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Testability of Digital Systems

Å Technology advances have enabled the implementation of 

complex digital systems in single chips, reducing size and power

consumption

Å This has intensified the complexity and the cost of testing such

chips to verify that they function correctly

Å As the result, special design techniques have to be used to make

a chip fully testable

Å This course is about these techniques

The course have been given annually also in the International Summer School at 

TU Darmstadt in Germany since 2002 already more than 15 years
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Computers and Embedded Systems

Universal 
computers

1%

Microprocessor 
market share s

9 9 %

We notice our dependency on 

electronics only when it suddenly 

gives up to work
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Embedded systems
99%
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Why testing is important ?

4

ÒTiina Ubar

We depend too much on 
computers and on the technical 
systems controlled by computers
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1945 in Harward
ñHey, we actually 

found a bug that was 

a real bug!ò

A bug landed 
between two relais 
contacts, and 
caused an electronic 
bridge:

A bridging fault  

Computer History: The First Computer Bug
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V From the whole cost of car 40%
goes for electronics and software

From that

Â 60% for software

(25% from the whole cost of car )                                                

Â 40% for hardware

(15% from the whole cost of car )                                               
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V From the whole cost of software design               
50% goes  for fault diagnosis and repair (10 - 15%)

V From the whole cost of hardware design              
70% goes for fault diagnosis and repair (10% )

The cost of fault 
diagnosis is about  
20 - 25% from the 

whole cost of the car

Test is costly and still produce no value , except trust 

Why thinking about test is important ?
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Why DFT is important ?

V The main property of 
todayôs systems is 
COMPLEXITY

V To manage the complexity 
we have to know methods 
like:

V - abstraction

V - modeling

V - simulation

V - hierarchical              
Ădivide and conque rñ

V - ...
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Cooperation in the Fields of Design & Test

Designer to Test engineer:

Å Check if all my implemented 

functions are working

Test engineer answers:

Å Redesign the thing, so that it 

were testable, I cannot access 

to the pins I need

Paradigm change: Design for testability

??
H.-J. Wunderlich, U Stuttgart
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Design and Test as Reverse Problems

Difference between design and 
design for test

V Design ïis the field of direct
problems

V Design for Test - is the field of 
reverse problems

V The central question of the
diagnosis and DFT is ïWHY?

V This is the general question
of every creative engineer

V How ? ïis technical question
and problem

9
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Diagnosis as Reverse Problem to Design

10

Y, dY 

X 

Diagnosis model:     
(reverse problem)

dX = F-1(X,dY)

Task Given Find

Test synthesis dX X

Test analysis X dX

Testing model:

dY = F(X,dX) = 1

System model:

Y = F(X)F(X)
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About the Course

Å This course is an introduction to fault diagnosis and self-testing of digital 

systems. More difficult than to create a system is to guarantee that the 

designed and implemented system is correctly functioning

Å Fault diagnosis is a reverse task to design, and has the target to answer the 

question, why a system is not working properly

Å Self-testing system is the prerequisite of dependability of the technical world 

around us

Å The difference between a programmer and a test engineer is that the 

programmer can write a software only for a computer that is working, 

whereas the test engineer must be able to program any faulty computer 

while the number of possible faults is infinite

Å This course is about how to program a faulty computer
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Design for Testability

Lectures

ÅTestability of Digital Systems

ÅDesign for Testability Methods

ÅBuilt-in-Self-Test/Diagnosis - BIST/BISD

Practical Works

ÅTwo laboratory Works (Begin: 19.09)

ÅCourse work

Exam
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Why the topic of DFT is important ?

V To learn logic by mastering the 
problems of diagnosis

V The most difficult logic in the 
technical world is the logic of 
digital systems

V Even more difficult is the 
logic of diagnosis

V This is the reason why the best 
way to learn technical 
diagnostics is to use as 
objectives the digital systems

V The abstraction and reality are 
in digital systems nearly in 
one - to -one relationship

System YX

X ­ 2 64 = 18 446 700 000 000 000 000 º10 19

Y

X

Three 

measurements 

is OK

Analog system (amplifier):
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Difference between Testing and Diagnosis

Testing and diagnosis are not 

distinguishable

1 2 3

Displaying the structure of the 

system makes diagnosis 

possible

System
as black box

1 2

3

Feedback loop is the headache 

of testing and diagnosis

Huge number of components with a 

complex and deep nested feedback 

structure introduces the problem of 

complexity
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Terminology: Verification, Validation, Testing

Specification

Hardware description 

languages (VHDL)

Implementation

VLSI Design,      

System on Chip

Manufacturing

CMOS

VLSI Design Flow

Testing

Verification

Validation

Verification is 
to check the 
consistence 
between the 

individual 
development 

phases

Validation is 
checking the 

system whether it 
conforms to the 

user 
requirements

16
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Practical Importance of Testability?

V To improve the manufacturing
processes and to increase the yield

V To design reliable systems out of not 
reliable components which leads to 
the need of fault - tolerance

V Field diagnosis as the traditional task

V The Rule of Ten is the Sword of 
Damokles 

V The increasing complexity of VLSI 
circuits has made test and diagnosis 
the most complicated problems in 
digital design

17

Automated diagnosis is 

needed
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Position of DFT in Dependability of Systems

There is no sequrity

on the earth,

there is only oportunity
Douglas McArthur             

(General)

Dependability

Reliability Security                 Safety

Test Diagnosis

Design for testability:

Test

Fault Diagnosis

BIST/BISD ïBuilt-In Self-Test/Diagnosis

Fault-Tolerance

Self-Repair
Dependability

18
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Test Related Tasks, Data and Tools

Test

System

Fault 

dictionary

System 

model

Test generation

Fault simulation

Test 

result

Fault diagnosis

Go/No go 

Located defect

Test 

experiment

Test tools

(BIST)
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Goals of the DFT Course

Å To give the basic knowledge: 

ï How to improve test quality at 
increasing complexities of  systems?

Å This knowledges includes 

ï understanding of how the physical 
defects can influence on the behavior   
of systems, and what is diagnostic 
modelling

ï learning fault simulation, test  
generation and fault diagnosis

ï understanding the meaning of  
testability

ï learning the basic methods of 
making systems self-testable

Å The goal is also to give some hands-on 
experience of solving test related 
problems

20
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What is a Test?

Test

results

Processor

Test-

program

12 + 10 = ?

22

Diagnosis

How many 

test patterns 

are needed 

to test an adder?
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Adder

10011011 11010010

32 bit adder has 64 inputs

The number of all possibile test patterns is

264 = 18 446 744 073 709 551 616 º1019

Complexity vs. quality in Testing

1 GHz processor will need

264 = 18 446 700 000 º1010 sec   

or 584 years

Mikroprocessor

in the factory is tested

only with 10 sec

How about the quality 

of test in this case? 22




