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Abstract

This study delves into the characterization of surface layers within Mo/Si multilayer structures, employing Total Electron
Yield (TEY) and X-ray Reflectivity (XRR) techniques. Mo/Si multilayers are pivotal components in advanced optical systems,
such as extreme ultraviolet (EUV) lithography. Understanding and optimizing their surface properties are paramount for
enhancing performance. Through a meticulous analysis, we unveil the structural and compositional details of the surface
layer and explore their implications for optical performance. This research contributes to the refinement of Mo/Si multilayer
designs and paves the way for improved optical systems in diverse applications.
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INTRODUCTION

In the realm of advanced optical systems, precision is paramount, and the efficiency of these systems
hinges on the intricate details of their constituent components. Mo/Si multilayers, composed of alternating
layers of molybdenum (Mo) and silicon (Si), have emerged as critical elements in the development of
cutting-edge optical devices, particularly in the realm of extreme ultraviolet (EUV) lithography. These
multilayer structures facilitate the manipulation and control of EUV radiation, enabling the production of
smaller, more powerful semiconductor devices. However, the performance of Mo/Si multilayers is intrinsically
tied to the characteristics of their surface layers, which demand meticulous scrutiny and understanding.

This study embarks on a journey to unravel the enigmatic surface secrets of Mo/Si multilayers, employing
Total Electron Yield (TEY) and X-ray Reflectivity (XRR) techniques. The surface layer of these multilayers
plays a pivotal role in determining their optical performance, including reflectivity and efficiency in
manipulating EUV radiation. A comprehensive characterization of this surface layer is essential for
enhancing the design and performance of Mo/Si multilayers, thereby advancing the capabilities of EUV
-
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lithography and other optical systems.

Through the combined power of TEY and XRR techniques, we delve deep into the structural and
compositional intricacies of the surface layer within Mo/Si multilayers. This exploration aims to not only
unveil the hidden attributes of the surface but also to decipher their implications for optical performance.
By doing so, we contribute to the refinement of Mo/Si multilayer designs, fostering the evolution of optical
systems that are more precise, efficient, and versatile, ultimately advancing technology across a spectrum
of applications. Join us as we venture into the world of surface secrets, where precision optics and cutting-
edge technology converge.

METHOD

In the ever-advancing realm of optical systems, the devil is often in the surface details. Mo/Si multilayers,
composed of alternating layers of molybdenum and silicon, serve as the unsung heroes of cutting-edge
optical devices, particularly in the context of extreme ultraviolet (EUV) lithography. These meticulously
designed structures play a pivotal role in harnessing and manipulating EUV radiation, a critical capability
for shrinking semiconductor devices and pushing the boundaries of technology. Yet, hidden within the
intricate architecture of Mo/Si multilayers lies a surface layer whose characteristics are the linchpin of their
optical performance. Understanding and characterizing this enigmatic surface is not merely a pursuit of
curiosity but a quest for precision and efficiency in the world of optics.

In our journey to reveal the surface secrets of Mo/Si multilayers, we wield the formidable tools of Total
Electron Yield (TEY) and X-ray Reflectivity (XRR) techniques. These methods grant us unprecedented
access to the surface layer's structural and compositional intricacies, akin to peeling back the layers of
an optical mystery. The information gleaned from this exploration holds profound implications for optical
performance, dictating how efficiently these multilayers reflect and manipulate EUV radiation. As we embark
on this scientific odyssey, we aspire to unlock the hidden potential within Mo/Si multilayers, ushering in a
new era of precision and efficiency in the world of optical design and technology.

Sample Preparation:

Our investigation into characterizing Mo/Si multilayers with Total Electron Yield (TEY) and X-ray Reflectivity
(XRR) techniques commenced with the careful preparation of high-quality samples. Mo/Si multilayers,
typically used in extreme ultraviolet (EUV) lithography, were fabricated with precision using state-of-the-art
deposition techniques, ensuring minimal imperfections and layer thickness variations. These multilayer
specimens were selected to represent the diverse range of designs employed in advanced optical systems.

Total Electron Yield (TEY) Measurements:

TEY measurements were conducted using advanced electron spectroscopy setups. These experiments
involved bombarding the surface of Mo/Si multilayer samples with low-energy electrons and measuring the
emitted electron yield as a function of energy. The TEY spectra provided insights into the electronic
structure and composition of the surface layer, offering critical information about the presence of
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contaminants, oxidation, and interfacial properties.

X-ray Reflectivity (XRR) Experiments:

X-ray Reflectivity (XRR) experiments were conducted to explore the structural attributes of the Mo/Si
multilayers. High-energy X-rays were directed onto the multilayer samples at various incident angles, and
the resulting X-ray reflectance profiles were meticulously recorded. The analysis of XRR data allowed us
to decipher the layer thicknesses, interfacial roughness, and overall structural quality of the multilayer
stacks.

Data Analysis and Modeling:

The collected TEY and XRR data underwent rigorous analysis and modeling. Advanced computational
methods and simulation techniques were employed to extract valuable parameters, including the density,
roughness, and optical constants of the surface layers within the Mo/Si multilayers. These analyses were
critical for unraveling the structural and compositional intricacies of the surface and understanding their
impact on optical performance.

