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EE 140 / 240A  Linear Integrated Circuits
Fall 2019 Homework 3

1. Model Mania

(a) For a quadratic model MOSFET, sketch the following curves. No units needed, but try to get the shape
right with any significant points labeled, and label with something like “goes as sqrt(X)” or “linear in
X”. Assume A = 0.

Solution: We’ll start with |
Ip = ENCUX(VGS -V

i. gm vs. Vs with constant W /L
Solution:

w
8m = .u’C{)XZ(VGS - VI)

8m

Vi

Vs

Linear in Vg

Rubric: (3 Points)
* +1: Identifying equation
e +2: Reasonable sketch

ii. g vs. Vgs with constant Ip
Solution:

2Ip
Ves —Vi
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8m

Vs

Inverse in Vg

Rubric: (3 Points)
* +1: Identifying equation
e +2: Reasonable sketch

iii. g, vs. Ip with constant W /L
Solution:

/ w
&m = 2.uC0x ZID

8m

Ip
Proportional to v/Ip

Rubric: (3 Points)
* +1: Identifying equation
* +2: Reasonable sketch

iv. gm vs. Ip with constant Vg
Solution:

2Ip

fm = Ves — Vi
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8m

Ip

Linear in Ip

Rubric: (3 Points)
* +1: Identifying equation
e +2: Reasonable sketch

V. gm vs. W/L with constant I,
Solution:

/ w
8&m =\ 2UCpx ZID

8m

W/L
Proportional to /W /L

Rubric: (3 Points)
* +1: Identifying equation
e +2: Reasonable sketch

vi. gm vs. W /L with constant Vg
Solution:

w
8&m = ucoxz(VGS *Vt)
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8m

W/L
Linear in W /L

Rubric: (3 Points)
* +1: Identifying equation
e +2: Reasonable sketch

(b) (EE240A) Repeat questions (a)i., (a)ii., (a)iv., and (a)vi. for subthreshold. You do not need to sketch
the plot. You may assume Is is a constant in all but % Do not assume 7 is necessarily a constant.

Solution: The equation we’ll start with is

VGs

q
ID — ISe n  kgT
where % is contained within /g (linear relationship). Finding g,,:

Dy
m = Vg
Yes. 4 q
:Ise n  kpT
nkBT

i. gm vs. Vs with constant W /L

I VGSAkLT q
= e " Bl —
8m S nksT

Exponentially increasing in Vs

Rubric: (3 Points)
* +1: Identifying equation
e +2: Correct relationship

ii. gm vs. Vgs with constant Ip
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Vs

Inversely proportional to Vs. Note that we want this form for g, because none of the other
elements depend on Vg.

Rubric: (3 Points)
* +1: Identifying equation
e +2: Correct relationship

iii. gn vs. Ip with constant Vg

Vs

This is not a clean relationship.

Rubric: (3 Points)
* +1: Identifying equation
e +2: Correct relationship

iv. gn vs. W/L with constant Vg

Ise + 5 4
= e " B
8m S nksT

Roughly linear in W /L, since it’s contained within /g

Rubric: (3 Points)
* +1: Identifying equation
* +2: Correct relationship
(c) (EE240A) Repeat part (a), but for the linear region of operation. You do not need to plot for this

subpart.
Solution:

i

8m =

dvs

w
= HCon

Ves — Vi — 3Vps

i. gm vs. Vs with constant W /L
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w
8m = .ucoxf

Constant! How fascinating; this means if for some reason you’re in the linear region of
operation, changing Vs isn’t going to significantly help your g,,.

Rubric: (3 Points)
* +1: Identifying equation
* +2: Correct relationship

ii. g, vs. Vgs with constant Ip

Ip

8m = o 1<,
" Vs — Vi — 3Vps

Approximately inversely proportional.

Rubric: (3 Points)
* +1: Identifying equation
e +2: Correct relationship

iii. g vs. Ip with constant W /L

w
8m = .ucoxf

Constant. The takeaway here is that if you want g,, and you’re in the linear region of
operation, your devices will likely have to get larger.

Rubric: (3 Points)
* +1: Identifying equation
* +2: Correct relationship

iv. g vs. Ip with constant Vg

Ip
g = -
" Vas—Vi— 3Vps
Roughly linear

Rubric: (3 Points)
* +1: Identifying equation
e +2: Correct relationship

V. gm vs. W/L with constant I
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w
8m = .ucoxf
Linear
Rubric: (3 Points)
e +1: Identifying equation
* +2: Correct relationship
vi. gn vs. W/L with constant Vg

w
8m = .ucoxz

Linear again!

