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Abstract

Crucial to a "real world" company's success is the Test Engineering group, whose role is to help ensure that a company's products are functional, safe, reliable, and cost-effective.  They help prevent huge costs of failures in the field, in terms of re-work, warranty issues, lawsuits, and even company failure in the marketplace.  The test engineering course at Southern Polytechnic prepares students for success in entry-level positions in this area and, if their interest is R&D, how to design reliable and testable products. Topics in the course which provide students with "real world" knowledge include:

· Developing data acquisition systems using Visual Basic and LabVIEW languages, both very popular in industry.

· Developing systems using three of the most common industrial interfaces: IEEE 488, RS-232, and Ethernet.

· Developing an automated CAT system with stringent performance criteria.

· Introducing QA concepts such as TQM and ISO-9000.

· Relating good product design to incorporating DfT and BIST.

· Understanding how devices fail: ESD, EMI, Thermal, Mechanical, and other environmental situations and how to prevent these failures in design and manufacturing.

· Developing "real world" documentation, not just the usual introduction and documented software, but also the operating and trouble-shooting guides. 

· Identifying the major regulatory organizations (FCC, UL) and their role in product design and manufacturing.

The major course project is the development of a complete computer-aided test system.  Complete does not mean 70% equals a C, but that it must have 100% functionality, including complete documentation and "on-time" completion!  After all, this is exactly what industry expects of their technical staff.

From a company’s perspective: the reality is that a company's products must work for the customer, or else the company fails.  

From a new graduate’s prospective: the reality is short, and long-term personal success is based on helping the company succeed .

Introduction: What is the Course About?

Test Engineering, ECET 3600, at Southern Polytechnic consists of four threads of "reality-based" lectures and labs.

Thread one is the "Why Test Engineering?" thread of lectures, emphasizing web-searched topics.  The first topic covers a virtual tour of an electronics manufacturing facility, emphasizing the production of stereo systems from the printed circuit board design, to testing, to the final packaging for shipment.  Ask a typical class of students and they have not even visited, let alone, worked at an electronics fabrication facility.  While they are "touring" the real facility, they are asked to note the number of places where devices fail, and should therefore be tested. Then, several web-based references to the "Bathtub" curve are accessed and discussed.  The goal is to open the students’ eyes to the way real equipment fails over time, ensuring that the students know that failures are somewhat predictable and need to be tested.  Then the very real concepts of mean time between failures (MTBF), mean time to repair (MTTR), and mean time to failure (MTTF) are presented.  Several magazine articles having major charts and discussions of how components such as resistors, capacitors, relays, and printed circuit boards fail are studied.    For example, students are asked why carpets should not be used in high tech facilities.   More details will be listed later.

Thread two is the learning and applying of Visual Basic for user-interfaces and instrument-interfaces.  Students are taught programming fundamentals, from data types, to math, to input/output, to decisions, to loops, etc.  They are required to develop real world user interfaces such as annunciators, data loggers, strip chart recorders.  They also implement RS-232 (serial) and Ethernet (LAN) communications between PCs.  The test process is automated by interfacing with GPIB instruments ranging from DMMs, to WAAGs, to oscilloscopes.  Many algorithms such as state machines, parsing, and polling versus interrupts are covered.

Thread three emphasizes the design of electronic systems with testing in mind.   A real-world designer ignorant of testability does not, in the mind of the authors, have a good future in the field.   To better prepare students for industry, many test and design concepts are taught, including Built-In-Self-Test (BIST), Design for Test (DfT), JTAG/Boundary Scan, ISO 9000, TQM, and regulatory organizations.  Students are first challenged to think of all the equipment they have been exposed to that incorporate BIST: modems, PCs-POST, oscilloscopes, DMMs, spectrum analyzers to name a few.   Relating back to thread one and the failures of components, a comprehensive list of design methods to prevent ESD, EOS, EMI, thermal, and mechanical failures is discussed.

Thread four emphasizes the major project where a "professional" Computer-Aided-Test (CAT) system is assigned.  Complete documentation and testing of the system is required.  100% success is required.  Teamwork is required.  Source code, complete with comments is required.   Operation and troubleshooting guides are required.  Quality user screens and hardcopy are required.  Usability is stressed.  In the grading process, the instructors simulate real project managers as they critique the students’ CAT systems.

