
Many established semiconductor fabs do not have an 
automated material handling system (AMHS) that pro-
vides tool-to-tool material delivery. In these fabs, opera-
tors manually load and unload tools, initiate tool process-
ing, and log process results. Operators also select the next 
lot to process, physically locate the lot, transport the lot 
through the factory, and store the lot until it is ready to be 
processed again on the next tool. Factory automation (FA) 
software assists operators, but many actions and decisions 
are still left to operator discretion.

Studies show that at least 20% of an operator’s time is 
spent tracking and locating material and interacting with 
the factory manufacturing execution system (MES). Even 
with the MES, locating a lot in a storage location takes 
time. If a lot location is logged incorrectly or the lot is mis-
placed, finding it can be a time-intensive process. 

A new system, Applied SmartMove, greatly reduces the 
time operators spend tracking and finding material by 
combining two existing technologies:  

 A real-time location system (RTLS) that employs both 
radio frequency (RF) and ultrasonic tracking technol-
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combines real-time wafer lot location and 

workflow technologies to improve productiv-
ity without disrupting ongoing manufacturing. 
This material management solution can signifi-
cantly reduce costs and repay the initial invest-
ment in its first year of operation. 



ogy and uses two-way interface devices (tags) to locate 
lots and communicate with operators.

 Workflow automation software that integrates the RTLS 
with the existing MES.

With SmartMove, when the MES selects the next lot 
to process on a tool, the FA system supplies the lot loca-
tion and helps the operator identify the lot via a flashing 
indicator on the tag.  The text display on the tag confirms 
the destination tool for the lot and provides useful informa-
tion, such as the process recipe. Figure 1 depicts the steps 
an operator follows to process a lot on a tool and highlights 
the non-value added steps that can be eliminated by using 
an RTLS.

The RTLS technology, illustrated in Figure 2, is provided 
by Intellion AG. Active tags attached to wafer carriers com-
municate with a network of antennas placed in the ceil-
ing of the fab. Messages exchanged between the tag and 
antenna enable the RTLS to determine the location of a 
tag/carrier pair, communicate with the tag to toggle an at-
tention LED, and display operator messages. Installing the 
RTLS is straightforward and does not require production 
to be interrupted.



To maximize efficiency gains, 
the RTLS must work together 
with the existing FA software. 
For example, when the MES 
requires a lot to be processed 
on a tool, the display message 
and attention LED for the tag 
need to be set to help the op-
erator find and deliver the lot to 
the correct tool. Figure 3 illus-
trates a sample workflow defin-
ing a fab business process that 
will be executed by the work-
flow automation. When the 
lot is dispatched by the MES, a 
workflow is triggered that calls 
the RTLS software to set the 
tag display and turn on the at-
tention LED. To speed the de-
ployment of the RTLS, the new 
required business processes are 
delivered in the form of pre-
built workflows.

RTLS is a key element of a multi-year production improve-
ment program at a large European manufacturer that gen-
erated reported savings of $21M. A logic manufacturer im-
plemented RTLS to improve fab performance and reported 
an 82% reduction in lot delivery time, a 13% improvement 
in on-time delivery, and a 7% improvement in labor pro-
ductivity. A large memory manufacturer using RFID tech-
nology saved $900k per year in operator time, simply by 
eliminating the need to log lot locations in the MES.

A large semiconductor foundry deployed Applied’s 
workflow technology in their 200mm fabs. Baseline pro-
ductivity studies showed operators were dealing with many 
factory exceptions that resulted in less output and longer 
cycle times. The customer deployed workflows to auto-
mate standard exception processing, resulting in an 18% 
fab throughput increase.

By combining RTLS and workflow technologies, the 
SmartMove system can be deployed rapidly and easily in an 
operating fab. Pre-built workflows reduce the risk, expense 
and time required for integration with the existing FA sys-
tem. Also the workflow automation software includes the 
capability to detect activities in the existing FA system, 
such as the dispatching of a lot to a tool, and in response can 
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initiate a workflow, without requiring the risk of changes 
in the existing factory automation software. Table 1 charts 
the potential deployment risks and challenges and how Ap-
plied’s workflow technology mitigates these concerns.

Beyond raising operator productivity by optimizing ma-
terial handling, the combination of RTLS and workflow 
technology offers additional capabilities:

 The ability to track other factory resources in addition to 
lots, such as photomasks and maintenance equipment.

 A new communication channel to operators. In addition 
to the attention LED and lot destination, other time-
critical information is available regarding lots to opera-
tors, such as service instructions and broadcast messages, 
particularly with non-wafer lot tags.

 A new communication channel from operators. Tags can 
convey simple information back to the FA system via 
soft keys on the tag. These buttons can be used to pro-
vide quick feedback to the factory automation system, 
such as the process outcome or exception notification, 
freeing the operator of the need to log into an MES 
terminal.

 Workflow automation software provides the general 
capability to implement new factory business improve-
ments with guidance from of the factory automation sys-
tem. This capability can also be used in conjunction with 
the RTLS capabilities listed above, but it can also be used 
to develop other factory productivity improvements.

 Location information can be used to optimize fab deci-
sions—the choice of the next lot to process on a tool can 
include the current location information of the candi-
date lots, perhaps giving a higher priority to closer lots, 
reducing transit time. 

Table 2 lists some of the fab productivity challenges that 
can be addressed using SmartMove technology. 

For fabs without AMHS, the combination of RTLS and 
workflow technologies can optimize material management 
in the fab and improve wafer output by up to 10%. Applied 
Materials has developed an integrated solution with these 
technologies that includes pre-built workflows, deployment 
services and post-deployment support. This material man-
agement solution offers a low risk, rapid deployment with-
out disrupting ongoing production, and a typical ROI of 
less than 9 months. The technologies can also be used to im-
prove a wide range of additional fab business processes.  


