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MOSFETs

MQOSFETSs have characteristics similar to JFETs and
additional characteristics that make then very useful.

There are two types of MOSFETs:

* Depletion-Type
 Enhancement-Type
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Depletion-Type MOSFET Construction

(Drain)
»The Drain (D) and Source (S) S/io2 p-channel
connect to the to n-doped regions.
n
»These mn-doped regions are
] Metal contacts
connected via an n-channel. \
(Gate) / P Sul;s;rate
»This n-channel is connected to " [subitie
the Gate (G) via a thin insulating
layer of S10,.
n
»The n-doped material lies on a -
p-doped substrate that may have 8 \
an additional terminal connection s Ak iy
called Substrate (SS). _
n-Channel depletion-type MOSFET.
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»V =0 and V¢ is applied across {r
the drain to source terminals. i o "

G “n P = Vop
»>This results to attraction of free :If -
Vos=0V e

electrons of the n-channel to the > 4 e,!e
drain, and hence current flows. ‘ ”
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n-Channel depletion-type MOSFET with
V:s=0V and applied voltage V.
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Depletion-Type MOSFET :Basic Operation and Characteristics

»Vs 1s set at a negative voltage
such as -1 V.

Si0, layer n-channel

7
/@:, -+ Recombination

e / process

»The negative potential at the gate
pressures electrons toward the p-type

substrate and attract holes from the p- . /@4 fis

type substrate. . e— <~++  p-material
e—@—— substrate

» This will reduce the number of free e—

electrons in the n-channel available o

S i \ Holes attracted

il

for conduction.

e to negative
Metal e\\‘@\ / potential at gate
: . ar \+
»The more negative the Vg, the otk [ \
resulting level of drain current I is Electrons repelled
by negative
reduced. potential at gate

»When V  is reduced to V; (Pinch-
off voltage), then I,=0 mA.
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Depletion-Type MOSFET :Basic Operation and Characteristics

A I, (mA)

A

xl,)

| g - | Vie=+1V
Depletion 109 GS
mode Enhancement
mode
—————— Ipss — - Ves =0V
Vig=-1V
[ —— e Ipss
Ves=-2 V
Ipss Vgs=YpP =-3V
—————— 22 2
4 _4V
-5V
=6 <5 <4 =3-2\1 0] 1 Wy 0 /" Vbs
Yp iy 0.3Vp Vigs= Yp==0'V

»When V4 is reduced to V; (Pinch-oft) [i.e. V =-6V], then [;=0 mA.

»For positive values of Vg, the positive gate will draw additional
electrons (free carriers) from the p-type substrate and hence I, increases.
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Basic MOSFET Operation

A depletion-type MOSFET can operate in two modes:

* Depletion mode
e Enhancement mode

A I, (mA) Al
L OC PRGN b Sty F Voe=+1V
Depletion 10.9 GS
mode Enhancement
mode
—————— Ipss I~ gt Vs =0V
Vs =-1V
e e I'pss
—————— Ipss Vos = ‘g =3 N
4 -4V
I I . 5V .
-6 -5 -4 -3 -2\-1 0| 1 Vg 0 / Vg
Vp P 0.3V, Vgs=Vp=—06V
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D-Type MOSFET in Depletion Mode

Depletion Mode

A I, (mA) AL,
The characteristics are Depleion 109 === - i
similar to a JFET. _ y oy
* When Vg =0V, Iy = Ipgg Vas =-1V
i When VGS < O V, ID < IDSS | e A IIiT“ Ves=—-2 V
e The formula used to plotthe 4 fos Vs =7 =3V
. . -4V
transfer curve still applies: - = .
("S Vgs= Vp=—0V ”
2
Ip = Ipss _Xes
V
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D-Type MOSFET in Enhancement Mode

Enhancement Mode M (mA) My
Depleti 109+—¢——————— VGS =+1V
° VGS > O V epne](l)(();; S Enhancement
. mode
* Ijyincreases above I, 0 g4 Ioss Vgs =0V
e The formula used to plot
the transfer curve still Vgs =1V
. >
210] 0] § (1 S S Vs ==2 V
Ll N 1,iTSS VG‘S,:‘%P_—,%V
-4V
\V/ 2 L1 1 | | 9 >Y
I~ = | 1— GS -6 -5 -4 -3 —2\—1 of 1 Vg 0 Vs
D DSS Vp Vo \g 0.3V, Vgs=Vp==6V

Note that Vg is now a positive polarity
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Vos=-1V

Vos=0V
Ves=+1V
Ves=+2V
Vos=+3V
Vos=+4V
Vos=+3V
Vs
opyton DS
Vos=Vp=+6V

(a) (b) (c)
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(a)
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D-Type MOSFET Symbols

p-channel
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(b)

(a) n-channel depletion-type MOSFETs ,(b) p-channel depletion-type MOSFETSs
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