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1) Single Balanced Mixer:  We will design a current-mode single balanced mixer that 

operates in the 900MHz ISM band and uses an LO frequency of 899MHz. The RF port 

impedance is 50 Consider VDD = 1.8 V. (36 pts) 

a. Fix the DC current 1 mA. For the transconductor, determine the width of the 

transistor that achieves the maximum fT. You might need to do an fT simulation. 

Determine the transconductance gm.  (10) 

b. If the conversion gain is 0 dB, find the required resistive load. What is the voltage 

drop across the resistive load? (4) 

c. Using PSS simulation, sweep the LO amplitude to determine the best amplitude 

for conversion gain. (6) 

d. Investigate the LO leakage and RF leakage to the IF port of the mixer. What is the 

LO leakage at the IF? How would this be mitigated? (6)  

e. Simulate the noise figure of your mixer as a function of LO voltage swing. (10) 

 

2) N-path Filter:  Design a 4-path shunt filter that operates in the RX band 1 (2110 – 2170 

MHz). The RF port impedance is 50  (28 pts) 

a. Determine through simulation the size of switch that keeps the on-resistance of 

the switch to 5 . Hint: Calculate on-resistance at Vds = 0. (6) 

b. Calculate the size of the baseband capacitor for a channel bandwidth of 10 MHz. 

(4) 

c. Using PSS simulation, sweep the RF frequency from 2000 MHz to 2300 MHz 

while keeping the LO frequency fixed to 2150 MHz. You should use 25% duty 

cycle clocks. Make sure to include up to 9 LO harmonics. (6) 

d. From your simulation, find the insertion loss at 2150 MHz. Can you determine 

the shunt resistance from your simulation?  (4)  

e. From your simulation, find the insertion loss at 2000 MHz. Calculate the ultimate 

rejection. (4)  

f. From your simulation, find the 3-dB bandwidth of the filter. (4) 

 


