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COST OF OWNERSHIP FOR SEMICONDUCTOR MANUFACTURING

EQUIPMENT METRICS

1 Purpose

1.1 The purpose of this guide is to provide standard
metrics for evaluating unit production cost effective-
ness of factory equipment subsystems in the semicon-
ductor industry. The guideline is appropriate for
application to any type of equipment processing semi-
conductor units, which may be wafers, devices, or
other material,

1.2 The guideline establishes a well-defined practice
to facilitate an understanding of equipment-related
costs by providing definitions, classifications, algo-
rithms, methods, and default values necessary to build

a full or constrained Cost of Ownership (COQ) calcu-

lator. A number of constraint types are defined. Related
Information 1 provides some discussion of CQOO to
expand upon the guideline presentation. Default values
which can be used in a COO calculation are presented
in Related Information 2 to provide representative
data. Such default data are not meant to be a substitute
for having actual data appropriate to the process being
analyzed.

2 Scope

2.1 The definitions provide a metric which can be
applied to any factory equipment system, buf are spe-
cialized to silicon integrated circuit wafer and device
production. The guideline is formulated in terms of
units which are wafers or wafer equivalents of the
devices produced and is thus appropriate to both front-
end and back-end considerations. Application specific
guidelines based upon this general guideline will be
developed in the future and will address particular
aspects of various types of equipment, materials,
gases, etc.

2.2 Effective use of the metric to build a COO model
requires identification of the constraints, parameter
values, and data values within the adopted category
classification. Default data are provided in Related
Information 2 to this document and may be updated
periodically through support documents. Where possi-
ble, use direct values for inputs rather than deriving
them from secondary models or using default values.
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2.3 Full calculation of COO often requires data held
proprietary and is coupled to the overall factory
through yield and the related cost of yield loss. It is
envisioned that this guide will be used for internal fac-
tory and equipment optimization as well as investment
evaluation by IC manufacturers.

2.4 The companion guide, "Guide for Cost of Equip-
ment Ownership Comparison," is intended for compet-
itive evaluation of equipment and is an alternative to
the full analysis defined in this guideline. Both guide-
lines identify elements that are attributable to the
equipment and to the operating decisions made by
manufacturers in using the equipment.

2.5 Section 7 lists limitations of the guideline.

3 Referenced Documentis
3.1 SEMI Documents

SEMI E10 — Guideline for Definition and Measure-
ment of Equipment Reliability, Availability, and Main-
tainability

SEMI E35,1 — Guideline for Cost of Equipment Own-
ership Comparison Metric

SEMICompilation of Terms — SEMI International
Standards Program Handbook

4 Terminology

Note: Additional definitions are contained in Sections
10 and 11, Classification Element Details.

4.1 Abbreviations and Acronyms

4.1.1 CEO — Cost of Equipment Ownership
4.12 COO — Cost of Ownership
4.13 CYL — Costof Yield Loss

4,14 DLY - Defect Limited Yield
4.1.5 EY — Equipment Yield

GWE - Good Wafer Equivalents
4.1.7 P/T — Precision Tolerance Ratio
4.1.8 PRY — Product Yield

4.1.9 PU — Production Utilization
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4.1.10 PLY — Parametric Limited Yield

4.1.11 SR - Systems Required - integer number
4.1.12 TP — Throughput
4.1.13 ¢ — Type 1 Test Yield for False bad

4,114 f3 — Type 2 Test Yield for False good
4.2 Definitions

42.1 baseline Cost of Ownership — a constraint ver-
sion of Cost of Ownership which only includes Equip-
ment Yield, i.e., defect limited yield and parametric
limited yield are not included.

4.2.2 comprehensive Cost of Ownership — Cost of
Ownership calculated with no constraints.

423 constraint version — Cost of Ownership ver-
sion with a set of defined restrictions to facilitate com-
parisons or to remove ambiguity. An example is
baseline as defined in SEMI E35.1, which excludes
defect limited yield and parametric limited yield.

424 consumables — cost of all parts of the equip-
ment that are worn out by the process operation of
equipment and require replacement after less than one
(1) year of operation.

