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Guide to these notes: 

• If you payed for these notes, you’ve been scammed. I always give my notes for 
free. 

• There are some additional notes at the end of the documents that could make some 
questions (like the orchard theorem) clearer to you, or at least, they did to me. 

• I tried to explain and justify every step of each question, I hope you can follow my 
reasonings. If there’s something that’s “taken for granted” (except for filter theory 
that’s purely mathematical and it’s not explained in this course), there’s probably an 
additional note in the end of the document 

• This is a helpful guide to be read together with the lectures PDFs. I don’t 
recommend to fully rely on the stupid things I wrote. Btw, PDFs contain typos so 
beware of that too 

• Questions #24,#25,#1 are a bit meh, I didn’t really know what so say about those. I 
really recommend not to use those as reference 

• Question everything you read because during the oral you will be asked exactly that. 
Just to make few examples: 

o (Question #22 on 1/f noise) why do we take 𝛽 =
1

4
 ? Can’t we generalize the 

reasoning to all energy levels? Of course, but it’s more complex. We analyze 
the traps at Fermi level just to demonstrate that if we consider multiple 𝜏 we 
end up with several lorentian shapes. Of course, on a more general view, 
there will be different families of traps (ions, defects on lattice, etc..) + 
different energy levels that will lead to something like 1

𝑓𝛽
 

o (questions #14 and #15) How do we size the square length and area Λ,𝐴0? Is 
there any reasoning behind that? (See additional notes at the end of the 
document) 

• NEVER EVER TAKE ANY FORMULA OR SYMBOL FOR GRANTED. The exact moment 
you memorize anything without a clear understanding of what you learned you will 
fail the oral. It’s guaranteed. You must be able to justify anything that gets out your 
mouth or pen. 

• Tip that helped me the most: don’t memorize every step but memorize the first and 
last steps. Then memorize the track you need to follow to get from start to the end, 
it helps the flow of your speech and it won’t take too much brain space  

• It took me about 7 days to write these notes from scratch, so if my writing isn’t 
clear, well, I’m sorry C: hope it helps anyway. Also, I speak maccheroni and I’m well 
aware of the English mistakes I made. However I didn’t have enough time to be my 
grammar nazi 

• There are two questions #19, the given pdf with the oral topics had two #19 and I 
didn’t see that until I was done writing everything. Just ignore this mistake 

If you’re having any issue with this document just send an email to 
giacomo.tombolan@mail.polimi.it 



Topics for the orals 
 
1.  MOSFET’s figures of merit: maximum voltage gain and cut-off frequency. Dependences on bias 

(strong, moderate and weak inversion). 
2.  Independent/interacting capacitors and poles. Extension of the time constant method. 

Middlebrook’s theorem. Examples with RC networks. 
3.  The prototypical differential stage: from resistive to active loads. Common mode feedback and single 

ended option. 
4.  Single ended differential stage with mirror: Bias, input and output voltage swings, differential gain, 

Common mode gain.  
5.  Two-stage CMOS OTA: topology, frequency response, Miller compensation. 
6.  Two-stage CMOS OTA: frequency compensation with the nulling resistor. Implementing the nulling 

resistor 
7.  Two-stage CMOS OTA: frequency compensation with ideal voltage and current buffers. Impact of the 

buffer finite resistance. 
8.  Nested Miller Compensation 
9.  OTA Linear response. In-band zero-pole doublets and features of the settling response. 
10.  The slew rate limit. Impact on settling time. CMOS-OTA: Internal and external slew rate limits. 

Improving SR with class AB output stages. 
11.  CMOS single stage amplifiers: telescopic and folded cascode structures. Motivations, performance 

and linear swing 
12.  Output stages: Class A vs. class B output stage. Efficiency and distortion. 
13.  Output stages: Total harmonic distortion and feedback 
14.  Variability and matching: Relative matching of resistors. Pelgrom’s formula 
15.  Variability and matching: Relative matching of threshold voltage values. Pelgrom’s formula 
16.  OTA: Offset. Deterministic and statistical contributions to input referred offset. 
17.  OTA: Common-mode rejection ratio. Deterministic and statistical limits to CMRR 
18.   Quantitative description of noise: the power spectral density concept, thermal noise in resistors and 

MOSFETs 
19.  Input referred noise sources of a two-port network. Definitions and derivation. Extension to the 

differential stage 
19.  Noise models: The Nyquist argument for the thermal noise power spectral density  
20.  Noise models: Shot noise model. Application to p-n junctions and MOSFETs in weak inversion 
21.  Trapping noise: trapping noise in a resistor 
22.  McWorther model of the 1/f noise in MOSFETs. Tvidis formula. 
23.  Introduction to analog filters: Ideal performance. Limits of the causal response. Group delay and 

signal distortion.  
24.  LP filters: Filter mask and numerical parameters (selectivity, discrimination). Families of LP filter 

functions (Butterworth, Chebyshev, Bessel, …) and their properties. 
25.  Mapping: Motivations, HP to LP transformation, BP to LP transformation 
26.  Active cells: The Sallen-key. Sizing options and sensitivity. 
27.  The universal cell. Deriving the block-diagram. Properties. The Tow-Thomas cell. 
28.  Ladder networks: Orchard theorem, implementation with active integrators. Flow-graph derivation 

procedure. Denormalization. 
29.  Ladder networks: implementations with gyrators. Topologies of gyrators (OP-AMP, OTA based). 

Properties and limitations  
30.  Dynamic range in filters: number of equivalent bits, guidelines to reduce the noise floor.  
31.  Impact of OP-AMP non-idealities on reference radial frequency and Q factor of a biquad cell. 
32.  Switched capacitor filters: Motivations, concepts, implementation of the ideal integrator. Stray 

insensitive topologies 
33.  SC filters: sampling, transfer function, output spectrum. Anti-aliasing filter and clock frequency. 
34.  SC filters: trade-off between settling time and charge sharing in sizing the switches. 
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