PAGE  
11
                                                                          “Design-For-Testability and JTAG Technology” course


  Title of course:                  Design-For-Testability

                   and JTAG Technology 

                         Course No. 67703 
   Lecturer and lab instructor:                Dr. Ami Gorodetsky
Short advertisement

Design-For-Testability (DFT) is a key concern during the hardware development and 

one of the main considerations taken by design engineers when designing device (IC, ASIC, SOC), circuit board (PCB), and electronic system. The DFT techniques are design efforts specifically employed to ensure that an electronic device, board or system are testable, as well as suitable for many kinds of on-board and on-system activity (CPLD and FPGA configuration, Flash programming, etc).

Boundary-Scan (JTAG) technology (IEEE 1149.1 Standard) provide overwhelming competitive benefits for IC, board, and system developers and manufacturers. The acceptance of this technology in electronics industry has grown steadily. The increasing use of BGA packaging and other difficult-to-access device packaging styles accelerated the adoption of JTAG technology that is now clearly in the mainstream. The new IEEE 1149.4 Standard that has become known popularly as “Analog Boundary-Scan”, as well as the newest IEEE 1149.6 Standard “Advanced Boundary-Scan” are on the scope of this course too.

The mixture of theory and practical demonstrations, as well as exhaustive lab workshop with true ASSET ScanWorksTM Test Station and real-life demo circuit boards are as close to the practice as possible.
Brief description of the course

Design-For-Testability (DFT) is a key concern during the hardware development and 

one of the main considerations taken by design engineers when designing device (chip, IC, ASIC, SOC), circuit board (PCB), system. The DFT techniques are design efforts specifically employed to ensure that an electronic device, board or system are testable, 

as well as suitable for many kinds of on-board and on-system activity (CPLD and FPGA configuration, Flash programming, etc). The testability of a circuit is an abstract concept that deals with a variety of the costs associated with testing and design. Today, design and test are no longer separate issues. The emphasis on the quality of the shipped products, coupled with the growing complexity of board designs, require testing issues to be considered early in the design process so that the design can be modified to simplify the testing.

Boundary-Scan (BS) technology and IEEE 1149.1-compatible board designs provide overwhelming competitive benefits for board and system manufacturers. These benefits come in the form of faster time-to-market, shorter programming time, and lower tester cost. Faster time-to-market results come from time savings in two traditional areas that typically act as gates to the new product introduction process: prototype debug time and test program development time. Since BS software and the IEEE 1149.1 standard can help to shorten both of these activities, they can speed time-to-market. Faster programming time results from the automated programming that can be achieved with BS-compatible designs. The new IEEE 1149.4 Standard that titled “Mixed Signal Test Bus” but has become known popularly as “Analog Boundary-Scan”, as well as the newest IEEE 1149.6 Standard that titled “Testing Advanced I/O” but has become known popularly as “AC EXTEST” are on the scope of this course too.

The modern electronic testing has a forty year history. Test professionals hold some fairly large conferences and numerous workshops, have a journal, and there are over one hundred books on testing. Still, a full course on modern electronic testing or partial course on DFT and Boundary-Scan technology is offered only at a few universities worldwide (no in Israel right now), mostly by professors who have a research interests in this area.

This one-semester course (56 hours) is aimed at undergraduate students in the electrical and electronic engineering, as well as QA, who may concerned with the practical problems of competing successfully in the face of rapid-fire technological change in Israeli High-Tech. Since many of these changes affect our ability to do testing and hence cost-effective production, the “Design-For-Testability and JTAG Technology” course attempts to motivate proper expectations and explain how to do it successfully. The mixture of theory and practical demonstrations, as well as exhaustive lab workshop with true ASSET ScanWorksTM Test Station and real-life demo circuit boards are as close to the practice as possible. The course colour and animated slides (Microsoft PowerPoint) are presented in English. Explanations and oral communication are provided in Hebrew.

