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INTRODUCTION

Over the past ten years, the semiconductor industry has seen cost of ownership (COO) migrate from an evangelical topic at SEMATECH to a highly integrated part of our corporate cultures.  The driving force that propelled COO into the lime light was the severe disadvantage U.S. semiconductor manufacturers faced in their cost of capital.  They needed a tool to help them employ their higher cost assets more efficiently.  Cost of ownership proved itself successful and has since been adopted by all major semiconductor manufacturers and suppliers regardless of geographic location.

Historically, purchase decisions have been based on initial purchase and installation costs.  However, purchase costs do not consider the effects of reliability, utilization, output and yield.  Over the life of a system or project, these factors may impact cost of ownership more than initial purchase costs.  Cost of ownership is an approach to understanding costs associated with a process operation in addition to purchase and installation price.  For production equipment, it includes the full cost of embedding, operating, and decommissioning a processing system in a factory environment
.  For components and materials it includes costs of supplier selection, qualification or certification, order placement, payment, disposal, incoming inspection, and quality related issues.  Evaluating the cost of ownership of CMP must consider both equipment and materials related issues.

COO is an implementation of Activity-Based Costing (ABC) that helps in understanding all costs associated with a decision.  It improves decisions by relating costs to the products, processes, and services the drive the cost.  Without such a linkage it is difficult for organizations to understand the full impact of their operations on COO.  With this linkage, COO provides a consistent data-driven method for arriving at important strategic decisions.

Cost of ownership provides an objective analysis method for evaluating decisions.  First, it provides a clear estimate of the life-cycle cost.  The analysis highlights details that might be overlooked, thus reducing decision risk.  The COO model can also evaluate processing and design decisions.  Finally, the COO model provides communication between equipment suppliers and users.  They are able to speak the same language, comparing similar data and costs using the same analysis methods.  Both suppliers and manufacturers can work from verifiable data to support a purchase or implementation plan.

BASIC COO ALGORITHM

Estimating a tool's cost of ownership is neither complex nor hard.  With a few significant details, users can determine the life cycle cost of owning a semiconductor tool.  The basic cost of ownership algorithm is described by:



F$ + O$ + Y$

COO = 
-------------------------



L * TPT * Y * U

where:

COO = Cost per good wafer equivalent

F$ = Fixed Costs

O$ = Variable cost (operating cost)

Y$ = Cost due to yield loss

L = Life of Tool

TPT = Throughput

Y = Composite yield

U = Utilization

Fixed costs include purchase, installation, and facilities costs that are normally amortized over the life of the equipment.  Variable costs such as material, labor, maintenance, utilities, and overhead expenses are incurred during equipment operation.  Throughput is based on the time to meet a process requirement such as removing a nominal film thickness.  Composite yield may include breakage, misprocessing, defects, and process control scrap losses.  Utilization is the ratio of production time compared to total available time.  Yield loss cost is a measure of the value of wafers lost through operational losses and probe yield issues.  Yield models are used in COO models for estimating the relationship between contamination and yield loss or scrap.  These models relate integrated circuit yield to circuit and process parameters such as device geometry, particle density, and particle clustering.

A complete COO model requires information from many sources.  To facilitate complete data collection, any SEMI E35 compliant COO model has over 100 input fields covering 13 main categories.  By referencing the basic COO equations, these input categories may be aggregated into a few significant inputs for initial COO estimates.

INDUSTRY IMPORTANCE

The semiconductor industry leads the use of cost of ownership for purchasing processing equipment.  It was developed for semiconductor fabrication tools and has been extended to many other applications.  A recent study showed the importance of COO in the semiconductor industry
.

	How important is COO to your company?
	Very 

Important
	Somewhat 

Important
	Total

	IC Manufacturer
	51%
	42%
	93%

	Equipment Supplier
	54%
	31%
	85%


CMP EXAMPLES

Three different CMP applications, Dielectric, Metal, and Copper, have been examined at both 180nm and 130nm process nodes.  The data used in these analyses are based primarily on the International SEMATECH 130nm Equipment Performance Metrics - Revision 0 Draft (see tables 1 to 3) and SEMI E35 Cost of Ownership Guideline 300mm Example Values (see appendix A).  This data was evaluated using the latest generation of cost of ownership software, TWO COOL® v2.4.

