
1Copyright © W. Maly

SIA Road Map SIA Road Map 
andand

DESIGN&TESTDESIGN&TEST

Wojciech MalyWojciech Maly

Department of Electrical and Computer Engineering       Department of Electrical and Computer Engineering       

Carnegie Mellon UniversityCarnegie Mellon University
Pittsburgh,  Pa. 15213.Pittsburgh,  Pa. 15213.

2Copyright © W. Maly

ObjectiveObjective

D&T Current and Future ProblemsD&T Current and Future Problems

Future of IC Technology

SIA Road Map

To discuss fundamental research in 
Design and Test (D&T) of VLSI ICs



3Copyright © W. Maly

OutlineOutline

3. D&T Current and Future 3. D&T Current and Future 
ProblemsProblems

2. Future of IC Technology
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New and very efficient design 
strategies capable of producing 

very high  QUALITY IC  
DESIGNS  will eventually 

became  the key enablers  of the 
SIA Road Map vision.

4. Proposal of an approach 
to fundamental research 
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Cost of silicon will have to 
consume a rapidly increasing 
portion of the  available profit 

margins
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1994 SIA Road Map Assumptions1994 SIA Road Map Assumptions
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SIA Road MapSIA Road Map

vv  SIA Road Map is a collective view on the future of   SIA Road Map is a collective view on the future of thethe
microelectronics industry; microelectronics industry; 

vv  The objective of the SIA Road Map  was a consolidation of the The objective of the SIA Road Map  was a consolidation of the 
vision for the entire semiconductor industry;vision for the entire semiconductor industry;

vv  Such a consolidation was a necessary step in focusing industry, Such a consolidation was a necessary step in focusing industry, 
governments and universities on the same technology governments and universities on the same technology 
development objectives; development objectives; 

vv  The SIA Road Map has a strong “technology/ manufacturing/The SIA Road Map has a strong “technology/ manufacturing/
equipment” orientation; equipment” orientation; 

vv  The SIA Road Map is a “linear extrapolation”  of the trends The SIA Road Map is a “linear extrapolation”  of the trends 
known from the past;known from the past;

vv  The SIA Road Map is a “self-fulfilling prophecy” which The SIA Road Map is a “self-fulfilling prophecy” which 
facilitates continuation of the evolution of the semiconductor facilitates continuation of the evolution of the semiconductor 
industry along Moore’s Law;industry along Moore’s Law;
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SIA Road Map: ImplicationsSIA Road Map: Implications

( Cost per tr.) X

( Yield) X (Number of chips per wafer) = 

= Number of chips per wafer

Number of good chips 

Cost per chip

( Cost per wafer )
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( Chip size ) X( Tr. density) = 

( Tr. per chip) = 

( Number of good chips ) X(Cost per chip) = Cost per wafer

( Chip size )

(( Number of masks ) X (Wafer area ))
=  Cost per mask per sq.
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SIA Road Map : MEMORYSIA Road Map : MEMORY
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SIA Road Map : SIA Road Map : µµPROCESSORPROCESSOR
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SIA Road Map Assumptions -SIA Road Map Assumptions -
Chip SizeChip Size
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SIA Road Map Assumptions - SIA Road Map Assumptions - 
Transistor DensityTransistor Density
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SIA Road Map Consequences - SIA Road Map Consequences - 
Number of TransistorsNumber of Transistors
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SIA Road Map Assumptions - SIA Road Map Assumptions - 
CostCost
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SIA Road Map Consequences - SIA Road Map Consequences - 
Chip CostChip Cost
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SIA Road Map Consequences - SIA Road Map Consequences - 
 Manufacturing Costs Manufacturing Costs
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SIA Road Map Consequences - SIA Road Map Consequences - 
 Manufacturing Costs Manufacturing Costs

    1994 SIA Road Map assumes that:    1994 SIA Road Map assumes that:

––   exponential growth in die size,exponential growth in die size,

––  exponential growth in transistor density and  exponential growth in transistor density and 

––  exponential decrease in cost per transistor, exponential decrease in cost per transistor,

   can be handled with unchanged (or even    can be handled with unchanged (or even 
decreased) manufacturing cost per unit square.decreased) manufacturing cost per unit square.

