ENEE2303 FET 4/5/2017

FET Vs conventional Transistors
Advantages

1- High input impedance ; 100 M Q

2- fewer steps in manufacturing process.

3- more devices can be package into smaller area for integrated circuit IC

Disadvantages

1- Low values of voltage gain.

2- Poor high frequency performance.

Instructor : Mohammad AL-Jubeh
ENEC
BZU 1
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FET Types:
LField Effect TransistorJ

FET
N

/_/\/_/\

’ P- Channel] n-Channel ’ ’ P- Channel] ‘ n-Channel ’ ’ P- Channel] ‘ n-Channel ’

D D D D D D
G Ea) Ceg) G—@ G@ G@) G@
K] s 5 S s 5

Junction Field Effect Transistor JFET

JFET construction: n-channel JFET

v Revers biasing the gate to source junctions causes the o i
formation of the depletion region i bs
v The drain has the proper polarity with respect to the
to establish th i t] Gate
source to establis e drain current I ¢ ¥ P P — Vps
+
\ —
v’ The value of I 5 depends on the width of the L Ves n !
channel. + -
ASource
v The width of the channel is controlled by
-

revers biasing the pn-junctions between gate

and source .
v' If the channel width increases I, increases .

Instructor : Mohammad AL-Jubeh

ENEC
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Gate

=

Drain

N

Source

JFET Circuit Symbol:
D
G»
S
n-channel

Instructor : Mohammad AL-Jubeh
ENEC
BZU
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Operation of a JFET

7

DC Voltage Source

G=

S

p-channel
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JFET output characteristic:

Ves =0
14~ Ohmic
region Pinch Off
region Ves = —1
Ves = —2
(VES"Wa

cut off re‘gi}

JFET Characteristics:

«If Vos=0V and Vygcontinually increases
to a more positive voltage, a point is
reached where the depletion region gets so
large that it pinches off the channel.

This suggests that the current in
channel (/,) drops to O A, but it does not:
As V,sincreases, so does /, However,
once pinch off occurs, further increases
in V,sdo not cause /,to increase.

Instructor : Mohammad AL-Jubeh
ENEC
BZU
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Pinch Off

Pinch-off

Vs =0V

4 Plj| Vos = Vi
n
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Pinch of voltage Vp:

For V5 = 0 ,the value of /)5 at witch I, becomes essentially constant
Is the absolute of the pinch of voltage
Vps = |VP| Drain

* Ips*+—

negative value for n channel
P == g P f - l P P l_ VDS .
positive value for p_channel Y —+*
]
Vs n
-
,§ource
-

JFET Transfer characteristic curve:

Vos(t)>2

Ips(t) =1 1-
ps(t) Dss< Vo

In pinch off region:

I (mA) I (mA)
Vp < VGS < 0 —10 10
9 9|

Vs =0V

[Vps| > [Vp| — Vsl

Vgs=—1V

Ves=-2V
V=3V

= Vgs=-4V

l | |
VastV) -4 3 2 - 00 5 10 15 20 25

Vos

Ip=0mA, Vgs = V,

Instructor : Mohammad AL-Jubeh
ENEC
BZU 5
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P-channel JFET

Vas(t)>2

Ips(t) =1 1-
ps(t) DSS( Vp

In pinch off region: \
[Vps| > [Vpl — [Vs]

Vp>Ves >0

4/5/2017

_—

Pinch off voltage:

v' The voltage that cusses the depletion region to touch and close the

channel is called pinch off voltage

v" For the n-channel JFET to be in the pinch off region:

Vp <Vgs <0

[Vps| > [Vp| — |Vgsl

v" For the p-channel JFET to be in the pinch off region:

[Vps| > [Vp| — [Vgsl

Vp>Ves >0

Instructor : Mohammad AL-Jubeh
ENEC
BZU

Vp Vs(t)

Pinch off
Tegon Vs=-1

wtoff r‘gw\n
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JFET Biasing Circuit

