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Agenda

� Smarter Test for Nanometer Design
— At-speed Test
— Dramatic Test Compression
— Industry success with TestKompress

� Mentor DFT Product Overview
� Q & A
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Traditional IC Test Methods

� Full scan insertion

� ATPG
— Stuck-at patterns
— Standard pattern 

compression

� Memory BIST
� Boundary scan
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Nanometer Design
Test Challenges

� Complex SoC architectures
—Multiple test methods required
—Embedded memory everywhere

180 nm180 nm

90 nm90 nm

� Small geometries + new 
materials = new defect types
—Resistive bridging & vias
—Traditional stuck-at testing 

is not enough

Resistive Resistive 
viavia

RR

R = 50 KWWWW
Delay of 250ps

How do you test for it?

� Growing gate counts
—Exploding test data volume
—Unacceptable test application 

times
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The Problem with Nanometer Test
� Stuck-at test alone is no longer sufficient

— Defects uniquely detected by “at-speed” tests increase 
12X - 20X from .18 micron to 130 nanometer

Fabless Forum March 2003

1X

* Source: * Source: Fabless Forum, 
April 2003
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What Are People Finding?

� Functional test is hard to do
— At-speed ATPG can replace functional test at a 

fraction of the cost (time, effort)

� Smaller geometry devices
— 130 nanometer sizes and below are producing more 

speed related defects

� Nvidia
— Found that stuck-at testing is no longer sufficient 

below 180 nm

� LSI Logic
— Found that DPM rates can be dramatically reduced 

with at-speed test
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What Are People Finding?

� Intel paper, IEEE Design & Test of 
Computers, October 2003

� Delay Defect Characteristics and Testing 
Strategies
— “Delay defects are a critical consideration in designing 

test strategies to achieve outgoing quality goals for ICs 
manufactured in high volumes.”

— “Achieving the quality levels required by customers 
has not been possible without addressing these delay 
defects in the overall test strategy.”   
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At-Speed Test and DPM Improvement

� LSI* experiments
— At .18mm 1%defects

were speed-related
— At .13mm 2%defects

were speed-related
— 30-70% DPM reduction 

w/at-speed test 

� Intel** claims 1-5%
of defects are at-speed failures

ASIC Technology
DPM 

reduction

1 0.18mm 70%

2 0.18mm 59%

3 0.18mm 60%

4 0.18mm 33%

5 0.18mm 33%

* Source: * Source: “Effectiveness Comparisons of Outlier Screening Methods for Frequency Dependent Defects on 
Complex ASICs” VTS 2003.
** Source: ** Source: “Delay Defect Characteristics and Testing Strategies”IEEE Design & Test of Computers, 
Sept-Oct 2003.
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Test Quality Requirements Lead to
Exploding Test Sets
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stuckstuck--atat

atat--speedspeed

Retooling for Effective Test
Quality is Driving Change

2) In order to maintain DPM rates, 
at-speed testing is required 

4) Dramatic compression is needed 
to keep test quality cost effective

3) At-speed testing means larger 
pattern volume (i.e. 3X-5X)

1) Traditional testing must change
• Stuck-at is still useful but 

insufficient alone
• IDDQ is infeasible

stuckstuck--atat

atat--speedspeed

CompressedCompressed
TestTest

E
m

bedded T
est

C
om

pression

T
es
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at

te
rn
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At-Speed Test
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What Does AT-SPEED Mean?