Is such a goal really feasible ?Is such a goal really feasible ?
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Implications of SIA Road Map: Implications of SIA Road Map: InterconnectInterconnect

Year Min.
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Size
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1995 0.40 35 380
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Implications of SIA Road Map: Implications of SIA Road Map: InterconnectInterconnect
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Implications of SIA Road Map: Implications of SIA Road Map: 

InterconnectInterconnect

Interconnect may become a main show Interconnect may become a main show 
stopper  of the SIA Road Map.stopper  of the SIA Road Map.

Complexity of the interconnect will strongly affectComplexity of the interconnect will strongly affect
the methodology of DESIGN, the methodology of DESIGN, 

MANUFACTURING and TEST.MANUFACTURING and TEST.
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R = 15  cmR = 15  cm

Silicon WaferSilicon Wafer

D = 100 D = 100 µµ mm

Cross-section Cross-section 
of a human hairof a human hair

Edge of the Edge of the 
die die (3x3 cm)(3x3 cm)

1 cm1 cm

Slide only for the discussion
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D = 100 D = 100 µµ mmHuman hairHuman hair

D = 0.25 D = 0.25 µµ mm

ContaminationContamination
Slide only for the discussion
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Implications of SIA Road Map: Implications of SIA Road Map: ManufacturingManufacturing
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Implications of SIA Road Map: Implications of SIA Road Map: ManufacturingManufacturing
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Implications of SIA Road Map: Implications of SIA Road Map: 
ManufacturingManufacturing

Cost of manufacturing may become a main Cost of manufacturing may become a main 
show stopper on the SIA Road Map.show stopper on the SIA Road Map.

Complexity of IC processes must cause  rapid Complexity of IC processes must cause  rapid 
increase in cost of IC manufacturing.increase in cost of IC manufacturing.
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SIA Road Map Consequences - SIA Road Map Consequences - 
Transistors per Test PointTransistors per Test Point
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Implications of SIA Road Map:Implications of SIA Road Map: Testing Testing

Metal 2Metal 2

Metal 1Metal 1

WW

WW

WW

AlAl

RR cc

RRww

RRcc

RRdd

RR dd

CC



27Copyright © W. Maly

Implications of SIA Road Map:Implications of SIA Road Map: Testing Testing

vv  Testing will have  to handle very large devices/ Testing will have  to handle very large devices/
systems;systems;

vv  New difficult-to-detect failures will have to be tested. New difficult-to-detect failures will have to be tested.
–– Data dependent cross-talk failures;Data dependent cross-talk failures;

–– Power bus noise generated faults;Power bus noise generated faults;

–– R-F coupling generated faults.R-F coupling generated faults.

vv  Very high band-width testers will be required; Very high band-width testers will be required;

vv   Massive application of DFT will be a must.Massive application of DFT will be a must.
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Implications of SIA Road Map:Implications of SIA Road Map: Testing Testing

Tester limitations may become a main show Tester limitations may become a main show 
stopper on the SIA Road Map.stopper on the SIA Road Map.

Complexity of ICs to be tested will soon reach levels Complexity of ICs to be tested will soon reach levels 
impossible to be handled with the testing paradigm as it is impossible to be handled with the testing paradigm as it is 

known today.known today.
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Implications of SIA Road Map:Implications of SIA Road Map: Design Design
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Implications of SIA Road Map:Implications of SIA Road Map: Design Design

vv  Design productivity will have to increase by  Design productivity will have to increase by 
orders of magnitude;orders of magnitude;

vv  Design verification (on all levels of design  Design verification (on all levels of design 
abstraction) will become an absolute necessity;abstraction) will become an absolute necessity;
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Implications of SIA Road Map:Implications of SIA Road Map: Design Design

Design productivity and design verification Design productivity and design verification 
may become key show stoppers on the SIA may become key show stoppers on the SIA 

Road Map.Road Map.

Size of ICs to be designed will soon reach levels Size of ICs to be designed will soon reach levels 
impossible to be handled with the design paradigm as it is impossible to be handled with the design paradigm as it is 

known today.known today.
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SIA Road Map Consequences - SIA Road Map Consequences - 
 Manufacturing Costs Manufacturing Costs

  1994 SIA Road Map assumes that   1994 SIA Road Map assumes that 

  the substantial increase in complexity of :  the substantial increase in complexity of :

––   manufacturing,manufacturing,

––  test and  test and 

––  design, design,

   can be handled with unchanged (or even decreased)    can be handled with unchanged (or even decreased) 
manufacturing cost per unit square.manufacturing cost per unit square.

