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Current Controlled vs Voltage Controlled Devices

\ @) Ip
(Control current) = +
Iy ¢
—
© BIT o—— = FET
y + r
Vs
(Control voltage)

Types of FET’s

 JFET - Junction Field Effect Transistor
« MOSFET — Metal Oxide Semiconductor Field Effect
Transistor

— D-MOSFET - Depletion Mode MOSFET
— E- MOSFET - Enhancement Mode MOSFET
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Transfer Characteristics

The input-output transfer characteristic of th&Tks not as straight
forward as it is for the BJT

In a BJTS (hee) defined the relationship betweegn(input current) andd
(output current).

In a JFET, the relationship (Shockley’s Equatioeieen \g (input
voltage) and{ (output current) is used to define the transferatiaristics,
and a little more complicated (and not linear):

2
lp= |DSS(1- Ves j
Ve

As aresult, FET's are often referred to a squanedevices

JFET Construction

There are two types of JFET’s: n-channel and p-chlan
The n-channel is more widely used.

Drain (D)
Ohmic ]
contacts n-channel
e

LR

Depletion Depletion
region region

i Source (S)

There are three terminals: Drain (D) and Sourcea(&)xonnected to n-channel

Gate (G) is connected to the p-type material 6
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JFET Operating Characteristics

There are three basic operating conditions for a JFET:
JFET’s operate in thedepletion mode only
A. Ves= 0, Wbsis a minimum value depending arrdand the

drain and source resistance
B. Ves< 0, Vbs at some positive value and
C. Device is operating as a Voltage-Controlled Resistor

For an n channel JFETcg¥may never be positive*
For an p channel JFETg¥may never be negative*

Specification Shet (JFETS)

MAXIMUM RATINGS v Haseers
Ratiog Symbd | Vador | Uni

druin. Sourve Volage Vs -] Ve 3
e Cine Vbt Vin, E] Vé: -
hsveres Cote et Volbige Voo ) e vy FT—
] [ 0 | mik )

| Toad Deviee #1050 o 30 " JFETs

Dirane howe 24T e | wwre GENERAL PURPOSE

Femction Temrgesess Rangs i 25 < NCHANNEL—BEPLETION
Tiorape Coaarel Temperetir Hange P BT

2IN5457
CASE20.04, STYLE §
TO92 (TO-226AA)

FLECTRICAL CHARACTERISTICS (T, = 39 uness atharwiie motod)

Charaterintic

OFF CHARACTERISTICS

[ s T s

Weler tn INA130 for graphs.

T | v | e ]

Gase-Sowree Breshdernn Vi
il = =10 B Ak, Vos = 0)

Revene Curreee
¥y = =15 Vi, Yoy = 00
e = =13 Vi, Vg = 0., = 1007°E)

2

-18
=

Socice Cotof] Voliage
(Vpg = 15 Vik. Ip = 100A%)

Giae Saarce

Veitage
(Vg ® 13 Ve, 1y, = 100 )

ON CHARACTERISTICS

Tero-Gate-Volsage Drain Currroe™
g = 19 Vide, Vo =)

SMALL-SIGNAL CHARACTERISTICS

st

[:

Chatpua Adenitanse Somre
(Vi = 13 Vide, Vom =0, = 180He)
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N-Channel JFET Operation

Deplenon
laver

\

?U

G G v
P B H 12 7,
/Y
O g V, | b W
B> Vi i & Vs = Vio s
* *
{a} Bias s vero and depletion layer 1s - [ b) Moderate gate -to-channel reverse {c} Bias greater than pinch-off
thin; low-resistance channel exists bias results in namower channel voliage: no conductive path
between the drain and the source [rom drain to source

The nonconductive depletion region becomes thiak#r increased reverse bias.
(Note: The two gate regions of each FET are connecteddb ether.)

9
N-Channel JFET Symbol
D
o
+
o
o V
] DS
Ves
) -
S
(a)
10
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Saturation
A ID ;
) A — | Saturation level
DSS T e ——
I VGS =0V
| Increasing resistance due
| to narrowing channel
I
I
I
I n-channel resistance
I
l -
. Ve Vbs

At the pinch-off point:
« any further increase ind4 does not produce any increasejn\gat
pinch-off is denoted as Vp.
« |D is at saturation or maximum. It is referreda® g

» The ohmic value of the channel is at maximum. 1
Ip < lbss
Ip (MA) [ ocus of pinch-off values
Ohmic | Saturation Region
Region |
Ies 8T o e Vm-»:OV,
e IR I
ot [ I
f [
2 ; ’ Vos=—1V
I Ba i
4 7
14
3T |
24 i : ‘ Vos=-2V
/ | ;
— T 1 Ves=-4V=Vp
o 5 10 15 20 25 Vs (V)
Ve (for Vs = ov)

As Vgsbecomes more negative:
« the JFET will pinch-off at a lower voltage (Vp).
* | decreases (I< Is9 even though Y is increased.
* Eventually }, will reach 0A. s at this point is called Vp or ¥,

« Also note that at high levels of,¥the JFET reaches a breakdown situation.

