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Abstract 

In this paper, we present a self-aligning pre-etched pattern based technique to precisely 

determine the <110> direction on Si{110} wafer surface. These patterns after etching, reveals 

the crystallographic direction by self-aligning itself in a straight line at the <110> direction while 

getting self-misaligned at other directions. As a result, the exact direction can be identified by a 

simple visual inspection under a microscope without the need of measurement of any kind. To 

test the accuracy of the proposed method, we fabricated two 32 mm long channels, one 

oriented along the <110> direction and other along the <112> directions using the <110> 

direction obtained from the proposed method as the reference. The undercutting is measured 

at different locations on the two channels and is found to vary within a submicron range in each 

case. Such uniform undercutting implies that the presented technique to determine the <110> 

direction is accurate. This methodology is simple and can be used conveniently to fabricate 

MEMS structures with high dimensional accuracy. 
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1. Introduction 

Wet anisotropic etching is a very popular and well established technique in silicon bulk 

micromachining [1-16]. It is widely used in the fabrication of MEMS structures with slanted as 

well as vertical sidewalls [17-27]. At the same time it is inevitable for the realization of 

freestanding structures for different applications [27-32]. Silicon wafers with principle 

orientations like Si{100} Si{110} and Si{111} are commercially used for the fabrication of various 

MEMS structures.  On Si{100} wafer, etching of any arbitrary shaped mask opening results in a 

<110> bounded rectangular V-groove comprising of {111} sidewalls inclined at an angle of 54.7o 

to the wafer surface as shown in Fig. 1(a) [33]. However, on Si{110} wafer, etching of any 

arbitrary shaped mask opening results in a hexagon comprising of 2 slanted {111} plane at the 

<110> direction inclined at angle of 35.3o to the wafer surface and 4 perpendicular {111} planes 

at <112> directions as shown in Fig. 1(b) [34]. As a result, Si{110} wafer is widely used and is 

inevitable in order to fabricate microstructures with vertical sidewalls using wet chemical bulk 

micromachining [22, 23, 35-39].  

 
Fig. 1: Schematic diagram showing the etched profiles on (a) Si{100} and (b) Si{110} wafers.  

(a) 

(b) 
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In wet anisotropic etching, least undercutting takes place at the mask edges comprising {111} 

planes, for instance <110> direction on Si{100} wafer and both <110> and <112> direction on 

Si{110} wafer [1, 9, 28, 39, 40]. If the structure needs to be formed by {111} planes, the mask 

edges must be aligned along the edges containing {111} planes. Therefore, in order to ensure 

that the fabricated microstructures are dimensionally accurate, it is vital to ensure accurate 

alignment of mask edges along the crystallographic directions. As a result, precise identification 

of crystallographic direction is the first and the most useful step in the fabrication of 

microstructures. Although the wafer flat is usually used as the reference direction, however, 

the wafer flat itself is usually misaligned by ±1o. As a result, the wafer flat cannot be used as the 

reference direction in devices where high dimensional accuracy is required. This necessitates 

the development of alternate techniques to determine the crystallographic directions 

accurately. One method is the use of x-ray diffraction which can precisely determine the 

crystallographic directions. However, the constraint associated with the mounting of x-ray 

diffraction setup on a mask aligner inhibits its use. Another most widely used technique is the 

etching of pre-etched patterns prior to the fabrication of required structures [41-48]. In this 

technique, patterns of various shapes are initially fabricated on the periphery of the wafer and 

the undercut lengths of the etched structures are used to determine the correct 

crystallographic directions. Using this technique the crystallographic directions can be identified 

with high accuracy.  

Researchers have proposed various pre-etched patterns to determine the crystallographic 

directions on Si{100} wafer. However, very few patterns and techniques have been reported to 

determine the principle directions on Si{110} wafer. Earlier attempts to determine the <110> 

direction on Si{110} wafer was done by Ciarlo where he used rectangular openings arranged at 

an angular period [41]. After etching, the rectangular opening with a minimum lateral etch is 

selected and is least misaligned with the precise <110> direction. However, the task of selecting 

the structure with small underetch length under a microscope is prone to error. Therefore, for 

better accuracy the underetch length can be measured to determine the structure with 

minimum underetch. However it is a tedious task and requires sophisticated equipment to 

measure such submicron underetch lengths.  In another work, James et al proposed the 

fabrication of a single circle of 1 mm diameter as a pre-etched pattern [42]. After etching, the 

