
Homework 9 Solutions

EE 330: FALL 2024

Problem 1

a)

b)

c)

For small signal voltage gain:

Av =
1k

1k + 2k
=

1

3

d)

V out(t) = Av · Vin(t) =
1

3
· (2sin(500t))

Vout(t) =
2

3
sin(500t)
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Problem 2
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Problem 3
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Problem 4

Alternately, if we assume IB is negligible compared to the current through the 70K resistor, the
voltage at the base is, by a voltage divider, (1/8)∗32V = 4V . Thus, the emitter voltage is 4V −0.6V =
3.4V . So the current in the emitter, IE = 3.4V/2K = 1.7mA. But since β is large, IC = IE . Thus
VC = 32V − IC ∗ 4K = 25.6V .

Note this solution is somewhat simpler and the results are about the same as that obtained by
including the base current.

4



Problem 5

a)

Assuming Saturation
Vgs = 0− (−1) V = 1 V

Vds = (2− ID · 10k)− (−1) = 3− ID · 10k

ID = µnCox
W

2 · L
(Vgs − VT )

2

100 µA = 250µ
W

2 · 5µ
(1− 0.4)2

W =
100µ · 10µ
250µ · 0.62

W = 11.1 µm

b)

c)

Determine the small-signal voltage gain

Av =
2IDQR

VSS + VT
=

2(100µ)(10k)

(−1) + 0.4

Av = −3.33 V/V

d)

Determine the THD

THD =
V m

4(VGS − VT )
=

200mV

4(1− 0.4)

THD = 0.0833 = 8.33 %
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Problem 6

a)

Assuming the amplifier is ideal, VIN = VN

VN = VDS of the mosfet
VGS of Mosfet: VGS = VG − VS = 1− 0 = 1 V

For the Mosfet to be in saturation, VDS ≥ VGS − VT

Since VDS = VC = VIN , thus VDS ≤ 10mV
The transistor is in the triode region; VDS < VGS − VT

If Vxx = 1 V , the transistor can be represented as a resistor by the channel resistance.

Rch =
1

µCox
W
L (Vgs − VT )

=
1

250µ 12µ
1µ (1− 0.4)

Rch = 555 Ω

Av = 1 +
RF

Rch
= 1+

RF

555 Ω
V/V

b)

From the Rch equation, we notice that as Vgs increases, Rch decreases; therefore, the gain of the
non-inverting amplifier increases
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Problem 7
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Problem 8
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Problem 9

c)

Req =
1√

µCox
W
L

√
2ID

Req =
1

√
250µ

√
2 · 1m

= 1.4 kΩ

Req =
1

IDQ

Vt

Req =
25m

1m
= 25 Ω

Problem 10

a)

Must have VDS ≥ VGS − VT

2 V − ID ·R1 > (1− 0.4) V

ID = µnCox
W

2 · L
(Vgs − VT )

2

ID = 250µ
18µ

2 · 2µ
(1− 0.4)2 = 405 µA

R1 <
2 V − 0.6 V

ID

R1 < 3.46 kΩ
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b)

Av = µnCox
W

L
(VSS + VT ) ·R

Av = 250µ
18µ

2µ
(−1 + 0.4) · 1.15k

Av = −1.556 V/V

c)

VoutQ = VDD − µnCox
W

2L
(VSS + VT )

2 ·R

VoutQ = 2− 250µ
18µ

2 · 2µ
(−1 + 0.4)2 · 1.15k

VoutQ = 1.533 V

Vout(t) = VoutQ +Av · Vmsin(ωt)

Vout(t) = 1.533 + (−1.556) · (1m · sin(5000t+ 75◦))

Vout(t) = 1.533− 1.556m · sin(5000t+ 75◦)) V
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