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- JFET Construction. - JFET Operation Principle:
- Drain characteristic. - Transfer characteristic.

++ Metal-Oxide-Semiconductor FET (MOSFET).

- MOSFET Construction.

- Drain characteristic.
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) ++ Biased circuits.
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++ Feedback Connection Types.

- MOSFET Operation Principle (Types).

- Transfer characteristic.
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------ loss Vos =0V SV Jnailly Lz gkl 5 65la8Y Taotlly Loa Loctie L]
Vog=-1¥
TR ":i.-.;-i Vg =2 V VGSJ b}l‘ p..g.a." Me ARD @.é:." 8y <Uis --
______ ﬁ vﬁ.\:%p ==3V
4 I - . - . . s . H . . b
—6 -5 -4 -3-2-1 0] 1 Vg Vps
Yi e oo, Vas=Vp=-6V

Depletion mode (gL Lol ol Jass -
Ltic U3 9 Enhancement mode &,al.u:}’]j! Babipll oo -¥ tlocie « FET goidl ey dida g
WhenV =0V, =1, °
WhenV <OV, I <l °

The formula used to plot the transfer curve

VGS >0Vis nowa positive polarlty .

H 2
I, increases above s °

VGS

I, =1 1-
p — 'Dss V.

The formula used to plot the transfer .

curve still applies: still applies:
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Electrical Characteristics

ELECTRICAL CHARACTERISTICS (T, = 257 unlews anbe rumis moteil]

Characlerislic

| symbut | min |

Twp | Max | Unia

OFF CHARACTERISTICS

Draiin Source Bresidonn Voluge
¥ig =-TOV, Ip= 500 eA)

NI

Vinmaresx

)

Ve

Cianle Reverse Curment (1)
(¥ =~ W, Vg =00
¥ = =10V, Vg =00, Ty = 150°C)

lzs

1.0

pAde

Galo Source Owmoll ¥olage
g =20 pA, Vg = [0Y)

31T

Vezagam

=T

Vo

Specification Sheet

Maximum Ratings

Darain-Gate Roverse Currene (13
Vo= 10V, Igmil

ID:H?

0N CHARACTERISTICS

ero-Giae-Yolrage Drain Cemest
Vg = 10V, Vs =1

Tpss

29

:

- 52ane Divadn Cureent
¥z = 10V, Ve = +15 V)

INITT

:

MAXIMUM RATINGS

SMALL-SIGNAL CHARACTERISTICS

Forward Transfer Adminance
W= IO, Vg m 0,0 = 1.0 kHz)

(¥pg = 10V, Vg =1, = 10 5Hz)

N

INITET

| ¥l

154001

ymbhos

Rating

Value

Unit

Drnin-Source Voltage
2N3T

0

Vde

Gale-Source Voltage

210

Dyain Cusrent

20

Churpan Admimince
Wlgg = 10V, Vgesik Fa LD KkHz)

NI

| ¥im

n

umhios Teaal Device Dissipation @ Ty » 25°C

Derate abave 25'C

200
114

Junction Temperature Range

Input Cagacilance
(Vg = WV, Vg =1k T= LOMHE)

NIV

Cin

&0

HA

[dd

+175

Stoexge Crannel Temperature Range

65 10 + 200

2N3797

CASE22.03,STYLE2
TO-18 (TO-206AA)

SDvain

Gake I
2

MOSFETs
LOW POWER AUDIO

N-CHANNEL - DEPLETION

Heverse Tremler Capacitance
(¥ = 10V, Vg =0, (o 1.0 MH2)

L

0%

LiE}

F

FUSCTIONAL CHARACTERISTICS

Nedse Figure
¥y = 10V, Vigg =0, = LOKHz, Bg = 3 mepohms)

HE

LE ]

dlk

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 measired under het asnable coediions

By
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D&S (i 8Ld gl 3929 adalg Bzl ddlaill
Gty chaneey S POV DRUPN DPORTIN-H VL INUPSM-IP R VANS-PHES s PR
egion depleted of p-type
coie Gl oo IS Ot 392 1) Sl mlass e s atll aduy Sio, Jladl pe izl 1ia gy « Vo> 0 Lo -Y
d 2% delenll oda Aabill sda JI @lig ASIW (o) cdomg (p ool A Goe | D&S
s JUly 9 AUBL Cagaid) Balll £o5 (wSiais gl Byually acd! cnsn goill (e LB 0983 ) ALl

. ol odl 55‘:’,}-.’)‘-.‘.-7-" fda ala3e « Ll
p T s = s oo (oS Aaed) ya ity yganil AN outic Tty g1 Vpg Bl gl am? A0l ad e -

CAaEY e 385 Jaall il 7 sV, il
\ cda ) IS AUSLS ) Caias ol gl | s yd S p tyl,a)zl‘ 5@‘35@‘)}@}3‘;1"@-0

