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A multi-layer research and training platform for system-on-chip testing

Motivation

\/Cutting Edge Research

— Needs custom developed algorithms
and/or tools

v PhD Students
— Need to run their experiments

\/Undergraduate Students
— Need introduction to the topic

\/Department
— Needs training materials and research



A multi-layer research and training platform for system-on-chip testing

Different layers of the platform
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A multi-layer research and training platform for system-on-chip testing

Main components of the platform

£ DefSim by Testonica =10/
Eile Options Help

\ il
o I e

DefSim - an integrated e |
measurement environment for e

Error vector:7 input:-

physical defect study in CMOS
circuits.

[_[O]x]

v Other tools

v TurboTester — a research and
training toolkit with extensive e
set of tools for di _?_Ita| test and = e
design for testability

v' Web-based runtime interface S :
for remote access to our tools

v Java applets — illustrative =
e—Iea_r_nln? software written |[E=—=y-
specifically for the web 1 S e

®
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A multi-layer research and training platform for system-on-chip testing

i Different layers of the platform
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A multi-layer research and training platform for system-on-chip testing

i Defect Study using DefSim
N
m |
v DefSim is an integrated circuit
(ASIC) and a measurement = | ree
equipmrnt for experimental study o =

CMOS defects.

v' The central element of the DefSim
equipment is an educational IC with
a large variety of shorts and opens

physically inserted into a set of :
simple digital circuits. 1 oo o, —
v The IC is attached to a dedicated e N
measurement box serving as an oo
interface to the computer. The box Jowd  E
supports two measurement modes - |
. ) Ml defects
voltage and Iy, testing. B
e |- =T

http://www.defsim.com
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A multi-layer research and training platform for system-on-chip testing

DefSim IC details

— Standard industrial CMOS
technology

— Area 19.90 mm?

— Approx. 48000
transistors

62 pins

I ——

= o oasl A built-in current monitor
: for Ipp, testing is
implemented in each block.



A multi-layer research and training platform for system-on-chip testing

Implementation of defects
NANDZ cell with floating gate

VDD
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A multi-layer research and training platform for system-on-chip testing

Implementation of defects
NANDZ2 cell with D-S short (missing poly)

VDD

Al

— Q

A >

D

Altogether there are oVer 500
different defects on the chip

Implemented defects are shorts
and opens in metal and poly layers

To be close to the silicon reality
each cell is loaded and driven by
standard non-inverting buffers

10



A multi-layer research and training platform for system-on-chip testing

DefSim in the classroom
[nanll

v With DefSim you can

v Observe the truth table of correct circuit
v  Observe the truth table of defective circuit

v Obtain defect/fault tables for all specific
defects

v Define test patterns automatically or manually
v Activate IDDQ and voltage measurements

v Study behavior of bridging and open faults

v Study and compare different fault models

11



A multi-layer research and training platform for system-on-chip testing

DefSim lab environment

“Plug and Play” - dedicated hardware and software
12



A multi-layer research and training platform

or system-on-chip testing

DefSim user interface
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A multi-layer research and training platform for system-on-chip testing

Different layers of the platform

Web

WEB Turbo Tester

Welcome to WEB Turbo Tester Home Page
@ Turbo,

% Testey wes
ol

Tools

Password

uuuuuu

PC

Tools

Hardware

Tools
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A multi-layer research and training platform for system-on-chip testing

PC-Based Toolkit — Turbo Tester

Algorithms:
Levels: | |Deterministic || Circuits:
Formats: || Gate Random Combinational Hazard
EDIF Macro ||Genetic Sequential Multivalued Analysis
AGM RTL Simulator Data

Test Logic

e Generators Simulator
specit- W oesan [ 4 e St
efec
BIST e Fault Library

EmulaV Simulator

Methods: Fault models:
Faulty Design Error BILBO Test Set Stuck-at faults
Area Diagnosis CSTP Optimizer Physical defects
Hybrid

laa sS4 o) e ManI =1Vl Used in 100+ institutions in 47 countries
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A multi-layer research and training platform for syst

Turbo Tester’s user interface
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A multi-layer research and training platform for system-on-chip testing

Turbo Tester: Basic Facts
[INEHII

v Freeware

v Downloadable via the Web

v Windows, Linux, UNIX/Solaris
v EDIF design interface

v ATPGs, BIST, simulators, test
compaction

v'Provides homogeneous environment
for research and training

17



A multi-layer research and training platform for system-on-chip testing

Different layers of the platform

Web

Tools

PC

Tools

Hardware

Tools
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A multi-layer research and training platform for system-on-chip testing

BIST Analyzer: covered topics

v’ Test Pattern Generators

(PRPG):
— LFSR

— Modular LFSR
— Cellular Automata ;

— GLFSR

— Weighted TPG

— etc.

v Combined Techniques
(PRPG + Memory):

— Reseeding

— Multiple polynomial BIST
— Hybrid BIST

— Bit-Flipping BIST

— Column matching BIST

— etc.

