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A test synthesis and analysis system for teaching graduate and undergraduate courses in integrated circuit design and test has been created at Tallinn Technical University, Estonia. The system called Turbo Tester (TT) implements different methods for test pattern generation, fault simulation and testability  analysis. Different fault models (stuck-at faults, delay faults, stuck-opens) are covered. Tools for built-in self-test (BIST) simulation and quality analysis have been implemented. The system is being used for education in several universities in different countries.





1.	Introduction





The cost of testing has become a significant part of the total cost of electronic products. This is the reason why design for testability (DfT) and test are receiving more and more attention in the electronics community. Hence, the curricula in computer and electronics engineering should incorporate a greater emphasis on DfT and on the concepts of digital testing. Young engineers should be trained on integrating design and test. Teaching in this domain should be facilitated by using integrated CAD tools that support test pattern generation, fault simulation and fault grading, testability analysis, DfT and built-in self-test (BIST).


Traditional VLSI design systems on workstations are both costly and unable to handle large numbers of students simultaneously in educational courses. During the recent years, many different low-cost tools running on PCs have been developed to fill this gap. They include usually the major basic tools needed for IC design: schematic capture, layout editors, simulators and place and route tools. Low-cost systems for solving a large class of tasks from the test area - test pattern synthesis and analysis for different classes of faults, calculating testability measures, analysing the quality of BIST structures, especially for teaching purposes, are missing.


A CAD system Turbo Tester� [5] has been developed for solving these tasks of the test area, and to fill the above mentioned gap. It has been installed on IBM PCs for teaching graduate and undergraduate courses in design for testability and test of digital electronics in several universities. TT is an easy-to-learn, easy-to-set-up and low-cost system. 


The package has interfaces to commercially available VLSI design tools like Cadence, Synopsys, Mentor Graphics, Viewlogic, Compass, OrCAD, ASYL+, Dixi-CAD etc. It includes a large set of tools as implementations of different methods of test synthesis and analysis. TT is convenient for teaching purposes, as it offers the possibility to compare different methods and approaches for solving similar types of test tasks.





2.	Basics





All the tools in Turbo Tester are based on the representation of digital circuits in the form of structural alternative graphs (AG) [1]. AGs allow a uniform approach for solving a wide spectrum of test design tasks, based on a uniform model and a restricted set of standard procedures. Unlike the similar binary decision diagrams (BDD) [2], AGs support test design for gate-level structural faults (whereas BDDs allow only getting functional tests with no straight correspondence in respect to given gate-level implementations). Moreover, AGs allow the migration of the methods developed for the logical level also to higher functional, procedural and behavioural levels.


There are two general shortcomings in traditional test design approaches. First, test generation for digital systems represented at different levels (behavioural, procedural, functional or gate level) needs for each level a different language and different mathematical tools, which makes it impossible to handle mixed-level representations by the same theoretical basis. Second, different test design tools (implementations of different methods for test generation, two- or multi-valued simulation, test quality analysis, statistical fault grading, testability analysis etc.) require different models for representing design components in the form of functions, algorithms, operators or rules (described in different languages) for solving corresponding design subtasks for components. As a result, a lot of different forms of models are needed, specified for different tasks or also different solution approaches.


In Turbo Tester, only a single model in the form of AGs is needed, which is uniform for all algorithms of test generation, fault analysis (by deductive or critical path tracing approaches), multi-valued simulation, calculation of testability measures etc. The set of tools in TT is open and can be easily extended. Extensions will be supported by the generality of representing circuits by AG models. At present, TT is supporting only the logic level design representations (combinatorial and scan-path sequential designs), however, generalisation of this approach for functional and behavioural levels of digital systems has been made. The corresponding tools are under development and are going to be included into TT.


�
3.	Main Functions and Tools





In Turbo Tester, different methods for test pattern generation (random, deterministic, mixed), fault simulation, multi-valued simulation (for supporting hazard analysis and dynamic testing of statically redundant faults), test quality evaluation (deductive and parallel critical path approaches), fault detection probability calculation and testability  analysis are implemented. The fault classes considered include stuck-at faults and transition faults (delay faults, stuck-opens). The tools for BIST simulation  and quality analysis are implemented. Different structures for BILBO, circular self-test path and "store and generate" approaches can be simulated, evaluated and compared. 





System Environment





Turbo Tester has a character-mode object-oriented user interface, which confirms with the Common User Access (CUA) standard and runs under DOS operating system. The environment can easily be executed in the MS Windows’ DOS box. It has following features: Comprehensive on-line help, Full mouse support, Text editor, Extended video text modes, Menus, including local pop-up menus, giving instant access to all important functions of the Turbo Tester.





Laboratory Works





On the basis of Turbo Tester software an advanced laboratory course has been developed whose aim is to teach and train students to integrate design and test, and to give them knowledge on how to create testable designs or designs with self-testing capabilities and how to obtain test patterns of better quality. The course has been introduced into the curricula at the Technical University of Tallinn and has gained a great popularity among students. The course has received good credits from students of Michigan State University, the software has been used in laboratory training in universities in Finland and Sweden, and it has been recommended for teaching design for testability in universities of United Kingdom. 


The testing course held in Helsinki University of Technology was evaluated by the third year electronics students who attended it. All of them found the course to be at the right level for them. The students also marked that the subject was new and not covered by any other courses. Overall rating, given by the students for the course, was ‘good’. 





�
6.	Conclusions





A PC-based system Turbo Tester, offering a reasonable complete and diverse set of tools for test generation, fault simulation, testability analysis and built-in self-test quality estimation, has been successfully introduced into the university teaching process at the Technical University of Tallinn and in several universities in different countries. A laboratory course based on this set of tools has been developed. The set of tools in TT is open and can be easily extended, using the universality of representing circuit models by alternative graphs (AG). At present, TT is supporting logic level, however, the generalisation of this approach for the functional level of digital systems has been made and the corresponding tools are going to be included into TT. 
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� You can get information about Turbo Tester from http://www.pld.ttu.ee/tt/TurboTester.html
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