ID will increases uncontrollably if V5> Vpsmax
12
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FET as a Voltage-Controlled Resistor

I (mA) Locus of pinch-off values
Ohmic | Saturation Region
Region |
Ipss 8 Yes=0V 4
7
NE7EE
T
5
I Vos=-1V
4 1 f
§ |
3 J7 |
2 1V - Vos = 2V
1 : L fVes=-3V
— [ Ves=—4N =W
of s 10 15 20 25 Vs (V)

Vp (for Vs = ov)
The region to the left of the pinch-off point idled theohmic
region. ro= lo
The JFET can be used as a variable resistor, whereontrols Vas
the drain-source resistance) (As Vgsbecomes more negative, ( Ve j
the resistance drincreases.

13

Transfer (Transconductance) Curve

I, (mA) I, (mA)

Vps=0V

Vos=-1V

Vas=-2V

Vos=-3V

= Vgs=-4V

Vis) -4 3 =2 -1__|0 0 5 10 15 20 25 Vs
Ip=0mA, Vg =V,

From this graph it is easy to determine the valug ¢or a given value of ¥
It is also possible to determinestand b by looking at the knee whereg¥is 0

14
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Plotting the Transconductance Curve

Using bssand W (or Veswen) values found in a specification sheet, the FawilCurves

can be plotted by making a table of data usindahewing 3 steps:

Step 1:

2
Solve |D=|Dss(1- \\//st fogdx OV

Step 2

Vs

2
Solve Io=1 Dss(l - j r s = Ve ((aka \bson )

P

Step 3:

Ves

Io=1 1-
Solve e DSS[ v

2
J @ >Ves=>Vrin 1V increments for s

P

15

Case Construction and Terminal Identification

2N2844

CASE 22-03, STYLE 12
TO-18 (TO-206AA)

3 Drain
(Case)
2
Gate
1 Source
JFETSs
GENERAL PURPOSE
P-CHANNEL

This information is found on the specification shee

16
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p-Channel JFET'’s

p-Channel JFET operates in a similar manner as-tteannel JFET except the voltage
polarities and current directions are reversed

17

P-Channel JFET Characteristics

I, (mA)

Breakdown
U region
t/ VGS = +5I \'
20 25 Vos

As Vasincreases more positively

« the depletion zone increases

* | decreases §I< lpsd

» eventually = OA

Also note that at high levels of VDS the JFET rexch breakdown situation. ID increase
uncontrollably if Vs> Vpsmax

18

U7
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Gate Bias:

JFET Biasing Circuits Count...

or Fixed Bias Ckt.

"y *  Example: Determine the Q-point values for the gate
oo
biasing circuitif V, =-0.5V, V=TV, L
R, =0mA,Vy =5Vand Ry =3500{2
olmA)
— ° ‘
Q@ paint =
— 5 -0.5 5 |
R, : AL ID = (QII]A}(].'—_J_ \l 8
1L
ol
l = = 7.76 mA =
— |
= - Ve = 5-(7.76 mA)(500) s
o = 'Y | |4
.J'_tl.CEIG=0 ‘G-S=“;C-G 1.12'% i .
\D =.\'D:| IDRD {"ﬁ: =2
V, sv 1L
Ip = Ing(l- - = )2 } ]
Vescn T R TR
JFET Self (or Source) Bias Circuit
Self bias:
+Viog - Example: Determine the Q-point values for the self
biasing circuit ifvc,s:a:'n =8V, ,=1l6maA V
=10V ,R =500 C2 R_=1ME{2and R_=500
Q
LimA)
|
1N — 16
Ra - 14
o L 12
~ 10
g = i~ | [ ¢
Since I, =0,V, =0 | re
P - i .
Vs = IpRs L. = -Vos Vi =t T ——
Vs = -IpR PR o T
s B s I, = 6 mA
Vps = Vpp - Ip(Rp+Rs) Vps = 10 - (6mA)(500+500)
v 2 —4v
and | = | 1- -6 2
DS DSS \Y, \Y \Y
P | 1-2 GS + GS + GS _ 0
2 DSs R
\% P P S
Ol 1--65 | =- G . : _
DSS v R This quadratic equation can be solved for Vg & Ipg
P S
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The Potential (Voltage) Divider Bias

Noltage-divider bias:

The method used to plot the dec bias line for

o

T

vV -V

R
S

1.
specific JFET.