Related to all the threads above are numerous references. One favorite is the Agilent  34401A DMM's user and service manuals.   Thread one is re-enforced by citing the many sections referring to proper handling of the instrument, and the need for calibration.   Also, the functions and accessing of the self-tests for the DMM are investigated.  Thread two is re-enforced in that the students have to program the device via VB and GPIB (and perhaps RS-232). Thread three is re-enforced when the BIST, ESD-handling and calibration procedures are studied.  How many college courses get this real?

Thread 1: Why Test Engineering is Real World

The test engineering department is a very important section of a manufacturing company.  And there are many jobs in Test Engineering department for those that know the company's products, electrical fundamentals, PC interfacing, and required high-level language(s). For success with a manufacturing company, it is essential to learn the company's products, its internal problems, its manufacturing, its customer's problems, its regulatory hurdles, its management, etc.

Since many students have never visited an electronics manufacturing facility, on day one of SPSU's Test Engineering course, students take a virtual field trip to a company to observe the assembly line operations and see the importance of testing.  The selected company is visited via the web.1  Some of the processes noted by the instructors are: automated component placement, manual stuffing of unwieldy parts, testing, integrated RS232 port for testing and calibration.  

To emphasize the importance of testing, Test & Measurement World Magazine2, and Engineering Evaluation Magazine are examined by the instructor and students to investigate current issues in the field.

Testing is essential because devices fail. To amplify this point, and note that devices fail, especially in the early stages, the "bath tub" curve showing the relationship between reliability and product life is emphasized.3  The general causes of "infant mortality" are identified. The "Useful Life" and "Wear Out" periods are also discussed in terms of on-going tests. The study of failures of electronics is broadened by examining burn-in and temperature acceleration.4  Since all students are familiar with the PC, burn-in tests for the PC are discussed.5  The need for companies to determine and apply the MTBF specification is also quantified.6  Acronyms like FIT, MTBF, MTTF, and MTTR are continuously added to the student's vocabulary using resources available on the web.7 

To further reinforce that electronics devices fail, a major article in EDN magazine is distributed and discussed in detail.8  The article identifies the major failure mechanisms of passive and active components due to ESD, EOS (over voltage and/or current), EMI, mechanical shock or vibration, thermal stresses, etc.  It also identifies the major screening tests for each of these failure modes.

For students interested in design, the topic of Built-In-Self-Test is covered. Examples range from scopes, to DMMs, to PC-motherboards and printers. Modems are an excellent "case study". And as a specific "case study" the service manual for the HP 34401A Multimeter is studied in class and lab.

To help further automate the test engineering process, and hopefully bring down long-term costs the Bed of Nails and JTAG/Boundary Scan concepts are overviewed. (www.asset-intertech.com)

Finally, industry standards such as TQM, ISO-9000, CE, UL, FCC, etc are introduced, since companies often look to the first two for certification of quality, and the last are essential for reaching the marketplace.

Thread 2: Visual BASIC and Data Acquisition

The industry popularity of Visual BASIC (VB) is proven in the 9/1/2001 issue of Test and Measurement World: "Readers Sound Off About PCs".  Windows still dominates in flavors ranging from 95, 98, NT, 2000 and XP.  VB, C++, C, and even BASIC dominate the programming languages.  LabVIEW also has a major market share in the testing industry, and therefore it is studied.

VB is taught because of this popularity, which in turn is based on its Rapid Application Development (RAD) capabilities such as quick, professional development of GUIs, DBs, RS232, IEEE-488, and LAN interfaces.  VB solutions to real test engineering problems are easily found on the Internet.

Not just the basics of VB are taught, but algorithms and major test engineering interfacing ideas are preached.  Algorithms stressed include state-machine, parsing, event-driven vs. polling, background processing, and Monte-Carlo techniques.  Interfaces actually tested include RS-232, Ethernet via Winsockets, and the IEEE-488 (GPIB).

The VB lab exercises are assigned before the major project are:

Lab 1: Develop and demonstrate a form that allows entry of resistors and tolerances and displays the acceptable range of devices.  Random numbers are also introduced.

Lab 2: Develop and demonstrate an Annunciator panel.  Use of the timer to simulate data acquisition automatically vs. manually, and self-testing of the indicators is emphasized.

Lab 3: Develop and demonstrate a Data Logger, with file I/O, test patterns, time-date stamped data with list box operations.

Lab 4:  Non-VB: Learn the GPIB specifications and commands using a bus analyzer and a VB program to control an HP34401 (DMM).

