blawe (25550l 4 plgztils 5l 5l a5
3o b culoly e 3V abolie (6395 leigesl slots > o leallys cal 51 ogllae oolitl § o pi5
ool pladl acgazme ol Gidb @y 0l ol 5 03] Folel (glomdIS 5 olStils 1o 5 Lplles

i S tlie LolS g 585 5y B sl ok 3005 catdly ety b B 4 45 LS ol o
HB 5u5e (lgmiils 5l g9 o @8, 50 a5 (gysb 4 00,5 &il) Jaol salai b ol jor aslio sledlin Ly gy 5o
b sslial

Syl elazsl T los IS 5 (9500) P-N Jlasl 8 ,m0 a0 gl Joad

b 4l o )15 abais o i ol 5 Sl ogou (BIT) (ohadgo jgim 515 (Byme 4 pgo Juad 5o
sl 0 4315y o 295 50 glrsel e g 0l Hlugi perSlo il (gl il )l sy

9 S e (s oS e ;5 SIS oS eyl )T 0 BIT Sas8 JUiSe Jlow
Ol slao )5 5 7loe 828 () @ (295 & 02 5 PR s, & o ealisbiy glacanSiey sl
Syt 9y & Sl 5 09l @5 b Sl el el 1 oSSl et s oo oS5 ) g b o
el oads i)l 5 il el lS B dsloe (g 5 Julod ol

SJEET) oS o0 )8 o 131 L a8 (o jgi 55 JolS' (Byme (o oty 5 0510 b 5o
145 oz ste b Sieall yrizmed 5 Ceoglie b Kiasbl oy 4« BIT L Lyl aylie 5 MOSFET
— g Uiyl A 0 sa S i SrgS U ot el sais i ls 310 0 )15 seize Ol e
O3 )l Ologs o 3SLe (o) 2 iires g Akl diz Sl S plie = oS g S e — ()3 oS e
Bebies Jold | Jab g0 (nl (Sl e waiiS Zosl (295 50 glrsel

G e S8 Gl 5o a8 Slsmtils plu g (g yhar (uiige @ LBl il oo p3Y 355
L o5 551 palss SEamlys 5 ool 3Kl S slyuials 4y Gl el o ales ;S5 dilosas ilos S
P (redghme GO (pizpa g Wil @0lyd ou il o 1) LS Gl e sliale aiej plialesleiing
5 s 8 wilansls OLS ol Gl bl jo oS 1) Sleles 5 Lot olye Slhlasl (Ko 8 anse
il Bige ey Sl G 093 (Sim b 5 (hjgel Dleas ) o a8 el 55

Ay el
ol ol Jevos!



TR

ol aowi— Jol Juad

—

ol das -1-)

390 b P-N Jlasl -v-)

o955 3 e (Wbl 5o P-N Jlasl v

3323 ol = 3y aadeie -¥-)

Go90 sla,lae —0-)

oaiBd sy Ol e =)

> Y Y & -t <

Blg oga b jlae Judos V-

Yy
Yy
iz
¥4

¥
YY
YA
¥Y
¥F
¥
\2
¥A
5
80
FY

GO Q‘)""“’ L?‘)b -A-)

$ o ==

5y cauScauis -V .-

Sga0 wsLﬂA*\ \-)

S 4o Oyl SI-VY-)

3550 0 )5 slacuagaze -1 T-)

00sS 5SS (5l jloe -V F-)

Lol g5 10

ouiiS ¢Sl [0 G35 (Blo 5l eslanl -1 #-)

ool 43355 ae —1Y-)

