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Abstract 

300mm semiconductor manufacturing requires a full auto-
mated material handling system (AMHS). AMHS operation 
is tightly coupled with FAB production. Lot scheduling and 
dispatching are restricted by movement of material, while 
decisions for material move also should consider lot status 
and schedules. Therefore, AMHS should be well coordi-
nated with the lot scheduling and dispatching. For the ef-
fectiveness of AMHS operation, following three problems 
that directly cause the change of the material transporta-
tion and  storage should be solved.  The first problem is the 
stocker allocation which determines the best stocker con-
sidering AMHS status. The second is the WIP balancing 
between cells by controlling the transport timing. The third 
is the transport prioritization for maximizing the produc-
tion productivity. In this research, we propose advanced 
functionalities and logistics for the three problems to im-
prove the effectiveness of AMHS. 
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INTRODUCTION 
 
For high productivity in 300mm wafer fabrication, the ef-
fective material handling has been essential requirements.  
To improve the capability of material handling, the material 
handling system which transports materials is required both 
to be fully automated and to be fully integrated with the 
factory control system which schedules and dispatches lots 
[1]. Besides the basic capabilities of lot dispatching and 
AMHS (automated material handling system) control, 
therefore, the factory control system requires advanced 
logistic functions for the effective operation of AMHS in 
300mm FAB.  
 
There are many works for the effective AMHS operations. 
The solution approaches vary according to the type of FAB 
such as a multi-production line [2], 300mm QTAT-FAB [3], 
foundry FAB [4], and DRAM FAB [5].  Although the pre-
vious researches of Wakabayashi et al. [3], Wang and Liao 
[4], and Decocq [6] deal with the similar topics, new trans-
port logics which are fully integrated with lot dispatching 
are developed in this paper.  

This paper is organized as follows.  First, the overall prob-
lems are reviewed. Next, each problem is stated in detail 
and the solution approach and logic for each problem are 
proposed. Then, the system architecture for implementing 
the proposed logics is described. Finally, concluding re-
marks and further research topics are described.  
 

PROBLEM STATEMENT 
 
Consider a FAB which consists of a number of bays each 
of which has a group of similar process tools (Figure 1).  
AMHS consists of stockers for storage, OHSs (overhead 
shuttles) for interbay transport, OHTs (overhead hoist 
transporters) for intrabay transport, and an MCS (material 
control system). Several bays are integrated by connecting 
the bays directly using an OHT rail to form a cell.  
 
Materials can be transported from any tool (source) to the 
other tool (destination) in the same cell directly by OHTs. 
In each cell, there are several stockers for storage and all 
tools can share the stockers of the constituent bays.  For 
transporting the material to a tool (destination) in the other 
cell, the OHS transports the material from a stocker in the 
original cell to a stocker in the destination cell. Therefore, 
materials should pass through a stocker before entering or 
leaving a cell. That is, the stocker is operated by two func-
tions which are the storage function for keeping materials 
and the station function for transporting materials.  
 

 
 

Figure 1. The Layout of a 300mm FAB 
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In order to transport a material from a tool of source to a 
tool of destination, the FCS sends the MCS a macro trans-
fer command which includes carrier ID (identification), 
source, destination, and lot priority. Then, the MCS trans-
lates the macro transfer command into a number of micro 
transfer commands, and sends them to each modular con-
troller that performs the detailed transfer tasks. When all 
the micro transfer tasks are finished, the MCS gives the 
event notification for the transportation result to the FCS. 
Then, the FCS sends a process command to the production 
tool (Figure 2). For example in Figure 1, if the FCS sends a 
macro transfer command of (CAR1, EQ_A1, EQ_D3, 
PRIORITY_1) to the MCS, the MCS determines the two 
intermediate stockers between the cell A and the cell D. 
The MCS sends micro transfer commands to each OHT 
controller of the Cell A and Cell D, the OHS controller, 
and the stocker controllers of the selected stockers. Then, 
each controller performs the material transport issued by 
the MCS. After all transportations are accomplished, the 
MCS sends the transport results to the FCS, and the FCS 
gives a process command to the tool EQ_D3. 
 

 
 

Figure 2. AMHS Framework [1] 

 
As described above, when the FCS determines the source, 
the destination, and the transport priority, following three 
problems should be solved. 
 
• If there is no tool for next process after a lot is tracked 

out from a tool, to which stocker will the lot be trans-
ported? 

• If there is no tool for next process after a lot is tracked 
out from a tool, when will the lot be transported to the 
cell of destination? 

• How will the priority of transport jobs be determined 
based on the lot priority and line environment? 

 

These problems are highly related to the effectiveness of 
AMHS operation because they cause the change of the ma-
terial transportation and stocker storage directly. 
 
