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Course Contents el &lsyha
<Z<:j;l>+ Field Effect Transistor (FET) 1+ junction FET (JFET).
- JFET Construction. - JFET Operation Principle:
- Drain characteristic. - Transfer characteristic.

++ Metal-Oxide-Semiconductor FET (MOSFET).
- MOSFET Construction. - MOSFET Operation Principle (Types).

- Drain characteristic. - Transfer characteristic.

++ DC & AC Analysis (Parametres).

) ++ Biased circuits.
{ %=+ FeedBack and Amplifiers.

<DVQ
++ Feedback Concepts.

++ Feedback Connection Types.
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Depletion-Type MOSFET Construction 6)liall MOSFET-D jgiww 3! A s
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Depletion-Type MOSFET Operation and Characteristic 3/t-aJ! MOSFET-D giuwis! Al paibas o Joe Tow
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+ 0 /@//_ e Recombination
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| : + with V_=0Van li o~
G oy P 3 =, th Yes and applied P e—> <+ p-material channel
‘l '_'__ ? 2 _@__ substrate
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Depletion-Type MOSFET Operation and Characteristic o b
&1 (may) &1y
: I _ Vie=+ 1V
Depletion 0.9 [
mode Enhancement
miade
______ I s Vi =0V
Vag=-1V
[ A, ;Ia_';'i
2 |lIt.:.'.'=‘1 v
______ s Vgs =Y =-3V
1 4V
L1 1y . =L
-6 =5 =4 =3 =21 0| 1 V.o Vi
Ve Ve kit4 Vs =Vp=-0V¥

Luie &3 9 Enhancement mode %,:L‘.my Babipll oo -¥

The formula used to plot the transfer

VGS >0Vis nowa positive polarlty

I, increases above Ioss

=1
curve still applies:

VGS
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WhenV =0V, =1, °
WhenV_ <0V, I <1 .

The formula used to plot the transfer curve

2

7

still applies:
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MANARA, UNIEERSITY

Specification Sheet

Electrical Characteristics

ELECTRICAL CHARACTERISTICS (T, = 257 unlews anbe rumis moteil]
Characeristic [ symbwl | Min | Twp | Max | Uni

OFF CHARACTERISTICS
Dirain Seusve Breshdons Voltge Vinmsx Ve
Vg = -TAY, Ip= 540 jeAd AW 0 = ]

Ciale Reverss Curment (1) Liee pAde . .
(Vo =10 V. Vg =00 : 10 Maximum Ratings
(¥eg = =10V, Vg =0, Ty= 120°%C) o H P

Galo Souree Camoll ¥iltage Vizsiam, Vo
g =20 g A Vg = 1BV) AT = T T
Dyuin-Gale K Cul th ! - - 1.0 Mdke
1::'“5:: ||]E|;FE » o?'mr (Lt H] g 2N3797
0N CHARACTERISTICS
Zero-Gale-Voltage Draln Crrest Tnss CASE22.03,STYLE2
(¥ps = 10V, Vs =1 TO-18 (TO-206AA)

SDvain

:

:

O-5aate Diradn Current Tgxon)
(Vnz = 10V, ¥og = +35 ¥}
ey a0 14 18 i
MAXIMUM RATINGS

SMALL-SIGNAL CHARACTERISTICS Rafing Symbol Value Unit G;k l

Forward Transfer Adminance | ¥esl pmhos
(Vg 1Y, ¥y = 0,0 = 1.0 kEle) Drain-Source Volage Vs Vde

I 1500 | T30 | w00 AN3MWT 20 2 1
Gale-Source Voltage Vas 410 Ve
INITHT 1 44K} - Drain Cusrent o 0 mAde MOSFETs

i | ¥enl h Tetal Device Dissipation @ Ty » 25°C Py 200 mW
%ﬂﬁu;-m fa LOKHz) e Derate abave 25°C Li4 | mWrc T A

oLl i e L P Junction Temperature Range T, +175 ‘c N-CHANNEL - DEPLETION

Input Cagacilanco L rF T o
(Vi = 10 V. Vg =0, F= 1O MHz) . Stoexge Crannel Temperature Range g 65 10 + 200 (
NI - a0 B4

