
ECE 145C 
Laboratory 3 - 
 

Prof. Buckwalter 

Design a 23dBm, LTE (1850-1910 MHz) Power Amplifier 

1. Simulate and plot Id vs Vds for a 25 finger by 4 um (total W = 100um) device. 

Sweep Vds from 0 to 3.6V to plot Id at Vgs = 0.6, 1.2, and 1.8. Find the maximum current, 

the knee voltage, and the maximum voltage swing from the plot. (7) 

2. Using the power triangle, determine the size (W) of the device required reach 23 

dBm. Use this device W for the remaining equations. (4) 

3. Calculate the loadline resistance for the device from 2. based on resimulating the 

Id vs Vds curve with your W. Is your loadline resistance 50 Ohms? (4) 

4. Find the bias for the transistor to maintain class-A operation. What is the DC 

voltage of the gate to allow the transistor to remain in conduction? Use this as your gate 

bias voltage for the upcoming steps. (4)  

5. Create a new schematic with the test bench as shown below to implement an 

impedance matching network to transform the loadline you found to a 50 ohm load 

impedance. Calculate the (shunt) inductance at the load and the (series) capacitance 

before the load for the L-matching network. Ignore the choke (labeled as L0 below). (6) 

 

6. You should be able to run an S-parameter analysis for impedance matching by 

using “ports” at the input and the output. The PORT0 source is under analogLib  psin.  

You might want to adjust the port resistance to match your loadline resistance. Plot the 

Smith Chart result from 1.85GHz to 1.91GHz and show that your return loss is 



acceptable (better than 10 dB) across the band. What bandwidth would your matching 

network work for?  (6) 

7.  Implement the impedance matching network between the transistor and the 50 

Ohm load using the schematic shown below.  Set the resistor R0 value as 100 ohm. Plot 

the S22 and S21 parameters of the amplifier.  Did you get a good match? If not, stop 

and “optimize” the network to get the best tuning response. You may want to adjust the 

inductance of L2 below to resonate with the output capacitance of the transistor. Plot 

mu-factor stability as well. (10) 

 

8. Find the input impedance of the transistor with an output match. Plot this as S11 

on a Smith Chart and run SP analysis from 0.1GHz to 3GHz to see the input impedance 

of transistor with output match. (4) 

9.  Run a transient analysis to verify your intuition about the operation of the circuit. 

Plot the output voltage and current swing through the transistor as a function of time. 

What is your output voltage swing (peak-to-peak)? What is the maximum drain current?  

(5) 

10.  If you have time, try to plot the drain current as a function of the vds voltage for 

the transient simulation and compare this to your loadline resistance. (5) 

11. Power amplifiers are inherently nonlinear circuits. Finally, we will run a periodic 

steady state (PSS) to observe the output power of the PA. Run PSS analysis and set the 

analysis as following picture (left). After simulation, check the output power @ 1.88 GHz 

(Click Results->pss as right picture). Plot Pout vs Pin and Power Gain vs. Pout. Check 



that your curves resemble those shown below. What is your nominal gain for the power 

amplifier? What is your maximum output power? (10) 

                                  

 

12. Find the drain efficiency and the power added efficiency of your amplifier. (6) 

13. We learned in class that the loadline resistance and output power of class-B and 

Class-A are the same but the efficiency should be better for class-B. Go back to step 9 

and change the bias of your amplifier to class-B. What bias voltage do you use? What is 

the gain and output power as a function of Pin? What is your maximum drain efficiency? 

(20) 