L.

. Solve for I, using

5.

6.

the voltage-divider bias is as follows:

Plot the transconductance curve for the

Calculate V.

. Plot V; on the positive x-axis.

Plot I found in (4) on the y-axis.

Extend the line to intersect the

transconductance curve to obtain the Q-

point values.

GS_O

Solving this quadratic equation gives VGSand IDS

MOSFET’s

Introduction to FET's
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MOSFETs

MOSFETs have characteristics similar to JFETs alutitianal
characteristics that make then very useful

There are 2 types of MOSFET's:
» Depletion mode MOSFET (D-MOSFET)
« Operates in Depletion mode the same way as a WHER \s< 0
« Operates in Enhancement mode like E-MOSFET whers\0
+ Enhancement Mode MOSFET (E-MOSFET
« Operates in Enhancement mode
* Ipss= 0 until Ves > VT (threshold voltage)

23

MOSFET Handling

MOSFETSs are very static sensitive. Because of &g thin SiQ layer between
the external terminals and the layers of the dewog small electrical discharge
can stablish an unwanted conduction.

Protection:

 Always transport in a static sensitive bag

 Always wear a static strap when handling MOSFETS

» Apply voltage limiting devices between the Gatd &ource, such as back-to-
back Zeners to limit any transient voltage

24
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D-MOSFET Symbols

n-channel p-channel

D jD
E’_I%—"SS g;_J i—oss
4 -4

(a) (b)

25

Specification Sheet

2N3797

CASE22.03, STYLED
TO-1% (TO-206AA)

T+

MOSFETS
LOW POWER AUDIO

NCHANNEL - DEFLETION

s
10
E
Va
0 | 0
A
s

O S B Gt e e
(Vos = 109, Yoy = 33 V)

26
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Depletion Mode MOSFET Construction
(Drain)
D Si0,

n-channel

Metal contacts
(Gate)\ Substrate
SS
Subst:rate o

\\\\\\\\\\\\\\\\\\

N
2

n-doped

(Source) regions

The Drain (D) and Source (S) leads connect todhredoped regions
These N-doped regions are connected via an n-channe

This n-channel is connected to the Gate (G) vidraibsulating layer of Si©
The n-doped material lies on a p-doped substratenty have an additional terminal

connection called SS

Basic Operation

A D-MOSFET may be biased to operate in two modes:
theDepletion mode or theEnhancementmode

I, (mA) I,

Depletion 109 —p———————

mode
mode

Introduction to FET's

January 2004
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D-MOSFET Depletion Mode Operation

I, (mA) I

Depletion 109 —p———————

mode
mode

The transfer characteristics are similar to thelJFE

In Depletion Mode operation:

When Ves= 0V, Ib = Ibss

When Ves< 0V, Ip < Ibss

When Ves> 0V, Ib > Ipss Ves 2
The formula used to plot the Transfer Curve, isio= |DSS(1 - )

p
29

D-MOSFET Enhancement Mode Operation

I (mA) Iy

R S Vos=+1V
Depletion 10.9 Gs=*

mode
mode

=-1V

Vyg==2 V
Vos=Yp =3V

Vis=Vp=—6V

Enhancement Mode operation

In this mode, the transistor operates withy ¥ 0V, and }, increases abovegdg
Shockley’s equation, the formula used to plot then$fer Curve, still applies bute¥is
positive:

30
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p-Channel Depletion Mode MOSFET

I (mA) 1 (mA)

The p-channel Depletion mode MOSFET is similati® h-channel except that the
voltage polarities and current directions are resér

31

Enhancement Mode
MOSFET's

Introduction to FET's 16
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n-Channel E-MOSFET showing channel length L and
channel width W

- Metal

Source

L]

Oxide Drain
gate ( (
= ,| .

p <= Substrate (or body)