(¥pg = 10V, Vg =1, = 10 5Hz)

Heverse Tremler Capacitance L. - 0% L] pF
(¥ = 10V, Vg =0, (o 1.0 MH2)

FUSCTIONAL CHARACTERISTICS
Nedse Figure MF - LE ] - ik
¥y = 10V, Vg =0, F= LOEHz, Bg = 3 mepohms)
1] This value &f cumeeanl ineludes Bl the FET leakape cunment s well as (b leakage current sssoczaied with (e fe) socket aml falure & ;"
when measurcd under et amasnable cosditions,
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Enhancement-Type MOSFET Operation and Characteristic MOSFET-E jgiwysl Al jaibasd ¢ Jos o

39253 « [y=0 5|l 3 5L (51 s Wg Laue B3l pikly b pmall die crtbaill cleckis ik ly Losbams | o uall 095G Euzmy « Vg =0 & V0> 0 Lasiis -
D&S (i 8Ld gl 3929 adalg Bzl ddlaill
gy Do ol e ¥ ¢ e cpgae Al gl i £Las aa Vg Al Balsy - ¥
Region depleted of p-type
e oo IS Ot 352 91) (Sl mlass e agatll aduy Sio, Jladl pe gzl 1o agdy Vo> 0 Lo -Y
G 3% Adentl sia dalaill sda J) lig ASIYI (aay cademsg (p Yl dab ges J) D&S
s JUIly 9 BB Cagaid) Balll £o5 (wSiais gl Byually acdl cnsn oill (e LB 0983 ) ALl

! gl g B3lie Ll fia sl « Ll
ss il 1 - . . ) - (e =
P Yos = e o (olSai Yl Aacet) o el Hgiawisl I suie T g1 Vo @l g it @il 4oyl e -¢
sLEW Tuee 33 9 Joalls ygiwssl Al Tung V; dall
\ cudagal| SIS AUBLIN iy 31ok] iy LuSas p 95 Anyll BN 93 il gl U1 § -0
8,0 Sl 2
Insulating layer  Holes repelled - sLhM "’3'&2.‘" 0353 LQJ.LG (...si (.,;u'é'w PLB'L" (3 Y! J'Q"'.!y tj'i'" “:\A -1
— by positive gate
j V..o Vv>0V.,>0
Channel formation in the n-channel G5~ r Ds”
enhancement-type MOSFET. VGSf:> IDf
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Enhancement-Type MOSFET Equations and Characteristic

O.z." Bias (po dzmiliume ddaladl S el Jiag

MOSFET-E jgiwisl Al (aibasg ddolas
:n BLLAN 593 MOSFET-E gl Al aigtll 5nakl 5 7,501 Biras

adWd Ml Bdas e Vo Jo! o | Hled| dagd o] - Iy (mA) Iy (1A}
rdlsgomill el | suses (Adlg 1o Vs = +8 V
l:_]- L
|- =k(V.. V. )
Where: D ( Gs T ) Vo= 4TV
V; =threshold voltage or
voltage at which the Vas= 46V
MOSFET turns on Vo= 45 ¥
k = constant found in the e m 44V
specification sheet . = st Y
Yas 15 20 13 '\ Vi
Vor= V=2V
Loy : 39 9 Bl Loyl tic ygiwil I g Ll bt duay (o 1 Hledl oz Al od i Sl ae Vg ! 8L
( GS(ON) — T) V. -V _V
Dsat — VGS VT
EicsE
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Enhancement-Type MOSFET Equations and Characteristic— MOSFET-E jgiwiil Al asbasg dslas

