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Exercises for Tutorial 4: Feedback, Stability, Frequency Compensation 

1) Problem 10.1 in the course book. 
We get a transfer function ܣ௢௣௘௡ሺݏ) ൌ ஺బ

൬ଵା ೞ
ഘ೛భ൰൬ଵା ೞ

ഘ೛మ൰, where ܣ଴ is unknown. 
The closed loop TF is ܣ௖௟௢௦௘ௗሺݏ) ൌ ஺೚೛೐೙ሺ௦)

ଵାఉ஺೚೛೐೙ሺ௦) 
The phase margin is defined as ܲܯ ൌ 180° ൅ argൣܣߚ௢௣௘௡ሺݏ ൌ ݆߱௨)൧ 
Since the phase margin should be 60° we can write 
 180° െ 60° ൌ 120° ൌ െ argൣܣߚ௢௣௘௡ሺݏ ൌ ݆߱௨)൧ ൌ arctan ቎ఠೠ൬ భ

ഘ೛భା భ
ഘ೛మ൰

ଵି ഘೠమഘ೛భഘ೛మ
቏ → 

߱௨ ቆ 1
߱௣ଵ

൅ 1
߱௣ଶቇ ൌ tanሺ120°) െ tanሺ120°) ߱௨ଶ

߱௣ଵ߱௣ଶ
→ 

߱௨ ൌ െ ߱௣ଵ ൅ ߱௣ଶ
2 tanሺ120°) േ ඨ൬ ߱௣ଵ ൅ ߱௣ଶ

2 tanሺ120°)൰ଶ ൅ ߱௣ଵ߱௣ଶ ൎ  ݖܪܯ 310.5
หܣߚ௢௣௘௡ሺݏ ൌ ݆߱௨)ห ൌ ଴ܣ

ඨ൬1 െ ߱௨ଶ߱௣ଵ߱௣ଶ൰ଶ ൅ ߱௨ଶ ൬ 1߱
௣ଵ ൅ 1߱

௣ଶ൰ଶ
ൌ 1 → 

଴ܣ ൌ  ඨቆ1 െ ߱௨ଶ
߱௣ଵ߱௣ଶቇ

ଶ
൅ ߱௨ଶ ቆ 1

߱௣ଵ
൅ 1

߱௣ଶቇ
ଶ

ൎ 36.6 ൎ  ܤ݀ 31.3

2) Problem 10.9 in the course book. In part (b) assume that the gain crossover point is the same 
as that of part (a). Also assume ߤ௡ܥ௢௫ ൌ ௡ߣ ,ଶܸ/ܣߤ 134 ൌ 0.1 ܸିଵ and ߣ௣ ൌ 0.2 ܸିଵ. All 
transistors are in saturation region. 

3) Figure 8 shows an amplifier schematic. For simplicity we can ignore all parasitics of ܯଵ and 
ଶ. Also, we assume ݃௠ଵܯ ≫ ߛ ௢ଵ andݎ/1 ൌ 0. 
a) Determine  the transfer function of the amplifier. 
b) If ݃௠ଵ ൌ ݃௠ଶ ൌ 1 ௠஺

௏ , ܴ ൌ ௢ଶݎ ൌ 20 ݇Ω and ܥଵ ൌ ଶܥ ൌ  calculate the phase margin ,ܨ݌ 1
of the circuit. 

ܯܲ 180° ൅ arg൫ܪሺ݆߱)൯ , |(ሺ݆߱ܪ| ൌ 1 
|(ሺ݆߱௨ܪ| ൌ |଴ܣ|

ฬ൬1 ൅ ݆ ߱௨߱௣ଵ൰ ൬1 ൅ ݆ ߱௨߱௣ଶ൰ฬ ൌ 1 → 

߱௨ଶ ൌ  ݔ
൫߱௣ଵ߱௣ଶ െ ൯ଶݔ ൅ ൫߱௣ଵݔ ൅ ߱௣ଶ൯ଶ ൌ ଴ଶ൫߱௣ଵ߱௣ଶ൯ଶܣ → 
ݔ ൌ െ ߱௣ଵଶ ൅ ߱௣ଶଶ

2 േ ඨሺܣ଴ଶ െ 1)൫߱௣ଵ߱௣ଶ൯ଶ ൅ ቆ߱௣ଵଶ ൅ ߱௣ଶଶ
2 ቇ

ଶ
ൌ ቄ6.11݁17 ← െ1.62݁18ܭܱ   



 Analog CMOS Integrated Circuits Linköping University  TSEK37 Martin Nielsen-Lönn   Integrated Circuits and Systems, ISY 