Lab 5: GPIB "Test Program" Analysis and Modifications-reverse engineering.  Students get to analyze a professional program and modify it for simpler operation.

Lab 6: VB and RS-232 Serial tests:  Loopback,  PC-PC (Hyperterm), PC-PC (V.I.), PC-PC (Pontech with A/D).

Lab 7: Develop and demonstrate a TCP/IP - Winsockets system.  Start with local loop back testing, then connect to a second PC with a short test program, and finally use a "Virtual Instrument" program provided by the Russo/Echols Lab Automation text.9  A simple internet-access program to read atomic time10 is also included. 

Lab 8: Develop and demonstrate an eVB (embedded Visual Basic) application - emulate a Pocket PC with VB dialog box and buttons, list box, headings. This exercise acquaints the students with mobile-computing, and helps convince the students of the power of VB.  Note: the complete embedded Visual Studio is available as a free download from Microsoft.

Attached as an example, in the appendix, are the Lab 3 (Data Logger) requirements and grading matrix.  Note the features section, which emphasizes the "product" from the marketing and customer viewpoints. What should the device do?  Why is the device of value?  Then specific display and input criteria are listed, and explained in brief detail. The data storage requirements are then identified.  The report requirements are listed, with commented source code and operating screen captures emphasized.  Finally, the "style" of the "instrument" is evaluated in terms of professionalism and usefulness.  It is amusing to the instructors that many students want the instructor to layout the form for the students to implement.  But the instructors require the students to show creativity in creating a useful design.  The "usability" of the instrument is one of the most important criteria in the evaluation by the instructors.

Thread 3: Real World Design for Test

Books that teach design for test, from the electrical/computer perspective are rare and not as focused as are the numerous magazine articles and company web page tutorials the authors have found.

One great reference is the EDN magazine article Minimizing Failures in Electronic Systems by Design.10  This article has excellent summaries, especially tables, of how devices fail, AND how to design to prevent those failures.  Topics include electrical overstress (voltage and current), ESD (a major industry concern), EMI, thermal failures, mechanical shock, and vibration problems.  The "final design guidelines for achieving high reliability" are short yet crucial to opening the minds of students to the fact that design is much more than nice code and schematics.  Guidelines stated include: "Use screening, burn-in techniques..."; "Employ protection devices..."; "Tailor your design to meet stress contingencies...";"Judiciously apply design redundancy...";"Build software reliability features into the system...";"Apply good production, handling, testing...";"Keep your design simple..."; "Most importantly, apply quality-control techniques in the total product and process...".

Another valuable reference is the tutorial Designing for Testability provided by the Test Electronics Corp.11 An excellent quotation to indicate the value of this white-paper is: "Testability is not a technological innovation. It is a mindset that creates constant awareness of the importance of ease-of-testing... in engineering...during production...in the field.  Testability is critical to the manufacturing process - a product “that cannot be readily tested is not really manufacturable".  The paper then goes on to discuss mechanical layout concerns and techniques, functional and in-circuit tests, and various other topics.

Not only are the design for testability concepts addressed, but students learn the philosophies of designing dependable devices and high availability systems.  Fault tolerance, with respect to a product or system’s ability to perform in the presences of failures is analyzed.  EDN’s article entitled “Designing Dependable Devices” gives students a detailed introduction to many of these concepts.  To reinforce the concept of a high availability system, the Infiniband Architecture is studied to illustrate how important it is to incorporate error detection and correction into the design.  Infiniband actually has the ability to “heal” itself with immediate failover capability built into the hardware.  This example helps reinforce the concepts of BIST.

Another major topic in Test Engineering is Environmental Stress Screening (ESS).  An article entitled Environmental Stress Screening improves electronic design reliability12 is studied thoroughly in class.  Students learn the definition of ESS, as well as its importance in industry.  The types of ESS tests and the failures discovered are covered in detail.

Real-word examples of Test Engineering, such as function testing, environmental testing, and in-circuit testing strategies are toured on-line.13  This helps students see the how companies perform many of the test strategies discussed in the course.

ISO 9000 and its importance in product design, manufacturing and testing is covered.  Students learn the many specifications and components that comprise ISO 9000.14  Carr and Brown's "Introduction to Biomedical Equipment Technology" chapter on Quality Assurance and Continuous Improvement is examined.15  TQM and ISO 9000 and their impact in industry are discussed in terms of medical equipment design and manufacturing.  The importance of quality design, manufacturing, and testing of medical equipment is very obvious to the students, and will impact of their efforts as future product developers.

