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Convince yourself that you have understood the problem before you get started. 
Constructive and valuable gambits will also give points. If information is lacking in 
the description of the task, you must yourself introduce technical plausible 
assumptions. Make sure you clearly state such assumptions. 
Grades: 3: ≥24, 4: ≥36, 5: ≥48 
 
 
 
1. In a future Pan-European network, Berlin and Madrid (2000 km) should be 
connected with a transmission line providing 500 Gbit/s in a single fiber (consider 
only one direction). Design a photonic system to provide this. For cost reasons one 
would like to maximize the amplifier spacing, so use that as one design goal.  
 
To get full marks you must consider dispersion, SNR, BER, modulation format, noise 
sources, Tx/Rx technologies, wavelength allocation, channel data rates, use realistic 
assumptions with respect to fiber and amplifier parameters, etc. 

30 points 
 
 
2. A 22 GHz LO source is realized by combining a 5.5 GHz oscillator with a 
frequency multiplier (×4). The LO is used in a point-to-point radio link receiver. 
 

a) The high order modulation scheme used in these applications (QAM-256) 
require the RMS phase error to be <5°. Calculate the maximum acceptable 
phase noise for the 5.5 GHz oscillator, considering a channel bandwidth of 
1 MHz.  
 

b) The LO is used with a receiver having a total noise figure of 3 dB. Calculate 
the minimum receiver input power level where the contributions from phase 
noise and thermal noise are equal at the receiver output.  

 
10 points 

 
  



3. Appended you will find two data sheets describing a mixer and a wideband 
amplifier. These two components should be used to realize a receiver that down-
converts an RF at 2.4 GHz to an IF of 170 MHz. You should now compare the 
following two receiver arrangements: 
 

  
 

a) Calculate the total noise figure, third order intercept point, and spurious free 
dynamic range for the two receivers above. Discuss advantages and 
disadvantages with the two mixer/amplifier arrangements.  
 

b) One of the receivers above should be used to receive a 20 Mbps QPSK 
modulated signal. Using the most sensitive receiver above (motivate your 
choice), calculate the minimum input signal power needed to achieve a BER 
of 10-5. The demodulation of the 170 MHz IF is assumed to be ideal.  

10 points 
 
4. You should design of a 10 GHz marine radar capable of detecting objects having 
1 m2 radar cross section 2 m above the sea level, at least 10 km away. Your radar 
transceiver will be installed on top of a medium size motor yacht. What is the 
minimum output power of the transmitter amplifier required to fulfill the 
specifications above? 
 
The design should use an existing 10 GHz receiver with a noise figure of 3 dB as well 
as a 1 m diameter parabolic antenna (radiation efficiency = 65%). Assume a receiver 
IF bandwidth of 250 kHz.  
 10 points 
