Following sections describe the details of each problem and 
logistic algorithms to the problems. The first problem is the 
stocker allocation which determines the best stocker con-
sidering AMHS status.  The second is the WIP balancing 
between cells by controlling the transport timing. The third 
is the transport prioritization for maximizing the production 
productivity.   
 

STOCKER ALLOCATION 
 
When a lot is tracked out from a tool or put into a stocker 
after measurement, the FCS tries to find the best tool for 
the next process step. If there is no available tool, the lot is 
forwarded to the stocker assigned to the process step.  Then, 
some stocker may more frequently receive and retrieve lots 
and hence the stocker’s robot may be overloaded.  This 
causes blocking of OHTs or OHSs.  When a stocker is full, 
the subsequent lots destined to the stocker are sent to alter-
native stockers, which belong to other bays.  Such routing 
change tends to increase the manual transport distance of a 
measurement lot for which tools are located in the main 
aisle near to the original stocker.  Note that measurements 
lots for inspection are manually handled although all other 
lots are handled by AMHS.  
 
In order to resolve the problems of blocking and excessive 
manual transport distances, waiting lots for process are 
allowed to be allocated to any stocker in the same cell in-
stead of the step stockers, that is, all tools in a cell can 
share the stockers for the constituent bays. By this logic, 
the workload imbalance between the stockers of the cells 
can be resolved, and also the pooling effect reduces the 
blocking probability. The route changes of manual moves 
are also reduced. Figure 3 shows our basic idea of the 
stocker allocation.  
 

 
Figure 3. Basic Idea of the Stocker Allocation 
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Due to the direct transport between bays in a cell, the trans-
port times between any of the stockers and the tools in the 
bays are not significantly different. Therefore, waiting lots 
are forwarded to the stocker that stock level is the lowest in 
the same cell. However, measurement lots require manual 
transport to measure tool by operators and hot lots are 
transported manually sometimes, these lots are forwarded 
to the step stockers. That is, measurement lots and hot lots 
are allocated to the step stocker statically, and waiting lots 
are allocated to the minimum storage stocker dynamically.  
 

WIP BALANCING BETWEEN CELLS 
 
The WIP positions whether lots are kept in the source cell 
or in the destination cell are highly dependant on the dis-
patching modes, push or pull, in AMHS.  The push mode 
always transfers a lot to the destination cell.  The pull mode 
transports a lot to the next cell only when a tool in the des-
tination cell is ready to process the lot.  In the push mode, 
the stockers of some cell may have excessive lots depend-
ing on the product mix.  This causes a routing change to an 
alternative cell. The pull mode reduces such routing 
changes. Instead, the pull mode tends to have lower tool 
utilization than the push mode.  It is because the destination 
tool should wait the lot arrival for a random time exceeding 
the estimated transport time after the tool becomes avail-
able to initiate the lot transport. To address this problem, 
the two modes are combined to balance WIP between cells 
(Figure 4). 
 

 
Figure 4. Basic Idea of the WIP Balancing 

 
When a lot is tracked out from a tool or put into a stocker 
after measuring, the lot need not be transported to the des-
tination cell if there are enough lots of the same type in the 
destination cell. Therefore, we try to balancing WIP be-
tween cells by postponing the transport in case that the 
WIP level of the destination is greater than the critical WIP 
level, and there are enough lots of the same type in the des-
tination cell. For example in Figure 4, a lot of type A in the 
source cell does not need to be transported in the destina-
tion cell because there are three lots of the same type in the 
destination cell, which are enough for two tools not to be 
run down.  
 

The WIP level of a cell i is calculated as the average stor-
age density i of the cell i, 

∑
=

n

j
ij n/densityker_stoc

1
, 

where n is the number of stocker in the cell, and the 
stocker_densityij is the storage density of the j-th stocker.  
 
The criteria to see enough lots of the same type existing in 
the destination cell i are as follows.  The first criterion is 
that the number of lots of the same type of lot l (N_WIPil) is 
greater than the number of tools (N_EQil) which can proc-
ess the lot l. The second criterion is that the estimated time 
requiring the lot in the destination cell is greater than the 
maximum average of the transport time to the destination.  
The estimated time requiring the lot in the destination is 
calculated as 

l
il

il ATT
EQ_N
WIP_N

× , 

where ATTl is the actual tack time of the lot l. 
When the two criteria are all satisfied, the lot can be post-
poned to transport to the destination cell.  The first criterion 
is to prevent the tool from the run-down, and the send crite-
rion compensates the first criterion in case that the process-
ing time of the lot has a small value.  
 

