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Abstract

The major categories for equipment
effectiveness | oss are speed |oss, equipment setup,
equipment idleness, unsatisfactory product quality,
unscheduled downtime, and test wafers. The goa
of this project is to develop methodologies, toals,
and a management system for enhancing overall
equipment effectiveness of wafer fabs. Methods
for enhancing equipment effectiveness in the (1)
areas of equipment monitoring, dynamic @)
preventive maintenance, job dispatching, tool (3)
scheduling, machine assignment, tool portfolio
design, and OEE analysis and management are 4)
investigated in this project. The preliminary
results for the first year include a factory
simulator, tool portfolio planning methods and
software, analysis and sequencing methods for
cluster tools, and equipment health indices and
prognosis models.
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A sequencing and performance analysis tool has
been developed for PVD cluster tools. The tool has four
function modules: a Petri-net (PN) modeler, a smulator,
a performance analyzer and a sequencer [8].

1. Petri net-based modeler

The modeler is based on physical configuration,
operations and process flow information of cluster tools
and captures problem features in resource sharing,
concurrency, process sequences and flexible routing.
The modeler takes a modular composition approach.
For the PVD example, PN sub-models for cassette,
transport, and process modules are first constructed
respectively. Submodels are then automatically
synthesized into a complete PN model by the modeler.

2. Performance analyzer

Two performance metrics of a PN model are
analyzed in this module: (1) cycle time per wafer and (2)
tool bottleneck identification. Ramamoorthy and Ho's
PN cycle search and time calculation agorithm [9]
serves as the core technique. Given a PN model of a
cluster tool's processing times, cycle times can be
quickly calculated and bottleneck identified by the
analyzer.

3. Sequencer

With the PN model of cluster tools, an operation
sequencing problem can be easily formulated as a
discrete, integer programming problem. In our current
implementation, tardiness is chosen as the objective
function. Two heuristic algorithms are proposed to solve
this sequencing problem of the PVD tool named m-A*
search and FS search algorithm. Numerical cases have
been used to demonstrate the feasibility and optimality
of our sequencing algorithms. In our test cases, both
m-A* search and FS agorithm achieve a better
performance than using FIFO sequencing. The m-A*
search and FS a gorithm outperform FIFO by about 20%
and 17% respectively in the metric tardiness.

4. Simulator

The simulator adopts a Petri net model-based
simulation package Design/CPN. It takes a PN model
built by the modeler and evaluates the detailed tool
performance under specific operation sequences. It
may serve as a wafer movement predictor for the next
few hours and supplements the function of performance
analyzer.
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Scheduling of preventive maintenance used to be
scheduled based on MTTF (Mean Time To Failure)
statistics. Modern equipment provides many rea-time
state data such as temperature, current, vibration,
corrosion, fluid, etc. These data are cross-correlated. In
this study multivariate process capability indices (PCI’s)



are utilized to predict the health of equipment based on
real time equipment state.

Multivariate PCl's have been used for measuring
process performance by product’s quality characteristics.
But the basic theory is also feasible for evaluating
equipment capability.

Let X3,X5,..., X be kimportant parameters for machine
state, and all follow normal distributions. A Machine
Capability Index (MCI) can be defined as follows

aea of (X-T)A*X-1EK?
aea of (X- T)vvdl(x -NE 05,0.9973
where
X isthe sample mean vector of X
V, isthe var-cov matrix of X
A isavariance-covariance matrix
The denominator can be regarded as ‘performance
region’ and the numerator as‘ specification regiorn .& is
the mean vector. The ‘size’ of specification region is
controlled by tuning K.
The MCI with arange of (0,¥) is transformed to a

score with the range of [0,100] to grade machine
performance.
_Mci _MCI- a
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Equipment health index is regarded as a Markovian
stochastic process, H =(H,:t3 0) by discretizing the
continuous health index into afinite number of segments.
Let s={S,S5K,S,, F} be the state space and F

denote the matrix of one-step transition probabilities P;;:
When a machine is down, the failure state F (an
absorbing state) is reached:

S=F, Per=L A, =0, for j=12K,n-1

One of the most important properties of above
proposed prognosis model is the bell-shape probability
distribution presented by entries in the same row of F.
But as the machine grows older the health index H tends
to worsen due to the deterioration of equipment. Let a
larger value of state correspond to a better health index
score. Each row of matrix F will look like a moving
wave when the equipment ages. The transition
probability is modified for the prognosis model:

Let Py bemlax{F;J,jzl,z,,,.,n} and Q be any state

MCI =

to the left of state M.

glgj and P = g'{ R, . As a machine ages,
A o’

P:(t)£ P (t+1)and PR(1)3 P(t+1).

R R
= B0 B (1) e the aging factor, dT (01).
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Suppose the amount of increase or decrease in P is
proportional to the fraction P;;in P, or P;g

R(t) ,, for j<Q
R i(t+D)= R j(t)x1+-L2q) TN
(D)= R 50)

Denote P =

Letd

R j(t+D)= PR j(t){1-d) forj*Q
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