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1. ABSTRACT 
The technical roadmap adopted by the semiconductor industry drives mask shops to embrace advanced solutions to 
overcome challenges inherent to smaller technology nodes while increasing reliability and turnaround time (TAT). It is 
observed that the TAT is increasing at a rapid rate for each new ground rule [1, 2]. At the same time, productivity and 
quality must be ensured to deliver the perfect mask to the customer. These challenges require optimization of overall 
manufacturing flows and individual steps, which can be addressed and improved via smart automation [2]. 
 
Ideally, remote monitoring, controlling and adjusting key aspects of the production would improve labor efficiency and 
enhance productivity. It would require collecting and analyzing all available process data to facilitate or even automate 
decision-making steps. In mask shops, numerous areas of the back end of line (BEOL) workflow have room for 
improvement in regards to defect disposition, reducing human errors, standardizing recipe generation, data analysis and 
accessibility to useful and centralized information to support certain approaches such as repair. Adapting these aspects 
allows mask manufacturers to control and even predict the TAT that would lead to an optimized process of record. 
 
Keywords: AIMS, MeRiT, review, repair, SEM, automation, FAVOR, BEOL 
 

2. INTRODUCTION 
One of the major challenges in the BEOL is having to constantly adapt to the varying levels of complexity especially 
when repairing masks. This is a critical aspect since a poorly executed repair can quickly lead to several 
repair/verification cycles and drastically increase the TAT. In fact, the TAT tends to explode exponentially with an 
increase in complexity mainly due to two causes: 1) more difficult defect types needing repair, 2) larger number of 
masks being produced. As a solution, it has been shown that introducing automation to the current workflow can have an 
attenuating effect on the explosive behavior of the TAT [3]. Moreover, including complete automation may require 
drastic changes to already established manufacturing workflows. Thus targeting specific sections of the BEOL can still 
have a significant impact on reducing the overall TAT [4].   
 
A cost productive theoretical model [3] has been previously established to quantify the overall turnaround time of masks 
along with the probability of an error occurring during the manufacturing process. Such a model allows identifying 
process segments that have the potential for automation and benefit from increased productivity. Using this model, it is 
possible to calculate the theoretical effect of automation on TAT reduction depending on the difficulty of repair. Five 
situations, a to e, were considered where the defect mix and difficulty of repair are gradually increased. Turnaround 
times are calculated for both ‘no automation’ and ‘full automation’ cases and the results are summarized below in Table 
1. The immediate effects prompted by defects labelled ‘difficult’ to repair on the TAT variation are due to the lack of 
automation whereas the use of automation enables the containment of TAT resulting in a dampening behavior (Figure 1). 
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Scenario

Simple A

Defect Count

Simple B Complex Difficult No Auto.

TAT`

Full Auto. Reduction

a 1 1 1 0 21.3 16.8 21.30%
b 8 5 2 1 46.8 35.8 23.40%
c 8 5 3 1 58.8 37.1 36.80%
d 10 7 4 2 91.4 50.2 45.10%

e 12 8 6 4 209.1 75.3 64.00%
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Table 1: Influence of scenarios a to e on the TAT, without and with automation   

 
 

 
Figure 1. Comparing TAT evolution vs Complexity without and with full automation 

In addition to the theoretical model, a real world example [2] shows a similar trend. However, this model follows the 
increase in mask load (incoming masks to the BEOL) and its impact on the turnaround time [4]. Russell et al. 
demonstrated the different contributions of system automation by utilizing AIMSTM AutoAnalysis (AAA) in the 
production environment. AAA performs an automated analysis of AIMSTM images via a direct tool connection. The time 
savings are illustrated by comparing a manual to an automated workflow which clearly shows the impact on cycle time. 
This specific case addresses the complexity in terms of the increasing number of mask load. Similar to the previous 
example, the TAT increases exponentially without automation. With automation, however, the TAT variability can be 
limited to a controllable level. 
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Figure 2: Turnaround time per mask as a function of masks per shift. Using AAA, the TAT only slightly increases with   
increasing number of masks per time. 

