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Abstract
The major categories for equipment effectiveness
loss are speed loss, equipment setup, equipment
idleness, unsatisfactory product quality, unscheduled
downtime, and test wafers. The goal of this project isto
develop methodologies, tools, and a management
system for enhancing overall equipment effectiveness
of wafer fabs. Methods for enhancing equipment
effectiveness in the areas of equipment monitoring,
dynamic preventive maintenance, job dispatching, tool
scheduling, machine assignment, tool portfolio design,
and OEE analysis and management are investigated in
this project. Thisis the second year of a 2-year research
project. The preliminary results for the first year
include: (subproject 1) capacity anaysis, capacity
models, resource portfolio planning methods,
(subproject I1) analysis and sequencing methods for
cluster tools, and (subproject 1ll) equipment health
indices and prognosis models. The achievements of the
second year are;
Subproject I;
I Optimization of resource portfolio and operating
conditions
I Product mix planning method
I A decision software system
Subproject I1:
I Designed, implemented and tested a VLS chip
for Job Shop Scheduling
I Designed and analyzed (1) statistical-process-
control-based schemes for production flow
monitoring, and (2) production rate control
policies for a single-machine, failure prone
system
I Designed and assessed an ordinal optimization-
based simulation approach for dynamic selection
of scheduling rules
I Developed a method for proportional machine
allocation over areentrant line
I Demondrated the feasbility of dynamic
manufacturing service provisioning
Subproject I11:
1 adynamic PM scheduling method
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Table 1: Dynamic Rule Selection under Engineering
Holds (ranked by throughout)

Rank Rule Throughput % LMCT

1 ACDD 0.621 - 13.514

2 A-AB-A 0.621 0.00% 13.970

3 A-ADA 0.620 0.16% 13.995

4  A-CCA 0.619 0.32% 13.279

5  A-B-CB 0.619 0.32% 14.043

6 A-B-B-D 0.619 0.32% 14.170

7 0.618 0.48% 12.388

56 8 D-D-CC 0.618 0.48% 13.106

[5.6] 9 D-D-CA 0.618 0.48% 13.605

[7,8] 10 D-B-A-D 0.618 0.48% 13.642
46 A-A-A-A 0.612 1.45% 13.690
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Suppose the equipment datais acquired at scheduled

sampling time D,2D,3D,L ,nD,L , where D is a

1 constant time interval. At these specific time points, a

PM decision (to perform a PM or do nothing) is also

made. Since the health state transition probabilities are

age-dependent, & (m+1) can be only calculated from @

(m) using the age-dependent model presented in the
previous report:

FO(m) =F(m)»E (m+L E(m+n- 1)



Denote the expected cost per unit time as m. Given a
health index state sat the m+th period, the expected cost
per unit time is expressed in (1) if we decide to perform
a PM after k periods(i.e. PM at (m+Kk) D) as shown in
Fig. 6.

PM is performed
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exp ected cost per cycle
E(mmK) |9 = =P ol
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where C is the cost of performing a PM, K is the
additional payment for a breakdown repair, i.e., the cost
of a breakdown repair is C+K. T(m) is the Time To
Faillure (TTF) from the current time period m
Pr{ kD>T(m)|g is the probability that the equipment
breaks down before the PM at period k is performed
given the current state is s A maintenance cycle is
terminated by either the PM or the equipment breakdown.
Therefore, the numerator in (1) represents the expected
cost per cycle and the denominator A[min(kD, T(m))|q
denotes the expected cycle length. Our objective is then
to find an optimal kat any given period mthat minimizes
EnimK)[s). The score of the health index reflects the
condition of the equipment’'s health. In order to
determine when the machine needs a PM given a real-
time score of the health index, we should find a threshold
for the health index scores. When the observed score
exceeds this threshold, a decision is made to perform a
PM at the next available time. Given the time point nD
and the headlth index state s there exists k*(sm) that
minimizes [ nfmKk)/9.
E(m(mK)|9=minE(mmA|9 (2

Since we want to minimize the expected cost per unit
time, a minimum cost PM decision is therefore: /f the
minimum cost appears at k*(s;m)>1, it implies that to
plan a PM at k*(sm)>1 will attain a less average cost.
Then, we should not perform a PM at next decision
making time. If the minimum cost appears at k*(s,m)=1,
we should perform a PM right away. This rule will be
used to construct a dynamic PM policy. A PM alarm
boundary is formed by the least tolerable values of the
health index over the equipment’s age. Fig. 7 shows a
typical PM aarm boundary in a dotted line and a sample
path of the equipment health in a solid line. Once the
health goes below the alarm boundary, a PM should be
performed (Figure 7).
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