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Abstract

Asthe density of integrated circuit technology continues to increase, many commercia devicesare
combining both andlog and digital eectronics onto asingle chip. Asthe complexity of these chips
increases, familiarity with testing mixed-sgna devicesis essentid for the successful entry-level enginesr.
This paper discuss alaboratory curriculum being developed a Texas A&M University designed to
introduce these concepts to students before they graduate. The curriculum emphasizes the use of
standard el ectronics bench equipment combined with additional low-cost persona computer technology
to ensure that al interested academic ingtitutions can afford to offer these [abs,

|. Introduction

With theincreasing use of digital Sgna processng in modern eectronics, the role of mixed-sgnd
components such as analog-to-digita converters (ADC) and digita-to-andog converters (DAC) is
becoming more and more important. These devices are typically combined onto asingle, highly dense
integrated circuit*. As these chips become more complex, familiarity with testing these devicesis
essentid for the successful entry-level engineer. With thisin mind, semiconductor design and
manufacturing companies are looking to educationd inditutions to provide this experience as an integrd
component of an undergraduate curriculum. Industry has even sponsored atextbook specifically about
mixed-signdl testing? to facilitate this. The text, by Mark Burns (Texas Instruments) and Gordon
Roberts (McGill Universty), covers dl agpects of mixed-sgnal test from actual measurement techniques
to the economics of production testing.

Presently, the Electronics Engineering Technology program a Texas A&M University offers two
coursesin mixed-signal test based on this book. The original intent of these courses was to teach test
concepts using a standard production tester donated by Texas Instruments and Teradyne®. The use of a
commercia tester allowed students to become familiar with industry-grade automated test equipment
(ATE). However, the cogt of an ATE, which can easlly be in excess of one million dollars, makesiit
prohibitively expensgive for wide spread academic use. For this reason, alaboratory-based mixed-signal
curriculum is currently being developed that dlows students to experiment with mixed-sgna test
concepts using low-cost equipment.
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The Burns and Roberts textbook previoudy mentioned is being used as atemplate for developing the
laboratory experiments. Each experiment is being devel oped to demongtrate one or more of the
fundamenta concepts presented in the text. One of the mgor problems that arise in the implementation
of mixed-signd labs is that the equipment requirements differ from those for traditiona analog (or digital)
electronicslabs. Therefore, one of the first sepsin this process was to identify the needs of a mixed-
signa bench setup. It was determined that to perform mixed-signal test experiments, the bench
equipment had to provide the ability to source and capture andlog and digital Satic and dynamic signdls,
to perform complex, customizable post-processing caculations, and to rgpidly automate repetitive
measurements. These criteriawere then used to identify possible hardware solutions that could be used
to teach mixed sgnd test.

After making these determinations, the development of a laboratory curriculum centered on
demongtrating various aspects of test was begun. This paper describes the details of this curriculum and
aso provides insghts on how these experiments can be implemented using standard andog and digita
electronics |aboratory equipmen.

[1. The Characterization Curriculum

Since the god of the experiments is to demondtrate the concepts discussed in the text by Burns and
Roberts, the flow of the lab curriculum is designed to track the flow of the book. Table | showsaligt of
the labs currently being developed. Each lab is being designed to be a stland-alone experiment;
however, many of the labs inevitably depend on knowledge gained previoudy to be successful.

While twenty-five separate experiments have been defined, the number could be reduced by combining
consecutive lessons into one laboratory sesson. For example, the three experiments on the FFT could
be shortened and combined into asinglelab sesson.  Similarly, the two experiments on testing digitd-
to-anaog converters (DAC) could aso be combined. Alternatively, this new curriculum could be used
over aperiod of two semesters as atwo-course sequence. In the Electronics Engineering Technology
program a Texas A&M Universty, two separate courses are currently being taught. Thefirst course
covers the materid through Chapter 8 and the second covers the balance of the materid.

Though the labs are being designed specifically for teaching mixed-signd test, many of the concepts
discussed here are useful as general materid on eectronicstesting. Traditiona eectrica engineering and
engineering technology courses use labs to demondrate analysis and design techniques. Unfortunatdly,
the concept of learning how to use laboratory instrumentation and perform meaningful measurementsis
typicaly of secondary importance. Students are often taught the minimum testing skills necessary to
successfully complete their labs. In addition, some of the measurements they learn to make are
frequently taught incorrectly. For example, few students learn that the correct method for making DC
gain measurementsisto use G = DV,/DV;, (atwo point measurement) instead of Smply using G =
Vou/Vin (@sngle point measurement). They aso rardy get experience with measurement detistics and
noise reduction techniques. By integrating some of these experiments into both standard andog and
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digitd dectronics courses, aconcept as fundamentd as learning the importance of making vdid
measurements can be taught.