ByU o)Ll 4
e s8lana 33qll 0585 Lautie 1 SN ALALI 3 Y] Jans ¥ ol ka1

-Channel formation in the n-:::lannegl Ves0 V> 0. Vs> 0
enhancement-type MOSFET. VGSf:> I f
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Enhancement-Type MOSFET Equations and Characteristic™” MOSFET-E jgiwiil Al (ailbasg ddalas

g5l Bes e Asmiiiiuns Adalad! Bpedl i :n 8Liall g3 MOSFET-E ygiu 3| A dcligoeid| Snall g 25l 8300

adld Ml Gdas Jama Vo Jol e | Hled| ad iy - Iy (mA) [ (1A
EWIPE ] Sedl oy &l 10} Vas =48V
L1 .
2
|, =k(V.. -V 8-
Where: D (Ves =V ) | Vo= 47V
V; =threshold voltage or &=
T e = h W
voltage at which the .l Vo= 46 ¥
MOSFET turns on i Vo= 45 ¥
k = constant found in the il Y
I = (]
ege e . . Vo= 43V
specification sheet et & - - = =
Y ' M= Vp=2V
i3 % o E e el Léy L ao | Ll alage &l o) AP PPNV I 8aLs;
‘ ID(ON) 139 9 Badome Layd e jgiwisl A gl ;*J* t«Ljé-.'LS‘-" DOt 3 3-‘-'-%-"* .~¢“ DS""&*J 4
= A JUd ) 48Mall @yja = Vipsear t\.q.w}’\ > doud ol (,5.«; oee

(Veseo ~V1)*
o Vosat =Vas —Vr
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Enhancement-Type MOSFET Equations and Characteristic™” MOSFET-E jgiwiil Al asbasg dslas

:P 8Ll &9 MOSFET-E ygiwsil All dubgm=idl 350l g @:’J‘ 8 hes

Jlff}‘mlﬁl} ]I.;J}[I“A]
s Vs =-0V
D =17
— 6
%
i 1’ V=-S5V
. G5= -
g —4
G ﬁ 5§ 13
ﬁ u
7 -1 Vos==42Y¥
ﬁ 2 T,
%=
1 Vo==3V
) [
: % I 11 | - Vi -
! 6 =5 -4 =3 =2 -1 0 e ;
o § Vs Vog=Vp=-2V Vs
T I

The p-channel enhancement-type MOSFET is similar to the -channel, except that the

voltage polarities and current directions are reversed.
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Electrical Characteristics

ELECTRICAL CHARACTERISTICS (T, = 25°C unless atheraise naled, b

Characieristic

| Symbw | Min

| Max | umit

OFF CHARACTERISTICS

Drain-Source Breakdown Vollags ¥imRnas 5 - Ve
il = 10 JaA, \"55 ={K

Fero-Gate-Yoltage Drain Cuarment Em-‘q
(Wi = VW, Vg =00 T,=259C - 1] nAde

Ty = 1500 - 13 [IETS

Ginte Reverse Current Lass = + 10 pAde
(Wag = & 15 Ve, Vg =11

ON CHARACTERISTICS

Gate Threshodd Volage Ve 1.0 5 Ve
(Wns = 10V, Iy = 10jeA)

Drain-Source On-Vollage Visims - 1.0 ¥
Iy =2.0mA, Vg = 1OV}

On-Siate Drain Current Towiee in - mAde
Vg = 10V, Vg =10 V)

SMALL-SIGNAL CHARACTERISTICS

Farward Transfer Admittznce Ivgl HENE} - Hrmbwy
(Vs =10V, 1 = 20mA, § = LOLHz)

Input Capacilanoe Clan - 50 pF
(Vs = WV, Vg =0, 1 = 140 kHz)

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

[irnin-Suhstrale Capacilanos Caym - 5.0 pF
(Vismy = 10V, F = L0 kHz)

Dirain-Source Resislanoe | A - I chims
(¥og = 10V, 1 =0, 1= L0 kHz)

SWITCHING CHARACTERISTICS

Tumn-0n Delay (Fig. 53 lay - 45 ns

Rise Time (Fig. ) :3 g 2“{?\'::; Vi = 10 Vile, 1, 63 P

Gs =
Tur (MY Delay Fig- T3 | oo Fipune 8 Times Circuit Determined) laz - i nis
Fall Time {Fig. 8) 1y - [LLi] ns

ZY

o)liaJi Specification Sheet

Maximum Ratings

2N4351
CASE 20-03, STYLE 2
TO-72 (TO-206AF)
MAXIMUM RATINGS 3 Drain
Rating Symbol Yalue Unit