� Assumptions or factors
— Frequency of the load_unload does not matter
— A distinct event marks the transition LAUNCH
— A distinct event marks the transition CAPTURE 
— Detection credit is given for all faults exercised between 

the Launch and Capture events
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Launch-off-shift vs. Broadside Patterns

� Launch-off shift
� Allows ATPG tool to switch scan enable 

at-speed (requires clock routing of SE)

� Applies combinational ATPG 

� Broadside or Launch-off clock 
� Scan enable timing is not critical
� Applies clock sequential ATPG

� Activated when clock-sequential depth
is > or = 2

SHIFT SHIFT

CLK

CAPTURE

SE

La
un

ch

C
ap

tu
re

SHIFT

La
un

ch

C
ap

tu
re

CLK

SE

SHIFT
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Requirements for Effective At-Speed Test

� Support for both transition and critical path 
delay patterns

� Support both “broadside” and 
“launch-off-shift” application

� Ability for user to define “legal” capture 
sequences

— Eliminate/reduce overtesting
� Ability to use internal PLL as launch and 

capture
— ATE may not be accurate enough

� Handle design realities
— Multi-cycle paths
— False paths



KY, July 2004                            Smarter test for nanometer designs15

At-Speed Timing

� ATE control scan loading (i.e., slow shift)
� ATE or On-chip PLL driven launch & capture
� Per pattern programmable capture window (using named 

capture procedures)

SYSTEM_CLK

CLK1

CLK2

BEGIN_AC

SCAN_EN

SCAN_CLK1

SCAN_CLK2

240 ns total

slow fast fast slow

Internal

External
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Accurate Timing via PLL

� Internal signals generated from PLL and clock 
control logic provide accurate at-speed timing 
(launch/capture)

� External signals used to control PLL to deliver at-
speed clocks 
(via FastScan/
TestKompress
“named capture
procedures”) 
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Dramatic Test Compression
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Requirements for Test Compression

� High Test Quality

— No loss in test coverage

— Support for all current fault and
pattern types

� Stuck-at, transition, path delay, multiple-detect, IDDQ

� Combinational, sequential, multi-load

� Extendable to future fault models and pattern types

� Dramatic compression of both test time and data
� No impact to functional logic design

— No performance impact on critical path

� Minimal area overhead (gate count and routing)
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TestKompress™
Defining the Standard for Embedded Compression

� Deterministic test patterns
— Highest test coverage

� Supports all fault models
� Supports all pattern types

� Embedded Deterministic Test (EDT)
— Up to 100X test data/time 

compression
— No change to core logic
— Minimal logic (<1%)
— Independent of system logic
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Embedded Deterministic Test 

ATEATEATECompressed
Stimuli

Compressed
Stimuli

Compacted
Responses
Compacted
Responses
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CompressedCompressed
stimulistimuli

CompactedCompacted
responsesresponses

1. Compressed 
stimuli from 
ATE to 
decompressor

2. Decompress
and load 
scan chains

3. Capture
responses

4. Compact, 
unload and
compare
response

CC
OO
MM
PP
AA
CC
TT
OO
RR

� No functional 
design intrusion

� No change to
ATE interface
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How ATPG Works

1. Target faults
2. Generate test cube: 1-5%
3. Random fill: 99-95%

4. Stimuli on ATE 5. Response on ATE
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EDT Test Pattern Generation Process

1. Target faults
2. Generate test cube: 1-5%

4. Random fill: »»»» 99-95%

C
O
M
P
A
C
T
O
R

D
E
C
O
M
P
R
E
S
S
O
R

Design

5. Compact
response

3. Compressed 
stimuli: »»»»1-5%

A  b c d e f g h I jA  b c d e f g h I j

L m n o p q r s t uL m n o p q r s t u
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EDT Compared to Standard ATPG

EDTEDT

ATPGATPG

� Shorter scan chains 
� Up to 100x:

— Less cycles

— Less test data

— Shorter test time

� Up to 100x less tester
memory 
— Less expensive tester
— Higher throughput
— Improved quality with

lower cost
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TestKompress Unique Advantages

Compactor
� Handles unknown states
� Supports diagnostics

C
O
M
P
A
C
T
O
R

CC
OO
MM
PP
AA
CC
TT
OO
RR

D
E
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O
M
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R
E
S
S
O
R

DD
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CC
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MM
PP
RR
EE
SS
SS
OO
RR

