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Abstract 
 A new approach in FDC takes advantage of the full 
sensor trace for fault detection which allows engineers to 
uncover issues more thoroughly and accurately. The 
solution utilizes a reference model that intelligently adapts 
to process changes and requires minimal effort to set up. 
This greatly reduces the time required to deploy and 
virtually eliminates maintenance for an FDC system.  The 
elimination of the error prone and laborious control limit 
set up process in conjunction with a more accurate fault 
detection, false and nuisance alarms are significantly 
reduced. 
 
INTRODUCTION  
 
 In a traditional FDC system, sensor data are collected from 
the production equipment, summarized and compared to 
control limits that were previously set up by engineers.  When 
any of the summarized data fall outside of the control limits, 
software alarms will trigger. While this method is deemed 
effective and has been widely used, it does create a few 
challenges for the engineers: 

1) Since only summary data are used for fault detection, 
subtle changes in a sensor’s behavior may not be picked up 
by this method of detection. These small excursions could 
potentially result in critical problems. 

2) Modeling control limits for fault detection is a manual 
process. With thousands of sensors in a complex 
manufacturing process, the task of modeling control limits is 
extremely time consuming and prone to human error and/or 
process drifts. Any non-optimized control limits could result 
in misdetection – false alarms or missed alarms.  Furthermore, 
to properly define the control limits, the engineer setting up 
the model is required to have a deep understanding of the 
particular manufacturing process.   

3) As equipment ages, processes will change. Even though 
these systematic drifts do not typically affect process or 
product quality, engineers must constantly stay aware of these 
changes and make adjustments to avoid false alarms. 
 
 
 

DYNAMIC FAULT DETECTION OVERVIEW 
 
Full Sensor Trace Detection 
 

To address the shortcomings of traditional FDC systems, a 
new approach was developed to improve fault detection.   The 
new solution, Dynamic Fault Detection (DFD), takes 
advantage of the full trace from each sensor to accurately 
detect any issues during a manufacturing process. By 
analyzing each trace in its entirety, the system is able to 
examine all details on a trace and comprehensively identify 
potential issues. As shown in Figure 1, there are many subtle 
details on a trace such as spikes, shifts, and ramp rate changes 
that are typically ignored or go undetected by a traditional 
FDC system. This is because most systems only examine a 
segment of the trace instead of the full trace. By analyzing the 
full trace using DFD, these details can easily be identified to 
provide a more thorough analysis. 

 

 
 
Dynamic Referencing 

 
Unlike traditional FDC deployments, DFD does not require 

control limit modeling. The solution takes advantage of 
neighboring traces as references so “parameter limits” are 
dynamically defined in real time. Not only does this greatly 
reduce set up and deployment time of a fault detection system, 
it also eliminates the need for an engineer to continuously 
maintain the model. Since the analysis is done in real time, 

 
 

Fig. 1. By using the full sensor trace, DFD is able to detect all subtle 
issues including spikes, drifts, and ramp rate changes. 



the model evolves and adapts to any process shifts as new 
reference traces are added. 

 
In DFD, what to use as reference traces can be defined by 

the engineer to fine tune detection accuracy. There are several 
reference configuration options: 1) use traces within a wafer 
lot as reference, 2) use traces from the last N wafers as 
reference, 3) use “golden” traces as reference, or 4) a 
combination of the above. 

 
Optimized Alarming 

 
Engineers are often faced with thousands of alarms per day 

in which only a small percentage might be valid. In today’s 
FDC systems, one of the main causes for false alarms is 
improperly configured SPC control limits. With the DFD 
implementation, improperly set control limits are no longer 
possible since no control limits are required. This greatly 
reduces the potential for false alarms.  In addition, by design, 
the solution only issues one alarm per wafer which helps to 
further streamline the alarming system and provide better 
focus for the engineers. 
 
DYNAMIC FAULT DETECTION USE CASES 
 

The following examples illustrate actual use cases to show 
the benefits of utilizing DFD for fault detection. 
 
Use Case #1 – End Point Abnormal Etching 
 

In this example, both the upper and lower control limits in 
SPC were not set at the optimum levels preventing the FDC 
system to properly detect several abnormally etched wafers 
(see Figure 2). No SPC alarms were issued to notify the 
engineer. 

 

 
 

However, abnormality was easily detected using DFD full 
trace comparison versus neighboring traces (see Figure 3).  
This was accomplished without having to set up any control 
limits. 

