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Abstract—This paper presents the analysis effect of etching 
temperature and KOH concentration on convex corner 
undercutting of (MEMS) accelerometer structure. The 
Intellisuite CAD simulation software was used for the simulation 
analysis. From the analysis it was found that the optimum 
etching condition for this convex corner was at 25 wt% KOH 
concentration and 63 °C etching temperature. Different types of 
compensation mask corners were designed which are corner, 
square and triangle in order to study the undercutting 
phenomena. In this case, the square corner compensation mask 
was chosen as it shown the most suitable compensation mask for 
this design of accelerometer. The etching simulation was 
continued with square corner compensation mask etched in the 
optimized temperature and KOH concentration and it indicated 
that the square corner compensation mask is the most suitable 
mask to solve the convex corner undercutting for this 
accelerometer structure. 
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I. INTRODUCTION 
 

There are two approaches of etching techniques for bulk 
micromachining which are wet and dry [1]. Among both 
techniques, anisotropic wet etching was the popular method to 
fabricate MEMS accelerometer in recent technologies. 
Anisotropic wet etching has received much attention due it 
greater performance compared to dry etching. Such dry 
etching technique produces vertical materials removals that 
conform to the mask design which may include the curved 
features and it depends on the crystallographic alignment 
between the mask and the accelerometer structure. On the 
other hand, the wet etching was easy to use and low cost, but 
also can provide smooth surface [2, 3]. 

 
In wet bulk micromachining it usually carried out using 

anisotropic etchants like KOH (Potassium Hydroxide), TMAH 
(Tetra Methyl Ammonium Hydroxide) and EDP (Ethylene 
Diamine Pyrocatecol). Among these etchants, KOH solution 
has the advantages of simplicity, easy to handle, low cost and 
homogeneous etching rate of the (1 0 0) crystal plane[4].  

KOH shows strong anisotropy, and shows large values of etch 
rate ratios among orientations of about (100). It means that 
high controllability can be expected in etched profiles, while 
suppressing mask undercut. KOH solutions are less toxic than 
other etchants, hence are easy to process[5]. These are the 
main reasons why KOH is widely used for fabricating silicon 
microstructures in the industry. Nevertheless, the critical 
problem normally occurred during the etching process of 
MEMS rectangular/square corners was the deformation of the 
edges due to undercutting. Corner erosion leads to deformed 
rectangular structures, which will subsequently influence the 
device performance [6].This effect consequently caused a low 
performance of MEMS sensors especially in the fabrication of 
acceleration sensors where total symmetry and perfect 90° 
convex corners on the proof mass are mandatory for good 
device prediction and specification. 

From previous studies, the most compensation structures 
were carried out on (100) silicon substrate and various convex 
corner compensation structures have been develop to prevent 
the undercut of wet etching. However, these structures will 
occupy some in plane spaces especially for the case of deep 
silicon etching. In order to prevent the undercut issue, the 
compensation mask’s patterns such as triangle, square and bar 
have been developed to protect the desired right angled corner. 
As a result they have become the three classical compensation 
methods that are still used nowadays. Nevertheless, each 
individual compensation structure is independent and common 
principle of constructing a compensation pattern is not clearly 
put forward [7]. 

Other than corner compensating by mask, the undercutting 
issue could also be improved by controlling etching condition 
such as temperature and KOH concentration. According to 
previous research by N. Soin, the convex corner undercutting 
phenomena is significantly reduced at low etching temperature 
and high KOH concentration respectively [8]. 

In this study, we demonstrate the effect of temperature and 
KOH concentration to the convex corner during etching and 
proposed MEMS accelerometer structure with different 
shaped appearances of corner compensation masks. 
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II. METHODOLOGY 

A. Masks Design 
 

The developed design approach is modified based on the 
research work done by R.Mukhiya [9]. The researchers has 
chosen <100> square, <100> thin bar and <100> wide bar 
structure as their corner compensation structure. However, in 
this simulation, we have modified the corner compensation 
structure as shown in Fig. 2 respectively. Intellisuite CAD 
simulation software has been used for the simulation analysis 
in this study. The dimensions of masks design used in the 
process of realization of accelerometer structure are shown in 
Fig. 1. The structure is etched from both top and bottom 
directions of silicon wafer. Among various corner 
compensation structures, for investigation we have chosen bar, 
square and triangle structures. Square compensation structure 
is the easiest to design, analyze and most space efficient [5]. 
The corner compensation structures with design parameters 
are shown in Fig. 2.  

