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TSEK37 – Tutorial 6 
 

Problem 1 
Each stage has a transfer function of − 𝐴𝐴

1+ 𝑠𝑠
𝜔𝜔𝑜𝑜

 which gives the total transfer function with 5 stages to 

be 𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜
𝑉𝑉𝑖𝑖𝑖𝑖

= 𝐻𝐻5(𝑠𝑠) = − 𝐴𝐴5

�1+ 𝑠𝑠
𝜔𝜔𝑜𝑜
�
5 

To have oscillation according to the Barkhausen criteria the gain has to be larger than 1 when the 
phase is -180⁰. 

arg
𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜
𝑉𝑉𝑖𝑖𝑖𝑖

(𝑗𝑗𝜔𝜔) = −5 arctan
𝜔𝜔
𝜔𝜔𝑜𝑜

= −180° 

𝜔𝜔
𝜔𝜔𝑜𝑜

= tan
180°

5
= tan 36° = 0.7265 

Which means that the oscillation frequency 𝜔𝜔 = 0.7264 𝜔𝜔𝑜𝑜 or just below the pole frequency. 

If we now look at the magnitude at that frequency 

|𝐻𝐻(𝑗𝑗𝜔𝜔)| =
�−𝐴𝐴5�

��12 + � 𝜔𝜔𝜔𝜔𝑜𝑜
�
2
�
5 = 1 

𝐴𝐴 = �1 + 0.72652 = √1.5278 = 1.236 ≈ 1.24 

So we have 𝐴𝐴𝑚𝑚𝑚𝑚𝑚𝑚 ≈ 1.24. 

 

Problem 2 
We know the 𝐾𝐾𝑉𝑉𝑉𝑉𝑉𝑉 and one point, for the other point we can use the one we want to calculate. 

𝐾𝐾𝑉𝑉𝑉𝑉𝑉𝑉 =
2𝜋𝜋1.25 ∗ 109 − 2𝜋𝜋 ∗ 109

𝑥𝑥 − 0.5
= 2𝜋𝜋108 

𝑥𝑥 =
2𝜋𝜋2.5 ∗ 108

2𝜋𝜋108
+ 0.5 = 2.5 + 0.5 = 3 

 

Problem 3 
If we start by formulating the KCL of the node by the negative terminal of the OP-amp 

𝑉𝑉𝑖𝑖𝑖𝑖
𝑅𝑅2

= −
𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜

𝑅𝑅1 + 1
𝑠𝑠𝑠𝑠

 

Which gives us 

𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜
𝑉𝑉𝑖𝑖𝑖𝑖

= −
1 + 𝑠𝑠𝑅𝑅1𝐶𝐶
𝑠𝑠𝑅𝑅2𝐶𝐶
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Problem 4 
a) First we derive the closed-loop transfer function 

𝑑𝑑𝜃𝜃𝑜𝑜𝑜𝑜𝑜𝑜
𝑑𝑑 𝑡𝑡

= 𝐾𝐾𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉2
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿
������ 𝑠𝑠 𝜃𝜃𝑜𝑜𝑜𝑜𝑜𝑜 = 𝐾𝐾𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉2 ⇒ 𝜃𝜃𝑜𝑜𝑜𝑜𝑜𝑜 =

𝐾𝐾𝑉𝑉𝑉𝑉𝑉𝑉
𝑠𝑠

𝑉𝑉2 

𝜃𝜃𝑜𝑜𝑜𝑜𝑜𝑜(𝑠𝑠) =
𝐾𝐾𝑉𝑉𝑉𝑉𝑉𝑉
𝑠𝑠

�−
1 + 𝑠𝑠𝑅𝑅1𝐶𝐶
𝑠𝑠𝑅𝑅2𝐶𝐶

�𝐾𝐾𝑃𝑃𝑃𝑃�𝜃𝜃𝑖𝑖𝑖𝑖(𝑠𝑠) − 𝜃𝜃𝑜𝑜𝑜𝑜𝑜𝑜(𝑠𝑠)� 

= −
𝐾𝐾𝑉𝑉𝑉𝑉𝑉𝑉𝐾𝐾𝑃𝑃𝑃𝑃
𝑠𝑠2𝑅𝑅2𝐶𝐶

(1 + 𝑠𝑠𝑅𝑅1𝐶𝐶)�𝜃𝜃𝑖𝑖𝑖𝑖(𝑠𝑠)− 𝜃𝜃𝑜𝑜𝑜𝑜𝑡𝑡(𝑠𝑠)� 

[𝑠𝑠2𝑅𝑅2𝐶𝐶 − 𝐾𝐾𝑉𝑉𝑉𝑉𝑉𝑉𝐾𝐾𝑃𝑃𝑃𝑃(1 + 𝑠𝑠𝑅𝑅1𝐶𝐶)𝜃𝜃𝑜𝑜𝑜𝑜𝑜𝑜(𝑠𝑠) = −𝐾𝐾𝑉𝑉𝑉𝑉𝑉𝑉𝐾𝐾𝑃𝑃𝑃𝑃(1 + 𝑠𝑠𝑅𝑅1𝐶𝐶)𝜃𝜃𝑖𝑖𝑖𝑖(𝑠𝑠) 
𝜃𝜃𝑜𝑜𝑜𝑜𝑜𝑜(𝑠𝑠)
𝜃𝜃𝑖𝑖𝑖𝑖(𝑠𝑠) = −

𝐾𝐾𝑉𝑉𝑉𝑉𝑉𝑉𝐾𝐾𝑃𝑃𝑃𝑃(1 + 𝑠𝑠𝑅𝑅1𝐶𝐶)
𝑠𝑠2𝑅𝑅2𝐶𝐶 − 𝐾𝐾𝑉𝑉𝑉𝑉𝑉𝑉𝐾𝐾𝑃𝑃𝑃𝑃(1 + 𝑠𝑠𝑅𝑅1𝐶𝐶) 

b) For stability all poles has to be in the left half-plane. 

𝑠𝑠 =
𝐾𝐾𝑉𝑉𝑉𝑉𝑉𝑉𝐾𝐾𝑃𝑃𝑃𝑃𝑅𝑅1

2𝑅𝑅2
± ��

𝐾𝐾𝑉𝑉𝑉𝑉𝑉𝑉𝐾𝐾𝑃𝑃𝑃𝑃𝑅𝑅1
2𝑅𝑅2

�
2

+
𝐾𝐾𝑉𝑉𝑉𝑉𝑉𝑉𝐾𝐾𝑃𝑃𝑃𝑃
𝑅𝑅2𝐶𝐶

 

For both poles to be in the left half-plane, 𝐾𝐾𝑉𝑉𝑉𝑉𝑉𝑉𝐾𝐾𝑃𝑃𝑃𝑃 must be negative. 
However this is not enough, one of the following two conditions also has to be fulfilled, 
1. The expression under the root sign has to be negative thus introducing complex poles. 

2. The expression has to have a value less than �𝐾𝐾𝑉𝑉𝑉𝑉𝑉𝑉𝐾𝐾𝑃𝑃𝑃𝑃𝑅𝑅1
2𝑅𝑅2

�
2

in order to keep both poles in 

the left half-plane. (if 𝐾𝐾𝑉𝑉𝑉𝑉𝑉𝑉𝐾𝐾𝑃𝑃𝑃𝑃 < 0 then this is true) 
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