          Syllabus overview of the course 

# 1 day #

            1. Introduction
1.1      About the Lecturer

1.2 Course Outline

1.3 Work Expected of Students

1.4 Course Lab Workshop

1.5 Course Project

1.6 Boundary-Scan (JTAG) Technology

1.7 Boundary-Scan Companies

1.8 Recommended Textbooks

1.9 Useful Web Sites

            2. Structural Test and Testability Definitions
2.1      What’s Happening In Board Design?
2.2      What’s Happening In Board Manufacturing?
2.3      What’s Happening In Board Test?
2.4      The Testing Problem In Modern Boards
2.5      Lack Of Access In Modern Boards
2.6      Modern IC Package Types 
2.7      Board Manufacturing Defects
2.8      Typical Defect Distributions (a)
2.9      Some Typical Defects
2.10    Typical Defect Distributions (b)
2.11    Review of Test Objectives

2.12    Definitions

2.13    Evolution In Structural Test Methods
2.14    How Do We Compute Fault Coverage ?
2.15    Cost of Finding Defective ICs
2.16    What Is Testability?
2.17    Testability: a General Definition
2.18    Design_for-Testability Definition

2.19    Controllability and Observability (1)
2.20    Controllability and Observability (2)

2.21    Design and Test Flow: Old View
2.22    Design and Test Flow: New View
2.23    DFT Methods
# 2 day #
            3. Failures & Fault Models

3.1    Terminology
3.2    Stuck-at Fault Model
3.3    Origins of Stuck-at Fault Model

3.4    Stuck-at Fault Test 

3.5    Bridging Faults (Shorts)
3.6    Fault Equivalence

3.7    Equivalence Example

3.8    Multiple Stuck-at Faults

3.9    Mutual Fault Masking 

3.10  Transistor (Switch) Faults 

3.11   Stuck-Open Example 
3.12   Stuck-Short Example

3.13   Propagation Delay Fault 

3.14   Intermittent Faults
3.15   Pattern Sensitive Faults
3.16   Parametric Faults
3.17   Conclusion
3.18   Summary

            4. Principles of Test Pattern Generation (Combinational)
4.1     Combinational Circuits: Functional Test
4.2     Combinational Circuits: Structural Test
4.3     Structural Test Methodology  
4.4     The Sensitive Path Concept 
4.5     A More Complex Example: 5 Gates 
4.6     The D Notation 
4.7     D-Cube Notation 
4.8     Fault Propagation 
4.9     Concatenating D-Cubes
4.10   Example of D-Algorithm (1)
4.11 Example of D-Algorithm (2)
4.12 Summary

# 3 day #
              5.  Principles of Test-Pattern Generation (Sequential)

5.1      The Nature of a Sequential Circuit

5.2 Creating Tests For Sequential Circuits

5.3 Concept of Time-Frame

5.4 Time-Frame vs. Simulation-Based

5.5 Functional Behaviour

5.6      JK-FF Test Strategy

5.7      Shift  Register Example

5.8      4-Bit Counter Example
5.9      Methodology For Test Program Development

5.10     Functional + PR + Deterministic Strategy

5.11     Summary
            6. RAM Fault Models and Test Strategies

6.1    Memory Types: SRAM 
6.2    Memory Types: DRAM

6.3    Memory Types: ROM

6.4    Memory Cells For Chip  

6.5    Functional  SRAM  Model 
6.6    RAM Failure Mechanisms 
6.7    RAM Failure Modes (1) 
6.8    RAM Failure Modes (2) 
6.9    Simplest RAM Test Algorithms 
6.10   GALPAT Test Algorithm 
6.11   Walking 0s and 1s Test Algorithm 
6.12   March Test Algorithm

6.13   March Test Defect Coverage

6.14   Detection of Pattern-Sensitive Faults
           7. Automatic Structural Test Equipment - a Brief Review

7.1     In-Circuit Test Principle (1, Analog)
7.2     In-Circuit Test Principle (2, Analog)
7.3     In-Circuit Test Principle (3, Analog)
7.4     In-Circuit Test Setup (Logic)
7.5     Portion of an ICT Fixture
7.6     ICT Fault Coverage
7.7     In-Circuit Testers
7.8     Test Coverage Optimization & ICT Pads
7.9     Flying Probe Testers

7.10   Flying Probe : Layout DFT Rules

7.11   Automated Optical Inspection (AOI)

7.12   X-Ray Inspection 
7.13   X-Ray Inspection: Examples
7.14   Boundary-Scan Test  & On-Board Programming Systems
7.15   Production Line Test Stations

# 4,5 days #

            8. IEEE 1149.1 Device Architecture
8.1    What Is JTAG ?
8.2    IEEE 1149.1 Device Architecture
8.3    TAP Controller Global View
8.4    TAP Controller State Diagram
8.5    The Instruction Register (IR)
8.6    Selecting the Instruction Mode
8.7    The Instruction Set
8.8    Using the Instruction Register
8.9     Use of the “Capture 01” Mode
8.10   The Bypass Register
8.11   The Bypass Register Waveforms
8.12   The Identification Register
8.13   Identification Format
8.14   Use of the LSB=1 Feature
8.15   The Boundary-Scan Register
8.16   Providing Boundary-Scan Cells
8.17   Basic I/O Boundary-Scan Cell
8.18   A Reason for the Hold State
8.19   Basic Input Boundary-Scan Cell
8.20   Basic Cells Definitions: BC_1
8.21   Basic Cells Definitions: BC_2
8.22   Basic Cells Definitions: BC_3
8.23   Basic Cells Definitions: BC_4
8.24   Basic Cells Definitions: BC_5
8.25   Basic Cells Definitions: BC_7
8.26   I/O Wrap With 1149.1