8 patents
3 pending

Decompressor
� Very small overhead
� High speed operation
� Modular structure
� Highest encoding capacity
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TestKompress Encoding/Scalability

3343233432

24622462

3131

3343233432

24622462

3131

98.7098.70 98.6598.65 96.9096.90 99.7999.79 99.0199.01 98.7898.78 91.8591.85 95.4995.49 94.3494.34

139139 6161 376376 259259 19431943 556556 1448314483 26112611

AA
543K543K
45K45K

BB
576K576K
41K41K

CC
1.2M1.2M
70K70K

DD
1.2M1.2M
62K62K

EE
1.5M1.5M
86K86K

FF
2.1M2.1M
181K181K

GG
2.6M2.6M
129K129K

HH
3.8M3.8M
216K216K

II
10.9M10.9M
297K297K

6464 6464 6464 6464 4040 4848 2020 2020 2020
DecompDecomp..

SizeSize

505505 463463 816816 676676 466466 940940 14301430 31743174
MaxMax

SpecifiedSpecified

5151 5353 8383 5050 6060 120120 2121 2626Comp.Comp.

TC (TK)TC (TK)

16:160016:1600 16:160016:1600 16:160016:1600 16:160016:1600 8:16008:1600 12:240012:2400 2:1572:157 2:1462:146 1:1041:104
Channels:Channels:

ChainsChains

#Xs#Xs

CktCkt..
#Gates#Gates
##SCsSCs

94.3494.34

2020

1:1041:104

� EDT Architecture is highly scalable with minimal overhead
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Compaction - Handling of “X” States

� Programmable scan selection tolerates unknown states
� No “X” bounding logic required
� Same mechanism eliminates aliasing
� Fault coverage computed on compactor outputs

00

11

XX

scan

scan XX
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PRPG/Reseeding Encoding Capacity

� Care bits (Specified bits) capacity 
bounded by PRPG size 

— Example: 10K care bits requires 
20K bits in PRPG/Shadow

� # Care bits can easily exceed
# bits in PRPG

— Use standard scan mode (no 
compression)

— Accept coverage loss
— Implement very large PRPG/Shadow 

(high area overhead)

M
I
S
R
/
S
E
L
E
C
T
O
R

P
R
P
G

P
R
P
G

S
H
A
D
O
W

PRPGs are limiting factor 
for encoding capacity
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MISR-based/Selector Based Compaction
� MISR-based

— Same as logic BIST approach
— Limitations

� Aliasing can occur
� Requires X-bounding logic or 

permanent scan selection logic 
(XDBIST) – coverage loss

� Data/time compression do not 
scale together

� No direct diagnostic

� Selector based
— Limitations

� Poor observability

ATE�����

M
I
S
R
/
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E
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E
C
T
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P
R
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Reasons for Rapid Industry Adoption of 
TestKompress
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TestKompress is Proven in Solution
� TestKompress is already adopted by 

industry as the compression solution
— 50+ tapeouts 
— Production proven in > 100 million parts

“EDT has been successfully implemented and proven in silicon…area of EDT 
logic is small…no routing problems were encountered…implementation 
of EDT has significantly reduced the test time and 
ATE memory requirements.”

Excerpts taken from 2003 ITC paper
“Industrial Experience with Adoption of EDT for Low-Cost Test without Concessions”

“EDT has been successfully implemented and proven in silicon…area of EDT 
logic is small…no routing problems were encountered…implementation 
of EDT has significantly reduced the test time and 
ATE memory requirements.”

