BOSTON UNIVERSITY COLLEGE OF ENGINEERING

Department of Electrical and Computer Engineering

Syllabus:  EC782 - RF/Analog IC Design - Advanced Applications

Fall Semester 2017      




            
Date/Time/Place:  T/R 4:30-6:15 PM, TBD
Instructor:  
Prof. Ronald W. Knepper



Office Hours:  Fri. 2-5 PM, PHO 526



e-mail:  rknepper@bu.edu, Phone: 353-0223
Course Description:  

Selected topics in advanced RF/Analog integrated circuit design based on high frequency BiCMOS technology.  Topics to be covered include RF phase-locked loops, low voltage RF frequency synthesizers, printed circuit board design for RF applications, antennas and signal propagation, design of an on-chip antenna, RF filters, oversampling (Sigma Delta) A/D converters, impact of substrate noise and other mixed-signal IC issues, and selected topics from the IEEE RFIC literature.  (4 credits)

Prerequisites:  EC580 and EC582
Texts: T. H. Lee, Planar Microwave Engineering, Cambridge, 2004

Luong and Leung, Low Voltage CMOS RF Frequency Synthesizers, Cambridge, 2004
References: 1. T. H. Lee, The Design of CMOS Radio-Frequency Integrated Circuits, Cambridge, 2004
2. Carusone, Johns, and Martin, Analog Integrated Circuit Design, 2nd ed., Wiley, 2012
3. C. Coleman, An Introduction to Radio Frequency Engineering, Cambridge, 2004
4. B. Razavi, RF Microelectronics, 2nd ed., Prentice Hall, 2012
Course Methodology:  

The course involves the use of a coordinated set of lectures, labs, readings from the literature, and a PCB design project to teach RF/mixed-signal IC design advanced applications based on today’s CMOS and BICMOS technologies.  The course will utilize selected readings from the technical literature as well as a number of RF measurement and RF design labs.  The design labs utilize the Cadence Spectre/RF CAD tools to allow the student to practice RFIC design concepts in the 1-10 GHz frequency range using the IBM 0.13µm 8HP design kit and models.  The RF measurement labs will utilize the high frequency measurement instruments in PHO418.  The design and characterization of an RF printed circuit board will be part of the course.
Grading:  
Labs
 

40 %



Readings

20 %

Project 

40 %

	
	Schedule of Lectures and Exams:
	

	Dates
	Topic Description
	Text/Reference

	9/5
	Review Syllabus;  Connectors, Cables, & Waveguides
	Lee, Ch 5

	9/7
	Xmsn line matching;  Passives
	Lee, Ch 4 & 6.3-6.6

	9/12
	Measurement of Noise Figure & Phase Noise
	Lee Ch 14, Ch 18

	9/14
	Microstrip, Stripline, & Planar Passive Elements
	Lee, Ch 7

	9/19
	Microstrip, Stripline, & Planar Passive Elements (continued)
	Lee, Ch 7

	9/21
	Microstrip, Stripline, & Planar Passive Elements (continued)
	Lee, Ch 7

	9/26
	Tutorial:  How to use Altium for PCB design
	TBD

	9/28
	Reading #1 Class Presentations;  RF Impedance Measurement
	Lee, Ch 8

	10/3
	Antennas, Microstrip Patch Antenna
	Lee, Ch 21

	10/5
	Design of RF On-chip Antennas using HFSS
	ANSYS Video

	10/10
	No Class (Monday Schedule)
	

	10/12
	Microwave Diodes, GaAs Devices, Microwave Biasing, Stability
	Lee, Ch 9, 11, 12.2, 12.7

	10/17
	Synthesizer Fundamentals
	L&L, Ch 2

	10/19
	Design of Synthesizer Building Blocks
	L&L, Ch 3 

	10/24
	Design of Synthesizer Building Blocks (continued)
	L&L, Ch 3

	10/26
	Class Presentation:  1-GHz FM RCVR PCB Design (by team)
	

	10/31
	Low Voltage Synthesizer Design
	L&L, Ch 4

	11/2
	Low Voltage Synthesizer Design (cont.), Behavioral Simulation
	L&L, Ch 5

	11/7
	Example: A 2V 900 MHz CMOS Dual-Loop Freq Syn for GSM
	L&L, Ch 6 

	11/9
	Example: A 1V 5.2 GHz CMOS Synthesizer for WLAN 802.11a
	L&L, Ch 8

	11/14
	Reading #2 Class Presentations
	

	11/16
	Oversampling (Delta-Sigma) A/D & D/A Converters
	CJ&M, Ch 14 

	11/21
	Oversampling (Delta-Sigma) A/D & D/A Converters
	CJ&M, Ch 14

	11/23
	No Class (Thanksgiving Holiday)
	

	11/28
	Lumped Filters
	Lee, Ch 22

	11/30
	Microstrip Filters
	Lee, Ch 23

	12/5
	Class Presentation: 1-GHz FM RCVR Measurements (by team)
	

	12/7
	Microstrip Filters (continued)
	Lee, Ch 23

	12/12
	Class Discussion:  1-GHz FM RCVR Measured Results
	

	12/19
	Demo of 1-GHz PCB Complete FM Receiver Design 
	PHO418

	
	
	

	
	
	

	 
	
	


	
	Schedule for Labs:
	
	

