
ECE145C Final Project Prof. Buckwalter 

The final project is designed to exercise the concepts that were taught in this class with a CMOS 

process. Your mastery of this material will be judged by your ability to meet a performance 

specification outlined below. I will expect you to use the specification to choose appropriate 

circuit architectures, implement the CMOS circuit, and verify the ability to meet the 

specification through simulation. Credit is awarded according to documentation of the 

fundamental relationships that bound the performance and how well your analysis matches 

your Cadence simulations.  

You will be permitted to work in groups of 1-3 students. Email me the members of your group 

within the first week. The deliverable for this project is a five-page report that documents your 

design and simulated performance and a 10-15 minute in-class presentation.   

Grading 

Project grading consists of five parts: 

I) 20% for analysis and design procedure documentation.  

II) 20% for the producing requested simulation1.  

III) 20% for meeting performance goals. 

IV) 20% for the quality of your final report. Quality is judged by the conciseness in 

presenting the results. The report is a narrative that details the insights you made 

through the design process as well as clearly documenting the final results. 

Additionally, if any literature is referenced, this should be mentioned in the report. 

V) 20% for the quality of the final presentation given during the final exam period. All 

members of the group are expected to present some part of the work.   

LTE Band 2 is a common cellular communication band in the US and allows for 1850 to 

1910 MHz for uplink and 1930 to 1990 MHz for downlink communication. Below is a receiver 

and a transmitter design project. Select one of the two projects for your group.  

Blocker Tolerant LTE Receiver 

Build an I/Q receiver that can reject transmit leakage at an 80 MHz offset. Start by designing a 

receiver based on the specifications below. The only inputs are the RF single-ended signal, LO 

single-ended signal, and voltage supplies. The output is an I and Q baseband signal. Test the 

IM3 at 1950 MHz with two -40 dBm tones at 1930 and 1940 MHz. Then test the XMD with a 

single –40 dBm tone at 1940MHz in the presence of two TX tones modeled as -3 dBm signals at 

                                                           
1 You may need to produce simulations that we have not demonstrated in class. I recommend that you read the Cadence Designer Forum for 

information. http://www.designers-guide.org/ If you have any questions please contact me for clarification. 

 

http://www.designers-guide.org/


1850 MHz and 1860 MHz. Find the XMD at 1950 MHz. The quality of a design will be judged by 

the ability to meet these specifications at a minimum power. 

Receive 
Band (MHz) 

Channel 
BW (MHz) 

MDS Maximum 
IM3 or XMD 

LO leakage 
suppression 

Minimum 
Gain  

EVM for 16-QAM 

1930-1990  10  -99 dBm -100 dBm -80 dBm 80 dB <15% 
 (-70dBm Pav) 

 

1. The RF port is 50 Ohm. The LO port impedance is your discretion. At each I/Q output, the port impedance 

can be up to 1kOhm.   

2. Use the IBM 180nm PDK and the RF-NMOS device.  

3. Within your receiver block, no ideal components should be used (except for two baluns).  You may not 

use more than 6 inductors.  All inductors should come from the PDK. 

4. You may not use a supply higher than 1.8 V. No more than two power supplies are allowed. All current 

biases must be generated on-chip.  

Analysis 

The following analysis should be performed to document your work in your report. The 

required gain, noise figure, and IIP3 for the overall receiver. Discussion of how the gain, noise 

figure, and linearity can be divided between the RF and baseband blocks.  

Simulations 

The following simulations should be performed to document your work in your report and to 

demonstrate the validity of your final design. Simulate over the entire receive band. 

1) LNA performance in terms of gain, NF, IIP3, input return loss, and stability.  

2) Mixer performance in terms of conversion gain. 

3) Baseband amplifier performance in terms of gain.  

4) Overall receiver performance in terms of gain, NF, IIP3 and LO leakage at RF port.  

High Efficiency LTE Transmitter 

Build an I/Q transmitter that operates up to 27 dBm with a peak efficiency of 20% and a 6-dB 

back-off efficiency of 15%. Start by designing a power amplifier based on the specifications 

above. The only inputs are I and Q baseband signals, the LO single-ended signal, and voltage 

supplies. The output is the RF single-ended signal. The quality of a design will be judged by the 

ability to meet these specifications with the minimum dissipated power. 

Transmit 
Band (MHz) 

Channel 
BW (MHz) 

Maximum 
Output Power 

Peak PA 
Efficiency  

Average PA 
Efficiency 

Minimum 
Gain  

EVM for 16-QAM 

1850-1910  10  27 dBm 20% 15% 30 dB <2% 
 (20dBm Pout) 

 

 



1. The RF port is 50 Ohm. The LO port impedance is your discretion. At each I/Q input, the port impedance 

can be up to 1kOhm.   

2. Use the IBM 180nm PDK and the RF-NMOS device.  

3. Within your receiver block, no ideal components should be used (except for two baluns).  You may not 

use more than 6 inductors.  All inductors should come from the PDK. 

4. You can use a supply higher than 1.8 V as long as individual transistors do not see more than 1.8 V swing.  

No more than two power supplies are allowed. All current biases must be generated on-chip.  

Analysis 

The following analysis should be performed to document your work in your report: the required 

gain, output power, and PAE for the overall transmitter. Discussion of how the gain and PAE can 

be divided between the RF and baseband blocks. Discuss device characteristics that influence 

the design including how large the device should be and input/output matching.  

Simulations 

The following simulations should be performed to document your work in your report and to 

demonstrate the validity of your final design. Simulate over the entire receive band. 

1) PA performance in terms of gain (over frequency and input power), saturated power, 

efficiency, input return loss, and stability.  

2) Mixer performance in terms of conversion gain. 

3) Baseband amplifier performance in terms of gain.  

4) Overall transmitter performance in terms of gain, saturated power, efficiency.  

 

 