4.2.5 Cost of Equipment Ownership — (CEQ) a factor
in Cost of Ownership. (See Sections 5.1.1 and 8.3.)

4.2.6 Cost of Ownership — full cost of embedding,
operating, and decommissioning in a factory environ-
ment a process system needed to accommodate the
required volume of product material. (See Section
5.1.1 for further description.)

4.2.7 Cost of Yield Loss — (CYL) A unit lost at the
end of a given step represents the loss of the cost of
manufacturing to that point. In addition, units leaving
a step may be lost at some later step. Calculating Cost
of Yield Loss (CYL) therefore requires knowing the
accumulated cost of manufacturing before the wafer is
lost, Therefore, cost of yield loss should be tracked
as a separate cost for factory optimization. CYL is
given in Equation 4.

4.2.8 default or default value — value to be used if
actual data are not available. In lien of actual data, data
should fall within the range specified by default values
given in the Related Information Section. Where pos-
sible, actual data should be used in COQ calculations. .
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4.2.9 defect limited yield — (DLY) devices not lost
from defects added by the equipment. For front-end
process, defect yield is usually derived from a model.

4.2.10 equipment availability — equipment depen-
dent uptime or the percent of time the equipment is in a
condition to perform its intended function during the
period of operations time minus the sum of all mainte-
nance delay, out-of-spec input downtime, and facili-
ties-related downtime. This calculationt is intended to
reflect equipment reliability and maintainability based
solely on equipment merit. See SEMI E10. (Note:
Equipment availability is the responsibility of the
equipment supplier and should reflect the need for
unscheduled maintenance and any scheduled mainte-
nance that can not be accomplished within the semi-
conductor manufacturer's standard allotment.)

4.2.11 equipment production lifetime — the number
of years a piece of eguipment is used for manufactor-

ing.

4.2.12 equipment yield — (EY) the percentage of
units received by the equipment which can be passed
to the next step based on any criteria such as damaged
material, or material determined to be defective by
inspection or test. Inclusion of equipment yield results
in a decreasing population of units flowing through the
factory. At later steps, equipment will process fewer
units than the full factory wafer starts. For test equip-
ment, validly rejected material is scrap, but not a com-
ponent of equipment yield.

4.2.13 factory utilization — (FU) a measure of the
allocation for operating hours, scheduled maintenance
shifts, and other nonproduction hours as defined by
SEMI E10. Expressed as hours and % of
365x24=8,760 hours per year. As defined, FU is deter-
mined by the semiconductor manufacturer,

42.14 fixed costs — costs incurred once and usually
associated with the acquisition and incorporation of
equipment into the factory.

4.2.15 good wafer equivalents — (GWE) derived
from the number of good product die at wafer probe or
devices at test and expressed as completely good prod-
uct wafers. :

4.2.16 lifetime — the time over which the fixed and
recurring costs are spread for an annualized basis.
Examples are 1) Tax Lifetime - lifetime used for tax
depreciation and 2) Equipment Production Lifetime.

Documents


http://www.avadocuments.com/doc/semi-e35-0095
http://www.avadocuments.com/doc/semi-e35-0095

4.2.17 materials — bulk gases, specialty gases, gen-
eral or specialty chemicals used in the process. Test
and filler wafers consumed in the support of the equip-
ment.

4.2.18 monitor units — test or filler units (wafers or
devices) consumed in the support of the equipment,
Also called test units.

4.2.19 parametric limited yield — (PLY) an estimate
of devices that are not lost from device parameters
being outside the required range.

4,220 precision-tolerance ratio — (P/T } character-
ization of test equipment being used to evaluate prod-
uct quality for yield determination. ‘

4221 production utilization — (PU) a measure of
factory utilization and equipment availability
expressed as hours and % of 8,760 hrs per year,

PU = Factory Utilization * Equipment Availability

As defined, PU has a component atiributable to the
" manufacturer and a component attributable to the
equipment supplier

4.2.22 product yield — (PRY) the percentage of units
expressed as good wafer equivalents (GWE) which
pass through the factory and result in good product.
Product yield for wafers is the composite yield from
Equation 2. The components are defined in this sec-
tion. Since defect limited yield (DLY) is generally a
wafer level phenomena, Equation 2 may be simplified
for other types of units by setting DLY=1. Particle
additions are a predictor of defect yield loss at a future
step, but not a complete predictor of all the possible
loss since there may be other defects or parametric
problems.