Typical BIST Architecture

Test Pattern
Generator
(PRPG)

Circuit Under
Test (CUT)

vV V A\ 4

: BIST :

Control
: Unit :

Output Response

Analyzer (MISR)

19



A multi-layer research and training platform for system-on-chip testing

i BIST Analyzer: covered topics

® Different embedded generators (PRPG) and
their properties

® PRPG optimization methodologies and
algorithms

® Mixed-mode BIST solutions (PRPG+memory)

® Fault detection and diagnosis in BIST

20



A multi-layer research and training platform for system-on-chip testing

BIST Analyzer
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A multi-layer research and training platform for system-on-chip testing

Different layers of the platform

Web

I TESTONICA #

Tools

PC

Tools

Hardware

Tools
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A multi-layer research and training platform for system-on-chip testing

Web Interface
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Tools

Hardware

Tools
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A multi-layer research and training platform for system-on-chip testing

E-Learning software on DFT

3 Java Applets on Yarious Aspects of Decomposition and Test of Digital Systems - Microsoft Internet Explorer

File Edit Wiew Favaorites Tools  Help

===

=
| &

Q-0 X

/P\J Search *Favorites ﬁ‘} | If r

Address I@] http: ] fwv pld. teu, 22 applets)

B> k= |Links &

Testing & Diagnostics

=l

| Basics of Test & Diagnostics

Applet supports action-based leaming the basics of Digital Test It offers a set of tools
. for understanding the principles of test generation, fault simulation, fault diagnosis and
. fault location in digital circuits. Built-in library of simple combinational circuits is given to
. train on the screen the main important techniques and algorithms

RT-Level Test & BIST

Applet allows to solve and illustrate many RT-level problems of design and test of

control intensive digital gystems. Such topics as investigation of tradeoffs between

. speed and hardware cost in digital design, RT-level simulation, fault simulation, test

generation, different techniques of built-in self-test (BIST) and other similar are covered
« by the applet

~ Boundary Scan

Applet demonstrates principles of testing chips and boards, which have Boundary
“| Scan structures inside. It simulates fault insertion and diagnosis, provides possibilities
‘of combining own boards using built-in chip library or user imported chips

= 1 Mult|p||cat|\fe Decomposition

of the netwaork of interacting sub-FShs corresponding to a complete set of partitions
on the set of states of source FSM. \We call this method of decomposition as
| multiplicative decompasitior = -0 - e T menhe s =

http://www.pld.ttu.ce/applets

J { Applet is devoted to general method of decompasition of FSh and enables synthesis

wil
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A multi-layer research and training platform for system-on-chip testing

i Benefits of e-learning software

v Essential supplement to the university
lectures

v Accessibility over Internet

v Visual content

v Comprehensive examples

v Better organization of teaching materials
v Based on free educational software

v Distance learning & computer aided
teaching

v Easy to implement in other universities
v Constantly updated

26



A multi-layer research and training platform for system-on-chip testing

E-Learning Software

Supporting
Materials

Learning
Scenarios
”’
”

Web based tools for classroom, home and exams
Tools for laboratory research

Test _ Design for
Generation | | i [ Testability

Test and
Diagnostics
L~ PN

Error h Bljilt-ln
Diagnosis Self-Test

Applet on Basics
of Test &

- Diagnostics
RTL Design

and Test ‘6. . Applet on RTL .
Bl - Design and
Test
e Group of
Boundary Applet on Applets on FSM

e~ Boundary Scan

Scan
Standard

Decomposition




A multi-layer research and training platform for system-on-chip testing

E-Learning Software

Software for classroom, home, labs and exams:

Logic level diagnostics System level test & DfT
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Sten) ; >1< ; = scrila g - ‘“ - REG2 SHRO ADD REG3 REGI X X 0 X
Clear 0] I~ Randorn fautt { Capurere] SHRO SHLD REG3 REGZ KoK o1 x
Select fault: REG1 LS
— FI a ~Onen faut———————— —Gelectirst signal SHLD REGZ W% K "
n  Stuckeat1 ¥ Random signal T |
elected design ; ISCAS ¢ 17, Mode ; Combinatorial fault detection {Counter disabled) £ Stuckatd 518
[ Java Applet Window n £ Random ggg [est Panel Local Test Panel Test Microprogram
53
|E g o [ EatziR |
111 5
B [renenaur uuua\e \R

il Hzg9e  Wired AND

Lrerrs  Wired OR
1111117

 Dominant
SN74BCT8244A
BYPASS

 Random

Ingert fault Cloge

001000, 00000001)

Java Applel Window

INTEST(D0000011, 10000011y
HIGHZ(00000110,10000110)
CLAMP(DO0001 11, 10000111}

TN

[12+2 Applet window
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A multi-layer research and training platform for system-on-chip testing

