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ECOMMS


 
Final Exam

          

   May 4, 2004
Spring 2004 






                    12:30 – 2:30 PM
Student’s Name: 









DIRECTIONS: This exam is OPEN BOOK/NOTES and CLOSED COMPUTER. Calculators are permitted. Remember to specify UNITS for all answers. Use proper NOTATION. Show ALL WORK. Indicate ALL ASSUMPTIONS.

Problem Statement: You have been hired as the lead systems engineer by a start-up company that has just secured an SBIR-Phase 1 contract from the US Department of Homeland Security. The project is to design and build a Trace Contaminant Detector (TCD) to detect the presence of extremely small quantities of biological and/or chemical hazards in an airport security environment. The heart of the sensor system is a 16-channel Quartz Crystal Microbalance (QCM) array. 

Each QCM consists of a quartz crystal coated with an adsorptive surface along with a pair of Au electrodes. The adsorptive surface is specific to a single analyte and allows a minute amount (a few nanograms) of the contaminant to adhere to it; thus changing the mass of the crystal structure. This change in mass causes a proportional shift in the resonant frequency of the quartz crystal. The mass of the adhering layer is calculated by using the Sauerbrey relation: 

m = C f





(1)

where C = 17.7 ng Hz-1 cm-2 for a 5 MHz quartz crystal. The QCM-array consists of 16 separate QCM structures, each with a 14 mm diameter quartz crystal, and each responding to a specific biological or chemical contaminant.

Perform a system-level design of the TCD device. Your device must output a digital bitstream that allows for:

1. The display of the detected quantity of each of the 16 contaminants; and,

2.  A network interface to a remote host for data analysis and archival. 

Other desired device specifications are:

	Mass resolution, ng
	3

	Maximum mass load, g
	90

	Output voltage range, V
	± 4.0


Your system-level design should not focus on individual components; rather, it should provide block diagrams of systems and subsystems with specified I/O characteristics. Credit will be given for design simplicity, functionality and adherence to current communications standards.

(100 points)






















































































