 

 
 
Use Case #2 – Resist Bake Plate Temperature 
 

The SPC chart in Figure 4 clearly shows that the Resist 
Bake Plate temperature pattern changed significantly; 
however, since the temperature range during the process 
never exceeded the control limits, SPC did not issue any 
alarms. 

 

 
 
When the same parameter was analyzed using DFD, the 

temperature profile abnormality was easily identified (see 
Figure 5). 
 

 
 

Fig. 2. Unoptimized SPC limits could cause misdetection, in this 
case, no alarms were issued on the signal abnormalities. 

 
 

Fig. 3. Using full trace analytic, DFD detected the issues 
effortlessly without modeling. 

 
Fig. 4. Sensor behavioral changes cannot always be detected by SPC 
limits. 



 
 
Use Case #3 – Full Trace Coverage 
 

Because setting up SPC control limits is time consuming 
and requires considerable effort, engineers would often select 
only a segment of a sensor trace to monitor. In this specific 
case, the SPC system was set up to monitor the He_Flow 
parameter only in recipe step 3 and step 4. Since no unusual 
events occurred during those steps in the process, no SPC 
alarms were triggered. 

 
However, in that same production run, a DFD alarm was 

issued for one of the wafers.   Upon examination of the trace 
summary chart shown in Figure 6, it is clear that while the 
parameter behaved normally during recipe step 3 and step 4, 
there was a noticeable issue from one of the wafers during 
recipe step 1 and step 2. The trace in red represents the 
offending trace versus the rest of the (normal) population in 
blue.  

 

 

Use Case #4 – DFD Alarm Accuracy 
 

Selecting a proper SPC feature to accurately detect issues 
could be challenging. In this example, the engineer used 
multiple SPC approaches to monitor parameter 
MatchLoadCap in an etcher. When the control limits were set 
using Standard Deviation (see Figure 7), a large number of 
false alarms were triggered. On the other hand, zero alarm was 
triggered using the Mean approach (see Figure 8). 

 

 
 

 
 
Again, using full trace detection, DFD was able to identify 

an issue with one of the wafers in recipe step 3 and triggered 
an appropriate alarm (see Figure 9). 
 

 
Fig. 5. Using full trace analytic, the temperature profile changes 
in use Case #2 was easily detected. 

 

 

Fig. 6. DFD comprehensively examines the full sensor trace vs. 
partial coverage by traditional SPC systems. 

 
 
Fig. 7. Selecting the right SPC feature for detection and setting up 
the proper SPC limits could be challenging.  In this case, using the 
Standard Deviation approach with unoptimized control limits 
resulted in a high number of false alarms. 

 
 
Fig. 8. The Mean approach with unoptimized control limits was 
also ineffective in use Case #4. 



 
 
DYNAMIC FAULT DETECTION SCOPE OF USE 
 

DFD is designed to be used in a production environment.   
The solution expects the process being monitored to generate 
systematic and consistent trace patterns so proper referencing 
can be established to identify abnormalities.   For new 
processes or new production tools, it is recommended that 
sensor traces from the Process of Record (POR) runs be used 
as starting references. Naturally, DFD would not be a good 
solution for fault detection for any processes including 
engineering runs or test runs where the product output is 
highly inconsistent. 
 
CONCLUSION 

 
The DFD solution provides engineers an innovative tool 

that addresses several limitations of today’s traditional FDC 
systems. As shown in Table 1, the solution greatly reduces the 
time required for deployment and maintenance, while 
providing a more thorough and accurate detection of issues. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TABLE 1 
SUMMARY OF DFD ADVANTAGES IN COMPARISON TO 

TRADITIONAL FDC 

 
FDC 

(Per Recipe/Tool Type) 
DFD 

(Per Recipe/Tool Type)

FDC model 
creation 

1 – 2 weeks < 1 day 

FDC model 
validation and 
fine tuning 

2 – 3 weeks < 1 week 

Model 
Maintenance 

Ongoing Minimal 

Typical Alarm 
Rate 

100-500/chamber-
day 

< 50/chamber-day 

% Coverage of 
Number of 
Sensors 

50-60% 100% as default 

Trace Segment 
Coverage 

20-40% 100% 

Adaptive to 
Systematic 
Behavior Changes 

No Yes 
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ACRONYMS 
 

DFD:  Dynamic Fault Detection  
FDC:  Fault Detection and Classification  
POR:  Process of Record 
SPC:  Statistical Process Control 
 
 

 
 
 

 
 

Fig. 9. Using full trace analytic, DFD accurately identified a wafer 
issue in recipe step #3 without modeling. 
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