33

Enhancement Mode MOSFET Construction

Si0,

Metallic
contacts

N

n-doped
region

no-channel

p-type Substrate
substrate SS

region

The Drain (D) and Source (S) connect to the to pedaegions

These n-doped regions are not connected via ammaeh without an external voltage
The Gate (G) connects to the p-doped substrate thia insulating layer of SiO

The n-doped material lies on a p-doped substratenty have an additional terminal
connection called SS

34
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Specification Sheet

2N4351
CASE 20-03, STYLE2
TOT2 (TO-206AF)
MAXIMUM RATINGS -
Rating Symbol | Vaive | Unk i
Drain-Source Voltage Vore 2 Vi |J .
-G Volage Voo, 0 Ve 2 —
Guis Souree Volger Vs w Ve o
T e e g s
Dersie sbove 25°C 17| mwre OSFET
Soncton T, 175 c SWITCHING
Storaye Temperatar: Ramge T | Gwans| ¢ N-CHANNEL - ENHANCEMENT
BT T T T
ELECTRICAL @, 3 )
Charactertaic Sy | W | vax [ Gt
OFF CHARACTERISTICS
Drain-Source Brcadiown Volsge Ve | B Vi
01y = 10 B, Vs =01
Zero-Gate-Voltage rain Cuent o
Vo = 10V Vg =) o= 25°C | o | Ak
Ta- 150 w0 | s
Gt Revese Curren s w0 | Ak
gy = #15 Ve, Vo =0)
ON CHARACTERISTICS
Trrcsbold Voliage Vo | 10 | 5 | v
s = 10 Vol = 1044}
D Source On-Volige Vosums | v
(o =20mA. Vs = 10V)
Tom | 30 | = [ made
10V, Vou = 10Y)
L sics
Forwanl Tramster Aditance IR
(Vo= 10V, Iy = 20mA 1 = LOkH)
[— G o | e
Vg = 10V, Vg =0.1 = 140Kis)
Revense Tramfer Capaciance = |
(Vo = 0. =0, = 130y
Drain Sutrse Copactance Camn | - | S0 [ e
ocam = 10%. = 140KbHE)
DraiSoatce Resstaoee tim | - | 0 | ohms
s = 10V, e

SWITCHING CHARACTERISTICS

T = 20 mAde, Vs = 10 Vi,
(Vs =10 V)
T O0 Delay (BETL| (5o e 0 s i Deermined)

Fall Ture (Fig. &)

35

E-MOSFET Symbols

n-channel
D

g__lk—wss

S

D

-

(a)

36
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Basic Operation
The Enhancement mode MOSFET only operates in thermement mode.
Ip (mA) Ip (mA)
10 Vos=+8V
9
s
Tif— Vos=+TV
6
’r Vs =46V
i
3 Vos=+5V
.
. Vgs=+4V
| Ves=+3V
of 1 15 20 25 Vs
Vas=Vr=2V
Vesis always positive
Ioss= 0 when \&s< VT
As Vesincreases abovetyIb increases
If Vesis kept constant andoé is increased, them katurates @ss)
The saturation level, dssat is reached.
37
Transfer Curve
I, (mA) I (mA)
10 Vs =+8V
9l
8=
7 - Vos=+1V
s <=
T = Vos=+6V
e
B Vos =45V
o
e Vgs=+4V
| Vos=+3V
0 1 10 15 20 25 Vos
Vos=V7=2V
_ |D(on)
To determined given Ves:  Io=k (Ves-V17)?2 (Veson-V1)?2
where \f = threshold voltage or voltage at which the MOSF&TSs on.
k = constant found in the specification sheet
The PSpice determination of k is based on the gagroéthe device:
k= W KR where KP =unCox
L 2
38
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p-Channel Enhancement Mode MOSFETs

The p-channel Enhancement mode MOSFET is similt#ttdon-channel except that the

voltage polarities and current directions are resér

Iy (mA) I, (mA)
-8 3 Vog=—6V
7 7
6 6
1 o1 Vos==3V
ey M
13 3H
-2 2 os=—4V
N ] Vos=-3V
I
e If,z R Vs=V=-2v  'bs
(a) (b) ©
39
Summary Table
JFET D-MOSFET E-MOSFET
Io=0A, =i
Ie=0Adp=1g Ig=0Adp=1; JD
b D W
g i F/ E_I Loy
D_-l:{ 2 E—J% 3 qs —
5 5 fn="iros—"’asm;)’
i Ve . Vag ¥ o Toen
In=1Ipg; |1 Ve Ip=1Ipgs G-—V'f) k (—Vcs(m—‘/agm
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