Drain-Source Voltage Vos 25 Vde | |J 5
Drain-Gate Voltage Vg 30 s 2 I s
Gate-Source Voltage* Vis 30 Ve Gute
Drain Current ) 30 mAdc yoft ;
Total Device Dissipation @ Ty = 25'C Fo 300 mwW 4 _—

Derate above 25°C 1.7 mW/'C MOSFET
Junction Temperature Range T 175 ' SWITCHING
Storage Temperature Range Ty 6510+175 | ¢ N-CHANNEL - ENHANCEMENT

* Tramben poscatials of £ 73 Vol will not came gae-oxide failwre,

more...

https://manara.edu.sy/
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Feedback Biasing Arrangement

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

AndV_ =V, —I R,

Step 1: Plot the line using
*Ves=Vopr Ip=0
*lp=Vpp/Rp, Vgs=0 Vie—j
Step 2: Using values from the specification
sheet, plot the transfer curve with
Ve, 15=0

.VGS(on)’ ID(on)
Step 3: The Q-pointis located where the

GSTh’

line and the transfer curve intersect
Step 4: Using the value of | | at the Q-point,
P g D P

solve for the other variables in the bias circuit

&)Uiall MOSFET-E sgiusl ;U1 s

o Voo %‘}&w?b’m&%g&

Feedback Bias Q-Point

Vop Ves

0 Vos(m)

https://manara.edu.sy/ 14
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Plot the line and the transfer curve to find the Q-point. Use these equations:

_ RZVDD Ves =Vs — IpRs

Voltage-Divider Q-Point Ve R +R, Voo =V, — 1o (Ry + R, )

Plot the line using
Vs =Ve=(RVpp) / (R +R)), 1,=0
l,=V_/R;,V =0
Using values from the specification sheet, plot the transfer curve with

“Vestie Ip=0

.VGS(on) ’ ID(on)

Where the line and the transfer curve intersect is the Q-point.

Using the value of | ; at the Q-point, solve for the other variables in the bias circuit.

MOSFET-E gl Al s

T Voo

HD

https://manara.edu.sy/
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MOSFET-D

gl A s

MOSFET-D jgieiil Al 0 <ll3 5 o 5 53| i p9adl 1 § (oS0 Ayl iy Jous o JFET 3ol A juaoms Slyls w4 ale JSCiy -

A Jo L asels Joadl dlads olus 2l
Plot the line for
V=V, 1,=0
I, =Ve/Rg Vs =0
Plot the transfer curve by plotting 1 .., V,

and calculated values of I

The Q-point is located where the line intersects
Vig

ol8V

110 MQ

AN

the transfer curve is. Use the | j at the Q-point to

solve for the other variables in the voltage-

divider bias circuit.

These are the same calculations as used for JFET circuits.

o

§]0Mﬂ

f

LEkQ

AN

I

DI",[:

1y
Ipss = 6 MA
V,=-3V

7300

o ! oty sl JUeS G L0V d &g 35 e oy 0 s

Voltage-Divider Bias

Ves

https://manara.edu.sy/
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(Field-Effect Transistors)

MY (any Hlia Sy BT dudadll S ygiwisl Al Lo v J) dedy FET izt Hgiwysl Al
oS Joay - yLadll dagf

.gbjis." CUMSM -
.MLQ-Q MMA SJ‘.) -

25wl Al G Loy Lo s s Baybo (e 5L 5L oSl oy i oy Bylee (ol yginsl A - :cdsY] dal

L5 g o il oSl iy Bl S
Loty sl g 52553 st 2Ll AASY oyl 3515 he e § il ezl 1 ning
Ads¥g a4, ASH Jolgzedl cpa JS datiay Ada ]l é‘ﬁ)jﬁ.«o}.’»‘ﬂ‘
syl AN cremiadl s avie JWIL (@.«5&}\..9-_3‘35 JsJ g;)l.d) el U5 dailes 93 il 9wl Al -
Byl ymdl Aoy il i sloes JBT Arasluss 93 | Hgiw sl Al -
eS| eyl L.? DY RS9 o PO M‘J}M}S‘ﬂ‘ (il g dipid dom S -
Al Sl oo ST Aalin dewlus 93 ?Lc JSCén et Hgiws| A -

+
L
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JFE Transistor Modeling M‘ﬁ%jﬁ)}@}l‘ﬂ‘ EERP
Szt yeiul Al pasbas eal of Ldes :dedds
o o lle J5s Aailes -Y el 3lae sy -
Ipss (alaa AN e paly Sl dalisein (Say -£ AUl nasie Izl -Y
gm = _Ai\ﬁ(% (= Slope at Q-point) sl memiall domds SALas¥ A pudeiaid| sa Ll S¥ Ll (§ p et A dilly
s 7 e Jany cilail ] oyl