 
Both theoretical and practical models demonstrate the positive effects of automation. Whether it is a question of 
controlling the effects of a sensitive defect or increasing the speed of data analysis while standardizing analysis methods, 
automation acts as the variable that minimizes the TAT. A preliminary conclusion allows us to assume that such benefits 
can extend to all segments of the BEOL, provided that recipes, results, analysis and decisions can be expressed in digital 
form. This paper focuses on various segments of the BEOL and introduces an automation strategy to reduce TATs, 
standardize results and improve data reviewing capability. 
 

3. METHODOLOGY & RESULTS 
A full repair workflow is performed using a programmed defect mask (PDM) in order to demonstrate the benefits that 
software based automated solutions can provide to manufacturers. The tools utilized for the procedure are standard repair 
and review tools such as MeRiT® and AIMSTM. Software applications under the FAVOR® brand, such as the aerial 
image evaluation software, AAA, and the SEM image evaluation software, SEM AutoAnalysis (SAA), are adapted to 
support the different steps of the mask production workflow. These applications conduct image evaluation in parallel to 
image capture. Tool activity, applications, masks and defects are tracked throughout the repair process by the 
overarching manufacturing enterprise solution, Advanced Repair Center (ARC) that centralizes all process data and 
supports quick decision-making. The sequence implemented is a possible and realistic workflow whereas customization 
is possible as well.  
 
The starting point of the sequence is a mask inspection report that identifies points of interest on the mask. Thus, the 
defectivity status will be known. Five locations on the PDM have been chosen from the design and integrated in an 
inspection defect file to mimic an inspection step. While keeping the mask inside the MeRiT® tool the newly confirmed 
defects are repaired. The mask is then transferred to an AIMSTM system that images the repaired defects followed by a 
thorough analysis performed by AAA. This produces a detailed report of the repair quality and qualifies the defects with 
respect to specifications. In the meantime, all the processes and results are tracked by ARC, which automatically records 
the activity of the mask, tools as well as the measurement data and enables quick decision-making. An overview of the 
workflow is summarized in Figure 3. 
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Figure 5. Repair workflow: Defect being processed by a MeRiT® system. From left to right, In-Field-of-View pattern copy 
creation, creation of shape to be repaired, post-repair image. The scale bars in all images are 2µm.  

 
It should be mentioned that the goal of the repair step is not to realize a perfect repair, but to generate data that can be 
tracked automatically. The five repairs yielded pre- and post-repair images that were tracked and displayed by ARC. 
 
3.4 Review 

Review was carried out jointly by an AIMSTM system and AAA. Both tool and application benefit from a direct 
connection that enables a full integration of the solution in a production workflow. Mask measurements performed by the 
AIMSTM tool were automatically analyzed by AAA as soon as they were generated. The AAA recipe was configured so 
that a 4000×4000μm region of interest centered on the repair area was evaluated. Any deviation in CD value above 5% 
relative to a reference would be shown in red. In our case, the analysis shows no deviation from the given specifications 
(Figure 6). 
 

 
Figure 6. Post-repair AIMSTM defect image with the ROI overlaid. The analysis shows no deviation shown in green (left) and the 
difference image (right). 

 
3.5 Tracking defects 

All results were automatically communicated to ARC for review purposes. Figure 7 below shows a defect tracking 
window where the five repaired defects are listed chronologically along with the relevant data in adjacent columns such 
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4. CONCLUSION
Our experiment followed a predefined pattern similar to that in a production environment and that each section requires a 
decision from an operator or an engineer. The workflow used on this paper can be summarized by the flowchart 
shown below (Figure 9).  

Figure 9. Flowchart representing the workflow undergone by the PDM. 

This partly automated BEOL segment demonstrates the effective data reviewing capability achieved by the use of 
sophisticated software applications and tool connections. For the purpose of our example, the BEOL has been 
divided into three distinct segments: defect disposition, repair and review (Figure 9). Each of these segments can 
benefit from a dedicated digital solution: in the case of defect disposition SAA automates the image analysis process 
whereas AAA the review segment. These are specific solutions that allow standardization, reliability and speed for an 
overall automation. In the second step, the use of a global solution such as ARC allows tools, applications and 
data generated in each segment to be collected, linked and correlated. This gives the operator an overview of the 
BEOL within a few clicks. Moreover, being able to gather results, process parameters, predicting outcomes, deter 
delicate repair situations and generally speed up the handling of the defectivity provides a higher level of control over 
the repair processes. By having an overall overview followed by comprehensive reporting information can be reviewed 
without any inconveniences. 
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