2015 19/23 

߱௨ ൌ േ√ݔ ൌ 781݁6 ൤݀ܽݎ
ݏ ൨ 

arg൫ܪሺ݆߱௨)൯ ൌ arctan ቈെ ߱௨൫߱௣ଵ ൅ ߱௣ଶ൯
߱௣ଵ߱௣ଶ െ ߱௨ଶ

቉ ൌ െ120.7° 

c) Use the assumptions in part (b) to calculate the AC gain, if the input frequency is ݂ ൌ
ଵ

ଶగ ൈ  ݖܪ 10଼
߱௜௡ ൌ ߱௣ଵ ൌ 10଼ ݀ܽݎ

ݏ  
߱௣ଵ
߱௣ଶ

ൌ 10଼
10ଽ ൌ 0.1 

หܪ൫݆߱௣ଵ൯ห ൌ |଴ܣ|
ඨ൬1 െ ߱௣ଵ߱௣ଶ൰ଶ ൅ ൬1 ൅ ߱௣ଵ߱௣ଶ൰ଶ

ൌ 10
√0.9ଶ ൅ 1.1ଶ ൌ 10

√2.02 ൎ 7 

 
Figure 8 An amplifier schematic. 

4) Figure 9 shows an amplifier schematic. For simplicity we can ignore all parasitics of ܯଵ and 
ߣ ଶ. Also we assumeܯ ൌ 0. 
a) Determine the transfer function of the amplifier. 
b) If the amplifier behaves like a single-pole system, show ݃௠ଶܴ ൌ 1. 

݃௠ଶܴ ൌ 1 
௏೚ೠ೟
௏೔೙ ൌ െ ௚೘భோሺଵା௦஼భோ)

ሺଵା௦஼భோ)ሺଵା௦஼మோ) ൌ െ ௚೘భோ
ଵା௦஼మோ, where ߱௣ ൌ ଵ

஼మோ 
c) If ݃௠ଵ ൌ ݃௠ଶ ൌ 0.32 ௠஺

௏ , ܴ ൌ 5 ݇Ω, ܥଵ ൌ ଶܥ and ܨ݌ 0.2 ൌ  calculate the phase ,ܨ݌ 1
shift through the amplifier circuit for an input signal with ݂ ൌ  .ݖܪܯ 143.3

߱௜௡ ൌ ߨ2 ௜݂௡ ൌ ݀ܽݎ൤ 143.3݁6ߨ2
ݏ ൨ 

(ሺ݆߱ܪ ൌ െ ݃௠ଵሺ݃௠ଶ െ ߱ଶܴܥଵܥଶ)ଶ ൅ ሾ߱ሺܥଵ ൅ ଶ)ሿଶܥ ሺሾ݃௠ଶ ൅ ߱ଶܥଵଶܴሿ
൅ ݆߱ሾܴܥଵሺ݃௠ଶ െ ߱ଶܥଵܥଶܴ) െ 1ܥ ൅  (ଶሿܥ
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arg൫ܪሺ݆߱)൯ ൌ arctan ቈ߱ሾܴܥଵሺ݃௠ଶ െ ߱ଶܴܥଵܥଶ) െ ଵܥ െ ଶሿܥ
݃௠ଶ ൅ ߱ଶܥଵଶܴ ቉ ൎ െ72.4° 

 

 
Figure 9 An amplifier schematic. 