3930 Zulan g adad log dwle - VA-)

Slo ol cud,b aulon 140

)L.J5 oA;.:S).g|).3 S L 9o ‘SLQ)‘AA EARE

ralS e -4

S0 0930 iz L5 b g sl YY)

s

s dolizewly

890 (GXigm jgim Pl — pgo Juad

89 (Gigm gt Bl VY




A

a5 35 50 by sleadlge Y-

AY

a5 50 Ol Cagls VY

AY

Syt ot ke —F-Y

AF

S e yiwal s -O-Y

AA

S e SIS Jas —5-Y

Ad

s Bl (ol polie V=Y

af

bl gl s —A-Y

ayv

(ac) Seobiys b s -4-Y

aA

S yiden gl ac b o> -V-4-Y

\Y#

VFF
VFF
VFF
YA
VOV
\oF
V7.
Vo
V2
\V2Y
V20
V£9
\Y¥
VAD
YA

S ydee ,eiSIS ac b Las -Y-9-Y

S yidis (g AC LU Lo -Y-9-Y

S5 Al oy g ol

ol cal )Y

Sl Ol e VY-V

s

s aslizeunly

Ol LWL S 53 (BIT) (555 3l (rousis'y oi ac Judow — pguw Juad
ol ol B 50 (BIT) (s )ygm 3l slvoanScagas ac Julow V=Y

syl Gl clin (a3 Joe -Y-Y

S e el oS 3 (20) Sr3S JiSw el YT

S s ,5SIS ooiiS g i AC fulos —F-Y

S o Ly 00505 Co g5 AC Jodod —O-Y

ousuS Co gy dunslae —#-Y

JEIRVERTA

S i el 005 3 @y Jelons A=Y

S i 55SIS oS a3 gy ol 8T
(hoe:o UGJBL)LSW wa&.«:we&;&ﬁ L‘-L"U 5-Y-Y

T O9 Jolee jlae -1 -Y

o 428 VY-V

Gloyuziy slrossS ey gas -V Y-V

SzsS JWSmw Julow g 5o N F-Y



VAA
\ay
120
\ag

v-q

YYA
YYA
YYA
yvya
Yyy
Yy
YY-.
Y
YYY
AEAR
Y#Y
YA

Y
Y
¥1Y
YA
¥14
¥14
Y-
Y-
YYY
¥y
YYe
YY$

Omb adad il 8 -V0-Y

S5 60855 olaeel b ()55 515 Sl e -V F-Y

995 oligel (55, Kbl slacwglin Sl pwy -V V-Y

O3 )lo o jo ol Ser g,y 5l eolawl - VA=Y

[EYE

s dolizewly

ohss 51 518y 515 — play oo

U V-

JFET S350 5,5kos 5 izl -)-F

JFET |5 5,b-Y-¥

JFET Uil daseio oo -Y-F

JFET Ll ol s —-¥

............................................ JFET 5 SargS Ui 5550 JiSoms -0-F

JFET g8 i Joro -5-F

JFET (slas 5 -V-¥
Z97 0 el Gyt g o)l (lug akeld oy 3SLe Al -A-F

[EYE

s dslizewly

MOSFET ;gium 3155 — poxiy Joad

sl MOSFET _SG 508 0,8des g ,lislo -V-0

o433 MOSFET (¢ e cosdle ~Y-0

CMOS L oS MOS -¥-5

MOSFET s oS —0-0

ub):> éu.@ -Y-0

b ol e -V-Y-0

OBz = ol slaylae -Y-V-0

Sl sl f-A-0

ladss b 45 £ MOSFET (S5 508 o ,Sles ¢ L5l -2-0

S &9 Caw b (gl cdle -V 0 -0



Yys
¥4
vrs
Ty
¥YA
Y
TE
¥EO
vF.

