
The FR4IC Project at Portland State University

The FR4IC Project is integrated with 6 graduate and undergraduate courses  
and extensive lab facilities including the Engineering Prototype Lab at Portland 
State University:

ECE421/521 Analog IC Design I
ECE422/522 Analog IC Design II
ECE323 Electronics III
ECE510 RFIC Design
ECE510 Instrumentation and Measurement I
ECE510 Instrumentation and Measurement II

ECE 323 includes a traditional undergraduate hardware lab in which students 
explore a VHF Phase Locked Loop built on a standard solderless prototyping 
board.  VHF construction on a solderless breadboard introduces the important 
concepts of parasitic inductance, imperfect ground, signals on power lines, and 
incidental antennas in an environment where the effects are easily observed,
explored, and mitigated.  By the end of the quarter, students are clammoring for 
a more viable construction method for their circuits, and short leads, shielding, 
and intelligent layout are introduced.

In ECE421/521, the standard subcircuits of analog design are introduced, along 
with practical versions that may be build using multi-transistor arrays on FR4.  
There is no explicit lab for the class, but students work on understanding/analyis, 
simulation, and prototype measurement as the three essential tools for Analog 
IC Design.  The concept of designing an Analog IC using FR4 as the process is 
then explored, and an example circuit is analyzed, simulated, fab’d, assembled, 
and measured during the quarter.  A different example circuit is used each time 
the class is taught.  The goal is for PSU class example circuits to become the 
standard reference designs in engineering Handbooks, as has been the case 
several times in the past.

Second quarter Analog IC Design ECE422/522 continues with more advanced 
textbook analog circuits, and a new class project FR4IC design is introduced 
that provides the experience of deep analysis and design to specs for a 2nd 
pass.  The project starts with measurements of an existing design, extraction of 
parasitics that impact performance, and a circuit improvement that illustrates the 
concepts studied in lecture.  These optimized second pass FR4ICs studied in 
the 2nd quarter of Analog IC Design typically become commercial products sold 
to future students through the IEEE store.



ECE510 RFIC Design introduces RF/Microwave specific on-chip components 
such as spiral inductors and transformers, and lumped element on-chip standard 
circuits that emulate transmission lines and matching stubs.  The inch-square 
VHF scale model FR4IC die is introduced, equivalent to a square mm GaAs die 
operating in the commercially important frequency range between 1 - 10 GHz.  
In the RFIC design class, students develop their own circuits, layout and fab 
them in the EPL or using an external foundry such as ExpressPCB, assemble, 
measure and test their circuits against their measurments.  Comparisons among 
CMOS, BiCMOS, GaAs, InGaP, GaN and FR4 processes are discussed, along 
with RFIC specific techniques that apply to any of the above substrates.

The Instrumentation I and II graduate courses are designed to turn grad stu-
dents into startup company Chief Technical Officers or scientific research field 
engineers.  Course material is chosen to build up department instrumentation 
and measurement capabilities in support of current research activities.  Example 
problems are taken from sketch to deployed hardware in one quarter, and are 
designed to exercise a wide range of capabilities for the engineer designing 
instrumentation and making measurements.  For the 2012-2013 academic year 
IM students designed, built, and deployed sonobouys for marine life monitoring, 
including the hydrophones, VHF FM transmitter, antenna, and measurement 
platform.

As with Analog IC Design I and II, Instrumentation I focuses on starting a design 
from scratch, building and deploying it to explore the problem.  Instrumentation II 
takes an existing system and designs modifications to meet the needs of a spe-
cific measurement.  Instrumentation I is not a prerequisite for Instrumentation II.

The FR4IC project is in cooperation with the Engineering Prototyping Lab and 
IEEE Student Store.  Common components are kept in stock in the student 
store, designs developed in prior years are stocked as circuit board kits that may 
be used as modules in future systems, and the packaging, electronic assembly, 
and engineering prototype development capabilities of the EPL are introduced 
and used so that students working on FR4IC projects and specifically IM I and II 
students will graduate with all the necessary skills and knowledge to create next 
generation prototype electronic hardware.

All FR4IC Project work is freely published and available to future students for 
educational and product development use.  Final Commercial Product circuit 
board artwork may be copyright protected.