Is such a goal really feasible ?Is such a goal really feasible ?
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SIA Road Map Consequences - SIA Road Map Consequences - 
 Manufacturing Costs Manufacturing Costs

  1994 SIA Road Map assumes that   1994 SIA Road Map assumes that 

  the substantial increase in complexity of :  the substantial increase in complexity of :

––   manufacturing,manufacturing,

––  test and  test and 

––  design, design,

   can be handled with unchanged (or even decreased)    can be handled with unchanged (or even decreased) 
manufacturing cost per unit square.manufacturing cost per unit square.

Is such a goal really feasible ?Is such a goal really feasible ?

1997 Road Map says NO !1997 Road Map says NO !

Cost of silicon will have to consume a rapidly increasing 
portion of the  available profit margins.
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SIA Road Map: ImplicationsSIA Road Map: Implications

[$/ chip]

Profit margin

D&T

Package

Silicon

1997 2003 2006

100
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vv It is likely that the It is likely that the 
cost of silicon will cost of silicon will 
grow more than the grow more than the 
SIA Road Map SIA Road Map 
allows.allows.

Cost and profit
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SIA Road Map: ImplicationsSIA Road Map: Implications

Profit 
margin

D&T

Package

Silicon

C       =  C     +
D&T TE

C     + CD TG

V Ch

C         =  C            +
Silicon Material Own. V Ch

C

TE
C

TDC
+

vv   Cost of D&T can be   Cost of D&T can be 
substantially reduced by increasing substantially reduced by increasing 
volume of sold chips.volume of sold chips.

vv   Cost of silicon cannot be reduced   Cost of silicon cannot be reduced 
beyond a certain level by increasing beyond a certain level by increasing 
volume of sold chips.volume of sold chips.
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SIA Road Map: ImplicationsSIA Road Map: Implications

[$/ chip]

Profit margin
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vv It is possible that the It is possible that the 
only market only market 
advantage for many advantage for many 
IC producers will be IC producers will be 
achievable via high achievable via high 
efficiency and high efficiency and high 
quality design and quality design and 
test;test;

Cost and profit
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Design QualityDesign Quality

Intel P6 ( Kalmath)Intel P6 ( Kalmath)

CISC (32 bit data/instr.)CISC (32 bit data/instr.)

Universal (MPEG2, ...)Universal (MPEG2, ...)

100 %100 %

0.28 0.28 µµm CMOSm CMOS

233 MHz;233 MHz;

7.5 M (with 32K L1 cache)7.5 M (with 32K L1 cache)

203 mm203 mm

TBA TBA 

(PPro - 200 MHz = $1072)(PPro - 200 MHz = $1072)

Type: Type: 

Applications:Applications:

Load for DVD:Load for DVD:

Technology:Technology:

Clock:Clock:

# Trans. Total:# Trans. Total:

Area:Area:

Price:Price:

Mitsubishi  D30VMitsubishi  D30V

DSP LIW (64 bit instr.)DSP LIW (64 bit instr.)

M-Media (MPEG2, V-ph.)M-Media (MPEG2, V-ph.)

90 %90 %

0.3 0.3 µµm CMOSm CMOS

250 MHz;250 MHz;

300 K + 64K SRAM 300 K + 64K SRAM 

37 mm37 mm

TBA TBA 

(Est. < $50)(Est. < $50)

Compiled by Pierre Paulin of ST based on the data published in EE Times and µP Rep.

22 22
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SIA Road Map ImplicationsSIA Road Map Implications

 SIA Road Map will cause: SIA Road Map will cause:

––   Cost of silicon to go up;Cost of silicon to go up;

––   Price of chips to go up (but with well defined upper limit);  Price of chips to go up (but with well defined upper limit);

––   Progress along Moore’s curve to slow down;  Progress along Moore’s curve to slow down;

––   Design and test budgets to go down;  Design and test budgets to go down;

––   Design efficiency and design quality to become the most important   Design efficiency and design quality to become the most important 

    knobs in profit maximization.     knobs in profit maximization. 