8.27   2001 Basic Cells: BC_8
8.28   2001 Basic Cells: BC_9
8.29   2001 Basic Cells: BC_10
8.30   Mandatory Instructions
8.31   Non-Invasive Instructions:  SAMPLE & PRELOAD (1)                                 
8.32   SAMPLE/PRELOAD Instruction Waveforms
8.33   Non-Invasive Instructions:  SAMPLE & PRELOAD (2)

8.34   Test Mode Instruction: EXTEST  (1)
8.35    EXTEST  Instruction Waveforms
8.36   Test Mode Instruction: EXTEST  (2)
8.37   Boundary-Scan Fault Coverage: EXTEST
8.38   Board Level Interconnection Test 
8.39   Device Level DC Parametric Test 
8.40   Test Mode Instruction: INTEST  (1)
8.41   Test Mode Instruction: INTEST  (2)
8.42   Boundary-Scan Fault Coverage: INTEST
8.43   The  RUNBIST  Instruction
8.44   The  CLAMP  Instruction

8.45   The  HIGHZ  Instruction

8.46   Boundary-Scan as Internet of Design & Test 
            9. Boundary-Scan Description Language (BSDL)

9.1    What Does BSDL Provide ? 
9.2    BSDL Structure And Lexical Elements 
9.3    The ENTITY Description 
9.4    GENERIC, PORT, and USE Statements 
9.5     Package Pin Mapping 
9.6     Scan Port Identification 
9.7     Device Dependent Descriptions 
9.8     Boundary Register Description 
9.9     Cell Description Symbols 
9.10   Compliance Enable Pin Control 
9.11   Design Warnings 
9.12   Verifying BSDL Accuracy 
           10.  Serial Vector Format (SVF)
10.1 What is SVF ?                

10.2 SVF Structure 

10.3 SVF Commands  

10.4 SVF Example    

10.5           SVF : Pro & Contra  

# 6 day #

         11. Boundary-Scan Test Applications at the Board Level

11.1    Activity Flowchart
11.2    Scan Path Integrity Test 
11.3    Interconnection Test 
11.4    Interconnect Fault Classes
11.5    Interconnect Fault Coverage
11.6    Interconnect Fault Classes (Examples) 
11.7    Transparent Components
11.8    2.5 TCK Cycles Problem
11.9    Cluster Models
11.10   Handling Non-Boundary-Scan Clusters
11.11   Memory Interconnect Testing
11.12   Assembling a Test Program: Tool Flow
11.13   In-System Programming (1)
11.14   In-System Programming (2)
11.15   ISP Systems
11.16   Concurrent  Programming 
11.17   Flash On-Board Programming: Pro & Contra
11.18   Basic Boundary-Scan Flash Programming
11.19   Flash: Safe State, Reset, Erase
11.20   Flash: Program, Verify
11.21   Programming Time Calculation
11.22   Flash Bus Cycles Comparison
11.23   Testing Flash Interconnections
11.24   Read Only Flash Test
11.25   Read ID Flash Test
11.26   Static Component Interconnect Test Technology (SCITT) Concept 
11.27   Testing With SCITT
11.28   Does Boundary-Scan Make Sense to You ?
# 7 day #
            12. Boundary-Scan DFT Techniques at the Board Level

12.1    Initial Reset State and Chain Configuration 
12.2    TAP Signals Distribution 
12.3    TAP Signals Buffering 
12.4    Common Bus Conflicts 
12.5    Non-Boundary-Scan Clusters
12.6    Active Connector Test
12.7    Memory Access Verification
12.8    On-Board Clock Generator Control

