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MOSFET

ENHANCEMENT-TYPE MOSFET:
1-p -type material is formed from a silicon base and is again referred to as the

substrate

2-the construction of an enhancement-type MOSFET is quite similar to that of the
depletion-type MOSFET, except for the absence of a channel between the drain
and source terminals.

3-The drain current is now cut off until the gate-to-source voltage reaches a

specific magnitude
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FIG. 6.32
n-Channel enhancement-type MOSFET.

Basic Operation and Characteristics:
1- If VGS is set at OV and a voltage applied between the drain and the source of
the device of Fig. 6.32, the absence of an n -channel (with its generous number of

free carriers) will result in a current of effectively 0A
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2-In Fig.6.33, both VDS and VGS have been set at some positive voltage greater
than 0V, establishing the drain and the gate at a positive potential with respect to
the source

3-The positiv potential at the gate will pressure the holes (since like charges repel)
in the p -substrate along the edge of the SiO2 layer to leave the area and enter
deeper regions of the p -substrate, as shown in the figure. The result is a depletion
region near the SiO2 insulating layer void of holes. However, the electrons in the p
-substrate (the minority carriers of the material) will be attracted to the positive
gate and accumulate in the region near the surface of the SiO2 layer.

4- with VGS increases in magnitude, the concentration of electrons near the SiO2
surface increases until eventually the induced n -type region can support a

measurable flow between drain and source
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Channel formation in the n-channel enhancement-type
MOSFET.
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The level of Vas that results in the significant increase in drain current is called
the threshold voltage and is given the symbol V1 . As VGs is increased beyond
the threshold level, the density of free carriers in the induced channel will
increase, resulting in an increased level of drain current. However, if we hold VGs
constant and increase the level of Vbs , the drain current will eventually reach a
saturation level as occurred for the JFET and depletion-type MOSFET. The leveling
off of Ip is due to a pinching-off process depicted by the narrower channel at the
drain end of the induced channel as shown in Fig. 6.34 . Applying Kirchhoff’s
voltage law to the terminal voltages of the MOSFET of Fig. 6.34 , we find that

Voec — Vbs — Vs (6.13)
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FIG. 6.34
Change in channel and depletion region with increasing
level af Vpg for a fixed value of Vgs.

The drain characteristics of Fig. 6.35 reveal that for the device of Fig. 6.34 with
Vs = 8 V., saturation occurs at a level of Vpg = 6 V. In fact. the saturation level for Ve
is related to the level of applied V¢ by

Vos, = Vas — Vr (6.14)
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FiG. 6.35
Drain characteristics of an n-channel enhancement-rype MOSFET with
Vr=2Vandk = 0.278 < 1077 A/V°.

For values of VGs less than the threshold level, the drain current of an
enhancement type MOSFET is 0 mA.

For levels of Vg = Vi, the drain current is related to the applied gate-to-source voltage
by the following nonlinear relationship:

Ip = k(Vgs — Vi) (6.15)

V;-S. The k term is a constant that is a function of the construction of the device. The value
of k can be determined from the following equation [derived from Eq. (6.15)]. where Ip o)
and Vg5 (opn) are the values for each at a particular point on the characteristics of the device.

I
B — (6.16)
(Vgson) — V1)

Substituting Ip(on) — 10 mA when Viggoq) — 8 V from the characteristics of Fig. 6.35
yields
ns, 10 mA _ 10mA  10mA
T8V -2V (6V)2 36V?2
= 0278 % 1073 A/V?
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SUMMARY:

1. A current-controlled device is one in which a current defines the operating conditions of the
device, whereas a voltage-controlled device is one in which a particular voltage defines the
operating conditions.

2. The JFET can actually be used as a voltage-controlled resistor because of a unique sensitivity
of the drain-to-source impedance to the gate-to-source voltage.

3. The maximum current for any JFET is labeled | DSS and occurs when VGS 0 V.

4. The minimum current for a JFET occurs at pinch-off defined by VGS = VP.

5. The relationship between the drain current and the gate-to-source voltage of a JFET is a
nonlinear one defined by Shockley’s equation. As the current level approaches | DSS , the
sensitivity of 1 D to changes in V GS increases significantly.