New and very efficient design strategies 
capable of producing very high  QUALITY IC  

DESIGNS  will eventually became  the key 
enablers  of the SIA Road Map vision.
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OutlineOutline

3. D&T Current and Future 
Problems

2. Future of IC Technology

1. SIA Road Map

4. Proposal of an approach 
to fundamental research 

problems in  D&T.
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Fundamental Problems: TESTFundamental Problems: TEST

FUNDAMENTAL TEST PROBLEMS
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Fault Mechanism
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Fundamental Test ProblemFundamental Test Problem
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Fundamental Test ProblemFundamental Test Problem
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Fundamental Test ProblemFundamental Test Problem

Cprep = Ctest _ gen + Ctest _ prog + Cdesign _ of _ DFT

Ctest _ gen =
Rman_hourTtest _ gen

V

Ttest _ gen = Ktest_geneA0 Ctest _ prog = βtest_progCtest _ gen

0

Examples of FUNDAMENTAL test problems:Examples of FUNDAMENTAL test problems:

vv  Lack of the theory bridging the gap between circuit design  Lack of the theory bridging the gap between circuit design 
decisions and test generation complexity.decisions and test generation complexity.

vv  Superficial understanding of delay testing needs and principles. Superficial understanding of delay testing needs and principles.

vv ............................................................................................................................................................................................................
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Fundamental Problems: DESIGNFundamental Problems: DESIGN

FUNDAMENTAL DESIGN PROBLEMS

INADEQUATE      DESIGN        QUALITY INSUFFICIENT DESIGN  
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INSUFFICIENT 
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DESIGN 

OBJECTIVES 
SPECIFICATION 

INEFFECTIVE
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CAD 

ENVIRONMENTS
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INCREASING 
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DESIGN 
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REUSABILITY 



45Copyright © W. Maly

Limitations of Design DomainLimitations of Design Domain

Metal 2Metal 2

Metal 1Metal 1

RRcc

RR ww

RRcc

RRcc

RRcc

x 100 000 000x 100 000 000

CC

Example of  a Example of  a 
FUNDAMENTAL   FUNDAMENTAL   

CAD  problem:CAD  problem:
Lack of adequate Lack of adequate 
design data base design data base 
which:which:

–– Allows to model  Allows to model 
all timing relevant all timing relevant 
interconnect interconnect 
geometry details;geometry details;
–– Enables efficient  Enables efficient 
parasitic extraction parasitic extraction 
in VERY large in VERY large 
circuits;circuits;
–– .......................... ..........................
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Sub-optimum DesignsSub-optimum Designs

Intel P6 ( Kalmath)Intel P6 ( Kalmath)

CISC (32 bit data/instr.)CISC (32 bit data/instr.)

MPEG2MPEG2

7.5 M (with 32K L1 cache)7.5 M (with 32K L1 cache)

203 mm203 mm

Mitsubishi  D30VMitsubishi  D30V

DSP LIW (64 bit instr.)DSP LIW (64 bit instr.)

MPEG2MPEG2

300 K + 64K SRAM 300 K + 64K SRAM 

37 mm37 mm

  

22 22

Is Mitsubishi design close enough to optimum ? 

Example of  a FUNDAMENTAL  design problem:Example of  a FUNDAMENTAL  design problem:
  Lack of adequate objective functions for hardware-Lack of adequate objective functions for hardware-
software co-design which :software co-design which :

–– Take into account cost and time of design process; Take into account cost and time of design process;
–– Forecast volume to be sold; Forecast volume to be sold;
–– Predict true cost of manufacturing. Predict true cost of manufacturing.
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ConclusionsConclusions

vv Microelectronics industry may approach a high-Microelectronics industry may approach a high-
cost-of-manufacturing-based crisis;cost-of-manufacturing-based crisis;

vv Design&Test may need to:Design&Test may need to:

–– operate with lower time and “$” budgets;operate with lower time and “$” budgets;

–– become a main and the only provider of market become a main and the only provider of market 
advantage;advantage;

–– deliver much deliver much betterbetter  designs. designs.

vv Design&Test community need to re-think the Design&Test community need to re-think the 
traditional view on its role and strategy;traditional view on its role and strategy;
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ConclusionsConclusions

vv Community-wide collaboration;Community-wide collaboration;

vv Consensus on the initial “Vision”.Consensus on the initial “Vision”.

vv SIA Focus Center ?SIA Focus Center ?

vv Multi-disciplinary cross-domain approaches;Multi-disciplinary cross-domain approaches;

FUNDAMENTAL DESIGN PROBLEMS

INADEQUATE      DESIGN        QUALITY INSUFFICIENT DESIGN  
PRODUCTIVITY

D&T Research Strategy ProposalD&T Research Strategy Proposal

Step #1:Step #1:


