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Example

1

Solution

MOSFET

{(E-MOSFET) /33 MOSFET

Calculate the bias current of M; in Fig. 6.23. Assume p,Coy = 1mmﬂﬂ and Voy =
0.4 V. If the gate voltage increases by 10 mV, what is the change in the drain voltage?
Vpp =18V

Ry = 5kQ

Ip
X

My, W_ 2
WJ—*_I L 018

Simple MOS circuit. = =

It is unclear a priori in which region M; operates. Let us assume M, is saturated and
proceed. Since Vs =1V,
Ip = %nnfmgﬂ"cs — Vi)® =200 pA.
We must check our assumption by calculating the drain potential:
Vy =Vpp — Rplp =08V.
The drain voltage is lower than the pate voltage, but by less than Vyy. The illustration
in Fig. 6.22 therefore indicates that M, indeed operates in saturation.
If the gate voltage increases to 1.01 V, then

Ip =206.7 pA,

lowering Vy to
Vx =0.766 V.

Fortunately, M, is still saturated. The 34-mV change in Vx reveals that the circuit can

amplify the input.
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MOSFET
E-MOSFET bl

Analyze the circuit shown in Fig. 5.24(a) to determine the voltages at all nodes and the currents through
all branches. Let V,, = 1 V and &k, (W/L) = 1 mA/V?. Neglect the channel-length modulation effect
(i.e., assume A = 0).

Vpp = +10V +10 V
Jospa oy
Rg = 10 MO Rp =6 K1 19 M0 6 kO
0 10 — 6 I,
-—III +5VeI—
6 Ip
RG2=mMﬂ§ ;R_g:ﬁkﬂ mmﬂ? 6 kQ
IL;.¢
(a) (b)

Figure 5.24 (a) Circuit for Example 2. (b) The circuit with some of the analysis details shown.
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MOSFET
E-MOSFET bl

Solution
Since the gate current is zero, the voltage at the gate is simply determined by the voltage divider formed
by the two 10-MQ resistors,

Koo _ 1510

FDDRGE + Rgy 10+ 10

With this positive voltage at the gate, the NMOS transistor will be turned on. We do not know, however,
whether the transistor will be operating in the saturation region or in the triode region. We shall assume
saturation-region operation, solve the problem, and then check the validity of our assumption. Obviously,
if our assumption turns out not to be valid, we will have to solve the problem again for triode-region

operation.
Refer to Fig. 5.24(b). Since the voltage at the gate is 5 V and the voltage at the source is

Ip (mA) x 6 (kQ) = 615, we have
FGS = 5 = EID

= +5V

Vg =

Thus, I, is given by

1,, W
Ip = ks 7(Ves— V)’ = 2x1x(5—6Ip—1)

which results in the following quadratic equation in I,:
181,251, +8 =0

b
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MOSFET
E-MOSFET bl

Example 2 continued

This equation yields two values for /,: 0.89 mA and 0.5 mA. The first value results in a source voltage of
6 x0.89 = 5.34 V, which is greater than the gate voltage and does not make physical sense as it would
imply that the NMOS transistor is cut off. Thus,

I = 0.5 mA
Vi=05x6=4+3V
Veg=5-3=2V
Vp=10-6x0.5 = +7V

Since V> V.-V, , the transistor is operating in saturation, as initially assumed.
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MOSFET
E-MOSFET bl

The NMOS and PMOS transistors in the circuit of Fig. 5.26(a) are matched, with K (W, /L,) =
k(W,/Ly) = 1 mA/V® and Via = =V = 1 V. Assuming A = 0 for both devices, find the drain cur-

fu

rents i, and i, as well as the voltage v, forv, = 0V, +2.5V,and -25 V.

+25V
A

—[* o

—25V
(a)

Figure 5.26 Circuits for Example 3

+25V
A

Op

+ Ipp
+ Ipn

Oy 10 kQ)

+25V
A
—[* o
Y1ns
Dtg —25Vo— O Up
+IDN +IDN +IDP
—II_TQH 10 k() 10 kQ
Y - -

(c) @
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MOSFET
E-MOSFET eubsl

Solution
Figure 5.26(b) shows the circuit for the case v, = 0 V. We note that since J,,and (J, are perfectly matched
and are operating at equal values of |Vg4 (2.5 V), the circuit is symmetrical, which dictates that
vy = 0 V. Thus both Qy and Qp are operating with |V = 0and, hence, in saturation. The drain cur-
rents can now be found from

fon— Toui= %}c 1x(25-1)" = 1.125mA
Next, we consider the circuit with v, = +2.5 V. Transistor Qp will have a V. of zero and thus will be cut
off, reducing the circuit to that shown in Fig. 5.26(c). We note that v, will be negative, and thus v, will
be greater than V,,, causing Q, to operate in the triode region. For simplicity we shall assume that v is
small and thus use

Iy == ky(Wo/ L) (Vgs— Vip) Vps = 1[2.5— (-2.5) - 1][vp— (-2.5)]

From the circuit diagram shown in Fig. 5.26(c), we can also write

10 (kQ)
These two equations can be solved simultaneously to yield
Ipy = 0.244 mA vy = —2.44V

Note that V¢ = —2.44 — (-2.5) = 0.06 V, which is small as assumed.

Finally, the situation for the case v, = —2.5 V [Fig. 5.26(d)] will be the exact complement of the case
v; = +2.5 V: Transistor QJ, will be off. Thus I, = 0, (J, will be operating in the triode region with
Ipp=0244 mA and v, = +2.44 V.

Ipy(mA) =
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MOSFET
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(a) Source follower,
(b) Small-signal equivalent of source follower.
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