12.9    DRAM Testing Environment 

12.10   Memory At-Speed BIST
12.11  Design For Programmability
12.12  Isolation For DSP Emulation
12.13  Concentration Of Controllability
12.14  Comparison of /WE and RDY/BSY Control
12.15  Eliminating WE Signal Contention
12.16  Use of SPL to Access a Flash
12.17  Chain Configurations
12.18  Flash Programming Through EFC
12.19  Some Specific Circumstances
12.20  Different Logic Families Compatibility (1)
12.21  Different Logic Families Compatibility (2)
12.22  System Level Boundary-Scan Implementation 
12.23  BIST With Embedded Controller
12.24  System Level Support Devices
12.25  DFT Ad-Hoc Checklist – DO !
12.26  DFT Ad-Hoc Checklist – DON’T !  
12.27  Boundary-Scan DFT Checklist
# 8 day #
            13. FPGA Boundary-Scan DFT Techniques 

 13.1    FPGA Configuration
 13.2    FPGA Reconfigurable I/O Considerations 
 13.3    FPGA Xilinx Virtex-II ProTM Platform
 13.4    Virtex-II ProTM PPC405 Debug Logic
 13.5    Board Level Wiring to PPC405 JTAG
 13.6    Serial Chaining Ports

 13.7    Two Independent Ports

 13.8    PPC405 JTAG Debuggers
# 9 day #

            14. Analog and Mixed-Signal Boundary-Scan Technology

14.1   The 1149.4 Mixed-Signal Test Bus Standard 
14.2   The Simplest Concept of 1149.4
14.3   Interconnections and Some Possible Defects 
14.4   Why We Still See Discrete Components ?
14.5  General Architecture of 1149.4 Device 
14.6   Instruction Set of 1149.4 
14.7   TBIC Switching Structure
14.8   Switches Parameters Comparison 
14.9   Control Structure for TBIC Switches 
14.10  Logic Equations For TBIC Switch Control
14.11  TBIC Switching Patterns
14.12  TBIC Functions
14.13  ABM Switching Structure
14.14  Control Structure for ABM Switches 
14.15  Logic Equations For ABM Switch Control
14.16  ABM Example 
14.17  ABM Functions
14.18  ABM – TBIC Switches 
14.19   PROBE  Instruction 
14.20  The  EXTEST  Utilization Setup
14.21   DC Measurement : Step 1
14.22   DC Measurement : Step 2 
14.23   DC Measurement : Results 

14.24   DC Measurement: Case Study
14.25  AC Measurement: Case Study
14.26  Pins-Out View (Digital  EXTEST) 
14.27  Pins-Out View (Analog  EXTEST) 
14.28  Pins-Out View (Digital  INTEST ) 
14.29  Pins-Out View (Analog  INTEST ) 
14.30  Mixed Boundary-Scan Chains 
14.31  National & LogicVision STA400 Features 
14.32  BSDL of STA400 – The First Example 
14.33  Summary 
# 10 day #
            15. Testing Advanced I/O (IEEE 1149.6 Std)
15.1   Traditional Inter-IC Communication

15.2   Ground Bounce

15.3   Differential Driver/Receiver

15.4   AC Coupled LVDS

15.5   A Dot-6 General Concept

15.6   Test Modes and Instruction Set

15.7   AC Pin Output Data Cell

15.8   AC Pin Driver Waveforms

15.9   AC/DC Selection Cell

15.10 AC Pin Receiver Cell

15.11 AC Pin Pair Test Receiver Cells

15.12 AC Test Receiver

15.13 BSR Cells For Dot-6

15.14 Further Steps 
# 11 day #
          16.  Systems-On-Chip (SOC) Hierarhical Core DFT   
16.1 SOC Architectural View     

16.2 What Are the Test Problems?    

16.3 SOC Test vs. PCB Test    

16.4 IEEE P1500 Embedded Core Test     

16.5 P1500 Architecture     

16.6 Core Interfaces     

16.7 P1500 Wrapper Boundary Register    

16.8 Boundary Cell Structure     

16.9 Wrapper Cell Test Functions: INWARD    

16.10 Wrapper Cell Test Functions: OUTWARD    

16.11 Access To Internal DFT Structures     

16.12 P1500 Equipped SOC Example     

16.13 Wrapper I/O Cells    

16.14 SOC Normal Mode     

16.15 Parallel Internal Test Mode    

16.16 Parallel External Test Mode    
16.17 Serial Internal Test Mode    
16.18 Serial External Test Mode    
16.19 Serial Bypass Mode    
16.20 Current Status of IEEE P1500 Standard     