Excerpts taken from 2003 ITC paper
“Industrial Experience with Adoption of EDT for Low-Cost Test without Concessions”

� TestKompress customers in all regions of the world
� TestKompress customers in all industries
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Quality Memory Test is also Critical
� Memory content is growing (>50% silicon area in many designs)

� Multiple memory arrays, varying sizes, ports, configurations, speeds

CPU coreCPU core ASICASIC

ASICASIC

ASICASIC

PLLPLL

IP coreIP core

DSPDSP

IP coreIP core

ASICASIC

AnalogAnalogI / 0I / 0

� Large SRAM array

� ROM

� Multiple port

� Repairable

� High-speed register
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Embedded Memory Test Strategy

Smaller memories, registers, 
performance critical

Scan patterns with 
MacroTest

Application Tactic

Memories for which defects 
need to be monitored

BIST with diagnostic 
capabilities

Medium to large arrays
At-speed BIST with flexible 

algorithm selection

Large memories requiring 
repair for improving yield

BIST with BISA (built-in self 
analysis)
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FastScan MacroTest

MBISTArchitect & FastScan MacroTest™
Complimentary solutions for comprehensive memory te sting

� Preferred choice for 
comprehensive Built-in Self-test 
of embedded SRAM or ROM

� Use when area or 
performance issues require 
a non-intrusive approach

MBISTArchitect

0
1
1
0
1
0
1

0
1
1
0
1
0
1

0

1

1

0

1

0

1

1

0

0

1

1

RAMLogic Logic

0010101
0101001
1011010
1011000
1011001
010011

MacroTest has been used on 200 Macros in parallel!
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MBISTArchitect Test Algorithms
� Largest set of industry-accepted algorithms

— Supports at-speed operation

March C

March C-/March 1

March C+/March 2

March 3

Column March

Unique Address

Checkerboard

Retention

Diagonal

ROM Specific

Port Interaction

Retention 
(checkerboard)

Descambling
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MBISTArchitect Flexibility & Features
Different Tests for Different Memories

� Comprehensive algorithms
— The largest set of built-in algorithms

— MBIST flex™ - User-Definable Algorithm

� Improves test coverage

� Reduces test time

� Adaptable to process-specific defects

� Support repair

� True at-speed test

� On-line algorithm selection 
— Run-time trade-off between test time and 

additional coverage
— TAP controller can be used to select the 

algorithms
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Online Algorithm Selection
Area Overhead – Concurrent Configuration

� 2 and 8 memories per controller, 8 algorithms

� Includes diagnostics

Cell Area

Combinational 
Cell Area

Sequential 
Cell Area

Total 
Cell Area

2 Memories 8 Memories

Without With Change Without With Change

2260.00 2426.25 7.36%

2650.00 2892.75 9.16%

4910.00 5319.00 8.33%

6599.75 6617.00 0.26%

5875.50 6125.00 4.25%

12475.25 12742.00 2.14%
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When Test Fails…
Diagnostics and Failure Analysis
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DFT Diagnostics Overview

� Effective diagnostics 
includes
— ATPG pattern
— Scan chain diagnosis
— Memory BIST

� Critical since >50% of
chip area is now memory

� Handle multiple defects 
diagnostic during at-
speed testing
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FastScan & TestKompress 
Direct Diagnostics

� Improve failure analysis and
time-to-volume with automated
defect identification and isolation

� Identify failure to specific gate
� First silicon debug
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Diagnostics Link to Calibre

