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Abstract 
 Manufacturers across industries face myriad 
challenges such as complex supply chains, environmental 
health and safety challenges, cost headwinds due to 
complex market dynamics, and much more. With these 
considerations in mind, it is critically important to 
leverage “smart factory” principles (interconnected 
machinery and production systems with meaningful 
feedback) for maximum efficiency and value creation. 
Moreover, wet chemicals are an ideal candidate for 
efficiency improvements as they comprise a $7B global 
market, which is projected to grow to $11B by 2029 [1]. In 
this study, smart factory goals are achieved for solvent 
processes (metal liftoff and photoresist strips) by installing 
external flow sensors and integrating the feedback into a 
fault detection and classification system. The new system 
revealed opportunities for chemical usage and cost 
reductions, such as unnecessary wet station top-offs, end-
of-life valves, and more. These chemical loss mechanisms 
were diagnosed, characterized, and eliminated. The 
results show desirable reductions in wet station 
temperature variability, chemical usage, and cost on both 
absolute and normalized per-wafer bases. The approach 
used in this study is broadly applicable in multiple process 
areas and industries. 
 
INTRODUCTION 
 
 Manufacturers constantly face uncertainty due to 
numerous dynamic macroeconomic factors [2]. For example 
consumers shifted spending from services to durable goods 
during the COVID-19 pandemic, which led to a rapid increase 
in demand at a time when global supply chains were strained 
[3]. In addition to macroeconomic factors, customers are 
expecting increasing levels of environmental stewardship and 
sustainability [4]. Simultaneously, investors require 
exceptional gross margins and returns on investment [5]. Few 
solutions can address each of these challenges, however, 
factory automation coupled with FDC (fault detection and 
classification) can improve efficiency without compromising 
quality [6]. 
 
 FDC can be utilized to add value in many ways, but it is 
primarily used to maximize production quality and prevent or 
minimize defectivity [7-11]. Some past studies have also 

shown how smart factory principles can be used to improve 
energy efficiency [12], predict chemical consumption [13], 
and reduce cost [6]. It should be noted that additional sensors 
may need to be installed to identify and control a process 
signal [14]. Clearly factory automation offers a powerful suite 
of techniques to produce the highest quality products at the 
lowest possible cost. 
 
 In the current study, chemical usage and cost goals are 
achieved by installing flow sensors and leveraging FDC to 
control solvent usage during photoresist strip and metal liftoff 
processes [15]. The results show how seemingly conflicting 
objectives can be accomplished simultaneously using smart 
factory principles, and the insights can be applied in many 
different industries. 

 
EXPERIMENTAL PROCEDURE 
 
 FDC has been implemented at Skyworks Solutions and 
efforts have been made to maximize its utilization and 
effectiveness. An example report, wet station temperature, is 
provided in Fig. 1 for reference. For certain processes, 
insights were desired beyond the capabilities of the available 
hardware, therefore, additional instrumentation was installed. 

 

Fig. 1. Bivariate fit of wet station temperature by date. Tools 
C and F desirably trend up after the dashed line due to the 
elimination of unnecessary wet station top-offs, which were 
injecting fresh (cold) solvent into the heated immersion tank.  
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Specifically, clamp-on flow sensors were added to solvent 
processing tools to measure and ultimately control their 
chemical usage. These sensors utilize a robust delta time-of-
flight technique for flow detection, as indicated in Fig. 2 [16]. 
Feedback from the flow sensors was integrated into FDC, and 
a report was generated which integrates the flow rate over 
time to calculate daily volumetric consumption (Fig. 3). 
 
 Opportunities for chemical usage reductions were 
identified, and subsequent hardware diagnostic and 
maintenance activities were performed (Fig. 4). Lastly, FDC-
calculated volumes were compared against actual fleet-level 
solvent usage and cost data. Solvent cost was analyzed on 
both absolute and normalized per-wafer bases to reveal the 
impact of improvements that were made. 

 
RESULTS AND DISCUSSION 
 
 Applying “smart factory” principles (interconnected 
systems and processes) has added value in myriad ways 
throughout industry and at Skyworks Solutions in particular. 
For example solvent wet station temperature, provided in Fig. 
1, shows that Tools C and F had temperatures consistently 
below target despite being programmed to run at the same 
setpoint as the other tools in the fleet. The root cause for the 
temperature mismatch was determined through the course of 
this work and will be provided in the subsequent paragraphs. 
 
 Wet processing tools in this study receive fresh solvent 
from bulk-fill units which are supplied with large totes of 
chemicals. While the number of totes is carefully tracked, 
usage at each individual tool could not be measured prior to 
this work. Therefore, clamp-on flow sensors were installed on 
each tool-specific supply line as indicated in Fig. 2. Output 
from the flow sensors is sent to FDC, which integrates the rate 
over time to calculate daily chemical usage (Fig. 3). The usage 

report revealed that some tools had higher than average 
solvent consumption. Diagnostic equipment investigations 
were performed based on these findings. 
 

 By combining insights gained from the wet station 
temperature and bulk-fill flow reports, subsequent equipment 
investigations led to enhanced scrutiny of the solvent 
immersion tanks where wafers are soaked prior to receiving 
solvent spray. It was found that Tools C and F were receiving 
unnecessary “top-offs,” as indicated in Fig. 4. This chemical 
loss mechanism was eliminated by increasing a delay 
parameter, which enables the cassette to immerse prior to the 
tool attempting a wet station top-off. Not only did wet station 
temperatures trend to target after this change, but more 
importantly solvent usage and cost was reduced. 

 
 Monthly solvent costs were calculated on both absolute 
and normalized per-wafer-start bases, as shown in Fig. 5. 
Note that solid lines and circles represent absolute solvent 
cost, while dash-dotted lines and pluses represent normalized 

 

Fig. 4. Schematic showing solvent loss mechanism in wet 
station. Unnecessary top-offs (fresh solvent additions) were 
eliminated by increasing a delay parameter, which allows the 
cassette to re-immerse before an attempted top-off. 

 

Fig. 2. Clamp-on flow sensor utilizing delta time-of-flight 
method for volumetric flow rate monitoring. A flow 
sensor was installed on each solvent tool in this study, 
which enabled more precise chemical tracking than was 
previously possible on this toolset. 

 

Fig. 3. Bivariate fit of bulk-fill flow (volume) by date. 
Solvent consumption was reduced after the dashed line 
by eliminating unnecessary top-offs, replacing end-of-life 
valves, and performing other maintenance activities.  



cost. The results show that after equipment maintenance 
activities were performed, both traces trended down as 
desired. Moreover, an uptick in absolute cost in early 2023 
did not correspond to an increase in cost per wafer start, also 
as desired. In addition to the financial impacts of this work, 
sustainability goals were achieved as the rate of industrial 
chemical usage and waste handling was concurrently reduced. 
 

 
CONCLUSIONS 
  
 In this study, smart factory goals were achieved for solvent 
processes (metal liftoff and photoresist strips) by installing 
external flow sensors and integrating the feedback into a fault 
detection and classification system. The new system revealed 
opportunities for chemical usage and cost reductions, such as 
unnecessary wet station top-offs, end-of-life valves, and 
more. These chemical loss mechanisms were diagnosed, 
characterized, and eliminated. The results show desirable 
reductions in wet station temperature variability, chemical 
usage, and cost on both absolute and normalized per-wafer 
bases. The approach used in this study is broadly applicable 
in multiple process areas and industries. 
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ACRONYMS 
 

FDC: Fault Detection and Classification 
MLO: Metal Liftoff 
NMP: N-Methyl-2-pyrrolidone 
PR: Photoresist 

 


