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 UNIVERSITY OF OSLO 
 
 Faculty of Mathematics and Natural Sciences 
 
 

Exam in: INF4420 Projects in Analog / Mixed Signal CMOS 
                                                    Construction.        
Day of exam: Thursday, June the 4th, 2009. 
Exam hours: 14:30 – 17:30. 
This examination paper consists of 5 page(s). 
Appendices: None.  
Permitted materials: Any written material and calculator.  
 
Make sure that your copy of this examination paper 
is complete before answering. 

 

 
 
 
Problem 1 (Problem 1 has a weight of 6 % out of the total exam.) 
 
1 a) (Weight 6 %)  
 
We have a bandgap reference operating at 300 ˚K and a current-density ratio of X:1 for the two biased 
transistors in the PTAT generator. Assume that VBE0-2 = 650 mV. Also assume that the value for K 
required to get zero temperature dependence at this temperature, under normal assumptions given in 
“Analog Integrated Circuit Design” (by Johns and Martin), is 10.41. Find X.  
A bandgap reference is shown above, and the fundamental equation giving the relationship between 
the output voltage of a bandgap voltage reference and temperature is given by: 
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Problem 2 (Problems 2 a) and b) have a weight of 12 % out of the total exam.) 
 
2 a) (Weight 6 %) 
  
Assume that we are Analog-to-Digital Converting signals of 8 bit resolution, for a wireless sensor 
node operating at an input signal from 0 – 10 Hz, monitoring biological parameters in mammals. 
What is the maximum sampling time uncertainty?   
 
2 b) (Weight 6 %) 
 
If you should choose an ADC (“Analog-to-Digital Converter”) to convert such a signal, which 
architecture would you most likely pick if you could choose either an oversampling and noise shaping 
ADC or a pipelined ADC? Please explain. 
 
 
Problem 3 (Problems 3 a), b), c), d) and e) have a weight of 30 % out of the total exam.) 
 
 
3 a) (Weight 6 %)  
 
Se(f) is assumed to be the spectral density of the quantization noise, when the quantizer is modeled as 
in chapter 14.1, in our book by Johns & Martin, and the sampling frequency is fs . Can you explain 
what could happen to the dynamic range if a sampling frequency of fs/2 was chosen instead?   
Illustrate in a figure with similarities to the one below, if you like. 
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3 b) (Weight 6 %)   
 
Suppose that an ideal 7th order Delta-Sigma modulator provides a SNR of 118 dB at a certain 
sampling rate, fs. What would happen to the SNR if one halved the peak-to-peak input signal range 
and at the same time the OSR is halved? 
 
 3 c) (Weight 6 %)  
 
Given an oversampled and noise shaped data converter using a 1-bit quantizer and having SNRmax = 
82.5 dB. Quantify the potential improvement in performance if the 1-bit quantizer is replaced by a 3-
bit quantizer. 
                                                                                                                                              
 
3 d) (Weight 6 %)  
 
Assuming that the data converter is a DAC, could you mention any disadvantages due to increasing 
the number of output levels, given that the oversampling rate is unchanged? 
 
3 e) (Weight 6 %)  
 
If the converter from problem 3 c) uses 2nd order noise shaping, what is the minimum oversampling 
ratio (OSR)? 
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Problem 4 ( Problems 4 a) and b) have a weight of 12 % out of the total exam. ) 
 
4 a)  (Weight 6 %) 
 
A charge-pump phase comparator for integrated PLLs is shown above. There is also an example of 
two waveforms related to it, Vosc and Vin. Draw the related Pu and Pd waveforms and explain briefly 
how they relate to Vin and Vosc.  
 
4 b)  (Weight 6 %) 
CMOS technology still continue toward finer scale geometries. Do you think that this development 
could make any influence on the choice of PLL architectures? Could you explain why and how? 
 
 
 
 
 
Problem 5 ( Problems 5 a), b), c) and d)  have a weight of 40 % out of the total exam. ) 
 
5 a)  (Weight 10 %) 
 
The figure below depicts a signal flow graph (“SFG”), for a switched-capacitor circuit. Note that 
Vn(z) is just a node in the circuit that might be useful when later determining H(z).  Draw an 
equivalent switched capacitor realization of this SFG. 
 

 
 
5 b) (Weight 12 %) 
 
Derive the transfer function, H(z) = Vout(z) / Vin(z), from the SFG shown above, and show that it can 
be written as: 
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5 c) (Weight 8 %)  
 
With capacitor values Cs1 = Cs2 = Cs3 = 1 pF, Cf1 = Cf2 = 1.987 pF, and Cf3 = 2.325 pF, what is the 
gain (magnitude response ) at DC and at 0.2π? 
                                                                                                                                             
5 d) (Weight 10 %)  
 
Suppose all capacitors are scaled by 0.01. Does this affect the magnitude response? List advantages 
from such scaling as well as potential problems in an integrated circuit implementation. 
 
 
 
 
Good luck!  
 