TRANSPORT PRIORIORITIZATION 
 
AMHS uses 99 levels of transport priority in the SEMI 
standard.  The prioritization rule for transport jobs has not 
been well investigated.  Only a simple rule that maps the 
lot priority to the transport priority of its carrier has been 
used. However, the priority of a transport job need not be 
same as the lot priority because the transport urgency 
greatly depends on the attributes of the lot to be transported. 
For example, the transport time of a lot from a tool to a 
stocker for waiting is not critical because the lots should 
wait in the stocker until the target tool becomes idle to 
process the lot. On the other hand, a direct movement a lot 
to a tool, although it is the normal priority lot, should be 
transported to the tool quickly because the direct transpor-
tation means that the tool needs the lot at that time.  There-
fore, the transport prioritization rule is developed to maxi-
mize productivity (Figure 5). 
 

 
Figure 5. Basic Idea of the Transport Prioritization 
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Lot attributes are classified as the transport priority of lots 
in the order of lot priority, direct transport lots to tools, lots 
with residency time limits, reserved lots, lots which re-
quested to transport by operator, the number of lots of the 
same type in the destination, and so on.  High priority lots 
should have more high transport priorities than low priority 
lots. The direct transport lots and reserved lot to tools 
should have high transport priorities because delayed trans-
port times may cause the run-down of the destination tool.  
The transport lots which are requested by operators should 
have high transport priorities because the operators usually 
transport the lots in urgency situations.  The number of the 
lots of the same type in the destination cell should be con-
sidered in the transport prioritization because this index 
indicates the WIP states of the destination cell. Therefore, 
if a lot has small number of lots of the same type in the 
destination cell, the lot should have more high transport 
priority.  A transport priority mapping table using the 
above lot attributes is developed. The transport priority is 
queried when a macro transfer command is issued from the 
FCS to the MCS. Since there is a possibility that lots hav-
ing low transport priorities may be waiting for a long time 
to transport, the MCS function to increase transport priori-
ties of waiting lots to be transported periodically is devel-
oped. 
 

IMPLEMENTATION 
 
The major applications in the factory control system related 
in this research are a scheduling system, a dispatching sys-
tem, and a work management system, as seen in Figure 6.  
The scheduling system allocates lots to tools and deter-
mines the sequences of the allocated lots to be processed in 
each tool.  The dispatching system determines both the next 
processing lots for a given tool and next processing tool for 
a given lot in real time. The work management system 
manages a series of work flows related to the processing 
job, and controls tools and AMHS.   
 

 
Figure 6. System Architecture 

Due to the following three reasons, the proposed AMHS 
logics and rules are implemented in the dispatching system.  
First, AMHS control logics require real-time decision.  
Second, the proposed logics require the MES information 
to decide the best stocker, transport timing, and transport 
priority. Finally, AMHS control logics should be highly 
integrated with the lot dispatching. 

 
When the work management system gets the track-out 
event from the tool controller or the stocker-in event from 
the MCS, it requests the best work for a lot or a tool to the 
dispatching system.  The best work can be the best lot for a 
given tool and the best tool for a given lot. Then the dis-
patching system determines the best work and replies it to 
the tracking management system.  Finally the work man-
agement system controls tools or AMHS by the tool con-
troller and the MCS.  Figure 7 is the flow chart of the dis-
patching rule integrating lot dispatching and AMHS control.  
 

 
Figure 7. Flow Chart of the Dispatching Rule 

 
In case of determining the best lot for a given tool, the dis-
patching system determines the transport priority of the lot 
to the tool after deciding the best lot if there is a lot to be 
processed in the tool. This case doesn’t need the stocker 
allocation and WIP balancing because the dispatching sys-
tem selects a lot for the tool from waiting lots in stockers. 
In case of determining the best tool for a given lot, how-
ever, the dispatching should determine the stocker alloca-
tion and WIP balancing when there is no tool to process the 
lot.  If there is a tool to process the lot, the dispatching sys-
tem determines the transport priority after determining the 
best tool. Otherwise, if there is no tool to process the lot, 
the dispatching system should determine the stocker for the 
storage of the lot. Then, the dispatching system determines 
the target cell by WIP balancing rule, determines the target 
stocker from the target cell by the stocker allocation rule, 
and determines the transport priority by transport prioritiza-
tion rule sequentially.  
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CONCLUSION 
 
In this paper, advanced MES level logistic functions of the 
factory control system for an AMHS of a 300mm FAB are 
proposed.  In order to operate AMHS effectively, the fac-
tory control system which schedules and dispatches lots 
should consider stocker allocation, WIP balancing, and 
transport prioritization. The dispatching rules which inte-
grate lot dispatching and AMHS control are developed, and 
are implemented in the dispatching system. The result 
shows stocker workload balancing, WIP balancing between 
cell, and better productivity in our FAB.  
Further research plans to extend the basic logics to 200mm 
semi-auto FABs in which there are various types of mate-
rial transportation methods such as by manual, AGV, RGV, 
and so on.  
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