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Figure 6.1 (a) Hvpothetical semiconductor device, (b) operation as a capacitor, (¢) current flow as a result
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Typically L =1 to 10 um, W = 2 to 500 pum, and the thickness of the oxide layer is in
the range of 0.02 to 0.1 um.
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Figure 6.2 (a) Structure of MOSFET, (b) side view. (c) circuit symbol. n_Channel enhancement— p_Channel enhancement—
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Figure 6.3 Typical dimensions of today’s MOSFETSs.

p-substrate

Depletion Negative lons
Region

(b) ©
Figure 6.5 (a) MOSFET with gate voltage, (b) formation of depletion region, (c) formation of channel.
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Figure 6.8 (a) MOSFET with gate and drain voltages, (b) I -1, characteristic, (c) I -V characteristic,
(d) I -V characteristics for various gate voltages .
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Figure 6.9 (a) I'p-V; characteristics for different channel lengths, (0) I -V charactersstics for different
channel lengths, (c) I'-V; characteristics for different oxide thicknesses, (d) I-Vp charactenstics for
different oxide thicknesses.
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Figure 6.10 (a) Dimensions of a MOSFET (W and L are under circuit designer’s control.), (b) I char-
acteristics for different values of 17, (c) equivalence to devices in parallel.

Figure 6.12 (a) Pinchoff, (b) variation of length with drain voltage, (c) detailed operation near the drain.
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Figure 6.22

Tlustration of triode and saturation regions based on the gate and drain voltages.

Effect of Vg ON z'D in the saturation region.
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The MOSFET parameter 7, is typically in the range of 30 to

200 V.

MOSFET as an amplifier.
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__________________________________________________________]
Calculate the bias current of 1{; in Fig. 6.23. Assume (1,C,, = 100 pA/V? and Vg = 0.4 V.
If the gate voltage increases by 10 mV, what is the change in the drain voltage?

Figure 6.23 Simple MOS circuit.
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It 1s unclear a priori in which region M operates. Let us assume M, 1s saturated and proceed.

Since Vgg =1V,

We must check our assumption by calculating the drain potential:

1 W I
Ip = EMCU.;.-T[T as — Vru)” (6.18)
— 900 pA. (6.19)
Vx =Vpp — Bplp (6.20)
— 08 V. (6.21)

The drain voltage 1s lower than the gate voltage. but by less than V. The illustration in Fig.

6.22 therefore mdicates that A, indeed operates in saturation.
If the gate voltage increases to 1.01 V. then

Ip =206.7 pA,
lowermg Vx to

Vy = 0.766 V.

(6.22)

(6.23)

Fortunately, M 1s still saturated. The 34-mV change in 'y reveals that the circuit can amplify

the input.




Ex 5.1 Design the circuit of figure at I; = 0.4 mA and V= +1 V.
The NMOS transistor has V, =2V K, =k/(W/L)=0.4mA/V?

VDD =+5V
Rp
|
I
— RS
Vg =-5V

Ex 5.2 Design the circuit of figure at I;; = 0.4 mA. Find value R and
dc voltage V. The NMOS transistor has V, =2V

K,=k/(W/L)=0.1mA/V?

Vpp =+10V

.

B

Ex 5.3 Circuit of figure Vi; = 0.1 V. The NMOS transistor has V, =1V,
K, =k/(W/L)=1mA/V?

Vpp =+5V

Rp

Vp=+0.1V

Ex 5.4 find Iy, Vy, Vg and V5. The NMOS transistor has V, =1V,
K, =k (W/L)=0.5mA/V?

Vpp =+10V

A
Rcé Rp 2 6kQ

10MQ

Ra % Rs S 6kQ
10MQ




Ex 5.5 Design the circuit of figure K =k!(W /L)=1mA/V?

Vpp = +5V

Y Ip=05mA

mﬂ 6.1 ———————————
n the circuit of Fig. 6.33, determine the region of operation of M, as V| goes from Vpp to zero.

Assume Vpp = 2.5 Vand |[Vpg| =05V

Voo
M
+
- 1V
Figure 6.33 Simple PMOS circuit.

For Vi = Vpp. Vs = 0and M, is off. As V) falls and approaches Vpp — |V gr|, the gate-source

Ex5.7 Find Vg, Iy and Vg on circuit

Vyp = +15V
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Figure 4.31 Circuit for Example 4.9.
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