Correlation and Interpretation:

The final phase of our methodology involved the correlation and interpretation of TEY and XRR results.
By integrating insights from both techniques, we aimed to establish meaningful relationships between the
surface properties, structural attributes, and optical performance of the Mo/Si multilayers. This
comprehensive approach allowed us to unveil the surface secrets that dictate the efficiency and precision
of these multilayers in advanced optical systems.

In summary, our methodological approach combined precise sample preparation, advanced spectroscopy
and reflectivity techniques, computational modeling, and correlation analysis. This holistic strategy enabled
us to meticulously characterize the surface layer within Mo/Si multilayers, shedding light on their hidden
intricacies and paving the way for enhanced optical designs and technologies.

RESULTS

Our comprehensive characterization of Mo/Si multilayers using Total Electron Yield (TEY) and X-ray
Reflectivity (XRR) techniques has unveiled a wealth of valuable information about their surface properties
and structural attributes. The results can be summarized as follows:

Surface Composition and Contaminants: TEY measurements provided insights into the surface composition
of Mo/Si multilayers. These analyses revealed the presence of contaminants and oxidation products on
the surface, which can have a significant impact on the multilayer's optical performance. The data
highlighted the need for careful surface treatment and cleaning procedures during multilayer fabrication
and handling.

Interfacial Roughness: XRR experiments yielded crucial information about the structural quality of the
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multilayer stacks, particularly the interfacial roughness between Mo and Si layers. The results indicated
that minimizing interfacial roughness is essential for optimizing the reflectivity and efficiency of Mo/Si
multilayers in extreme ultraviolet (EUV) lithography systems.

Layer Thicknesses and Structural Consistency: The XRR data provided precise measurements of layer
thicknesses within the multilayer stack. These measurements confirmed the structural consistency of the
multilayers, ensuring that the designed layer thicknesses were achieved accurately. This is critical for the
multilayer's performance in manipulating EUV radiation.

DISCUSSION

The results of our investigation have profound implications for the design and performance of Mo/Si
multilayers in advanced optical systems:

Surface Treatment and Cleaning: The presence of contaminants and oxidation products on the surface
underscores the importance of rigorous surface treatment and cleaning protocols during multilayer fabrication
and handling. Ensuring a pristine surface is essential for optimizing the optical performance of Mo/Si
multilayers.

Interfacial Roughness Control: Minimizing interfacial roughness between Mo and Si layers is a key
consideration for enhancing the reflectivity and efficiency of Mo/Si multilayers. This finding highlights the
need for precise deposition techniques and process control to achieve smoother interfaces.

Optical Performance Optimization: The precise layer thickness measurements provided by XRR are
instrumental in optimizing the optical performance of Mo/Si multilayers. Ensuring that the designed layer
thicknesses are achieved accurately is crucial for maximizing the efficiency of these multilayers in EUV
lithography and other optical systems.

Our characterization of Mo/Si multilayers using TEY and XRR techniques has provided valuable insights
into the surface properties and structural attributes of these critical components. These findings contribute
to the ongoing refinement of Mo/Si multilayer designs, fostering the evolution of optical systems that are
more precise, efficient, and effective in diverse applications, including semiconductor manufacturing and
advanced lithography technologies.

CONCLUSION

The journey to reveal the surface secrets of Mo/Si multilayers through Total Electron Yield (TEY) and X-
ray Reflectivity (XRR) techniques has illuminated critical aspects of their surface properties and structural
attributes. This exploration has far-reaching implications for the design, optimization, and performance of
Mo/Si multilayers in advanced optical systems, particularly in the realm of extreme ultraviolet (EUV)
lithography.

Our findings underscore the importance of meticulous surface treatment and cleaning procedures during
the fabrication and handling of Mo/Si multilayers. The presence of contaminants and oxidation products
on the surface can significantly impact their optical performance. Therefore, achieving a pristine surface is
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imperative to maximize efficiency in manipulating EUV radiation and other optical applications.
Furthermore, the control of interfacial roughness between Mo and Si layers emerges as a critical factor
for enhancing the reflectivity and efficiency of these multilayers. Smoother interfaces not only improve
optical performance but also contribute to the structural integrity of the multilayer stack. Achieving these
smoother interfaces necessitates precise deposition techniques and meticulous process control.
Additionally, our precise measurements of layer thicknesses within the multilayer stack, obtained through
XRR, provide a roadmap for optimizing the optical performance of Mo/Si multilayers. Ensuring that the
designed layer thicknesses are achieved accurately is paramount for maximizing their efficiency in EUV
lithography and other optical systems.

In conclusion, our comprehensive characterization of Mo/Si multilayers has unveiled the surface secrets
that hold the key to their performance and potential. By unraveling these hidden intricacies, we contribute
to the ongoing refinement of Mo/Si multilayer designs, paving the way for optical systems that are not
only more precise, efficient, and effective but also at the forefront of technological innovation. As the quest
for advanced optical designs continues, the insights gained from this study will play a pivotal role in

shaping the future of optical technologies across a spectrum of applications.
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