���������	
	����

//  sam ple2 .ment or di agnos is su mmar y, fa iling _patt e rns= 71  defec ts=2  unex plain ed_f ails= 0
//  --- ---- ----- ----- ----- ----- ---- ----- ----- ----- - ---- ---- ----- ----- ----- -----
//  fau lt c andid ates for d efect  1,  numb er fa iling _ patt erns _expl ained =68
//  --- ---- ----- ----- ----- ----- ---- ----- ----- ----- - ---- ---- ----- ----- ----- -----
//  fai ling  patt erns expla ined = 17 5 199  200 204 3 0 2 31 2 98 6 987 1018  1019  1115  112 7
//                               11 47 12 10 12 11 12 7 9 12 81 1 288 1 343 1 370 1 375 1 402 1418 1440
//                               14 45 14 46 14 69 15 0 1 15 60 1 624 1 635 1 731 1 763 1 795 1796 1817
//                               18 27 18 81 19 12 19 2 3 19 24 1 977 1 991 2 018 2 055 2 082 2083 2114
//                               21 68 22 73 23 28 24 3 2 24 55 2 456 2 561 2 565 2 597 2 679 2680 2711
//                               28 08 28 39 28 80 30 6 2 32 30 3 261 3 293 3 413
//  typ e   code   pin _path name  (ce ll_na me)
//  --- - ---- --- ----- ----- ---- ----- ----- ----- ----- -- -- ---
//    0      DS    /al u_32x /aluw /blk 0/alu 1/a0/ m_16/ m _4/q _53/ Z  (N D2ALL )
//    0      DS    /al u_32x /aluw /blk 0/alu 1/a0/ m_16/ m _5/q _38/ B  (O AI21A LL)
//  --- ---- ----- ----- ----- ----- ---- ----- ----- ----- - ---- ---- ----- ----- ----- -----
//  fau lt c andid ates for d efect  2,  numb er fa iling _ patt erns _expl ained =3
//  --- ---- ----- ----- ----- ----- ---- ----- ----- ----- - ---- ---- ----- ----- ----- -----
//  fai ling  patt erns expla ined = 18 8 205 1 293 8
//  typ e   code   pin _path name  (ce ll_na me)
//  --- - ---- --- ----- ----- ---- ----- ----- ----- ----- -- -- ---
//    1      DS    /al u_32x /aluw /blk 0/alu 1/a0/ m_16/ m _4/q _53/ Z  (N D2ALL )
//    0      EQ    /al u_32x /aluw /blk 0/alu 1/a0/ m_16/ m _4/q _53/ A  (N D2ALL )
//    0      EQ    /al u_32x /aluw /blk 0/alu 1/a0/ m_16/ m _4/q _53/ B  (N D2ALL )
//  --- ---- ----- ----- ----- ----- ---- ----- ----- ----- - ---- ---- ----- ----- ----- -----
//  Dia gnos is CP U tim e = 6 1.93 sec.
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From Logical Fault Candidate to Physical Defect
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Conclusion

TestKompressTestKompress
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Traditional IC Test Methods

� Full scan insertion

� ATPG
— Stuck-at patterns
— Standard pattern 

compression

� Memory BIST
� Boundary scan
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Mentor DFT provides highest 
test quality and reduced test cost for the whole chip

� Full scan insertion 

� Memory BIST 

� Boundary scan 

� Compressed ATPG 
� Stuck-at patterns 
� At-speed patterns 

� MacroTest 

Smarter Test for Nanometer Design

� Embedded Compression 
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Improving test quality/Reducing test escapes

Mentor DFT Focus

Improving productivity and time-to-market

Controlling test time and cost

� Scan-based at-speed test
� Multiple detections

� Defect-based test
� New fault models

� Embedded compression (EDT)

� Performance
� Modular/block-based flows

� Improving FA diagnostics
� Improving DFT debug flows

� Improving dynamic compaction
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Mentor DFT Solutions Overview
� Logic Test Solutions

— FastScan™
� ATPG for full/restricted scan designs
� “at-speed” test, diagnostics 

— FlexTest™ 
� ATPG for nonscan/unstructured designs
� General purpose fault simulation

— TestKompress™ 
� Embedded Deterministic Test (EDT) for compression
� Up to 100x reduction in test set size and test time enabling 

improved quality with savings
— LBISTArchitect ™

� Logic BIST for board/system test
� When external patterns are impractical
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Mentor DFT Solutions Overview
� Memory Test Solutions

— MBISTArchitect™
� Memory BIST solution for large embedded memory 

— FastScan MacroTest™
� Non intrusive test for small or performance critical memory

� Test Synthesis and Analysis
— DFTAdvisor™

� Inserts scan, test points, and corrects testability problems

� Boundary Scan 
— BSDArchitect™

� Save weeks in implementation time
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