PRY = EY *(1-qa} * (1-p) * DLY * PLY

{See Eq 2, Section 5.5.2).

4223 recurring costs — costs that are incurred on an
accrued basis.

4.2.24 spare parts — pre-purchased inventory of
components maintained to service the equipment.
Repair parts are paid for at the time of repair.

4225 service contract — an agreement for the sup-
plier to provide equipment maintenance under speci-
fied terms and conditions.

4226 supplier — provider of equipment or services
to the semiconductor manufacturer, same as a vendor
or equipment manufacturer,

4227 system throughput — See throughput,

4.228 systems required — (SR) the integer number of
systems required to obtain the throughput for the step.

4.2.29 test wafers — see monitor units.

4.2.30 fest yield — incorrect test determination of a
die being good or bad:

¢ or type 1 is percentage of false bad.
Bor type 2 is percentage of false good.

4,231 throughput — (TP) the number of units
(wafers or devices) per hour the process system deliv-
ers to the factory, including all input, output, and inter-
nal overhead operation. Throughput includes all test
or moniter wafers processed, since the cost of these
non-product wafers is accounted for directly.

4.2.32 tool — often used synonymously with equip-
ment in the silicon wafer processing industry.

4.2.33 unit — any wafer, die, packaged device, or
piece part thereof (includes product and non-product
units). See SEMI E10. For the purposes of this guide-
line, units are converted to wafer equivalents so that
cost of ownership is expressed on a per wafer basis.

4.2.34 volume requirement — the number of units
required to be processed by the equipment in a specific
time period, normally units per week.

4.2.35 warranty confract or service contract — an
alternate method for handling maintenance beyond that
which is supplied with the equipment.

4.2.36 yield — see product yield.
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5 Cost of Ownership

Cost of Ownership = Cost of Equipment Ownership + Cost of Yield Loss
Coo = CEO + CYL (1
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Figure 1
Factory Flow

5.1 Description

5.1.1 A Cost of Ownership metric is the incremental cost added to a unit of good product material flowing
through a volume-sized process system embedded in a factory environment for a specified lifetime plus the cost of
yield loss. COO is calculated on an annualized basis. The metric is expressed as cost per good wafer equivalents
(GWE) for one pass through the system. GWE is determined from the good die yield at wafer probe or at a later
stage if appropriate. Figure 1 depicts this accumulation of cost which can be factored into two components, Cost of
Equipment Ownership (CEO) and Cost of Yield Loss (CYL).

5.1.2 COO is the full cost of embedding, operating, and decommissioning in a factory environment a process sys-
tern needed to accommodate the required volume of product material.

5.2 Constraint Version

5.2.1 A constraint version of Cost of Ownership imposes a set of defined restrictions to facilitate comparisons or
to remove ambiguity. An example is: Baseline Cost of Ownership which only includes Equipment Yield, i.e.,
defect limited yield and parametric limited yield are not included. Cost of Ownership calculated with no constraint
is referred to as Comprehensive.

52,2 The constraint type definition will also provide a unique description of the elements included in the classifi-
cation system defined in Section 9 as well as other details, SEMI E35.1, "The Cost of Equipment Ownership Com-
parator,” is a specific constraint version equivalent to a baseline cost of ownership.

5.3 Lifetimes

5.3.1 The time over which the fixed and recurring costs are spread for the annualized basis is the Equipment Pro-
duction Lifetime. Tax Life-Depreciation is customarily used in COO, based upon standard accounting practice.

5.3.2 The equipment usuaily remains in production much longer than the Tax Life, so it is often useful to consider
the equipment production lifetime in evaluating the value of equipment.
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COO Lifetimes

1.Tax Life - Depreciation
2.Equipment Production Lifetime
54 CEQ: Fixed and Recurring Costs

5.4.1 Determining CEOQ requires enumerating ail of
the fixed and recurring costs that are incurred in the
life cycle of the equipment. Fixed costs are those
incurred once and are usually associated with the
acquisition and incorporation of equipment into the
factory. Recurring costs are those which arise on an
annual basis from the operation and maintenance of the
equipment. The calculation is shown in Section 8.