TABLE 6.3
Field Effect Transistors

Symbol and Input Resistance
Type Basic Relationships Transfer Curve and Capacitance
JFET Iy
(n-channel) Ig=0A, Iy=Ig
D
G 1
4 Ci: (1 — 10) pF
In=Ipss G = f
MOSFET
depletion type Ig=0A.1Ip= lg
(n-channel)
| R > 10" 0Q
Ci: (1 — 10) pF
Ip=Ipss\l - _)
MOSFET Ig=0A.ip=1s
enhancement type
(n-channel) |.j 2
Vi
G Ty 10
o.__J Vi R, > 10" Q
Ci: (1 — 10) pF
Ip=k (Vs = Vs om ¥
s ,I)lun’l .
Vastom = Yas )’ 0 Vs my Vaston) Viis
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FET BIASING
The general relationships that can be applied to the dc analysis of all FET amplifiers are
I = 0A (7.1)
and ID S !S {T.ZJ

For JFETs and depletion-type MOSFETs and MESFETSs, Shockley’s equation is applied
to relate the input and output quantities:

2
Ip = !'Dss(l - %) (7.3)
P

For enhancement-type MOSFETs and MESFETs, the following equation is applicable:

Ip = KVgs — Vp? (7.4)

FIXED-BIAS CONFIGURATION:

The coupling capacitors are “open circuits” for the de analysis

v
For the dc analysis, °; |
RD
l(; =0A
(.“ ; VRG =lgR; = (0AR; =0V D+
' 6 Iogs
+ "
e ’I“. g i
(T O
+
Since VGG is a fixed de supply, the voltage VGS
is fixed in magnitude, resulting in the
designation “fixed-bias configuration. v
FIG. 7.1 FIG. 7.2
Fuxed-bus configuration Network for dc analysis.
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The fact that the negative terminal of the battery is connected directly to the
defined positive potential of VGS clearly reveals that the polarity of VGS 1s
directly opposite to that of VGG .

Applying Kirchhoff’s voltage law in the clockwise
direction of the indicated loop of Fig. 7.2 results in

The resulting level of drain current ID 1s now controlled
by Shockley’s equation:

g W W)
e --(l ” "’t;y)- GG — YGs
p = Ipss Vo

| Ves = —Vee
The intersection just described
%  will be sufficient for plotting the curve
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FIG. 7.3 FIG. 7.4

Plotting Shockley’s equation.  Finding the solution for the fixed-bias
configuration.
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Voo The drain-to-source voltage of the output section can be determined by applying Kirchhoff’s voltage

* I law as follows:

+Vps + IpRp — Vpp =0

Rp
and Vbs = Vpop — IpRp
D +
Recall that single-subscript voltages refer to the voltage at a point with respect to
Voo Tpss ground. For the configuration of Fig. 7.2,
i Vs=0V
Lk Vps = Vp — Vs
or VD=VDS*VS=VDS*OV
and Vb = Vps
In addition, Ves = Vg — Vs
or V(;:V(;S*‘VS=V(;5“OV
and Ve = Ves
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EXAMPLE 7.1 Determine the following for the network of Fig. 7.6:

dl. VGS@-‘ oleV
b IDQ.
C 'I-"'Ds.
d. Vp. §2k1‘.‘;:
] lI-"I'f_'l,'.
f. Vs
o [
G Ipgs = 10mA
M Vp=-8V
¥
| ML) e -0 ¥
_rzv
iT
w»r
FIG. 7.6
Example 7.1.
Solution:
Mathematical Approach
a. FCFS@. = _VGG' = —2 vV
'.»'55)1 ( -2 v)ﬂ
b. In. =1 |l ——| =10mA{ 1l — ——
Dy DSS( Vp RY;
= 10 mA(l — 0257 = 10 mA(0.75)* = 10 mA(0.5625)
= 5.625 mA

c. VDS = FDD - I.DR.D =16V — (5625 rnh}fl kﬂ]
=16V — 1125V =475V

d. Vp = Vps = 475V

c. VG = VG.S' = =2V

. V=0V
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