:P sLal #95 MOSFET-E )giw il Al auls gl Byadl g @:’J‘ 8 hes

Jlff}h“l‘&l} ]I.;J}[I“A]
—8 Vee=—6V
] -7
— 0
%
) 1° Vo= =5V
% G5 ===
g 4
Go & " 1
*"ﬁ 5!
. 1 V=4V
ﬁ 2 T
%
1 V.e==3V
. (il el
5 % L1 | | " Vi -
6 5 -4 -3 2 -1 |0 y. Voo
o " s Vog=Vp=—-2V DS
The p-channel enhancement-type MOSFET is similar to the -channel, except that the
voltage polarities and current directions are reversed.
. Oby{0)
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i Specification Sheet
“ “ “
Electrical Characteristics
ELECTRICAL CHARACTERISTICS (T, = 25°C unless atherwise noted, )
Characteristic | symbol | Min | Max | umi |

OFF CHARACTERISTICS ® °
DriSoute Beadown Volie TP R R T Maximum Ratings

il = 10 JaA, \"55 ={K
Fero-Gate-Yoltage Drain Cuarment Em-‘q

(Vi = 10V, Vg =0) T, =25°C B 1] nAde 2N4351

Ty = 1500 - 13 [IETS
CASE 20-03, STYLE 2

Guote Feverse Cument Tass - 10 pAde .

(Vs = & 15 Vide, Vg =10} i TO-72 (TO-206AF)
ON CHARACTERISTICS MAXIMUM RATINGS : ‘ s
Gate Threshold Voltage Vosmg | 10 5 [ v Ruting Symbol | _ Vaise | Usk |J

(Wos = 10V, I = 104EA) Drain-Source Voltage Vos 25 Vde 5
Drain-Source Un-Vallage Vintiomy = Lo v Drain-Gate Voltage Vo 30 Vie 2 | Case

Iy =20mA, Vs = 1OV} Gate-Source Voliage® Vs 30 Ve Gae
Oni-State Drain Current Tpeey an - mAde Drain Current o 30 mAdc 3 ;

{asi=il0¥y¥og m 11D Total Device Dissipation @ Ty = 25°C_ | Pp 300 W ! Ao
SMALL-SIGNAL CHARACTERISTICS Derate above 25°C 1.7 mW/'C MOSFET
Farwand Transfer Admittznce ¥ (1] - by Junction Temperature Range T 175 © SWITCHING

(Vos=10¥,1p =2.0mA, [ = 10KH2) Storage Tempernture Range T -65 to +175 C N-CHANNEL - ENHANCEMENT
Input Capacilanoe Cia - 40 pF * Traslent poccatials of £ 75 Vol will not camne gac-oxide failwr.

(Ve = W0 W, Vigg =0, 1 = 140 kHz)

Reverse Transfer Capacitance Cm - 1.3 pkF
(Vg =0, Vg =0, = 140 kM=)

[irnin-Suhstrale Capacilanos Caym - 5.0 pF
(¥ixgmy = 10V, [ = 130 kHz)

Dirain-Source Resislanoe P - — —
(Wgs =10V, Iy =0, 1= LOkHz)

SWITCHING CHARACTERISTICS

Tumn-0n Delay (Fig. 53 lay - 45 ns
Rice Time (Fig. 6) :3 - ”’[E\’:“j’; Yoo =10 ¥k, L : 65 | ms
Es =
Ture-0Hf Delay tFig- T | y200 Fpure 8 Times Civcuit Determined) H = L =
Fall Time (Fig. &) Ty - LY ns maore...
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Feedback Biasing Arrangement

