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Abstract

[bookmark: _GoBack]Model Predictive Control (MPC) – an on-line optimization-based control method - has been applied extensively in refineries and other chemical manufacturing processes. As its theory matured and computational capabilities improved, MPC’s application domains expanded to include many new types of systems like mechanical devices and biomedical systems.  In addition, it has also been proposed for solving certain scheduling problems in re-entrant manufacturing lines, like those found in semiconductor manufacturing fabs [1-3]. In these works, wafer flows in a fab have been modeled by the so called aggregated flow model (AFM), which is a continuous flow equation approximating what is inherently a discrete-event system. MPC is designed based on the AFM so as to follow a given ‘fab-out’ profile, which acts as a main setpoint trajectory, while maintaining desired inventory levels between processing steps. These studies demonstrated the effectiveness of MPC in controlling the output wafer quantity at a desired level on a simplified fab model called “Intel mini-fab” benchmark model [1].
As we were working with a major semiconductor manufacturer to implement this approach on their fabs, we found that there are a number of additional complicating factors not addressed in the previous studies.  They include:
1. Production planning gives desired wafer quantities (of different device types) by a certain due date.  This demand information from the planning layer must be translated into target fab-out quantity profiles.  When multiple product types are involved, it is not clear how best to do this.
2. Significant uncertainties exist in a real fab environment, such as unexpected machine breakdowns/maintenances and last minute demand changes.  While the feedback mechanism of MPC does help in counteracting them, they also call for continuous adjustment of the target production profiles as well as appropriate choices of inventory levels (‘wafers-in-process’ (WIPs)).   Whereas too high levels of inventories will increase the cycle time and hurt the agility of the manufacturing, too low levels of inventories will hurt its robustness to deal with unexpected events.
3. Generally, semiconductor manufacturing lines involve hundreds of processing steps and total cycle time (from the start to the end) can exceed a month. As one of the major input for control is the raw wafer release into the line, it is important to use a large enough prediction and control horizon in the MPC in order to get a good performance. This, combined with the fact that AFM for a real fab is generally of very high order (as it needs to model the flow of multiple product types through hundreds of processing steps), puts significant burden on the computation.

In this work, we address the above-stated issues in applying MPC to fab-wide scheduling.  In order to keep the complexity reasonable for thorough analysis, we also use the Intel mini-fab model for demonstration but we modify it to have a number of additional features like multiple product types and uncertain demands and process parameters.  We propose a novel optimization formulation to relax the constant set-point assumption so that changing demands can be met more flexibly. In this optimization framework, objectives are to meet the demand requirement by the due date while keeping the production linearity in the system as much as possible. Various constraints including the buffer limit on each processing step and machine capacity utilization are also considered. The resulting scheduler not only suggests a future production plan on a (operator-)shift-by-shift basis but also solves the constraint-aware production optimization and the in-process inventory level control simultaneously at each scheduling instance. Simulations on the modified Intel mini-fab model will demonstrate that the proposed MPC-based scheduler automatically fixes the production plan under emergent machine breakdowns and so that the lost production is compensated for in the future operator shifts in order to meet the required demand by the due date. Additionally, as a way to keep the computational complexity manageable, we test several move blocking strategies to identify their advantages and disadvantages in this problem.   
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