Dielectric 1600nm Pre-CMP

	Attribute
	180nm Metrics
	130nm Metrics

	Oxide Removal
	650nm
	600nm

	Defect Density
	<12.8/wafer
	10/wafer

	Throughput
	75 wafers/hour
	75 wafers/hour

	Capital Cost
	$1,900,000
	$1,900,000

	MTBF
	300 hours
	400 hours

	MTTR
	2 hours
	1 hour

	Preventive Maintenance
	6 hours/week
	>4 hours/week

	Consumables
	<$4/wafer pass
	$2/wafer pass

	Tool Area
	7.9 m2
	7.9 m2

	Support Area
	2.8 m2
	2.8 m2

	COO Objective
	$5.56/wafer pass
	<$4/wafer pass


Table 1

Metal 350nm Pre-CMP

	Attribute
	180nm Metrics
	130nm Metrics

	Defect Density
	<12.8/wafer
	7.4/wafer

	Throughput
	75 wafers/hour
	>35 wafers/hour

	Capital Cost
	$1,900,000
	$1,900,000

	MTBF
	220 hours
	400 hours

	MTTR
	2 hours
	1 hour

	Preventive Maintenance
	6 hours/week
	4 hours/week

	Consumables
	<$4/wafer pass
	<$0.60/wafer pass

	Tool Area
	7.9 m2
	7.9 m2

	Support Area
	2.8 m2
	2.8 m2

	COO Objective
	$5.57/wafer pass
	


Table 2

Copper CMP

	Attribute
	180nm Metrics
	130nm Metrics

	Defect Density
	<12.8/wafer
	7.4/wafer

	Throughput
	75 wafers/hour
	35 wafers/hour

	Capital Cost
	$1,900,000
	$1,900,000

	MTBF
	220 hours
	>100 hours

	MTTR
	2 hours
	<2 hour

	Preventive Maintenance
	6 hours/week
	<4 hours/week

	Consumables
	<$4/wafer pass
	<$4/wafer pass

	Tool Area
	7.9 m2
	7.9 m2

	Support Area
	2.8 m2
	2.8 m2

	COO Objective
	$5.57/wafer pass
	


Table 3

Results of the analyses are listed below in Pareto format in tables 4 to 6.



Table 4

The total cost of ownership for the above Pareto analyses are $5.46 for 130nm and $7.15 for 180nm.  The main cost drivers are yield and materials/consumables.  Data from table 1 indicates that 180nm consumable costs should be less than $4, with $3 used in the analysis.

Figure 1 shows the sensitivity curve for consumables at the 180nm process node.  Holding everything else constant, 180nm cost of ownership equals 130nm COO at a consumable cost of around $1.50 per wafer pass.



Figure 1

Dielectric COO results were based on the assumption that the fault probability was the same for both 180nm and 130nm cases.  Since the defect densities were reported for the same defect size, it is reasonable to assume that the 130nm fault probability should be higher.  Figure 2 shows the sensitivity of cost of ownership to fault probability for 130nm Dielectric CMP.  Depending on the correct value for 180nm consumables, 130nm fault probability between 8% and 13% would lead to the equivalent COO results for both process nodes.



Figure 2

Table 5 summarizes the cost of ownership for metal CMP.  Total costs were $7.15 for 180nm and $4.63 for 130nm.  The main differences in these two analyses center around the substantially reduced consumables and defect density targets for 130nm.  Some of the delta is mitigated by the assumed lower throughput.



Table 5

Table 6 summarizes the cost of ownership for Copper CMP.  Total costs were $7.15 for 180nm and $7.11 for 130nm.  Consumable costs are assumed to be equal with differences in both defect density and throughput.  These two factors have canceled out in this example and have yielded a roughly equivalent COO result.