5) An amplifier circuit has two poles at 100 ெ௥௔ௗ
௦  and 500 ெ௥௔ௗ

௦ , with no zeros. Calculate the DC 
gain of the amplifier to get a phase margin of 90°. 

arg൫ܪሺ݆߱)൯ ൌ arctan ቈെ ߱௨൫߱௣ଵ ൅ ߱௣ଶ൯
߱௣ଵ߱௣ଶ െ ߱௨ଶ

቉ ൌ െ90° 

െ ߱௨൫߱௣ଵ ൅ ߱௣ଶ൯
߱௣ଵ߱௣ଶ െ ߱௨ଶ

ൌ tanሺെ90°) ൎ െ∞ → 
߱௣ଵ߱௣ଶ െ ߱௨ଶ ൎ 0 → ߱௨ ൌ ඥ߱௣ଵ߱௣ଶ ൎ 224 ݀ܽݎܯ

ݏ  
|(ሺ݆߱௨ܪ| ൌ ቤ ଴߱௣ଵ߱௣ଶܣ

൫߱௣ଵ߱௣ଶ െ ߱௨ଶ൯ ൅ ݆߱௨൫߱௣ଵ ൅ ߱௣ଶ൯ቤ ൌ 1 → 

଴ܣ ൌ
ට൫߱௣ଵ߱௣ଶ െ ߱௨ଶ൯ଶ ൅ ߱௨ଶ൫߱௣ଵ ൅ ߱௣ଶ൯ଶ

߱௣ଵ߱௣ଶ
ൌ

ට0ଶ ൅ ߱௨ଶ൫߱௣ଵ ൅ ߱௣ଶଶ ൯
߱௣ଵ߱௣ଶ

ൌ 
߱௨൫߱௣ଵ ൅ ߱௣ଶ൯

߱௣ଵ߱௣ଶ
ൌ ߱௨൫߱௣ଵ ൅ ߱௣ଶ൯

߱௨ଶ
ൌ ߱௣ଵ ൅ ߱௣ଶ

߱௨
ൌ ߱௣ଵ ൅ ߱௣ଶ

ඥ߱௣ଵ߱௣ଶ
ൎ 2.68 ൎ  ܤ݀ 8.6

6) Figure 10 shows a source-follower circuit. For simplicity we can ignore all parasitics. Also we 
assume ߣ ൌ 0. 
a) Determine the transfer function of the circuit. 
b) If ݃௠ଵ ൌ 1 ௠஺

௏ , ܴ ൌ 10 ݇Ω, ܥଵ ൌ ଶܥ and ܨ݌ 1 ൌ  calculate the AC gain and the ,ܨ݌ 0.1
phase shift through the source-follower circuit for an input frequency of 5 ீ௥௔ௗ

௦ . 
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|(ሺ݆߱௜௡ܪ| ൌ
ඨ1 ൅ ൬߱௜௡ ଵሺ1ܥ ൅ ݃௠ܴ)݃௠ ൰ଶ

ඨ൬1 െ ߱௜௡ଶ ଶ݃௠ܥଵܥܴ ൰ଶ ൅ ൬߱௜௡ ଵሺ1ܥ ൅ ݃௠ܴ) ൅ ଶ݃௠ܥ ൰ଶ
ൎ 55.0

60.47 ൎ 0.91 

arg൫ܪሺ݆߱௜௡)൯
ൌ arctan ቎߱௜௡ ቀሺ1 ൅ ݃௠ܴ)ܥଵ൫݃௠ െ ߱௜௡ଶ ଶ൯ܥଵܥܴ െ ݃௠൫ሺ1 ൅ ݃௠ܴ)ܥଵ ൅ ଶ൯ቁܥ

݃௠ଶ െ ߱௜௡ଶ ݃௠ܴ ܥଵܥଶ ൅ ߱௜௡ଶ ሺ1 ൅ ݃௠ܴ)ܥଵ൫ሺ1 ൅ ݃௠ܴ)ܥଵ ൅ ଶ൯ܥ ቏

ൎ arctan ൤െ 0.013755
0.0030285൨ ൎ 24.4° 

 
Figure 10 Source follower


