EE-426 RF Circuits Design Techniques Fall 23 Examination
24.01.24, 3:15-6:15PM
Indicative timing, 20-30’ for part A and ~30-40’ for each of part B questions

Part A: warm up, system-oriented questions (1.5 pts /6)
Question A1
a) Calculate the Peak-to-Peak voltages corresponding on 50Ω to 0dBm, 30dBm, -114dBm and    -108.6dBm
Question A2
a) Explain in your own words, the channel selection process in a narrowband receiver (e.g. BLE).
b) Why do we have to proceed in this way?
c) Why would it be difficult to put an ADC directly after the antenna?
Question A3
On earth a cell phone could communicate over some 10km towards the base station and the power attenuates to the power of 4 with the distance (4-5 but let’s keep 4 for simplicity). What needs to be done to maintain the same service using your current phone with a satellite flying above you at 800km assuming you are in an obstacle free environment? Mathematical demonstration but straight to the point!
Question A4
A particular class of receivers are called super-heterodyne and have an IF frequency. 
a) Describe the pros and cons and the trades-off related to such an architecture. 
b) What is the main challenge of a zéro-IF or direct conversion RX compared to the above
Question A5
What is the most important thing you have learned in this class? Make a short comment on whether simulations helped and which of Cadence or simpler tools like LTSpice you would prefer!
Personal answer, what do you take home and will remember. This is the most important question!


Part B: more in-depth questions
Question B1 (1.5 pts)
Consider a 50Ω-matched RX with a sensitivity of -98.5dBm, 10.1dB SNR, 1MHz BW,; there is also at the end of the chain contributing to the overall noise, a (10b ENOB) ADC with (a 1.024V Full Scale thus) an equivalent input RMS noise voltage of 1mV (corresponding to 1 LSB).
a) Compute the RMS voltage noise level at the LNA input due the source resistance Rs=50 Ω and the total equivalent input noise at the same node 
b) How do you relate their ratio to the RX overall noise factor F?
c) What is the additional gain you should have in the RX chain so that the contribution of the ADC to the overall noise figure (NF) is limited to 0.2dB? 
Hints:
· be really careful not to confuse F, NF, addition of log quantities versus linear ones
· you might want to compute the F and NF of the RX chain without the ADC at some point
· use a) and b) to progress step by step and change your point of observation 
d) Compute the equivalent NF of the ADC if it were to be placed directly at the antenna port with its 1mV RMS voltage noise applied to a noiseless 50Ω equivalent input match resistor; how does it echo to QA2c ?
e) Now verify the cascaded stage Friis formula to verify you did it all right
f) Bad news, your ADC is noisier than expected and has a noise corresponding to 2 and then 4 LSBs (ENOB of 9b then 8b), how is the overall noise figure of the RX impacted in the two cases? 
g) When measuring the chip, your test engineer notices that a strong out of band interferer desensitizes the RX. After some investigations you suspect that it is due to the mixer. It was designed by an expert so it will likely be very difficult to improve its design. What could you do to improve the situation? Discuss the pros and cons of the various solutions
Question B2 (1pt)
A 1GHz CMOS PA should output 30dBm on a 50Ω antenna, but the technology peak to peak voltage is limited to 3V. 
a) How could you solve that problem assuming a linear PA with no harmonics? 
b) Represent your solution on a Smith Chart and calculate the components value
c) What is the BW of your solution?
d) Calculate the resonance frequency of your network, why does it differ slightly from 1GHz?
Question B3 (1pt)
The receiver of B1, assuming it is a zero-IF, should be able to operate with an adjacent channel power at 2MHz offset from the channel center 20dB above the carrier 
It’s a simple exercise but there are a few traps … so think carefully!
a)  Make a drawing of the situation and indicate the main important points on the graph 
b) At the passband edge, the attenuation should be of 0.2dB, model the adjacent channel as a pure centered tone to determine the filter order using a Butterworth implementation
c) Sketch the filter and calculate the components value for an input and output impedance of 10kΩ; again go step by step and think carefully! Add formulas rather than just numerical values
Question B4 (1pt)
An LNA centered at 2.44GHz has a gain of 20dB and a passive resonant load with a Q of 10
a) Calculate by how much the third harmonic is attenuated at the LNA output compared to the fundamental; assumption: the input match is wideband and its attenuation could be neglected 
b) Calculate the attenuation at the edges of the band thus at +-40MHz from the center
c) Same if the output resonance frequency is detuned by +-5% due to components mismatch
d) What is the impact of c) on the RX performances
e) The LNA suffers from some non-linearity, where are they coming from? Hint: be careful!
f) Its 1dB compression point is -35dBV (0dBV is 1V), calculate the corresponding LNA input power
g) Calculate the output voltage of the complete LNA for the fundamental tone and the third harmonic and sketch the situation on a Pout vs Pin chart. What is your main finding, any surprise? Would you have predicted the same P1dB should you have measured the LNA output  tones?
