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3.1 Plot the I/V characteristic of the circuit shown in Fig. 3.63.

Figure 3.63

Solution The figure is shown in Figure p3.1.

Figure p3.1

3.2 If the input in Fig. 3.63 is expressed as VX = V0 cosωt, plot the current flowing through the circuit as
a function of time.

Solution

IX =


V0

RX

cosωt,
4kπ + π

2ω
≤ t < 4kπ + 3π

2ω

0,
4kπ + 3π

2ω
≤ t < 4kπ + 5π

2ω

The figure is shown in Figure p3.2.

3.20 In the circuits depicted in Fig. 3.72, assume Iin = I0 cosωt, where I0 is relatively large. Plot Vout as a
function of time using a constant voltage diode model.

1



2

Figure p3.2

Solution The figures as shown in Figure p3.20
(a)

Vout =

{
IinR1, −IinR1 + VB < VD,on

VB − VD,on, −IinR1 + VB ≥ VD,on

(b)

Vout =

{
IinR1 + VB, IinR1 + VB > −VD,on

− VD,on, IinR1 + VB ≤ VD,on

(c)

Vout =

{
VB + IinR1, −IinR1 < VD,on

VB − VD,on, −IinR1 ≥ VD,on

Figure 3.72

6.12 It is possible to define an ”intrinsic time constant” for a MOSFET operating as a resistor:

τ = RonCGS

where CGS = WLCox. Obtain an expression for τ and explain what the circuits designer must do to minimize
the time constant.

Solution It is known that when a MOSFET works as a resistor,

ID =
1

2
µnCox

W

L
[2(VGS − Vth)VDS − V 2

DS ] ≈ µnCox
W

L
(VGS − Vth)VDS

∴ Ron = µnCox
W

L
(VGS − Vth)

τ = µnC
2
oxW

2(VGS − Vth)

Therefore, in order to minimize the time constant τ , the designer should reduce the width W and the capac-
itance Cox.
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(a)

(b) (c)

Figure p3.20

Figure 6.37

6.13 In the circuit of Fig. 6.37, M1 serves as an electronic switch. If Vin ≈ 0, determine W/L such that the
circuit attenuates the signal by only 5%. Assume VG = 1.8V and RL = 100Ω.

Solution
Vout = 0.95Vin

∴ VDS = 0.05Vin, VGS = 1.8− 0.95Vin

Vin ≈ 0, which means that the MOSFET works as a resistance:

ID =
1

2
µnCox

W

L
[2(VGS − Vth)VDS − V 2

DS ] ≈ µnCox
W

L
(VGS − Vth)VDS

Assume Vth = 0.5V, µnCox = 100mA/V2, and we can obtain that

W/L = 1460

6.25 Calculate the bias current of M1 in Fig. 6.43 if λ = 0.
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Figure 6.43

Solution

ID =
1

2
µnCox

W

L
(VGS − Vth)2

IDRD + VGS = VDD

∴ ID =
1

2
µnCox

W

L
(VDD − IDRD − Vth)2

The solution of the equation is:

ID =
2RDkVS + 1−

√
4RDkVS − 1

2kR2
D

where k = 1
2
µnCox

W
L
, VS = VDD − Vth.

6.26 Compute the value of W/L for M1 in Fig. 6.44 for a bias current of I1. Assume λ = 0

Figure 6.44

Solution 
I1 =

1

2
µnCox

W

L
(VGS − Vth)2

IDRS + VGS = VDD

VS = I1RS

VGS = VDD − VS

∴
W

L
=

2I1
µnCox(VDD − I1RS − Vth)2

6.27 In Fig. 6.45, derive a relationship among the circuit parameters that guarantees M1 operates at the
edge of saturation. Assume λ = 0.

Solution 
ID =

1

2
µnCox

W

L
(VGS − Vth)2

VDD = VGS > Vth

VGD = IDRD < Vth
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Figure 6.45

∴ Vth < VDD <

√
2VthL

RDCoxW