2 2239 Vginpur & Ipourpury Ot A1 1 g Al gl a 5L

_ Al D _ . VGS

Vp 0 ;(;s gm 4 AV GS gm Y ng Vp

Graphical Determination of g
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JEFET AC Equivalent Circuit

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

FET AC Equivalent Circuit

G o O oD
1 e +
Zo — rd — :@::JM.:JLM
Yos
RIS Vgs ‘ 8m Vgs Td
AVps
rd - | Vg = constant _
A D So S

Y= Admittance equivalent circuit parameter listed on FET specification sheets.

https://manara.edu.sy/
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JFET CS, Equivalent circuit e v il apd) oo 2id8L1 8,1l
Slawd! LUAS peiwd | ! Emﬁaé RETRE S PTE AR R
The input is on the gate and the outputis G 5
on the drain o - 0
+ + ‘ +
+VDD —_— -
y A
Vf /:f RG Vl:.'r * guivgar Py RD .
— — S —_
o ' . o
Input impedance: Zi = RG i
Output impedance: Zo = RD ” Iy, Z, =Ry R
ry>10R,
V V
Voltage gain: =0 —_ r.lIR - °—_g.R
geg A V. Jn( [1Rp ) A, V. 9o r,>10Rp
20
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JFET CS, Voltage — Divider Configuration A= pesandin Byl LA Al Ao o Ai8ISL) 5yl !

o Eolaad! SIS ot | gzl mlie yiad way damslidl 2i3SL 3,1l
Rp
R g s V;o . G o + {J o,
g 1 7 o 2 0
C1 G I: Y 7 7
| s Z, | Ry R, Vg.s ‘ Em :VES Td Rp L.
V; {\’ T §RE ERS l Cs - $
. L I Fiy
T T gl | Lald it 3,1 Inputimpedance: Z. =R, // R,
Ry Rp
Output i d . L =R I, =~
yo—+——o oy, R 0 D ” ¢ ZO RD ry>10Rp
=F ‘ V V
-7 R EmVes r . —_0 — _ A _ —
Z R_§ 7, j’ §R Z, Voltage gain: A\/ = Vi = gm(l'd ” RD ) AV -3 j - _ngD r,>10R,
21
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JFET CD, AC Configuration (Source Follower)- bl QB all Ao g 2iaiSL) 5,101
Slad! cUUS paiwd | et asbin juad vy deeslidl aiaiSL 8,101
o Voo ol yLl] AL 5yl &
N 7 . | . | s S dl dmilew olus -
o ?i .G _I: I — t Vs - — o Input impedance: Zi = RG
i mV . ) .
s ch a4 § ! §R5 o Ol pladl ae el Byls I Ll 7y dsiles ol -
— I—I(—OV
i Rg D B (Vo=-Ves ) Vo &l i an 3l9dl e Vg !
E 4_ - - = w s *.L C)RJ‘ é)‘.b @.44.13
V.=V, +V, - N ” 3 i
i = Ves ewdesanll ol - | < Sle Bg-dinS Gty
= J. — -
. - . Vgs I:r Vo s 1 EmVes grd Rg Yo :G)ﬂ‘ sm
Vio— 40 Vo = gm(lyr' - Vo)(ra'HRS) + ‘ _
L .} e y Vo = guVilralRs) — gmVolralRs) - ’
4 . Vo[l + gu(rallRs)] = gnViralRs) lo +0,Ves =1g + I _\%'*' \F\/,o
ch _s' 4 =Yoo _ gn(ralRs) 1 1 d Sl 1
— °F ' Vi 1 +gm(rd||R3) IO =VO|:_+_:|_ ngo =Vo|:_+__gm:|
i -— - i Rs i Rs
Ks Z V. gmRs Vv 1
4. = ESU- L
4y= =7 Zo=o =t /I Ry /| — =Ry Il —
w S 74=10Rs 0 Io i ) I I rg=10Rg
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JFET CG, Equivalent circuit ool aSAEL Al o) Ao g 2B 3,1
| . Elasdl SIS | ezl aalie yead ay Amslill 2u3ISL 5,1
| s D R
-IO; H © © “—_O — Fad +
— — AN
— X — ¢ @ s D 5 (&)
N SR P, g2 -~ L —
Z' . — nggs ""_ S
_ _T_ ' - v 7 R Vs o QR
a)'a.“ dailow s,aLsuzJ- ' " +G "
— — =
: JE
Zﬂ — RD”rd Zo = RD . i — B la + I+ Em Vg.s' = Ird J&J) dailes «—»Lw-‘aj -
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CMOS (complementary MOSFET) uses a p-channel and r-

channel MOSFET on the same substrate.
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p-channel MOSFET #-channel MOSFET

CMOS Devices

n-1ype subsirate

Sill,

Advan tages

e Usefulin Iogic circuit designs
. Higher input impedance
 Faster switching speeds

* Lower operating power levels
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