# 8, 10, 11, 12, 13, 14 days #
== Student’s Presentation On Testing Topics  <====

           17.   Laboratory Workshop  
17.1 ScanWorks Test Station: Hardware Intro     

17.2 ScanWorks Test Hardware: PCI-100

17.3 ScanWorks Test Hardware: PCI-400 (1)

17.4 ScanWorks Test Hardware: PCI-400 (2)

17.5 ScanWorks Test Station: Software Intro

17.6 Demo Circuit Board Setup

17.7 Demo Circuit Board View

17.8 Demo Circuit Board Chain Diagram

17.9 Demo Project Inputs

17.10 Scan Chain Definition

17.11 Netlist & Layout Inputs

17.12 Netlist & Layout Definition

17.13 Scan Path Verification

17.14 Interconnect ATPG Tools

17.15 Device Model Definition

17.16 Constraints Definition

17.17 Fault Coverage Report

17.18 Fault Insertion & Location

17.19 Pin Level Diagnostics

17.20 Memory Access Verification

17.21 In-System Programming

17.22 Flash Programming (1)

17.23 Flash Programming (2)

17.24 Macro Language

17.25 Manufacturing Test Sequence

17.26 Manufacturing Test Operator Interface

           18.   Work with the Course Project  
18.1 Course Project Circuit Board Presentation 

18.2 Division Students to Subgroups

18.3 Course Project Explanation

18.4 Work in Groups

18.5 Course Project Results Testing
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Number 67703:  Design-For-Testability and JTAG Technology
Credits:  4
Prerequisite:  Electronic Circuits

Introduction to structural test and testability definitions: typical defects in electronic circuits, review of test objectives, evolution in test methods, testability – a general definition, controllability and observability.

Failures & fault models:  stuck-at fault model, bridging faults (shorts), propagation delay fault, intermittent faults, multiple faults, fault masking, transistor faults, pattern sensitive faults, parametric faults.

Principles of test pattern generation (combinational):  structural test methodology, the sensitive path concept, D-notation, D-cube, fault propagation.

Principles of test pattern generation (sequential):  sequential circuits, concept of time-frame, simulation-based test, functional behavior, JK-FF, shift register, counter, methodology for test program development.

Brief overview of automatic structural test equipment (ATE):  In-Circuit Test (ICT) principles, fault coverage, ICT testers, flying probe testers, automated optical inspection (AOI), X-Ray inspection, production line test stations.

Boundary-Scan (JTAG - IEEE 1149.1) device architecture: IEEE 1149.1 device architecture, TAP controller, registers, instruction set, Boundary-Scan cells, instruction waveforms, Boundary-Scan fault coverage, BSDL, SVF.

Boundary-Scan test applications at the board level: activity flowchart, scan path integrity test, interconnection test, fault classes and coverage, logical constraints, ground bounce, non-Boundary-Scan clusters, memory access verification, in-system programming (ISP), on-board flash programming, Static Component Interconnect Test (SCITT) technology.

Boundary-Scan DFT techniques at the board level:  chain configuration, TAP signals buffering, common bus conflicts, DRAM testing environment, design for programmability, FPGA configuration, different logic families compatibility, Boundary-Scan implementation on the system level, Boundary-Scan DFT checklists.
FPGA Boundary-Scan DFT techniques:  FPGA configuration, reconfiguration I/O considerations, Xilinx Virtex-II Pro platform, PPC405 debug logic, seial chaining ports

Analog and mixed-signal Boundary-Scan technology:  general architecture of 1149.4 device, instruction set: digital and analog, parametric interconnect test, test bus interface circuit (TBIC), analog boundary module (ABM), PROBE instruction, mixed signal testability rules, case study.

Testing advanced I/O (IEEE 1149.6):  LVDS basic driver/receiver, fault spectrum and detection, at-speed BIST, new IEEE P1149.6 standard, TTL/LVDS transceiver, LVDS-to-non-LVDS networks testing.

Systems-On-Chip (SOC) hierarhical core DFT:  SOC architectural view and test problems, P1500 architecture and core interfaces, wrapper boundary register, boundary cell structure and test functions, access to internal DFT structures, SOC test modes, embedded test flow examples.
Laboratory Workshop (all with execises): ASSET ScanWorksTM test station, HW/SW introduction, Boundary-Scan structure of demo board, BSDL files of Boundary-Scan devices, netlist translation, Boundary-Scan path check, interconnect test with debugging, fault detection and fault simulation, memory access verification for SRAM, CPLD In-System Programming, flash on-board programming, macro programming, sequencies and their use.
Textbooks:

M.Bushnell, V.Agrawal,   “Essentials of Electronic Testing for Digital, Memory & Mixed-Synal VLSI Citcuits”, KAP, 3rd Printing                       

K.Parker,   “The Boundary-Scan Handbook. Analog and Digital”, KAP, 2003

Ami Gorodetsky,  Design-For-Testability and JTAG Technology”,
                                            Students Workbook & Course Manual    
