	Lab
	Description
	Assigned
	Due

	1
	Experimental Lab:  Characterize MMIC amplifier noise figure - 75 pts
	9/5
	9/19

	2
	Design of a 1 GHz PCB antenna - 75 pts
	10/3
	10/17

	3
	Design Lab (Part 1): Design a quadrature VCO - 100 pts
	10/19
	11/9

	4
	Design Lab (Part 2): Design a RF Synthesizer with Quadrature output - 150 pts
	11/7
	11/28

	
	
	
	

	Project
	
	
	

	
	Design of 1-GHz FM Receiver PCB Complete – Class Presentation on Design
	9/21
	10/26

	
	Design of 1-GHz FM Receiver PCB – PCB Order Completed
	9/21
	11/3

	
	Design of 1-GHz FM Receiver PCB – Report on Design
	9/21
	11/3

	
	Present Early Measured Results of 1-GHz FM RCVR PCB
	9/21
	12/5

	
	Demo of 1-GHz FM Receiver PCB in PHO418
	9/21
	12/19

	
	Design of 1-GHz FM Receiver PCB - Final Report on Design and Test Results
	9/21
	12/20


	No.
	Schedule for Readings:
	Assigned
	Due

	1
	Choose from options below for Readings #1 (class presentation, hand in slides)
	9/7
	9/28

	2
	Choose from options below for Readings #2  (class presentation, hand in slides)
	10/31
	11/14


Readings #1 Options:  Choose one of the articles in any of the three Proc of the IEEE: 
1. Antennas in Wireless Communications, July 2012, Proc. IEEE, Vol. 100, No.7;

2. Advanced Flexible Electronics for Sensing Applications, April 2015, Proc.IEEE, Vol. 103, No. 4;

3.  Terahertz RF Electronics and System Integration, June 2017, Proc. IEEE, Vol. 105, No. 6. 
Each student must choose a different article.  Hand in a copy of your slides; no written report is required.
Readings #2 Options:  Each student must choose a different article.  Hand in a copy of your slides; no written report is required.
· Reiha and Long, A 1.2V Reactive FB 3.1-10.6 GHz LNA in 0.13 um CMOS, IEEE JSSC, May 2007, p. 1023.

· Liu and Schumacher, Broadband Millimeter-Wave LNAs (47-77 GHz and 70-140 GHz) Using a T-Type Matching Topology, IEEE J. Solid-State Circuits, Vol. 48, No. 9, Sept. 2013, pp. 2022-2029.
· Parsa and Razavi, A New Transceiver Architecture for the 60-GHz Band, IEEE JSSC, March 2009, p. 751.
· Walling, Taylor, and Allstot, A Class-G Supply Modulator and Class-E PA in 130nm CMOS, IEEE JSSC, Sept. 2009, p. 2339.
· Wu, Han, Lerdsitsomboon, Cao, and O, Multi-Level Amplitude Modulation of a 16.8 GHz Class-E Power Amplifier With Negative Resistance Enhanced Power Gain for 400-Mbps Data Transmission, IEEE JSSC, Vol. 45, No. 5, May 2010, pp. 1072-1079.
· Ng and Luong, A 1V 17GHz 5mW CMOS Quadrature VCO Based on Transformer Coupling, ISSCC 2006, p. 142 in Visuals Supplement

· Brownlee, Hanumolu, Mayaram, and Moon, A 0.5-GHz to 2.5-GHz PLL With Fully Differential Supply Regulated Tuning, IEEE J. of Solid-State Circuits, Vol. 41, No. 12, Dec. 2006, pp. 2720-2728; Paper 32.2 in 2006 ISSCC Digest.
· K. Oh, et al., Full-Duplex Crystalless CMOS Transceiver With an On-Chip Antenna for Wireless Communication in a Hybrid Engine Controller Board, IEEE Journal of Solid-State Circuits, Vol. 48, No. 6, June 2013, pp. 1327-1342.

· W. Biederman, et al., A Fully-Integrated, Miniaturized (0.125 mm2) 10.5 µW Wireless Neural Sensor, IEEE J. Solid-State Circuits, Vol. 48, No. 4, April 2013, pp. 960-970.
· S. Bandyopadhyay, et al., A 1.1 nW Energy-Harvesting System with 544 pW Quiescent Power for Next-Generation Implants, IEEE JSSC, Vol. 49, No. 12, Dec. 2014, pp. 2812-2824.

· P.Y. Chiang, et al., A Silicon-Based 0.3 THz Frequency Synthesizer With Wide Locking Range, IEEE JSSC, Vol. 49, No. 12, Dec. 2014, pp. 2951-2963.

· J. Charthad, et al., A mm-Sized Implantable Medical Device (IMD) With Ultrasonic Power Transfer and a Hybrid Bi-Directional Data Link, IEEE JSSC, Vol. 50, No. 8, Aug. 2015, pp. 1741-1753.

Course Policies:
1. Late Project Reports – Late project reports will be accepted but with a penalty of 10% off per day.  A weekend counts as a single day.
2. Late Reading Assignments – Late reading presentations and charts will be accepted but with a penalty of 10% off per day.  A weekend counts as a single day.

3. Late Labs – Late labs will be accepted, but with a penalty applied of 5% off per day up to a maximum of 50% off.  It is advantageous for students to complete all the labs.

4. Attendance – Attendance in class is considered essential and required.

5. There are no exams and no homework assignments in this course. 
