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Abstract— The increasing of aspect ratio in DRAM 

capacitors causes structural instabilities and device failures as 
the generation evolves. Conventionally, two-dimensional and 
three-dimensional models are used to solve these problems by 
optimizing thin film thickness, material properties and 
structure parameters; however, it is not enough to analyze the 
latest failures associated with large-scale DRAM capacitor 
arrays. Therefore, beam-shell model based on classical beam 
and shell theories is developed in this study to simulate 
diverse failures. It enables us to solve multiple failure modes 
concurrently such as supporter crack, capacitor bending, and 
storage-poly fracture. 
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I.  INTRODUCTION 
 

The demands for high-performance DRAM (Dynamic 
Random Access Memory) with low power consumption lead 
the continuous development of HAR (High Aspect Ratio) 
structure capacitor. This HAR structure, however, is the 
primary source of structural instability and process failure, e.g. 
top-bridge and capacitor leaning. To prevent these problems, a 
MESH-type (Mechanically Enhanced Storage node for 
virtually unlimited Height) capacitor having supporter structure 
is required and developed [1-4] (Fig. 1). 

 

    
Figure 1: SEM image of MESH type capacitor with supporter. 

 Recently, multilayered thin film supporter to prevent 
capacitor leaning becomes the reason of process failures such 
as storage-poly fractures, supporter crack and capacitor 
bending. Capacitors can be modeled with simple two-
dimensional structure or partial three-dimensional structure 
until now. However, these methods cannot deal with various 
failures associated with each other. Moreover, new model 
should be developed on each occasion. This paper reviews the 
models and results of simple two-dimensional and localized 
three-dimensional analysis with conventional method and 
introduces the novel method of integrated stress simulation that 
enables to simulate approximately 60 thousand capacitors in 
maximum based on beam and shell theory. 

 

II. SIMPLE 2D MODEL 
 

Two-dimensional stress analysis using simple composite 
model focuses on the determination and improvement of 
process failure. This analysis predicts single capacitor behavior 
depending on vertical movement of supporter or lateral 
movement of capacitor i.e. bending and adherent due to 
capillary force during cleaning process. Fig. 2 shows 
fragmentary failure analysis of unit block shrinkage after SiGe 
passivation process and it has enough predictability with very 
high correlation between simulation data and experiment data.  

 

 
Figure 2: SEM images and simulation results of unit block 
shrinkage after SiGe passivation process. The Simulation 
result is magnified by original scale. 
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Somewhat, such analyses have a 
understanding and improvement of the proc
unit block shrinkage, in case of same gener
simulated and verified that the unit blo
proportional with the number of capacitor, i
block (Fig. 3). It can be easily observed on c
block. 

 

Figure 3: Shrinkage along with various num
is verified by fabrication data. 

 

Contrastively, the shrinkage of two 2
capacitor blocks in DRAM devices are pre
and it makes useful guide for chip size desig
shows us fabrication difficulty is going high
4). 

 

Figure 4: Shrinkage along with two kinds 
shows fabrication condition is getting w
generation development. 
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Figure 5: Discrete supporte
capacitor leaning and bending
its fabrication. 
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capacitor arrays based on the beam theory o
and Timoshenko and shell theory of Ki
Mindlin-Ressner [5-8]. The essential method
capacitors are described as beam elements
theory point of view and supporters are s
elements (Fig. 6).   

 

Figure 6: Beam and shell elements are m
scale capacitor simulation. 
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Figure 7: An equivalent Young’s modul
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Figure 8: Large-scale simulati
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Figure 9: Solution converge
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Fig. 10 shows crack stress change with s
and two kinds of supporter material. It shows
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Fig. 11 shows crack stress change with 
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Figure 10: Crack stress change along with su
and material. 

  

Figure 11: Crack stress change along with 
stress. 
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V. CONCLUSIONS 
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