5.5 Yield

5.5.1 Yield is a metric of the percentage of the unit
volume that results in good product. Yield affects the
Cost of Ownership in a number of ways.

1. Volume of units that must be processed for the
required product requirements.

2. Cost of units that do not produce good product.

5.5.2 Product Yield (PRY) is the percentage of units
expressed as good wafer equivalents (GWE) which
pass through the factory and result in good product.
Product yield for wafers is the composite yield from
Equation 2. The components are defined in Section 4.
Since defect limited yield (DLY) is a generally wafer-
level phenomenon, Equation 2 may be simplified for
other types of units by setting DLY=1. Particle addi-
tions are a predictor of defect yield loss at a future
step, but not a2 complete predictor of all the possible
losses since there may be other defects or parametric
problems.

PRY =EY*(1-a)*(1- BY*DLY *PLY 2
5.6 Costof Yields

5.6.1 A unit lost at the end of a given step represents
the loss of the cost of manufacturing to that point. In
addition, units leaving a step may be lost at some later
step. Calculating Cost of Yield Loss (CYL) therefore
requires knowing the accumlated cost of manufactur-
ing before the wafter is lost. Therefore, cost of yield
loss should be tracked as a separate cost for factory
optimization. CYL is given in Equation 4 in Section
8.1

5.7 Volume Reguirement

5.7.1 The volume requirement is the unit flow to be
processed and can be derived from specification of the

M

M1

product units needed corrected for yield and the num-
ber of other units required to be processed by equip-
ment it a specific time period such as those being
redone. One complication in accurately dealing with
the volume requirement is that the volume of units
actually reaching the equipment will depend on the
volume loss from equipment yield for all the prior
steps. One common approach is to deal with volume
parametrically.

5.8 Good Wafer Equivalents (GWE)

5.8.1 Good Wafer Equivalents (GWE) is derived
from the number of good product units or good product
die at wafer probe or ata later stage, if appropriate, and
is expressed as completely good wafers.

5.9 Systems Required

5.9.1 Once the volume is specified, the number of
systems required (SR} is obtained from the throughput
(TP), and the production utilization (PU).

SR = VOLUME REQUIRED/(TP * P1J) (3)

6 Reporting Results

6.1 Reports on Cost of Ownership should always
show the following items. Other data items should be
reported as required by clarity.

6.1.1 Input Items
1. Identification of Standard Conformance

2. Declarations

1. Classification System; Functional, Cost Center,
or other

2. Summed Categories: All or Enumerate
3. Volume Requirement
4. Factory Utilization
5. Equipment Availability
6. Production Utilization
7. Equipment Throughput
8. Number of Systems and Chambers
6.1.2 Ouiput Items

1. Cost per unit
2. Classification Summary Cost Distribution

3. Related Statistics
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7 Limitations

7.1 Certain factors are more difficult than others to
accurately determine. Figure 2 depicts the relationship
of some of the cost of ownership factors. Thus, the
accuracy of a Cost of Ownership calculation may be
prone to a variety of errors or omissions.

7.2 In addition, line balance considerations are not
included in Cost of Ownership calculation, Line bal-
ance considerations are not included because an indi-
vidual COO model does not have the capability to
know what impact the process being modeled has on
the rest of the fab.

7.3 A Cost of Ownership calculation may have more
detail than presented explicitly in this gnideline. The
structure of the guideline, however, allows for the
proper handling of these situations.

8 Procedures
8.1 COO Calculation

8.1.1 The COO algorithm requires the specification or
calculation of the volume level, the determination of
the number of systems required to process the volume,
the enumeration of all fixed and recurring costs associ-
ated with processing the volume by the systems, and

Cost of Ownership Factors
Easy to ldentify and Relate

the yield related costs. The COO metric is a function
defined by equation 1 to be:

COO = CEO + CYL

CYL, the Cost of Yield Loss, is given by Equation 4,
and is broken into two components, The CEO compo-
nent is described in Equation 5 and is expressed in
Equation 6 as the sum of a number of categories which
constitute a classification system. The classification
system is described in Section 9. Constrained versions
of COO restrict certain elements included in calcula-
tion.

