
Integrated Radio Electronics ETI 170

Solutions exercise 2 (components)

1. Problem 3.4

Solved numerically in Matlab.

The two plots in the bottom are extras. They show how Id and IIP3 vs Vgs looks for the four

cases. One case is omitted in the IIP3 plot, since in the long channel case IIP3 is infinite.
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2. Problem 3.1

Assume the transistor to be in saturation:

The curves can be plotted in Matlab. Some extreme values:

3. Problem 3.3

To verify the result, check the limits LEsat towards zero and infinity. They must be possible to

simplify to the short-channel and long-channel equations.
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4. Problem 3.5

Result: gm decreases by 35%

5. Problem 3.8

The short-channel effects will affect the matching if the length of the transistors are different.

6. Inductor design

Requirements: L=5nH, fs > 4.8GHz

Process: tmet=3um, tox=4um

Goal: maximize Q

Since the substrate losses is neglected, go for maximum dimensions to minimize the series re-

sistance. The dimensions are limited by the fs requirement.

A track width W of 16um is first tested. The maximum length then becomes 3.19mm if the max-

imum area is not to be exceeded. Test four turns and a spacing of 2um.

Test W=20um, length=2.55mm, #turns=5, and spacing=2um => L=5.4nH  OK.

This is possible to build (innermost turn has enough radius). It has a lower resistance than the

first solution thanks to its larger width and shorter length, so we choose this one.

Lets now calculate the Q:

The Q is very high, since the substrate losses are neglected.
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7. Problem 2.1

where H is oxide thickness, R is the radius and D is the diameter.

8. Problem 2.2

H/D Ccorr/Cuncorr from table 2.5

0.005 1.02 1.023

0.01 1.04 1.042

0.025 1.1 1.094

0.05 1.2 1.167

0.1 1.4 1.286

Ccorr ε π R H+( )2

H
--------------------------⋅ ε πR2

H
--------- 2πR+ 

 ⋅ Cuncorr ε 2πR⋅+= = =

correction term

Ccorr

Cuncorr
------------------

πR2

H
--------- 2πR+

πR2

H
---------

--------------------------- 1 2
H
R
-----+ 1 4

H
D
-----+= = =

175um

r

side view

2um
spacing

W

first test: r=120um

w=5um
n=11

=> a=85um

L
37.5 µ0 n

2
a

2⋅ ⋅ ⋅
22r 14a–

---------------------------------------- 28nH= =

Too high. Try smaller r and n
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c.

With more metal layers, a higher Q and/or lower parasitic capacitance can be achieved.

9. Problem 2.5

Given:

a. Calculate the incremental resistance at Vj = 0.5V

b. Calculate the capacitance at Vj = 0.5V

c. Calculate reactance at 1GHz (Vj=0.5V)
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The varactors appears mainly resistive at 1GHz
(see figure to the right)



10. Problem 2.9

The higher the accuracy required, the wider the resistor and the lower the frequency limit.
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