
ECE 5250/4250 Microwave
Circuit Design Hardware Project 

This project is to be treated as a take-home exam, meaning each student is to due his/her own
work. The project report due date is 4:30 PM Wednesday, December 16, 2009. There are due
dates along the way, so consult the schedule section of this document to see interim milestones.

Introduction
The purpose of this design project to become more familiar with microwave circuit analysis,
design layout, fabrication, and test. The steps to achieving these goals will be described below.
Each design team will consist of one person due to the small class size. 

This being a class project, performed for a grade, means that an end product must result. Here the
end product will consist of fabricated microwave circuit with a report documenting the circuit
design equations, analysis, ADS simulations, and network analyzer measurements.

Objectives
The basic project objective is to design, layout, and test a passive microwave circuit for operation
in the 1–8 GHz frequency band. This circuit may have from one to four ports. The circuit must be
planar, with the exception of simple grounding vias. Chip resistors may be used if required. The
use of active components, such as transistors and diodes is optional, and at your own risk. Compo-
nents to consider include:

• Impedance transformer (not very exciting)

• Two-way power splitter (one or more sections)

• Directional couplers

• Filters

Test Fixture and Substrate Materials
The substrate material being targeted at present is the Rogers glass reinforced hydrocarbon/
ceramic laminates (Not PTFE). The material data sheet notes that this material is for performance
sensitive, high volume commercial applications. Unlike PTFE based materials, RO4000 materials
can be processed using standard FR4 circuit board processing techniques. The relevant material
characteristics are given in the following table
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The test fixture layouts, come in two sizes. One being 3 inches square and the other being 3 by 6
inches. The details are given in the following drawings:

Table 1: RO4000® series materials available at Advance Circuits (www.4pcb.com).

Type Nominal er Loss Tangent
tan 

Substrate Thickness Foil 
Thickness

RO4003C For circuit 
design 3.55
Proc. Spec 

@ 10 GHz

0.0021 @ 2.5 GHz
0.0027 @ 10 GHz

20 mil
other sizes:

32 mil
60 mil

0.5 oz

RO4350B For circuit 
design 3.66
Proc. Spec 

@ 10 GHz 

0.0031 @ 2.5 GHz
0.0037 @ 10 GHz

20 mil
other sizes:

30 mil

60 mil

0.5 oz

3.38 0.05

3.48 0.05

Small Test 
Fixture

SMA with
flat tab

2-56

0.25"

Figure 1: The 3” by 3” test fixture.
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An alternate fixture configuration, which does not use a mounting plate but does use the same
board sizes for compatibility with the panel size, is to simply attach SMA connectors directly to
the pc board. With this configuration you can take your project with you. A low-cost connector
that has been used in the past is the Pasternack Enterprises PE44206 of Figure 3. The RF/micro-
wave performance of this edge connector has not been researched. In theory EMDA could be used
to model this connector along with the planar microwave circuit.

Large Test 
Fixture

SMA with
flat tab

2-56

0.25"

Figure 2: The 3” by 6” test fixture.
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Schedule
The design project will proceed in stages, with the final report due at the end of the semester. The
milestones are itemized below:

• A brief description of the proposed design including preliminary ADS artwork and/or files
is due by no later than Monday November 16, 2009.

• Project comments and final approval will be given during class on Wednesday November
18. The next step is to fine tune your ADS layout file. A copy of your ADS layout (likely a
Gerber file) is due by no later than Monday November 24. The circuits will be sent out for
fab Tuesday November 24.

• Assembly and test will occur starting December 3 and through the last week of classes
(December 7–11). Your measurement data should be incorporated into a re-work of your
ADS model in an attempt to rationalize your hardware measurements. This can be thought
of as a form or reverse engineering your design based on say actual physical measurements
of your circuit, etc.

• On Wednesday December 16 a Final project report is due.

Figure 3: Pasternack PE44206 mechanical details.
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