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Field Effect Transistors FET

OBJECTIVES
o To know the structure of the device and the transistor
effect

 To know and distinguish different FET transistor types

 To understand the current-voltage characteristic of the
device

« To identify the operating regions
Cut-off, Saturation, Ohm (triode)

 To analyze FET circuits basic cases in DC
 To know small-signal model for FET transistors
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Field Effect Transistors (FET)

MOSFET Enhancement/ Channel N (or N-MOS)
(Metal-Oxide Semiconductor FET) Accumulation Channel P (or P-MOS)
Depletion Channel N (or N-MOS)
Channel P (or P-MQOS)
JFET Junction Channel N
(Joint FET) Channel P

Basic characteristics

= Unipolar: only one carrier type (electrons in N-channel and holes in P-
channel)
= Control of Current (I) through Voltage (V) (BJT devices control | through 1)
» Three terminals:

=Source (S): provides carriers

=Gate (G): controls carriers flow

=Drain (D): receives carriers
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Nn-MOS Transistor Operation
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N-MOS Operation: Triode region
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N-MQOS Operation: Saturation region

ID A

«— Triode -» «——— Saturation ——»

1
Vps<Vgs - V¢ ! Vps Z Vgs - Vi
1

Vgs > V¢

v

Vpssat = Vas =~ Vi

n-channel

B
p-type substrate l—'

GND
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Current-Voltage Characteristic

ip (MA) ,
+ Vos<Ves-Vi Vps 2 Vas - Vi
Ip l «— Triode —» 4— Saturation region —»
ig=0 1 region
I T VDS
N —> | - 20T : Vgs = Vi+2,0
Ves T f b=ls 15| [T Voo Vs v
T ot Ves = Vi+1,5
05 Ves = Vi+1,0
Vgs = Vi+0,5
. . o 1 > 3 w Vos (V)
» Triode region Ves < V, (cutoff)
. 2
i, =K p(VGS =V Vs = Vs J
= Saturation region (I, does not depend on Vp) K = l,u C W
2 n ox L

Ip = K(VGS _Vz)2
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Output Characteristics: Saturation

A
ip (MA)

20 1+
1,6 +
1,0 1

05 L

»Saturation region (I does not depend on V)
: 2
ip =KV =V,)
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Current-Voltage Characteristic

«— Triode — «— Saturation region —»

i :
p region

VGS = Vt+2’0V

¥~ Slope = 1/,
VGS = Vt+7,5V

. VGS = ‘/f+170V

o

VGS = Vt+0,5V

Vps
- VA = - 1/& \
Vgs <V, (cutoff)

VA is the channel modulation voltage, producing a similar effect to the Early voltage in BJT
devices.

If we consider this effect then:

i, =KV V) (A+AV,,)
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o-channel MOSFET (P-MOS)

Drain (D) Drain (D)
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D
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Depletion MOSFET

Equivalent behavior to enhancement MOSFET devices, except for
= Manufactured channel:

= When V4<0 channel is reduced (e leave Gate region)
= When V., <V, <0 channel disappears (cut-off region)

in (MA) b Thiode —>—— Saturation region ——»

: |
region D I
Vps< Vgs -V l’ Vs = Vas - Vi ?
36 _| | Vas = 2V (V,+6)
32 G o—l
1 j G ._lE. B '
28 l— \ vV
- / ps=Vas - Vi
24_ VGS = 1V (Vt+5) ® S [ )
S
20 |
16_ A Vs =0V (V+4)
| D
12 _ |
g : Vas = -1V (Vi+3) G J 5
4— : Vgs = -2V (Vi+2)
Vac = -3V (V+1
] GS (Vi1) s
4

6 8 10 12 K Vps (V)
Vgs <-4V (V)
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Summary

= |[n enhancement n-MQOS there is a

» In enhancement p-MOS there is a
channel if: Vee £V, <0

Vs 2 Vs =V, in triode region
V¢ £V, —V, insaturation region

channel if: Ves 2V, >0
Vs SV =V, in triode region
Vs 2V, —V, Insaturation region
ip A
p-channel p-channel

enhancement depletion

n-channel
enhancement

n-channel
depletion

Vas

= In depletion n-MOS there is a = In depletion p-MOS there is a
channel if: Vo, 2V, V. <0 channelif: V. <V, V >0
Vs SV =V, in triode region Vs 2V =V, in triode region
Vs 2V, —V, insaturation region V,s £V, —V, insaturation region
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Junction Field Effect Transistor (JFET)
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Voo
Rp
®V,="Vps
2 : + I -
Vas=V4
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DC bias point:

Load line
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Y— Triode —» [«—— Saturation
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/

¥

Vas = Voo

Vas > Vig

Vas = Vig

I
!
|
I
|

PRl
7 1

=

0 Voc VOB= V/B' Vlt

VOQ: VDSQ

CCE - Session 13

15




FET transistor as amplifier:

Vo .
Ql Qlln Ql
cutoff : saturation in triode region
-
| |
Voo |
| |
| .
| |, Slope at Q = voltage gain
| D A
|
{ | Vo
I |
R V V -
VOB
C
Voo /V—tm m e e e e -9 >
Voo V.
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Small-signal model

D

® —o
+
Vgs gmvgs
ip (MA) ,
+ Vbs<Vgs - Vi ," Vps = Vgs - V4
<«— Triode » #—— Saturation —
2! 0__ " VGS = Vt+270
T 1 '\ Vie=V iy
1:5 I' Ds GS t
1,0 1 Vgs = Vi+1,5
0!5_ Vgs = V,+ 1,0
VGS = Vt+075
0 1 2 3 V Vps (V)
Vgs < V; (cutoff)
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Small-signal parameters

ip
= |In MOSFETs
An almost
linear segment Slope = g, 01
gm:aVD =2KVs —V))
GS Vs =Vpso
= |n JFETSs
di,
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Small-signal parameters

—o e D
+
Vgs OmVgs ro
"o I
| - 1 di,
Triode Saturation —
A —
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Ip i r, 8 Vs
1
1
': Vgs = Vt+2,0V
1
_F - ,’ ‘ S/Ope = 7/[‘0
’,—,,a’ Vgs = Vi+1,5V - A
- - —— "
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Exercise:
Operation regions. Saturation

EXAMPLE Voo= 10V
V=2V o

L=10um ‘l‘ R
W=100um | . Vo
A=0 —L,

1 C, =20uA/V?>

a) Design the circuit in order to obtain a [;=0.4mA
b) Calculate the value of R and voltage V for that value of current
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Exercise:
Operation regions. Triode region

EXAMPLE Voos SV

*Vpp=5V I I

= K = 0.5 mA/V2 vs R

" |V|=1V Vp=0,1V
_I >

a) Design the circuit for obtaining Vp=0.1V

b) Calculate the equivalent resistance of the transistor in this case
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Proposed exercise

RG1 = 10 MQ

o
Rep = 10 MQ %

Example
K = 0.5 mA/V?
=|V|=1V

—>

a) Analyse this circuit and calculate the voltage in every node and
the current in every line

b) Obtain the equivalent small-signal circuit
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