I.=0A,V, =0V
So VDS = VGS

AndV_ =V, — IR,

MOSFET-E _ygius 1 s

L o] AnSie il Gapbo 0o

Plot the line using
_ _ Rg
*Vs=Vppr Ip=0

ol = - _ \l
ID_VDD/RD’VGS_O Vio n—
Using values from the specification
sheet, plot the transfer curve with
“Vesthr 1p=0
.VGS(on)’ ID(on)
The Q-pointis located where the
line and the transfer curve intersect
Using the value of | ; at the Q-point,

solve for the other variables in the bias circuit

MU-EPP-FM-005 Issue date 17November2025

I V,
1 25w
Feedback Bias Q-Point
4 ID
Yoo
Rp
______________ -point
IDQ il | Q-poin
|
|
|
Y
0 Vesem) | Voo Vos
"GSQ
| EE
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i | 2 éfjbu"' 0)lioJl MOSFET-E gl Al s

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

_ Voo
Voltage. 0 CHE A Vas =Ve —15Rg I
oltage-Divider Q-Point —_2 DD
- R1+R2 Vs =Vop —Ip(Rs +Rp)
Rp
Plot the line using R
1
Vs =V =(RVpp) /(R +R),1,=0 D
I, =V¢/Rs, V=0 ¥ =k
. ori . . (r
Using values from the specification sheet, plot the transfer curve with | I |l:1
“Vesti 10 =0 E
. Ve =98
VGS(on) 0 ID(on) GS
Where the line and the transfer curve intersect is the Q-point. R, "
Using the value of | j at the Q-point, solve for the other variables in the bias circuit. l
EicsE
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6)Lial MOSFET-D g3 | AN e

MOSFET-D jgieiil Al 0 <3 5 o 5 55| i g9l 1 § (oS0 Ayl iy Jous o JFET 3ol A juaoms Silyls w4 ale JSCiy -
o ! oty sl JUeS G L0V J &g 35 e oy 0o s

Voltage-Divider Bias

I Jo b el Joatl Al olus 2]

Plot the line for

*Ves=Ve 1p=0 018V
o _ _ & I (A
Ip=Ve/Rg Vs =0
Plot the transfer curve by plotting I .., V,, gl,s ke
110 MQ
and calculated values of | ;. g
I oV,
The Q-point is located where the line intersects | I e
. . : 1\ iy
the transfer curve is. Use the |, at the Q-pointto ~ "° 1 el
solve for the other variables in the voltage-
* * * * * IOMH
divider bias circuit. § e 3 2 4 o 1 = 2 Vos
\G Vas,=—0D.8V

f
LI

These are the same calculations as used for JFET circuits.

=
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(Field-Effect Transistors)
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el gy ey Adadll LS
.SJ‘JRJ‘ ?4?).5 Q‘j&jj bl.ﬁ‘; Jéi '344..4-«‘.«0.&3.5 g‘-&kj‘)jﬁ-&}ﬁ‘ﬂ" Y ic
AL Il § Lol amiaol Jaol izl ygianzsl A1 ailing ditid Azl - ~ "
Aedadll LS oo ST 20l Boluws 93 ple JSCho izl ygiassl Al -

[iEE

Issue date 17November2025 1ssue no:1 https://manara.edu.sy ; 17



deola
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JFE Transistor Modeling izl 3 93 ygiw sl A Ao e
iz il Al pailas al of iy sdedda
Al
= Jas adle o dailes -¥ el 3liea gusy -
Ipss (el AN e sty Sl dalisein (Say -€ AU ndseie Izl -Y
Al c M S T oA Y s R TR TR T S e
g, = Av[) (= Slope at Q-point) ua.n:ul‘ &M' A G Y LasY caadL) cws." sl ¥l ‘3 p o Al
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20 7 ke Jomy calail | oyl )
gy =0 On =9 Yes
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JFET AC Equivalent Circuit

Aaglial) 8,Lad sl il AN e Jalos
gLial | ZSISL 3,

FET AC Equivalent Circuit

1 G o O o D
+
— — Al dad
Z, =1, = ol daile
Yos
t s Vgs ‘ 8m Vgs Td
d ~ Al Vg =constant .
D So 0§
Y= Admittance equivalent circuit parameter listed on FET specification sheets.
BEE
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JFET CS, Equivalent circuit