1) Fixed bias circuit

Find onint

Since Vg =-1.5 v, the JFET could be either in
the ohmic or pinch off region

Assume that the JFET is in the pinch off region
%

1%
S Ips=Ipss(1 - VLPS ) %
Ves=Vs-Vs

VGS =-1.5-0=-15v

IDS= 3.9mA

Instructor : Mohammad AL-Jubeh
ENEC
BZU
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+VDD =+16v
Ry =2K l
G D "DS
T IDSS = 10mA
Rg = 1M Vp=—4v
-
|
T 15v
+Vpp = +16v
Ry =2K l
G D "DS
S IDSS = 10mA
Re =1M Vp=—4v
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KVL: +Vpp = +16
Vpp=Rplps +Vps Rp =2K l
VDS= 8.2v e 2 Ips
T IDSS = 10mA
For the JFET is in the pinch off region R.—1M Ve =—4v
[Vps| > [Vp|-[Vgsl -
> |-4| - |-1.5]
|Vps| >2.5V
since Vpg >2.5v; ..our assumption is ok
Graphical method:
Vgs | 2
*Ips=1Ipss(1- =) N
P
° VGS= -15v /," o
g 7777777 43.9mA
Ves@® e - i
) 4v ] -1.5v

Instructor : Mohammad AL-Jubeh
ENEC
BZU 8
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2) Self — bias circuit

* Assume that the JFET is in the pinch off
region

Vs

2
Vp)

Ips=Ipgss(l -

Ves=Vi -

Vgs=-(0.6K) Ipgs

Sub2intol

—-0.6KIps \ 2

-4

Ipg=14.77 mA,3mA

Since Ipg =14.77mA > I g
Ips =3mA
Ves=-1.8v

IDS =10 X10_3(1- )

Vpp=Rplps +Vps + Rslps
VDS =8.7v

Instructor : Mohammad AL-Jubeh
ENEC
BZU

D

+Vpp = +15
RD = 15
G
Rg
=1M
+VDD =+15
RD =15
G

S

2

él

4/5/2017

Ips
IDSS = 10mA
Vp =—4v
Rs
=06k
Ips
IDSS = 10mA
Vp =—4v
R
=06k
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For the JFET to be in the pinch off

* Vpsl > |Vpl-1Vesl
> |-4] - |-1.8]

IVDSI >2.2v M
* Since| Vpg| > 2.2 v , the JFET is in the pinch off
region and our
assumption is ok and

hd IDS =3.0mA
VDS =8.7v
VGS =-18v

Graphical method

%
e Ipg=Ipss(1- —VGS ) 2
P

$ 10mA
’

* Vgs=-(0.6K) Ips

when V=0 — Is= OmA

7777777 4 3mA
when Vi s=-3v > Is= SmA

Ves(6)

R -1.8v

Instructor : Mohammad AL-Jubeh
ENEC
BZU
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f—VDD =-20V
3) Voltage Divider bias circuit
Rp
Ips=1Ipss(1- % | 1 = ?188 k § = 185K
P
IG=0
VGS = VG_ 7 G 1IDS
IDSS = 18mA
Ve= 47K+188K( -20)= R, § Vo= 45V
VS=_RSIDS= -(165K) IDS Rs
=165k
KVL
VGS=_4+ (156K) IDSZ =
sub 2 into 1, we obtain Ips = 4.02mA v
7.4mA X

Graphical method

Vas 2
* Ips=1Ipss(1-3) A
18 mA

° VGS= -4 + (O.GK) IDS

when VGS= -4v > IDS= OmA
whenVgg=0v — Ipg=2.42 mA amaA

Ips = 4mA and Vg =2.65V

Instructor : Mohammad AL-Jubeh
ENEC
BZU 11
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Metal Oxide Semiconductor Field Effect Transistor MOSFET

* 1) Depletion type MOSFET: DMOSFET
* 2) Enhancement type MOSFET: EMOSFET

* The MOSFET differs from the JFET in that it has no pn junction structure;
instead, the gate of the MOSFET in insulated from the channel by a silicon
dioxide ( S;0, ) large.