8.1.2 The algorithm for CEO is depicted in diagrams
presented in Related Information 1. The CEO is
expressed as a sum over the elements in the Category
Table 1 as expressed in Equation 5. Each item in the
classification system is defined, and a method for eval-
uating its expression given as described in Section 9.
Default values or handling are specified in Related
Information 2. All costs must be assigned through the
defined classification system and calculated per system
for the number of production hours.

8.1.3 Figure 2 depicts some of the elements in terms
of the difficulty in establishing various costs.

A Taxes
Delivery | pyties
Facilities interest
Consumables
Materials & Spare
Parts Service
Labor Start Up Equi t
Direct Process Qual q:‘{;ﬁ""
L] Indirect Training
More Difficult
Throughput Process Control Overhead
Utifization Test Wafers Administration
Redo or Rework or Devices Space

Defect Limited

Parametric Limited

Yierd Tield

Figure 2
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8.2 Cost of Yield Loss — since both views are summing the same fixed and
recurring costs, they give equivalent results, Category
tables can be developed as required to expose particu-

annualized annualized . . K
cost of attributed cost of . lar details of the cost structure with the requirement
YL = wafers lost 1o T wafers bost to * Good Unils ) that the table be reported in the documentation.

nipment Yield Die & Parametric Yield r Year . . .
Bauip pe 9.3 Constrained versions of the COO calculation are

created by defining a modification of the calculation

8.3 Cost of Equipment Ownership — such as the way yield is included or in restricting the
items in the classification tables that are used.

annualized  annualized V"]:": Required
= | Fixed + Recurring C * yelems 5
e = s o R 0o e~
T m
per sy per sy pes Year
Volume Reguired
# Systems
= | T Fo+ Y Rio | # | FDystems 6
[zj‘« " zk: ] Good Units ©
per year
VolumeRequired
# Systems
={ 3 Fi+ ) Ruo|*| ——— 7
: [ZJ, ’ % ] Good Units : @

per year

‘Where j and k are the number of primary categories in
Table 1, and ij and ki are the number of detailed ele-
ments in Sections 10 and 11,

8.2.1 Fj0 and RkO are the primary categories in Table
1 and in the expansions shown in Sections 10 and 11.
Fij and RK] are the detailed elements, each of which is
defined.

9 Costi Classifications and Categoties

9.1 Cost classifications may be defined as a tree start-
ing with the SuperClass/Class category structure
shown in Table 1. The SuperClass structure starts from
the Fixed and Recurring cost categories. Detailed ele-
ment expansion is shown in Sections 10 and 11. Egua-
tion 5 shows the way the tables are used to represent
the CEQ calculation. The purpose of this format is to
remove ambiguity that often results in trying to follow
calculations done with spreadsheets.

Note that any class expansion should give the same
results since they are just different views of the same
Fized and Recurring costs.

9.2 SubClass elements may be expanded into further
items and then summed up to the next level if more
detail is required. The Cost Center example in Table 1-
is one view of the categories. Another view is given in
section 11 for a Functional view of the costs. Note that
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Table 1. Example Classification $tructure for Expanding CO0

VIEW SuperClass Class SubClass
! |Equipment
Fixed 2

3
1 |Consumables
2 |Material

Cost Center’ 3 |Maintenance
4 jLabor

Recurring 5 |Support Personnel

6 |Sorap
7 |Support Services
8
9

This set is similar to the original Sematech COO Model. Another example is given in Section 11, which is called a Functional

Classification. Definitions used by both classification examples are included in the guideline.

10 Classification Element Details: Cost Center

Fixed Cost Classification

CF 1 2 3 4

0 Egquipment
.1 |Depreciation
2 |Quatification

3 |Installation

4 |Training

5 |Moves & Reartange

6 |Floor Space

i

Recurring Cost Classifieation
CR I 2 3 4 5 6 7
Support Support

] Material Consumables Maintenance Labor Personnel Serap Services
1 [Test/Filler Wafers Yabor Operation Supervision Equipment Yield

2 |Utilities Spare Parts Engineering Defect Yield

3 |Supplies Repair Paris Parametric Yield

4 | Waste Disposal Service Contract

5 TFraining

6

7

On the following pages are given the definitions of the items included in the classification and the methods for cal-
culating the items if the values are not available. Default values are given in an Related Information 2.
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