The input is on the gate and the output is

on the drain

+Vop

MU-EPP-FM-005

Input impedance:

Output impedance:

Voltage gain:

Issue date 17November2025

D

daola
e GFSA PITETN PSRN
Sl | S peial | azed! aalin yiad way dmslid| ABISLI 5,
G D
o . o
+ + ‘ +
: z
Vi 4 RG v * gmvgar Fd RD e 3
L4
— — S —_
o . . o
Z, =R, )
ZO — RD | | rd y ZO = RD . ZloRD
V, V,
A== nlIRe) A= 0Rs
_ EiEE
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JFET CS, Voltage — Divider Configuration LEE adl oo Bylod A ad | acdl Ao gl 4rdlsL 3, ]I
+V
P Slawd! LUAS peiwd | ! Emﬁaé RETRE S PTE AR R
Rp

§R1 . Vi o . —C o * D oV,

) — 7, + ‘ '

1 G m— —

R R — ’
s zZ, R, R, I * gn:Vgs Vd R
| Ps £ D
YT g :
<i Rs Cs -
L L J I Fi
ol | jLald ais st 8,01 Input impedance: Zi — Rl // R2
Rl RD
Output impedance: Zo = RD “ Iy s ZO =~ RD
V;-o—<—_c'>_ ‘ ° 7, ry 210Rp
V, V,
Z R?? v, b e §RD =z Voltage gain: =— =— I R =—=—(0_R
g i 0 geg A\/ VI g ( d “ ) AV V m D r,>10Rp
OO0
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JFET CD, AC Configuration

(Source Follower) °

V)

Hjl-. : _”

AL Byl | Al o HEBISLI 5yl

Eolasdl IS | wzed) gl piad sny Aslid] 2L3ISL 8,

? Voo ol | Lald KL 8,1
s S dl dmilew olus -
D V. O———y ¢ [ 5 ] "‘L
c i ' 7 ;
Vo Hl G _I: — to Ve — — + Input impedance: Zi = RG
s C ““Gé el | § §Rf o1 edadl a2yl 5,0 I Laels 72yl dmilas bt -
— ST Ol pladl g gyl Byl JI Ll pyiedl Aaibos
“ Rg L (Vo:'VGs ) Vo E):':ﬂ > 2 éj‘g.’i." e Vo !
Rs 7 - bl = v s L izl Byl maid
V=V + 7, —‘ P e
-r .o ; p..g.z_;a.'i.” olu! - z, e dﬁ""].‘.sd'.‘."h'“
) ., Ves = Vi = 1, Ves ‘t Vs grd gRS v, e e d| B
Vio— 1 Vo = gulVi = V)ralIRS) | &=
+ —
f &V g . Vo= Em T/:r('ld”RS) o ngo(rd”R,S') - °
Tﬁ* V_s m¥gs ¥, . i
“ : Vo[l + gu(ralRs)] = gmVilralRs) ly+0 Vs =1, + 1, Vo, \R/>O
_ r
ch i = Vo gmlralRs) L1 ‘ Sl .
S o Ay =" = ‘
Vo Vi 1+ gm(fa’HRS) Io = o|:_+ _:| ngO =Vo|:_+ R__ gm:|
- rd S I’-d S
Rg Z, V g.Rs
g =Yoo~ & V 1 1
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CMOS Devices

CMOS (complementary MOSFET) uses a p-channel and r-

channel MOSFET on the same substrate.

.
%5 e I G,
33 iy, 2y 5
SRR
n+ | pr | o ne | IR | n+
When “on® ‘When “on”
b - b J s P
p-channel MOSFET #-channel MOSFET
n-1ype subsirate
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Advan tages

e Usefulin |ogic circuit designs
. Higher input impedance
 Faster switching speeds

* Lower operating power levels
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