
Topics for the orals 
 
1.  Basic MOSFET operation: the charge sheet model, ohmic and saturation regime. Channel modulation 

and finite output resistance. Modulation voltage and dependence on channel length. Resistive 
coupling between source and drain terminals.  

2.  Subthreshold operation. Diffusion regime. Limit to the maximum voltage gain. Moderate inversion. 
Inversion coefficient. EKV model.  

3. MOSFET’s figures of merit: maximum voltage gain and cut-off frequency. Dependences on bias (strong, 
moderate and weak inversion). 

4. BJT basics: The planar npn structure. Current gain and transconductance. Early effect, maximum 
current gain. Gummel plot and beta dependence on current. High injection-low injection effects. 
Optimal bias. Options for pnp devices (lateral and substrate devices). 

5.  BJT equivalent circuit. Resistance values at the BJT terminals accounting for the resistive coupling 
between emitter and collector. Cut-off frequency in BJTs: diffusion capacitance and dependence on 
current density. 

6.  Independent/interacting capacitors and poles. Extension of the time constant method. Middlebrook’s 
theorem. Examples with RC networks. 

 
7.   Quantitative description of noise: noise variance and noise power spectral density.  
8.  Noise transfer in circuits. Input referred noise sources of a two-port network. Definitions and 

derivation.  
9.  Noise models: Thermal noise of resistors. The Nyquist argument for the thermal noise power spectral 

density.  
10.  Noise models: Shot noise model. Application to p-n junctions, BJTs and MOSFETs in weak inversion. 
11.  Trapping noise: trapping noise in a resistor 
12.  McWorther model of the 1/f noise in MOSFETs. Tvidis formula. 
 
13.  The prototypical differential stage: from resistive to active loads. Common mode feedback and single 

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

Common mode gain.  
15.      Input referred noise sources of a differential stage with MOSFETs and BJTs. Power-noise trade-off.   
16.  Two-stage CMOS OTA: topology, frequency response using the time constant method, Miller 

compensation. Pole splitting vs. compensation capacitance value. The RHP zero and the high frequency 
pole. OTA compensation and FoM.  

17.  Two-stage CMOS OTA: frequency compensation with the nulling resistor. Implementing the nulling 
resistor. 

18.  Two-stage CMOS OTA: frequency compensation with ideal voltage and current buffers. Impact of the 
buffer finite resistance. 

 
19.      Two stage bipolar amplifier: input resistance, input referred voltage and current noise, sizing example 

and compensation. 
20.  uA741 - first stage, bias and common mode feedback, output resistance, differential gain. Mirror with 

emitter follower and bleeding resistor. Wilson's mirror.  
21.  uA741 second stage. Setting the bias: trade-off between gain and input impedance. Frequency 

response. 
 
22. Single-stage CMOS OTAs: telescopic cascode topology, differential gain, input and output voltage 

swing, power dissipation, frequency response.  
23. Folded cascode topology, enhanced mirrors, voltage dynamics, power dissipation.  Folded cascode 

with bipolar transistors. Feed-forward compensation.  
24.  Three-stage CMOS OTA: Nested Miller Compensation 



 
 
25.  OTA Linear response. In-band zero-pole doublets and features of the settling response. 
26.  The slew rate limit. Impact on settling time. CMOS-OTA: Internal and external slew rate limits. 

Improving SR with class AB output stages. 
27.  Output stages: Emitter follower as output stage. Emitter follower efficiency. Push-pull. Efficiency. 

Cross-over distortion. Class A-B stage. Total harmonic distortion. Distortion reduction by feedback.  
28.  Output stages in bipolar technology (uA741). Short-circuit protections.  
 
29.  Variability and matching: Relative matching of threshold voltage values. Common centroid. Pelgrom’s 

formula 
30.  Variability and matching: Relative matching of resistors. Common centroid. Pelgrom’s formula 
31.  OTA: Offset. Deterministic and statistical contributions to input referred offset. Input referred offset 

in bipolar differential stages. Temperature effects. 
32.  OTA: Common-mode rejection ratio. Deterministic and statistical limits to CMRR 
 




































