Yay
Y44
oA
fIy
FIV
Yy
fr
fre
fra
FFO
FFa
fOF
f5-
70
(22

st 95 b a3 MOSFET alic -V)-0
(J9) glisl axb o MOSFET S8 JUSKs Joo -V V-0

reizme o dids G cthwle 50 o985 sla o jo ad, IS 4 glal sl il T -V Y-0
CMOS 5 oo — (s gm0 555 a5 -V -1 Y-D
CMOS S e — o 855 235 ~Y-1Y-D
ooge 83S Sl b S iie = (050 BaiiS S ol V-0

CMOS S jlive = (o ygm 005 Ca gl S5 JuSmw Julog -1 F-0

(EXI

Lo anliseuly

Jsl s3]

Jol 03l aelisenly

VWA b 6yl yos sloens
VAV b (6 posl yos sloens
VAN Jlo (6 ool yos sloens
VAR Jlos (6 ol pos slocians
WA o 6yl pos slocans
WA Jlos 6yl pos slocans
WWAY Jlos 6yl pos slocans
WWAY Jlos 6yl pos slocans
WWAF Jlos 6yl pos slocans
WWAD Jlos (6 ol pos slocans
VWA L 6yl yos sloens

Aol o

&bs




093 Juddi
(el 93 (§1del ol ) Gl i
|

V) ol 93 (5153 g3 ) ghaass 331 5

803 G sSae Glisa 5 S (oo HIS GusSas Gubils Hu a0 Gl 45 s g a0 S058 S S8 Jead 0
GSA o Sl s ma g sadisanli 55 cadidy 8 S Sae Gaw wbie 50 Ol G sanl s B cad b s
wal o dbals Plue oy s pesSae (bl G e S L 5 08 o w5 1) il culil sladels bials
G055 9529 59 bl sl oo GRald) G sSae (L s i s oo L s JLeall i 5o 4 culil slaJola L3 4S (63
b5 el gladela o) 3 oS (65K UK 58 0 S (Bore culil gladala al o o) e 4 1) L8 Sud OIS 00
oL 1 oS gt Ol Gl (S5 5Se (0-)-) USS als Gl3t 1 5 00 pu s Ll (Lo Ol 530 S
oS e mogee Praals 5o s (258 alse S5 b 5 ol sladola (i3I L oS aas g

Is

Ise ENy

SrIV Ny
ISY Iﬁ gN\
Is, ¥ EN.=°
>VCB
- il BNy> 8Ny > BNy BN, - @

038N (b8 Hgn —

98I (08 W0 Lansgs 00 31555 (539 A ol 591 et = 59555 oaSinn 3l 2 a5l o 0-F) JSC

S WSS oo s oo BLAIP ¥ 4 anls Ha HudS e A8 Jola Hlade (8 yae K& Hu sad sula o Lis gy

S8 paiies Gubils 5u 5 P g s sula e iy e HuN 53 51 (M ;S Ga S BLAIL 1 ¢ 53 aslin w50
sl s 5 i LAN Gk pallals I8 SI sl i 530S wald (Y-¥) JS Gubo o ol
sladela HLas 31 il Baae PN Jlaad) aiione Gubils 31 236 51858 olisa wab (N > N, )P b
s ol 1 S) P gl s 4 (3t saels (el a0 0l 51 68) Nl 51 (g 5 3SH) )
GBalii) als ol (s ) b3l sladeln (Guas) P a4 LS ogps L g asm sl (o ggo sanel sy
b e

iR
IV I N
.

Ig B Ic
Ig4

Ry <+ = R
E Vg Vee ¢

s (Wb b 30 yinola (s P-N JLasT aSNPN | gianns 3515 (YY) Sl
A oo i bod 1y (woSe (Wbl 3o (s = ygaSUSP-N JLail g

1- Bipolar Junction Transistor 2- Emitter 3- Base
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1- Emitter Injection Efficiency 2- Base Transport Factor
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1- Cut-off Region 2- Active Region 3- Base width Modulation

4- Early Effect 5- Saturation Region
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3- Adel s. Sedra and Kenneth C. Smith: "Microelectronic circuits".
4- Millman and Halkias: "Integrated Electronics analog and digital circuits and systems"
5- Gray and Meyer: "Analysis and Design of Analog Integrated Circuits"
6- Schiling and Belove: "Electronic Circuits, Discrete and Integrated"

7- Robert Boylestad and Louis Nashelsky: "Electronic Devices and circuit theory”
8- Jacob Millman: "Microelectronics: Digital and Analog circuits and systems"
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