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2. A5 (Research background)

For most of semiconductor thin film equipment, e.g. Inductively Coupled Plasma (ICP),
Chemical Vapor Deposition (CVD), Atomic Layer Deposition (ALD), etc., flowing various
gases into a chamber is a necessary and important step to trigger specific chemical reactions
and realize targeted functions. To improve the performance of such kind of semiconductor
equipment, it is very crucial to study the distribution and the time-dependent characteristics of
the flowing gases in a chamber, because the behavior of gases determines the final quality of a
processed thin film. However, gas itself is invisible in most cases and commonly used detecting
equipment like vacuum gauge can only detect the pressure at a fixed point, which make
experimental investigation of gas flowing difficult and time-consuming. Therefore, simulating
the gas flowing by Computational Fluid Dynamics (CFD) is a more feasible and effective way.
First, simulation can offer us a pre-assessment on a designed structure before it is manufactured.
Additionally, changing parameters in a simulation is much easier and efficient, which saves us
a lot of time for finding optimized designed parameters of an equipment.

In this internship, | was trained to acquire the basic skills of conducting CFD calculations
based on a commercial software, ANASY Fluent, and understand the basic physics and
behavior of gas flowing in semiconductor thin film chambers. Additionally, | have also learned
to use some other software to edit 3-D chamber geometries and visualize the simulation results
by generating animations. At the end of the internship, | analyzed the oxidization reaction
step in an Atomic Layer Deposition (ALD) chamber, and optimized the parameters to finish
the reaction with high uniformity and shorter time.



3. #5EN% (Research contents)

Since my research field at university is different from what | am going to do in the company,
learning some physical basis about Dynamics of Fluid is necessary. The company offered me
many lectures as an overall introduction including the equations for describing the movement
of a fluid, the basic criteria for selecting appropriate models, the judgement of the correctness
of calculation results and so on. After that, | was trained to use a few software as practice. The
software, SpaceClaim, is used for editing the geometry of a chamber in three dimensions. For
example, a provided geometry by customers may be very complicated, because many other
structures without gas flowing is included. In such case, we have to make some simplifications
and extract the parts flowing gases from the whole structure by SpaceClaim. The geometry
edited by SpaceClaim will be loaded into the software, ANASY Fluent, where discretization of
the geometry is conducted and the corresponding meshes are formed for the numerical
calculations, as shown in the Figure. 1(a). Then, by selecting appropriate calculation models
and boundary conditions, one can start the iterative calculation in ANASY Fluent until a certain
convergence criterion is met. Sometimes, calculation tasks are very heavy, but a remoted server
is helpful to get results faster. In my department, a Unix-based server with more than 400 cores
can be used for ANASY Fluent-based calculations. And | learned the basic systematical
structure of a remoted serve and how to use it to automate calculation tasks. Finally, there is a
specialized software, EnSight, to post process the calculation data and generate animations for
better visualizing the results.
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Figure. 1. (a) An example of discretized geometry. The structure is fulfilled by a great number
of volume meshes. (b) The distribution of H,O at a specific time in an ALD chamber.

After acquiring basic skills of the software above, | was assigned a specific task to analyze
the oxidization reaction step in an ALD chamber and check the uniformity and speed of the



formed thin film. By adjusting many parameters, | found a better design to achieve a uniform
thin film with short time. Figure. 1(b) shows an example, which is the distribution of H>O in an
ALD chamber at 0.019 sec.

4. Jii#% (Impressions)

In this one-month internship, | acquired basic knowledge and skills about the theories and
implements of Computational Fluid Dynamics (CFD). | was impressed by the highly efficient
and useful roles that the simulation technology plays in the improvement of semiconductor thin
film products. Also, | realized that how difficult to design and manufacture high-performance
semiconductor equipment, which requires well cooperation of numerous experts from various
fields. More important for me, it is the first time that | have a working experience in a company
and learn about how people do the research in different environment, which makes me deeply
think of my future career plans.
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