Thread 4: Professional-Level Course Project

The course topics and labs culminate with the major project – designing and developing a Computer-Aided test (CAT) system.  The criteria for the project, including required instrumentation, programming, and project guidelines are in included in the appendix.

Incorporating a CAT system allows the student to put all of the concepts learned in the course and lab together.  Students use the GPIB to connect and control the instrumentation necessary to power and measure the device - under – test (DUT).  Designing the test strategy and developing the test program further reinforces the importance of good device/system design.  Students experience design mistakes that are made during the test phase, helping them become better designers.  They also learn real-world test and programming applications using the GPIB to automate the test procedure.  Concepts, such as ease of use, fail-proof, and downtime must be incorporated into the CAT system.  Students develop a comprehensive user’s manual, including complete operating instructions, to accompany their CAT system, reinforcing the importance of effective communication skills.  Upon completion of the project, they must “defend” their CAT system design by demonstrating the complete functionality of the software and hardware. 

Summary

Test Engineering at SPSU provides numerous ‘real world’ exposure opportunities.  Students are given problems to solve that are typical of what they might encounter in industry.  They must develop a strategy for solving the problem, develop the software, design and test the hardware, and then demonstrate their final system.  Included with their project is the complete documentation of the software, including extensive operating instructions.  One of our goals is to improve students’ technical writing skills.  This gives the students a taste of what kinds of project they may be assigned in industry.

By covering current issues and strategies in the test engineering marketplace, students are exposed to actual design and development concepts.  These are concepts that will help them succeed in industry.  Our goal is to expose them to the issues that ‘real’ engineering, development, and manufacturing personnel deal with on a daily basis.  This helps our students to be more competitive and marketable upon graduation.

After successful completion of the course, students have a project and many labs that they can use in their portfolio to show to prospective employers.  This actually illustrates the student’s ability to take an assigned task, solve that task, and design and produce a ‘real world’ application using current concepts and tools.
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APPENDIX A:  LAB 3 SPECIFICATIONS

	ECET 3600

TEST ENGR.

Spring 2002
	
 
LAB  3    
             

NAME:_______________________



STRIP CHART RECORDER 
DUE:  


             - physiological
            


                                 
 

	pts

	GOAL


	Develop a simulation of a Patient Pulse Rate Strip Recorder (graphical data)
(points for style)
	10

	FEATURES
	AT SPECIFIED TIMES - SAMPLE PERIODS - MOVE CURRENT VALUE TO DYNAMIC LIST BOX

· See Lab #2 for operations, timing, etc: NO FILES required

· Add strip chart of recorded data, "oscilloscope fashion"

· (extra credit) Add a Sine wave "self-test" display - one cycle, 50-75 bpm, with 5 second period (10 pts)


	

	DISPLAY 

REQUIR.
	Graphical display of  data
	20

	
	Graphical Scale:  Ten (10) seconds, then scroll, showing last 10 seconds


	10

	
	Graphical Style:   Line connecting sample point to sample point


	5

	
	Graphical Grid markers:   
0, 50, 100, and 150 bpm, 



0.0, 2.0,  4.0,  6.0, 8.0, and 10.0 seconds


	5

	
	Graphical Text:   
Your name somewhere on graph


	5

	
	Current Reading: Visible from 10 ft

Current mode: Visible from 10 ft

 Stopped, Recall Data displayed,  Run @ Sample Rate, Pause
	5

	SWITCH

REQUIREMENTS
	Start,  Pause, Resume, Stop, Clear  relate to Manual mode  ( use increment/decrement to change values)

Power= exit
	 5

	
	Sample Rate: option Buttons:  1, 2, or 4 samples /second
	 5

	
	<<   ( decrease current value by 5.0, limit = 150)

<     ( decrease current value by 1.0, limit = 150)

>     ( increase current value by 1.0, limit = 0)

>>   ( increase current value by 5.0, limit = 0)
	 5

	DATA
	Data resolution: 0 to 150, step +-1
	 5

	REPORT

REQUIREMENTS
	Screen capture, with "typical" data
	 5

	
	Source Code, with comments and introduction


	10

	
	This sheet


	5

	DEMO
	Late:  -25 points per class day / graded at instructor's convenience


	


APPENDIX  B:  Final Project

The final lab project is one that will merge programming skills and GPIB instrument control into one computer-aided testing system.