* Due to this the input resistance of MOSFET is greater than JFET.

Depletion type MOSFET:
* Construction of n-channel DMOSFET:

Sgurce
f : Gate Drain ID G-—
777; Metal

~ Silicon
dioxide

Instructor : Mohammad AL-Jubeh
ENEC
BZU 12
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Operation, characteristic and parameters of DMOSFET

¢ n-channel DMOSFET

- On the application of VV,gsand keeping V ;=0 electrons from the n-
channel are attracted towards positive potential of the drain terminal .

- 1I'Ihis %stablishes current through the channel to be denotes as I g5 at
Gs=Y -

- If we apply negative gate voltage (V/;s< 0) the negative charge on the
gate repel electrons from the c annef. The number of repelled electrons
depends on the magnitude of the negative voltage V.

- The grater the negative voltage applied at the gate, the level of drain
current will reduces until it reaches zero ; Vs=Vp .

- For positive value of Vg, the positive gate will draw additional electrons from the p-
type substrate and the drain current increases .

A

G

S

P-channel n-channel
DMOSFET DMOSFET

Instructor : Mohammad AL-Jubeh
ENEC
BZU
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Drain characteristics for an n-channel DMOSFET

|
4 Ohmic i VGS =42
region i
‘ Ves = +1
|
|
| Pinch off .
: region Ves =0
|
|
; Ves = —1
|
! Vos = —2
1
|
i Ves =V,

\

cut off revgi>

Transfer characteristics for an n-channel DMOSFET

A

g
o
-
-
c"‘
-
2>

lJ
0
[
L
[

Instructor : Mohammad AL-Jubeh
ENEC
BZU
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Drain characteristics for an p-channel DMOSFET

n-channel DMOSFET

4 Ohmic
region

Pinch off

region

n-channel DMOSFET

.
.
.
P
-
-
P

|
k Ohmic i VGS =-2
region |
|
|
| Pinch off
: region Vos =0
} VGS = +1
|
|
! VGS = +2
|
|
|
|
! Vee =V,
cut off re‘gi>
7 3
p
v
.
.
.
1)
A}
.
.
.
L)
.
.
LY
A )
L)
\“
\‘\
\\\ Ves(t)

Instructor : Mohammad AL-Jubeh
ENEC
BZU
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In the pinch off region

v
ips(t)= Ipss(1- = —&5 )2

4 For the n- channel

4 For the p- channel

f+12 14
Example
Suppose that the DMOSFET is in the pinch off region
y 100 M 0.5k
Ips=Ipss(1 - ﬁ ) 2 s 1 5
Ves=Vg-Vs= VG E
G IDSS = 4mA

11 —1 1O\  cceeeereens 2 s

Ve= 11M+100M(12) 119V 11 M Vp==5V
sub 2 into 1, we obtain
IDS=6.13mA>ID55 4 - -

VDS= VDD' 0.5K IDS =8.93V
Vps > Vs —Vp=6.19V

Instructor : Mohammad AL-Jubeh
ENEC
BZU 16
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Enhancement type MOSFET

e Construction of n-channel EMOSFET: Vi
Source

4/5/2017

1 ] Gate Drain ID G—
;71 Metal
N N *5i0,
.
E Vb3
Substrate

s
furce |I Gate Drain [
| -l

| Substrate

~ Silicon
dioxide

Vp3]

a|n

Il

Construction of n-channel DMOSFET

Instructor : Mohammad AL-Jubeh

ENEC
BZU

Source

1

Vis

Drain ]DS<—

L LT

LN |

P

N *si0,

25

Substrate

A

Construction of n-channel EMOSFET

17
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Operation , characteristic and parameters of EMOSFET

- ﬁn the application of V pgand keeping V ;=0 practically zero current
ows .

- If we increase V¢ in the positive direction the concentration of electrons

near the Si0O, surface increases,

- At particular value of V¢ there is a measurable current flow between
drain and source ; I .