Table | — Comparison of the mixed-signal test lab curriculum to the text by Burns and Roberts.

Textbook Chapters L aboratory Experiments

1—Overview of Mixed-Signal Testing  ---

2 - The Test Specification Process

3 - DC and Parametric Testing L1 - Continuity Testing
L2 - Regulator Testing
L3 - Making Impedance M easurements
L4 - Measuring the DC Gain and Offset of Devices
L5- DC CMRR and PSRR Testing

4 — Measurement Accuracy L6 - Quantifying Measurement Error through Statistics
L7 - Using of Filtering to Increase M easurement Repeatibility

5- Tester Hardware

6 — Sampling Theory L8 - Using the Fourier Transform

7 - DSP Based Testing L9 - The FFT and the Effects of Aliasing
L 10 - The FFT and the Effects of Noncoherent Sampling
L 11 - Synchronizing Signal Sources and Digitizers
L 12 - Making Meaningful Noncoherent M easurements

8 — Analog Channel Testing L 13 - Using Multitones to Make Frequency Response M easurements
L 14 - DSP Based Distortion and Noise Testing
9 — Sampled Channel Testing L 15 - Setting up Digital Patterns
10 — Focused Calibrations L 16 - Using a Focused Calibration to Transfer Instrument Accuracy
11 - DAC Testing L17- DC and Linearity Testing of DACS
L 18 - Alternative DAC Linearity Testing Techniques
12 — ADC Testing L 19 - The Statistical Nature of the ADC

L 20 - Search Techniques and ADC Linearity Testing
L 21 - ADC Testing using Histograms

13-DIB Design L 22 - Propagation Delay and Termination Effectsin Transmission Lines
L 23 - Time Domain Reflectometry

14 —Design for Test

15-DataAnalysis L 24 - The Use of Guardbanding
L 25 - Statistical Yield Analysis and SPC Methods

16 — Test Economics

[11. Required Measurement Equipment

Before labs could be designed, a bench setup that could be used for mixed-signd test experiments had
to be configured. Typica analog eectronic lab experiments usudly rely on four pieces of sand-aone
bench equipment: an oscilloscope, a power supply, awaveform generator, and amultimeter. The
experiments are designed to alow students to take individual measurements and then post-process the
data later when writing the lab report. 1t is becoming increasingly common to find computers
incorporated into the lab station so that students can generate lab reports dynamically and so that they
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can use support software such as MS Excel for entering data or PSPICE for comparing Smulations to
actual measurement results.

In contrast, mixed-signd testing requires a more flexible bench setup. Thisis because many experiments
require the ability to work with both DC and AC andog and digitd sgnds Ssmultaneoudy, the ahility to
perform large numbers of repetitive measurements rapidly (ie, 256 measurements when testing an 8-bit
DAC), and the ability to manipulate large amounts of data. To accommodate these requirements, the
followmg fundamenta pieces of equipment were identified:
An andog source ingrument: For sourcing both precison DC and AC voltages. The instrument had
to have enough resolution to measure 8-bit mixed-sgnal devices.
An andog capture insrument; For digitizing both DC voltages and dynamic waveforms. Again, the
resolution had to be good enough to measure an 8-bit mixed—-signal device.
A digita source instrument: For sourcing both static digita codes and synchronous digita
waveforms. The ingrument had to have aminimum of eight digital channels. Because some devices
have a serid interface, the source had to be fast enough to source eight-bit, serid signals as well.
A digita capture instrument: For capturing both static digita codes and digitd waveforms with
gmilar condraints as above.
An automated measurement controller: For remotely controlling the measurement instrumentation
and for post-processing captured data. The controller aso needed to use a flexible programming
environment where students could make customized measurements during the lab.

With thisin mind, severd options ranging from the congtruction of a dedicated micro-controller based
measurement platfornt' to the use of separate pieces of networkable, high-end bench equipment were
explored. Thefind solution optimized cost while maintaining versatility and ease of implementation.
Table 2 summarizes the equipment identified as necessary for a complete mixed-sgnd test bench setup.
The cost per bench for this type of setup runs between $5000 and $11,000. While thisis till
expensve, aten dation laboratory is fill afraction of the cost of asngle ATE. Also, aninformd survey
of severd dectrica engineering and engineering technology programs showed that most inditutions
aready have computers and GPIB programmable bench equipment as part of their slandard analog
electronicslab. Thismeansthat the only additiona equipment needed was the PC-based data
acquisition and GPIB cards.