The testing system should be able to test the response of the following types of filtering circuits: Low-Pass, High-Pass, and Band-Pass.  The Analysis routine should determine the following parameters: Maximum Gain and Frequency, Minimum Gain and Frequency, f1 and f2 values, Bandwidth (BW) and Filter Type (LP, HP, BP).  The data must have only one maximum point and if there is a f1 point and/or f2 point, there can be only one of each, not multiple f1 or multiple f2 points.  The Analyze routine needs to include linear interpolation for finding the f1 and f2 points from the adjacent data values.

Instrumentation

DMM1 
Use the HP34401 DMM to measure the input frequency (Hz) and the input voltage (rms).

DMM2
Use the HP3478A DMM to measure the output voltage (rms).

DMM3
Use the DM2510G DMM as an alternate for DMM2 (selected by the user under program control at run time).
FGEN
Use the HP33120A FGEN to set the input voltage.  The FGEN should be set for an rms voltage value, sine wave (no offset), and high-z load.

Note:
All of the above instruments are to be active on the bus, connected as needed in the circuit and in general, programmed for auto-scale and MAX resolution.

GPIB Program  

All instrument calls should be checked for Read/Write/Bus errors with a prompt given to the user (in the case of an error) to permit identification of the particular instrument error (what instrument is failing to respond to what command).  This prompt or message box must be designed in addition to the 488 generated error message box.  Note:  Check error routines for each instrument by using the time-out error condition.  This can be done by simply not turning the instrument ON.

Multimeters

DMM1 to use address 23. (must be set via front panel)

DMM2 to use address 15. (set by switches)

DMM3 uses address 8. (already set)

The minimum code for the HP3478A, DMM2 (after installed in the 488 Control Panel) is as follows 


outside measurement loop:       send             F2RAN5T1Z1 (must be upper case)


inside measurement loop:         receive         voltage reading string

The minimum code for the DM2510G, DMM3 (after installed in the 488 Control Panel) is as follows 


inside measurement loop         send              ACV


inside measurement loop         receive           voltage reading string

Increment the frequency using a logarithmic increment that permits uniform spacing of data points on the frequency scale.  

N(total) is the total number of measurements or data points.

f(meas) is the frequency (calculated in side the measurement loop) that is to be sent to the function generator.

For N= 0 to N(total) – 1
‘(Start of measurement loop)

f(meas) = f(start)*[f(end)/f(start)]^{N/[N(total) - 1]}

. . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . .

Next N   


‘(End of the measurement loop)

Design the user interface so that the user is guided completely by the proper enabling of controls such that very little additional instruction will be needed.  Add password protection to program, so at startup the user has to enter a password (your choice).

Project Guide Lines

1.  As a minimum the user interface should consist of three forms: Measurement or Main Form, Analyze Form, and Plot / Printing Form.

2.  Design the user interface to permit user entry of start, stop, instrument addresses, number of measurements, and file names and paths etc, as applicable to the DUT and related test equipment.  All these entries should have default values.

3.  The measurement form should display measurements as they are made.

4.  The measurement form should have a percent measurement completion indicator.

5.  The measurement form should have a cancel measurement feature that returns control to the user (not end program).

6.  Use enabled and disabled features as needed to prevent user from selecting an improper choice.

7.  All graphics for curves and plots should be developed with the basic picture box commands.

8.  The main interface form and all forms in general should wake up in full screen view.

9.  The GPIB commands should be checked for error and feedback should be provided to the user as needed such that the program will not hang up or result in loosing program control.  Check by turning an instrument OFF while in the measurement loop, making sure you notify the operator of the error.

10.  All dialog boxes and input boxes should be error protected such that incomplete or incorrect entries can be corrected without exiting the program.  Check operation of the cancel selection.

11.  Be sure the code complies with the following.

Use descriptive names for all variables and control objects. (Do not use default names.)

Use comments as needed to make code readable and understandable to someone else.

12.  At the option of the user, all data should be saved to the A drive.

13.  Write a user’s manual explaining how to use the software.  This is best done by using copies of actual screen forms and menus and referring to them in your writeup.

14.  Demonstrate working CAT system on assigned date.  The CAT system should be compiled, prior to the demo date.

15.  At end of demonstration turn in copy of source code (along with a disk copy) and printout of data as required (as part of the demonstration).  Note:  Do not include a copy of the IOtech code.

� Prof. Southern Polytechnic State Univ.


2Assoc. Prof. Southern Polytechnic State Univ.