- This value of Vg is called threshold voltage denoted by V;

- A positive V¢ above V induce a channel and hence the drain current
(Is) by creating a thin layer of negative charges (electrons) in the
substrait adjacent to the SiO; large .

The conductivity of the channel is enhanced by increasing V ;¢ and thus
pulling more electrons into the channel .

— —
; — L

1LS ‘LS

P-channel n-channel
EMOSFET EMOSFET

Instructor : Mohammad AL-Jubeh
ENEC
BZU
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Drain characteristics for an n-channel EMOSFET

# Ohmic
region

VGS‘ =6

Pinch off Ves =5
region

Ves = 4

Vs =3

VGS = VT =2

[

cut off re‘gi}

Transfer characteristics for an n-channel EMOSFET

A

Vr Ves(0)

Instructor : Mohammad AL-Jubeh
ENEC
BZU 19
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n-c

Drain characteristics for an

annel

4 Ohmic
region

Pinch off

region

n-ch

4

annel s

A

»

Vr

Instructor : Mohammad AL-Jubeh

ENEC
BZU

Ves(®)

4/5/2017

-channel EMOSFET

y

k Ohmic
region

VGS =-6
Pinch off Vs = =5
region
Ves = —4
V(}S = —3
(VGS :‘VT :'2

cut off re‘gi}

Ves(t)

20
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In the pinch off region

Example

Instructor : Mohammad AL-Jubeh
ENEC
BzU 21
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+18V

Ri a7 m §
Vs=(0.5K) Ips i
|—

solving for Vg:

Complementary MOS (cmos) inverter ;rm

1) Let Vs(t) =10v

Q, ison, replaced with short circuit

V.
Q- is off , replaced with open circuit s

Instructor : Mohammad AL-Jubeh
ENEC
BzU 22
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+10V
+10V I
—

+ VS(t) 4 Vo (t)

“' ) =0V )
- -

Vs(t)

2) Let Vg(t)=0v ;IHOv
B =

Vis1=Vg1-Vs1=0=0v<Vpy .
[r—
+
Q is off,, replaced with open circuit Vs (0) ..'_4 P V,(t)
'—
sl
VGSZ = VGZ = Vsz =0-10=-10v < VTZ
+10v =

Q, is on, replaced with short circuit

Vs(6)

+
Instructor : Mohammad AL-Jubeh

l U@ =10V t
ENEC

BZU 23
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Vs () 4

Inverter = NOT GATE .,

Ac small signal Equivalent for FET

—_— -
Two port
- No independent -

11=Y11V1 + Y1272
. Y21V
12=Y21V1 + Y2202 Y11 Y22

Y12V2

Instructor : Mohammad AL-Jubeh
ENEC
BZU 24
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Ugs
® ®

But iG(t)= 0 - ( open circuit )

Buti; =0
G(t) Y211 y '
Y11 22 U5

U1
_ Y1272 -

(open circuit )

Instructor : Mohammad AL-Jubeh
ENEC
BZU 25
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8 Vos=0V
7 \Af!,-nzm
6
5 Vgs=—1V
4
3 Vyg=-2V
) Py Aly=0.1 mA
Vos=-3V
— = rds = s s (1: |||||||||||||| Vas=—4V
[T 2 3 4 5 6 7 8 9 1011 1213 14 Vps (V)
1) a—

v, Y11 Y22 vy
Y12V2 -
_ Y21 = 9m ; Forward Trans conductance

1) For JFET and DMOSFET

Instructor : Mohammad AL-Jubeh
ENEC

BZU 26
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2) For EMOSFET

!
|

ImVys

Tds

Instructor : Mohammad AL-Jubeh
ENEC
BZU 27
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ac small signal equivalent circuit for MOSFET

.G_,|— SUb = . d

- S — ?
G—— .
S
5 ' +
ImVgs

Vs

s -—
1 ®

FET Ac Small Signal Amplifiers

Ipes= 12mA
V,=-4v
1) Common Source Amplifier 0s= 100K
+12
_ —2Ipss Vs
Im— v (1 - V_ )
P P 2.2k