Rubric: (3 Points)
* +1: Identifying equation
e +2: Correct relationship

2. Resistive Load CS Amp Biasing

A common source FET amplifier has a resistive load and A = ﬁ. The output is biased at 5V, the transistor

is in saturation, and the resistive load has the same impedance as the output resistance of the transistor. What
is the supply voltage?

Solution:

Vbp

RL=I‘0

Vout

Vin —

Given Ry, = r,:

Vbop = Vour +1IpRr
= Vour +1Ipr,
1
—Vour +Ip——
ouT + D?LID
—Vour + 4
=Vour +7

=5V +50V
=55V
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Vpp =55V

Rubric: (5 Points)

e +1: Correct choice of circuit topology
e +2: Vpp Equation

e +2: Correct value of Vpp

. Single-Pole Amplifier

A single-pole amplifier has a low frequency gain of 1000, and a gain of 2 at S00MHz. What are the pole

frequency and unity gain frequency in Hz? What is the gain at 10MHz?

Solution: It helps to draw this one out:

103
z N
\>_{ 102 I :7 T 7: _Zodecade
< : ‘

| | 500MHz,2)
10° : % ‘
10° 107 10°
f(Hz)

Given that this is a single-pole amplifier and the gain at SO0OMHz = 2, we know the unity gain frequency is

roughly a third of a decade higher than S00MHz, i.e. a factor of 2, so

fu=2x500MHz = 1.0GHz

Since gain x bandwidth is a constant for the single-pole system,

fu :AVO X fp
_ Ju

fp B AvO

_ 1GHz

~ 1000

= 1MHz

And now we want the gain at I0OMHz, i.e. one decade above the pole frequency

1000
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fu=1.0GHz
f» = IMHz
Ay (10MHz) = 100V /V

Rubric: (5 Points)

e +1: Correct unity gain frequency equation
* +1: Correct unity gain frequency with correct units
e +1: Correct pole frequency with correct units

e +2: Correct gain with correct units

. Settling Time

Write down a table of settling error vs. time for £ = {1,3,5,7}. Use a calculator for this one. Memorize the
table to one significant digit.

Solution:
t/t | v(t)=vo(1—e /") | % Error
1 0.632 36.8%
3 0.950 5.0%
5 0.993 0.7%
7 0.9991 0.09%

Rubric: (4 Points)

e +1]: Correct error value (x4)

. RC Low-Pass Filter Transient

An RC low pass filter with a time constant of 1us is driven with a 0 — 1V square wave. Sketch the first full
cycle of the input and output when the square wave is first turned on, and the frequency of the square wave

J Ok

iy ——p

(a) 1kHz
Solution:

Ef\p\)}'

Rubric: (3 Points)
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e +3: Correct waveform

(b) IMHz
Solution:

10

oV

Q-o\J

o-av= 10(

24om0 = 04 exp (He)

—

t————fomy, —— b

Rubric: (5 Points)

e +2: Correct waveform

e +3: Correct values of magnitude

(c) 1GHz
Solution:

.%/c- 0:SNs

.

B DTy p———
T

Lol l-erpt-tle)
J =05my

= \DHS

osmverp (- €=)gy, ol
=

Rubric: (2 Points)

e +2: Correct waveform. The plot doesn’t have to be to scale.

6. Relationships for Your Cheat Sheet

Fill in the following table for a single-transistor common-source amplifier:

Ay w, @, 8m To CL
(V/V) | (rad/s) | (rad/s) || (1/Q) | (2) | (F)
1000 M 1p
M 0.1G 100k
10G 1M | 20f
10 10M 10p

Solution: The often-used equations of interest (that are useful for your cheat sheet):
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AVO - |gmro‘
1
w, =
P
roCr,
W, =AW = —~

8m
CL
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Ay op @y 8m To CL
(V/V) | (rad/s) | (rad/s) || (1/Q) | (2) | (F)
1000 IM 1G Im 1M Ip
100 IM 0.1G Im 100k | 10p
200 50M 10G 0.2m IM | 20f
M 10 10M 0.lm | 10G | 10p

Rubric: (12 Points)

e +1: Each correct value (x12)
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