Table 6

As a last comparison, the cost structures of the three processes at both nodes were converted to a cost per device.  The device sizes used in these analyses were 1.0cm2 for 180nm and 0.75cm2 for 130nm.  This converted to 678 and 905 devices/300mm wafer respectively.  The International SEMATECH targets are also included for reference.  If the assumptions and data are correct, a transition to 130nm provides a cost savings per device pass through CMP of 43% for Dielectric, 52% for Metal, and 24% for Copper.



Figure 3

CONCLUSIONS

Rising equipment costs have created an environment where manufacturers are increasingly sensitive to the cost per good wafer.  Cost of ownership modeling software provides a quantitative approach to measuring the true cost of both equipment and process decisions.  By examining International SEMATECH 130nm Equipment Performance Metrics, we have been able to establish the most likely cost drivers and areas for further investigation.

Appendix A

SEMI E35 Example Values

This appendix will outline the example values that have been approved as an addendum to the SEMI E35 cost of ownership guideline.  These and other values are used as defaults in TWO COOL® v2.4.

This related information is not an official part of SEMI E35 and is not intended to modify or supersede the official standard.  It has been derived from SEMATECH Cost of Ownership Model Rev. B, 12/90 and other sources and has been modified in subsequent Cost of Ownership subcommittee meetings.  Publication was authorized by vote of the SEMI Metrics Committee.  These values are provided only as examples.  Actual values should be determined by considering company experience, specific tool characteristics, applications, process technology, product type, regional differences, and analysis objectives.  Determination of the suitability of the material is solely the responsibility of the user.

Administrative Rates


150mm

200mm

300mm

Input Parameter
Example
Example
Example
Fab Parameters
Engineering Usage





0

0

0

Standby Time





0

0

0

Production Tests





127

14

14

MTTT






0.31

0.25

0.25

Whole Systems





N/A

1

1


150mm
200mm
300mm

Input Parameter
Example
Example
Example
Scheduled Production
Hours/Week/Shift





42

42

42

Shifts/Week






4

4

4

Hours/Day






24

24

24

Days/Year






350

365

365

Supplier Shifts/Week




N/A

4

4

Labor and Salary Rates
Engineering






$100,000
$111,000
$111,000

Supervision






$80,000
$111,000
$111,000

Operator/Hour





$26

$25

$25

Maintenance/Hour





$26

$30

$30

Productivity






80%

80%

80%

Space Rates
Class 1






$360

$400

$400

Class 10






$240

$250

$250

Class 100






$100

$100

$100

Other







$50

$50

$50

Wafer Costs
Test Wafer Cost





$5.50

$100

$500

Test Wafer Recycle Times




1

10

10

Incoming Wafer





$250

$500

$1,317

Completed Wafer





$500

$1000

$2,034

Depreciation Parameters
Life of Equipment





5

7

7

Depreciation Life





N/A

5

5

Salvage Value





0

0

0

Depreciation Method




Straight
Straight
Straight

Other Rates


150mm
200mm
300mm

Input Parameter
Example
Example
Example
Other Parameters
Systems/Engineer





5

10

10

Systems/Supervisor




20

30

30

Systems/Operator





2

3

3

Defect Fault Probability




0.167

0.05

0.08

Installation Cost as a Percentage of Equipment Cost
Lithography






N/A

N/A

8%

Metrology






N/A

N/A

5%

Other







N/A

N/A

12%

Parameters With No Example Values

Maintenance
MTBF

MTTR

Assists

Service Contracts

Training

Utilities

Materials/Consumables

Waste Disposal

Equipment Cost

Transportation

Installation

Qualification

Floor Space

Yield
Equipment

Defect Density

Parametric

� E35:  Cost of Ownership for Semiconductor Manufacturing, Semiconductor Equipment and Materials International, 1996, Mt. View, CA.


� “Cost of Ownership Survey,” Semiconductor International, July 1998, p. 126.


�Derived from SEMATECH Cost of Ownership Rev. B December 1990.


�Approved, Metrics Committee, July 1995.


�Derived from joint SELETE and International 300mm Initiative (I300I) inputs, 1997.


�Revised from 1995 version.
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