Ves=-2v I_'
! Vo(t)
S gm=3mA/V C vie) . }

y

Instructor : Mohammad AL-Jubeh
ENEC
BZU
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ac small signal equivalent circuit

4/5/2017

+12

ac small signal equivalent circuit

Zin

Vo= - gmV 4s(100K \ 2.2K)

Vys=Vy- Vs
VS=O L
V,=V;

R A,=-6.6

A, :"V—‘i’ = - g.. (100K \\ 2.2K)

Instructor : Mohammad AL-Jubeh

ENEC
BZU

Zi= 1MQ
Z ,=1 45 =100K

29
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Example
gm=a84mA/NV ; 71,;.=100KQ

ac small signal equivalent circuit

+
Vo(D)

Zin Zout

d

Tds +

_ 1M//2.2M 9mVys
< ; » Vo(t)
— 100 k 12k

Vo= - gmV 45(100K \ 4K \\ 12K )

Zin

Z out

10 k "

M//2.2M Im Vg V,o(®)
Tds
vi(t) ‘> 100 & ak 12k

_1mM\\2.2m _
1M\\2.2M+10K

Vgs=Vy-Vs

Z;= 1M\\ 2.2M

Vo
A,=-2=-11.48
Voo Z ,= 100K \\ 4K

Instructor : Mohammad AL-Jubeh
ENEC
BZU

4/5/2017
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Example

ac small signal equivalent circuit

Vi(t)

R; Zin — ) =
8 d
T - )
£10) Ry > 9ImVss Vo(®)
<‘> d Ra\\R,
4 RI\\R; S_ ) -
Ri Zin
— .
+ +
£10) Ry > 9ImVss Vo(®)
<‘> Tds R4\\R,
4 RI\\R; S_ ) -
Zi: R3+R1 \\RZ =

Instructor : Mohammad AL-Jubeh
ENEC

BZU 31
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Impedance Reflection

ac small signal equivalent circuit

_ Vi+pu Vgs -V
Rg+Rs+14s =

Vgs = Vy = Vo

Ve = Rigs + Vs,

uVg+ Vs —(u+1)Vy

las =

Instructor : Mohammad AL-Jubeh
ENEC

BZU 32
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Tds

Drain equivalent circuit AN\—-

b " O

uVg+ Vs —(u+1)V;
rgs+Rq+(u+1)Rg

las =

Q (n+1)v,

u+1)Rg

Source equivalent circuit

o Vs _ (bt 1) v,
. _ ut+1 Vg+u+1 V2
las =
V.

Instructor : Mohammad AL-Jubeh
ENEC
BZU 33
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Phase splitting circuit

+Vpp
ac small signal equivalent circuit

Rl Rd
J—
ZU K; Vo (t)+
R; . | 1 E; |!-1 ] 1 )
Vit ! + ° a * Voz(D)
“ ont Var 0 R, .
Ri\\R; <‘> s Ry Vi(®) R,
Rs + . ZOZ
VUZ(t)
TofindV,; ,and Z,, (n+1)R, ) Zo1
. - @ -2
— drain equivalent CKT MWV
+
<-> IJ- Rd Vol(t)
Rquvy T -
Vo1 = —
Tags+Rqg+(u+1)Rg —_—
_ _RillR; _ 1
9 Ryl|Ry+R; B
v, —__RllR Rq 1 V.
oL ™ Ryl Ry+R; " Tas+Ra+(u+DR;

Zy1 = Ry ”(rds_ + (u + 1)Ry)
ifrg, = o

Zo1 = Ry

Instructor : Mohammad AL-Jubeh
ENEC

BZU
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To findV,, ,and Z,,
—source equivalent CKT

