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ABSTRACT

In semiconductor manufacturing, when a wafer is processed, it requires unloading from its process 
module in a given time interval, otherwise it is scraped. This requirement is called wafer residency time 
constraints. Thus, it is crucial to schedule a cluster tool such that the wafer sojourn time in a process 
module is within a given time window to satisfy the wafer residency time constraints. Besides wafer 
residency time constraints, in a cluster tool, the activity time is subject to variation. The activity time 
variation can make a feasible schedule obtained under the assumption of deterministic activity times 
become infeasible. To solve this problem, it is important to reveal the wafer sojourn time fluctuations with 
bounded activity time variation. Such an issue is addressed in this chapter for single-arm cluster tools. 
A single-arm cluster tool is modeled by a resource-oriented Petri net to describe the wafer fabrication 
processes. Based on it, a real-time control policy is proposed such that it offsets the effect of the activity

Real-Time Scheduling and 
Control of Single-Arm Cluster 

Tools With Residency Time 
Constraint and Activity Time 
Variation by Using Resource-

Oriented Petri Nets
Yan Qiao

Guangdong University of Technology, China

NaiQi Wu
Guangdong University of Technology, China

MengChu Zhou
New Jersey Institute of Technology, USA & Tongji University, China



851

Real-Time Scheduling and Control of Single-Arm Cluster Tools
 

1. INTRODUCTION

In semiconductor manufacturing, a cluster tool is widely used to process wafers one by one with single-
wafer processing technology because it can achieve better quality control for processing large-sized 
wafers, such as 300mm ones and reduce the fabrication lead time. A cluster tool consists of several 
processing modules (PM), an aligner, a wafer handling robot, and two loadlocks for wafer cassette load-
ing/unloading. In general, a cassette has 25 wafers with an identical recipe (Kim et al., 2003; and Lee 
and Park, 2005). Raw wafers are loaded into the system through a loadlock, visit one or more PMs in a 
pre-specified order (each wafer should stay in a PM for a minimum time in each step to get processed), 
and return to the loadlock where they come from (Wu et al., 2008a). By using such a tool, it can provide 
a flexible, reconfigurable, and efficient environment for semiconductor manufacturing (Bader et al., 
1990; and Burggraaf, 1995), resulting in higher yield (Newboe, 1990), shorter cycle time (McNab, 1990; 
Newboe, 1990; and Singer, 1995), better utilization of space (Burggraaf, 1995; and Singer, 1995), and 
lower capital cost (Singer, 1995). For a cluster tool, the wafer handling robot can be a single or dual-arm 
one as shown in Figure 1 (a) and (b), respectively.

time variation as much as possible. Then, the wafer sojourn time delay in a process module is analyzed 
and analytical expressions are derived to calculate the upper bound. With the help of the real-time 
control policy and wafer sojourn time delay analysis results, schedulability conditions and scheduling 
algorithms for an off-line schedule are presented in this chapter. The schedulability conditions can be 
analytically checked. If schedulable, an off-line schedule can be analytically found. The off-line schedule 
together with the real-time control policy forms the real-time schedule for the system. It is optimal in 
terms of cycle time minimization. Examples are given to show the application of the proposed approach.

Figure 1. The cluster tools: (a) single-arm robot; (b) dual-arm robot



 

 

35 more pages are available in the full version of this document, which may

be purchased using the "Add to Cart" button on the publisher's webpage:

www.igi-global.com/chapter/real-time-scheduling-and-control-of-single-arm-

cluster-tools-with-residency-time-constraint-and-activity-time-variation-by-

using-resource-oriented-petri-nets/222462

Related Content

Static and Dynamic Multi-Robot Coverage with Grammatical Evolution Guided by Reinforcement

and Semantic Rules
Jack Mario Mingo, Ricardo Aler, Darío Maravalland Javier de Lope (2014). Robotics: Concepts,

Methodologies, Tools, and Applications  (pp. 407-433).

www.irma-international.org/chapter/static-and-dynamic-multi-robot-coverage-with-grammatical-evolution-guided-by-

reinforcement-and-semantic-rules/84906

Re-Broadcast AODV(reAODV) Based Routing Protocol Modification Over AODV for VANET In

City Scenario
Soumen Saha, Utpal Royand D.D. Sinha (2018). International Journal of Synthetic Emotions (pp. 51-65).

www.irma-international.org/article/re-broadcast-aodvreaodv-based-routing-protocol-modification-over-aodv-for-vanet-in-

city-scenario/209426

Cyberinfra Product Concept and its Prototyping Strategies
Balan Pillaiand Vesa Salminen (2013). Engineering Creative Design in Robotics and Mechatronics (pp.

301-323).

www.irma-international.org/chapter/cyberinfra-product-concept-its-prototyping/78110

Sliding Mode Control of a 2D Torsional MEMS Micromirror with Sidewall Electrodes
Hui Chen, Manu Pallapa, Weijie Sun, Zhendong Sunand John T. W. Yeow (2013). International Journal of

Intelligent Mechatronics and Robotics (pp. 16-26).

www.irma-international.org/article/sliding-mode-control-of-a-2d-torsional-mems-micromirror-with-sidewall-

electrodes/87478

Mechatronic System Design for a Solar Tracker
H. Henry Zhang, Li-Zhe Tan, Wangling Yuand Simo Meskouri (2015). Handbook of Research on

Advancements in Robotics and Mechatronics (pp. 958-993).

www.irma-international.org/chapter/mechatronic-system-design-for-a-solar-tracker/126039

http://www.igi-global.com/chapter/real-time-scheduling-and-control-of-single-arm-cluster-tools-with-residency-time-constraint-and-activity-time-variation-by-using-resource-oriented-petri-nets/222462
http://www.igi-global.com/chapter/real-time-scheduling-and-control-of-single-arm-cluster-tools-with-residency-time-constraint-and-activity-time-variation-by-using-resource-oriented-petri-nets/222462
http://www.igi-global.com/chapter/real-time-scheduling-and-control-of-single-arm-cluster-tools-with-residency-time-constraint-and-activity-time-variation-by-using-resource-oriented-petri-nets/222462
http://www.irma-international.org/chapter/static-and-dynamic-multi-robot-coverage-with-grammatical-evolution-guided-by-reinforcement-and-semantic-rules/84906
http://www.irma-international.org/chapter/static-and-dynamic-multi-robot-coverage-with-grammatical-evolution-guided-by-reinforcement-and-semantic-rules/84906
http://www.irma-international.org/article/re-broadcast-aodvreaodv-based-routing-protocol-modification-over-aodv-for-vanet-in-city-scenario/209426
http://www.irma-international.org/article/re-broadcast-aodvreaodv-based-routing-protocol-modification-over-aodv-for-vanet-in-city-scenario/209426
http://www.irma-international.org/chapter/cyberinfra-product-concept-its-prototyping/78110
http://www.irma-international.org/article/sliding-mode-control-of-a-2d-torsional-mems-micromirror-with-sidewall-electrodes/87478
http://www.irma-international.org/article/sliding-mode-control-of-a-2d-torsional-mems-micromirror-with-sidewall-electrodes/87478
http://www.irma-international.org/chapter/mechatronic-system-design-for-a-solar-tracker/126039