With this equipment, al of the measurement requirements are stisfied. The PCI 6052 is amultifunction
data acquisition card compatible with standard persond computers. The card has the ability to digitize
and source sgnaswith 16-bit resolution. Thisis more than sufficient for testing standard 8-bit mixed-
sgnd devices. Optiondly, one can use an arbitrary waveform generator such as the 33120 (since many
electronics |abs dready have one of these) for sourcing analog waveforms and then purchase aless
expensve data acquisition card such as a PCl 6024 for capturing anadlog waveforms and for sourcing
DC voltages. On the digitd sde, the PCI DIO 32HS isrequired if one wishes to perform dynamic tests
on mixed-sgna devices (ie, STHD or SNR measurements), otherwise the datic digita lineson a
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standard multifunction data acquisition board can be used.

Table 2 — Bench equipment needed for performi ng mixed-s gnd test experiments.

Controller Pentium 111 Personal Computer with LabVIEW (Nationd Instruments) and a
PCl GPIB interface (Nationd Instruments)
Analog Source PCI 6052 (Nationd Instruments) — Twol16-bit D/A Andog Output Channels
OR
33120A (Agilent) — 15 MHz GPIB Arbitrary Waveform Generator *
Analog Capture PCI 6052 (Nationa Instruments) — Sixteen 16-bit A/D Digitizer Channels (can
a0 be configured as eight differentid channd9)*
OR
PCl 6024 (Nationd Insruments) — Eight 12-bit A/D Digitizer Channdls
Digital Source PCI DIO 32HS (Nationa Instruments) — Thirty-two digita channelsthat can
be configured as ether digita inputs or outputs.*
OR

PCI 6024 (Nationa Instruments) — Eight channels configurable as
asynchronous inputs or outputs.

Digital Capture Same as above

Power Supply E3631 (Agilent) — GPIB Controlled Triple Output Power Supply

Optional Equipment 54645 (Agilent) - Mixed-Signal Oscilloscope or any digital oscilloscope with
10 nsresolution

* - currently being used & A&M

Because experiments such as measuring power supply regjection ratio require the ability to change power
supply voltages, a networked power supply such as the E3631 is required. Finaly, optiona equipment
such asagood digita oscilloscope alows students to make timing measurements such as propagation
delay aswell asinvestigate concepts such as transmission line reflections. A picture of the complete
equipment setup can be seen in Figure 1. The protoboard seen in this figure has been populated with
common mixed-signa circuits and can be used during lecture to demondgtrate test concepts.

The controller was chosen to be a standard persona computer running Windows. This choice alows
students access to software packages such as Microsoft Word, Microsoft Excel, and Orcad PSPICE
a the same workgation. The LabVIEW virtud instrumentation environment was chosen because it
alows the development of intuitive graphica user interfaces. An example of thisis the digital-to-analog
converter test program interface seenin Figure 2. As one can see the graphica user interface isflexible
enough to dlow students to dynamicadly experiment with different test methodologies.
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Figure 1. Picture of acomplete lab station currently being used to ddiver the mixed-sgnd laboratory
curriculum.
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Figure 2. Linearity testing of a digital-to-analog converter.
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The LabVIEW environment dso gives sudents a flexible, intuitive programming environment for
designing new experiments and modifying existing mixed-sgnd test experiments. LabVIEW’s
graphica programming environment and use of modular subroutines made it easy to design experiments
where students had to supply a particular part of the program, such astheir own data processing
routine. LabVIEW dso supportsdriversfor al of the equipment discussed above, GPIB
communications, and a comprehensive library of data post-processing subroutines (ie, FFT routines,
time-domain windowing, histogram routines, etc.) needed for making mixed-sgnad measurements.
Finally, because students in the Engineering Technology program are exposed to LabVIEW in other
classes, this choice had the advantage of not introducing a new learning curve into the class.

V. Conclusons and Future Work

Through the use of these experiments, students are being introduced to concepts that they would not
normaly see in astandard analog electronics laboratory. The response of the students to the new labs
has been excdlent and after working through the concepts presented in the classroom, students are
demondtrating a better comprehension leve of the materid. Additionaly, while these experiments are
being designed specificaly to better prepare students entering the fidd of test engineering after
graduation, they are useful in giving al students a much better understanding of measurement concepts.
While students normaly learn to make simple measurements as a by-product of sandard anadlog and
digital labs, these experiments are specificaly designed to teach the theory and implementation of most
common measurements.

To continue thiswork, each of the discussed experimentsiis tested both in the lab and in a classroom
setting.  Student and ingtructor feedback is then used to make continua improvements. Industry
feedback is dso being solicited. Findly, work is till continuing on the development of a complete
stand-adone, low-cost mixed-signal tester. Thistester has atargeted cost of $500 and will reduce the
overdl cost of acomplete bench setup substantially.
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