B
RS (u+1)Vg

VOZ = R rds+Rd
STou+1
R{||IR

v 11l Rz

97 Ry||Ry+R; °

K
Ril|Rz Rs (u+1)V9

- +R
R4 || R2+R; Rs"'%—d
pt+1

Vo2 =

+rgs

Raq
Zo2=Rs |1 = 1~

If rgg =00

Rg+1g4s _ Rg+rgg
p+1 Imrds+1

. Rg+r 1
lim —4—4s - _—
rgs—>© mrdstl  gm

If rgs =@
1
Z,»=R; || —
o2 s“gm

Instructor : Mohammad AL-Jubeh
ENEC
BZU

4/5/2017

®

R1 [ R2 Ra 1 .
Ry || Rz+R; ~ rqs+Rg+(u+1DRs 1t
S
AN—————
Tds +Rd +
(u+1) R,
u V Vnz_(t)
(u+1) 7
Vo Ry || Ry R; (WV;
2 _ .
°" Ry|| Ry +R; "(rastRq) + (1 + DRy
if Rs = Rd
"‘|V02| = |V01|
Rg+74s
ZOZ = Rs ” ﬁ

35
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Common Gate Amplifier

Ac small signal equivalent circuit

Q- .

Vo (D)
10k >R

d |
10k 2 +
g

10k

| 100 k -

s
Ces 100 k
| +Vbp

Ri gmvgs
. /<_\ d
v -
10k + +
Vi(t) . Tds V,(t)
glok//lok
j_ _
10k + +
Vi(®) . |A ,d, | V,(®)
10k//10k
R; S
10k//10k +
V,(®)
M 10k//10k
<_> 10k § /
V. 8
(10k + 10k)

Instructor : Mohammad AL-Jubeh
ENEC
BZU
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To find
0, 8Nd Z, (n+1)5k 70
d
ANN—e .
(10K [|110K) (u+1) 5 .
= [ 10k Vo (t)
©  10k||10k+7gs +(u+1)*5k C—) ot 12 10k 1
Z,=10K || [rgs+(u + 1)5K]
= Zin
i : T
To find Z; —source equivalent CKT 10k .
10k (n+1) 10/k\\10k
ras+10k|[10k s

Z; =10k || “e 8

Common Source Amplifier :Design

* Design a Common source MOSFET Amplifier to provide a voltage

gain = 10, between a small signal voltage source having a
resistance 10kQ and load R; = 10k

Vo
Vi

and Zi=1MQ.
The MOSFET has rds = 20k , VT = 1419V, Kn =72,
and IDS = 5mA.

Assume VDD = 24V.

Instructor : Mohammad AL-Jubeh
ENEC
BZU 37
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+Vpp

Solution :

R1

Css 10K
R2 § RS

10k

Zin

g

-

R1IIR2 i Im

| ,
%’VS{\/ | : ‘
c1

d
* +
Vo(1)
<¢> o D 10K

g d

+
R1IIR2 Im V,(t)
<‘> 20K D 10K

vo = —gm.vgs.(Rd // Rl // rds)

VQgS =V(g—VSs

vq_ RUIR2 . Zi . 1000k
9= RU/R2+Ri T Zi+Ri T 1000k + 10k
vg = Vi vs=0

. Av = —gm.(Rd // Rl // rds)

Instructor : Mohammad AL-Jubeh
ENEC
BZU 38
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Av =—gm.(Rd // Rl // rds)
Using gm = 2/KnIDS ‘ gm = 6.23m0O

_. RD = 2.1KQ
For Av =-10 ‘ VDS = 8.7V Pinch off region
DC Analysis

LetVS=VDD/5=4.8V EEE)  Rs=0.96K0 2 )

But Ips=K,(Vgs — Vy)?

For Ipg=5mA -~ VGS =3V

Ves=Vg-Vs Solving for R1 and R2, we get
~VG=7.8V Ri1= 3.1MQ

NOW . R2= 1.48M Q
Vg=—"{24)=7.8V

Z;=R1\\R2 =1MQ

Instructor : Mohammad AL-Jubeh
ENEC
BZU 39