 
Fig. 1. (a) Top mask (b) Bottom mask (c) cross section view of complete 
accelerometer structure 

B. Wet Etching Simulation Process 
 

The wet etching simulation was carried out using KOH 
etchant of <100> silicon wafer. During the simulation, the 
final etching time was 4.5 hours in order to achieve nearly 

perfect 90° of convex corners. Etching rate is very temperature 
dependent. In this simulation, the range of the KOH 
concentration and the etching temperature was chosen to be 
from 10 wt% to 45 wt% and 30ºC to 85 ºC respectively. 

 

III. SIMULATION RESULTS AND ANALYSIS  
 

A. Determination of optimum KOH temperature on 
undercutting  convex corner 
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Fig. 2. Corner compensation structures (a) corner (b) square 1 (c) triangle (d) 
square 2. 

The variation of etching temperature and etching rates as a 
function of etching depth is shown in Table I. As can be seen 
in Fig. 3 the etching temperature increased with the increased 
of etching rate. However, both trends were only seen in the 
crystal plane (100) and (110) meanwhile there is no significant 
increment in etching depth for crystal plane in (111). At the 
beginning of the temperature until 50 ºC the etching depth was 
slightly increased. The etching depth was noticeable increased 
sharply at 50 ºC onwards. The major increment was seen at 80 
ºC. 

 
The etching simulation performed in this simulation has 

shown that most efficient etching temperature might occur 
from 62 ºC to 64 ºC. In order to study the optimum etching 
temperature, four type of corner compensation mask was 
designed and tested in the etching parameter study as shown 
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in Fig. 5. It can be seen that at temperature of 62 ºC,
the convex corner started to etch nearly complete. As the 
temperature reached at 63 °C, the convex corner was shown 
completely etched. 
 

The temperature was continually increased and it has been 
seen that the convex corner started to undercut and deformed. 
Hence from structure analysis it can be concluded that the  
optimum temperature was at 63 ºC. 
 

TABLE. I VARIATION OF ETCHING TEMPERATURE AS FUNCTION OF 
ETCHING DEPTH 

 

 
 

        
 
Fig. 3. Dependence of etching rate with temperature at 25 wt% KOH 
concentration 
 
B. Determination of optimum KOH concentration on  
    undercutting convex corner 
 

The variation of etching concentration as function of 
etching rate is shown in Table II. The temperature has been set 
at 63 °C as the previous simulation shown 63 ºC is the 
optimum temperature. The dependence of etching rate on the 
KOH concentration is presented in Fig. 5. 

The analysis indicates that the most efficient KOH 
concentration might occur at KOH concentration from 20 to 
30 wt%. Therefore in order to confirm that, the analysis was 
extended with concentration from 20 to 30 wt% to etch four 
types of corner compensation masks. The description of 
convex corner undercutting dependence on KOH 
concentration was illustrated in Fig. 6. Four different masks 
corner have been etched at three different KOH concentrations 
for about 4.5 hours. 

 
Fig. 4 Etched morphology of convex structure at 4.5 hours etching time at 
different etching temperature. 

As the concentration reached at 20 wt%, the convex corner 
was nearly complete been etched. Finally at concentration 30 
wt%, it can been seen that the structure deformed due to 
undercutting issue. Thus, it can be conclude that the most 
optimum concentration was at 25 wt%. The previous study 
performed by N. Soin also shown that the most ideal KOH 
concentration was around 30 wt% and slightly greater than our 
result [8]. 

TABLE II. VARIATION OF ETCHING CONCENTRATION AS FUNCTION OF 
ETCHING DEPTH 

 
 
 

extended with con  
 
 
 
 
 
 
 
 
 
Fig. 5. Dependence of etching rate on KOH concentration at temperature 63 
°C.
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Fig. 6. Etched morphology of convex corner structure at 4.5 hours etching 
time at difference KOH concentration. 
 
C. Determination of the best shape of compensation mask 
 
 Early data was interpreted in this study and it was 
identified that the suitable etching temperature was at 63 °C 
and 25 wt% KOH concentration. Based on four types of 
convex corner compensation mask, it was found that the 
best design was the square corner. Therefore, the simulation 
was extended to etch the accelerometer structure with the 
square corner compensation mask. The result was displayed 
in Fig. 7. The compensation mask had covered the 
accelerometer structure successfully at etching temperature 
63 °C in 25 wt% KOH concentration. 
 

 
 

Fig. 7. Etched accelerometer structure with square corner compensation 
mask 
 
 
 
 

IV. CONCLUSION 
 

Etching simulations of convex corner of accelerometer 
structure by KOH anisotropic etching have been performed. 
It was observed that the etching parameter such as 
temperature and concentration of KOH solution have 
influenced the corner undercutting phenomena. The 
simulation result was identified that the optimum etching 
temperature was at 63 °C and the KOH concentration at 25 
wt%. Based on the optimum etching parameter applied to 
different type of compensation mask, it was shown that the 
suitable corner compensation mask was square corner 
pattern. 
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