Applet on basics of test
1111

£ Introduction into Test and Diagnostics ;Iglil

Circuit selection | Working modes | Language Help

LFSR = Setting up testvectors
O Generate testvectors
Mode - |
' Fault simulator ’— .
® BILBO | O Guided probing | & & = v 5
1 CSTP ' Combinatorial fault detection -

|5 Il = Eﬁ

Configuration W
mra - Q)

;:; 22; " « manual test pattern generation assisted by the applet
g'ﬁ 253 » generation of pseudo-random test vectors by LFSR
e e « fault simulation & study of fault table

combinational fault diagnosis using fault tables

o | | = sequential fault diagnosis by guided probing )
‘ Run LFSR | £ 0 ¥ 10 |0 1 oMK 0 0 0 0 1 1
4 0o 0 o 0o o H oM A H 1 0 0 1 0
‘ Step | 5 1 [ oMo ] 0w = 1 ks LA kS 0 0
] WO E T 1] 0 % | 1 ks H # 0 0
‘ Clear | 7 1 n n 0 n 1 1
A
IL Testvaectors L Faults L Signals L Statistics |
Selected design @ ISCAS c17 , Mode : Combinatorial fault detection (Counter disabled)
|Java Applet Window
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A multi-layer research and training platform for system-on-chip testing

Applet on RT-level design and test

” Design: default  Examples Import Export Language Ciptions

Design Cost: ar 0

Simulated Clack Cycles: 0 Data o C'_Jntrul

Clock Cycle: 5 ouT signals

min 15y |4 Control

B {0 . 15} 3 Part

0. 18y 0

R c1fcaleslcales|cslct|cs
Simulate Step 1jojojojojoji]o |

Continue Simulation :ata » StaTtus
Stop Simulation IH - e signals
Data path
b Simul 4 Test 4 BIST / o

o)

- design of a data path and control path (microprogram) on RT level
investigation of tradeoffs between speed of the system & HW cost
RT-level simulation and validation

gate-level deterministic test generation and functional testing
fault simulation

logic and circular BIST, functional BIST, etc.

design for testability




A multi-layer research and training platform for system-on-chip testing

Applet on Boundary Scan

& Boundary Scan Demo Applet oy =] 4
File Edit Library Diagnostics Options Help

Foarm: |1DD% 'I Signal{synone

TAF Controller made
TAP Mode | Cormmand Mode I

1| |TestLogic-Reset
1]

[ 0] 0[] Run-Testidle I"—-‘—v{ SelectDR-Scan [~ SelectIR-Scan }J
T I 1]
0] Insertfault x|
n I~ Random fault
—Select fault:
n — Open faull————— — Selectfirst signal:
n 0001430  Stuckat 1 [V Randarn signal
518 =]
' .
B 0000E143h SR 524
= Randam 528
0] o] 53
54
111 5h LI
— Short faut——— — —Select second signal:
B Hzooo & Vired AND ¥ (Randam signal:
IDCODE  \wired OR o =l
11111111 ¢ Dorninant S2B
" Random 53 ;I
54
SNF4BCT8244A S5 LI
BYPASS == Q
Lo ot foult | Cloca | L

ooty

Simulation of operation of TAP Controller
lllustration of work of BS registers
Insertion and diagnosis of interconnection faults 1002
Design/editing of BS structures using the BSDL language
Design/description of the target board using several chips
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Schematic and DD editor

Main functions of the applet are:

- gate-level schematic editor
« SSBDD editor

converter

» schematic — SSBDD on-the-fly

» different format reader/converter

Applet on
Basics of Test

=1 Design forJ @
Testability | (0 An applet targeted
T at binding all the
applets and the
Turbo Tester
AGM; g
GIF ¢

& Diagnostics , . / / /%
ﬁﬁ,’,,!,.,‘.uuﬁ'l'F"“""f" / A1 O
Appleton %' e
RTL Design £ — &
and Test =
W e §—o—G—o
Applet on ,
Boundary Scan O —
It is still a Standard =
work in progress! —F—l . ’
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Example of a lab work scenario

/., XTimport Tool \
<

--------------------------

( Design )
Specification
C Design )
Implementation

Test Vector File I l

( Circuit
Netlist

N\ Prediag ’/
Tool
( Intermediate I VeRrIflcaﬁlon R
Diagnosis eSupis Verification
AN Tool

Human Being <\ """"""" Girouit ™,

W Schematlc W
Test Vector FiI9
Dlagnostlc
[] Turbo Tester Vectors

tools and formats Vecmanager
| Other Tool

Flnal
Dlagn03|s
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Conclusions & Discussion

The main features of the platform:

®Research engine + training software
®| ayered structure

®HW and SW components

® Remote access

® Distance learning and e-learning

® Computer-aided teaching
®Freeware
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Our Tools on the Web

The Turbo Tester home page
http://www.pld.ttu.ee/tt/

The Turbo Tester web-server page
http://www.pld.ttu.ee/webtt/
DefSim web-server page

http://www.defsim.com

Java applets home page

http://www.pld.ttu.ee/applets/
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