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2.1.1 Research Goals and Objectives

CAFE (Computer-Aided Fabrication Environment)
is a software system being developed at MIT for
use in the fabrication of integrated circuits and
microstructures. The distinguishing feature of
CAFE is that it can be used in all phases of
process design, development, planning, and manu-
facturing of integrated circuit wafers. This manu-
facturing software system is unique because a
process flow representation is developed and inte-
grated into actual fabrication operations.

Presently CAFE provides day-to-day support to
research and production facilities at MIT with both
flexible and standard product capabilities. This
software system provides a platform for work in
several active research areas including
"technology" (process and device) computer-
aided design (TCAD), process modeling, manufac-
turing quality control, and scheduling.

2.1.2 Architecture

The CAFE architecture is a computer integrated
manufacturing (CIM) framework for the deploy-
ment and integration of integrated circuits and
process design and manufacturing software. CAFE
uses an object-oriented database model which is
implemented in a layered manner on top of a rela-
tional database. Our database schema is based on
GESTALT, an object-oriented extensible data

model. GESTALT is a layer of abstraction which
maps user defined objects onto existing database
systems (e.g., a relational DBMS) and shields
application programs from the details of the under-
lying database. The integration architecture
includes the conceptual schema and models used
to represent the integrated circuit manufacturing
domain in CAFE, and the user and programmatic
interfaces with its various applications. Two
important CAFE applications relate process simu-
lation and actual wafer fabrication to the same
process flow representation.

2.1.3 Process Flow Representation

During the past year, progress in process flow
representation (PFR) was made in three major
areas: fundamental modeling, application to fabri-
cation at MIT, and cooperative efforts with
industry to define and test a process representation
standard.

A high level conceptual model for describing and
understanding semiconductor manufacturing
process knowledge is a crucial component both of
the research program and CAFE implementation.
Driven by the needs of process control and opti-
mization research, including sophisticated mod-
eling, design, and experimental model verification,
our fundamental conceptual process model has
evolved from a two-stage generic process model
into one which is part of a more general process
modeling framework. The two-stage model is
treated as a special case.

To take advantage of an opportunity to apply our
research, extensive effort was directed toward
industrial efforts in Technology (process and
device) CAD Framework (TCAD) to define a
broadly applicable semiconductor process repre-
sentation (SPR) standard. Based largely on the
conceptual process model described above, a high
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level information model of semiconductor pro-
cesses is being developed in conjunction with
Motorola, IBM, and Texas Instruments, as well as
other representatives from industry and universi-
ties. A prototype SPR implementation and pro-
gramming interface was developed and employed
in the TCAD Framework demonstration in August
1991.

2.1.4 CAFE Applications

The fabrication of wafers with a process repres-
ented as a PFR involves several steps. A suitable
PFR for the specific process must be created and
installed. Wafer lots must be created and associ-
ated with this specific PFR. These lots must then
be "started" to create a task data structure which is
isomorphic to the hierarchical structure of the PFR.

At this point, actual machine operations can be
scheduled and reservations made for both
machines and operators. Finally, the machine
operations can be performed, instructions given to
the operator and machines, and data collected
from the operator or machine and entered into the
database.

An experimental fabrication run of the MIT
baseline CMOS process was made in which all
operations were driven by the CAFE system using
a PFR representation of the process. We have
been evaluating the results of this experiment, per-
formed in conjunction with the Integrated Circuits
Laboratory staff, and preparing a plan for
expanding use of PFR in the lab to other processes
including research processing.

Current work involves the implementation of
hierarchical scheduling, real time process control
using PFR, and integration of a microelectro-
mechanical TCAD system using PFR.
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