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Enhancement-Type MOSFET Construction

e The Drain (D) and Source (S) connect
to the to n-doped regions.

» The Gate (G) connects to the p-doped
substrate via a thin insulating layer of
S10,

e There is no channel

e The n-doped material lies on a p-
doped substrate that may have an

additional terminal connection called
the Substrate (SS)

Metallic
contacts

SiO;
D n-doped
region
7 no-channel
/ /
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Enhancement-Type MOSFET Construction

Electrons attracted to positive gate
(induced n-channel)
e For VGS:OD ID:O (nO Channel). . Region depleted of p-type

/ carriers (holes)
/

« For Vg some positive voltage, and
V=0, two reverse biased p-n junctions
and no significant flow between drain
and source.

« For Vi>0 and V>0, the positive
voltage at gate pressure holes to enter
deeper regions of the p-substrate, and
the electrons in p-substrate will be
attracted to the positive gate.

* The level of Vg that results in the
significant increase in drain current is )
called threshold voltage (V). '

N\
Insulating layer  Holes repelled

e For VGS<VT, ID:O A . = by positive gate

p Vos
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Basic Operation of the E-Type MOSFET

The enhancement-type MOSFET operates only in the enhancement mode.

* Vs is always positive.

* As Vgincreases, I
increases

¢ As V4 is kept constant
and V is increased,
then I, saturates (I;g)
and the saturation
level, Vg, 1S reached

Vpssae CaN be calculated by:

VDsat = VGS - VT

4

[}, (mA)

Locus of Vg

Vos=+8V

Vs =+TV

VGS = +6 V

Ves=+5V

Ves=+4V

: : : = Vos=+3V

10V 15V 20V 25 VN Vi
Ves=Vr=2V 13




Fundumental of Electronic |
Msc: Munther Naif Thiyab

University of Anbar
College of Engineering
Dept. of Electrical Engineering

A1, (mA)

l() — V(;S = +8 V

9

8 -

7 Ves=+1'V

61—

SH Vos=+6V

4 —

3 B V(iS = +5 Vv

2 -

] — V(;S = +4 V

| } | Ves=+3V
o 1 Ve 15 20 25 \ Vs
Ves=Vr=2V

To determine I, given Vgg: |l =k(Vgg — VT)Z

Where: V. = threshold voltage or voltage at which the MOSFET turns on

k, a constant, can be determined by using values at a specific point and the formula:
IboN)

(VGson) — VT)?

k =
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E-Type MOSFET Transfer Curve

Al, (mA) Al, (mA)

10 p— V(:‘S = +8 V

9|

8 L
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2 ‘/(;S - +5 V

2 L=z

I - V(,‘S = +4 \Y%

| } } } Ves=+3V
0 | Ve 0 ) 10 15 20 25 Vi
Ves=Vr=2V
" IboN)

Ip = k(Vgs — Vr)?

(VGsoon) — VT)?

Substituting I5(on) =10 mA when V55(on)=8V from the characteristics:

10 mA
k:—:
(8_2)°

0.278x107° AV = 1,=0.278x10 *(V s -2/ )’

15




University of Anbar
College of Engineering
Dept. of Electrical Engineering

Fundumental of Electronic |
Msc: Munther Naif Thiyab

p-Channel E-Type MOSFETs
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(a) (b)

The p-channel enhancement-type MOSFET is similar to the n-channel,
except that the voltage polarities and current directions are reversed.
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MOSFET Symbols

n-channel p-channel

o o
G f«<——osS G Pb——o3SS

T, T,

S

Symbols for (a) 7-channel enhancement-type MOSFETSs and
(b) p-channel enhancement-type MOSFETSs.
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