circle takes the shape of a hexagon. The edges of this hexagon are then aligned with a 

dimensionally similar hexagon on the subsequent mask which contains the required structures 

fabricated with respect to the edges of the hexagons. While this method does not require 

measurement of any kind, however it is prone to theta error. Tseng and Chang proposed a 

method to determine the <100> direction on Si{110} wafer using the deviation of corners of 

adjacent hexagons as the parameter [43]. At the same time, there have been a few attempts to 
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identify the principle directions on Si{100} wafer as well [44-47]. Most of these methods require 

some sort of measurement of small undercut lengths for determining the crystallographic 

directions with high accuracy, which makes it tedious as well as prone to errors.  

In this paper, we present a novel methodology using the pre-etched patterns which can 

precisely indicate the <110> direction without the need of any measurement of any kind. The 

patterns tend to align itself at the <110> direction making the direction identification quite 

obvious. At directions away from the <110> direction, these patterns distorts the alignment 

thus making the <110> direction appear with a simple visual inspection under a microscope. 

2. Design Detail 

The proposed pre-etched pattern consists of circular openings patterned on four concentric 

arcs. The patterns are arranges such that the line joining the diameters of all the four radial 

circles when extended would pass through the center of the wafer. Schematic diagram and the 

optical image of the patterns are shown in Fig. 2(a) and (b). The number of circular patterns on 

each arc depends on the inaccuracy of the wafer flat. In our analysis, we have patterned 49 

circles of diameter 100  m each on each arc at an angular period of 0.17o. It is to be noted 

here, that the diameter of the circular pattern as well as the angular pitch can be further 

reduced for better visualization of notch-to-notch alignment which is explained in the 

subsequent sections. The dimensions of the proposed patterns are tabulated in Table 1. 

3. Experimental Details  
Cz-grown silicon wafers (p-type, boron doped) with {110} surface are used in this work. The 
wafer used is 4 inches in diameter with a resistivity of 1-10 ohm-cm. A 0.5 µm thick oxide layer 
grown using thermal oxidation is used as the masking layer in anisotropic etchant. The wafer is 
spin coated with a positive photoresist, followed by soft bake for 30 minutes at 90o C. The 

Fig. 2: The proposed pre-etched patterns for determining <110> direction on {110} surface: (a) 

Schematic diagram showing the arrangement of patterns at the periphery of the wafer, (b) 

Optical image of the patterns, (c) 3D optical image showing the etched profile and the 

formation of hexagonal groove. 

(c) (b) (a) 
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proposed pattern, as shown in Fig. 2(b), is then transferred to the wafer surface using UV 
exposure. In order to align the mask pattern along <110> crystallographic direction wafer flat is 
used as the reference <110> direction. Thereafter, the photoresist is developed in developer 
and rinsed in DI water. Finally, hard bake is done at 120o C for 30 minutes. Now, the oxide 
etching is carried out in buffered hydrofluoric acid (BHF) to expose the silicon at the circular 
patterns. Thereafter, photoresist is removed in acetone and the wafer is cleaned in piranha 
bath followed by thorough rinsed in DI water. Now anisotropic etching is carried out in 25 wt% 
TMAH at 70o C. The oxide layer acts as the mask in TMAH solution. The circular pattern then 
takes the shape of hexagonal geometry with two slanted {111} planes and four vertical {111} 
sidewalls as shown in Fig. 1(b). Near the precise <110> direction, the notch of all the four radial 

hexagons are aligned in straight line. The precise alignment of hexagons’ notches provides 
accurate <110> direction which is used as reference for the perfect alignment of mask pattern 
along crystallographic directions  The accuracy of the proposed method is determined by 
fabricating long channels on Si{110} wafer which is discussed in next section. 

 

 

 

 

 

 

                                                                                                                      

 

 

 

 

 

 

 

 

 

 

Quantity Value 

Wafer Orientation Si{110} 

Number of Circular Pattern 49 on each arc 

Number of Arc 4 

Diameter of circular pattern 100  m 

Angular Period 0.17o 

Table 1: The dimensions of the proposed pre-etched pattern. 

 

Quantity Value 

Wafer Orientation Si{110} 

Number of Circular Pattern 49 on each arc 

Number of Arc 4 

Diameter of circular pattern 100  m 

Angular Period 0.17o 
 Table 1: The dimensions of the proposed pre-etched pattern. 

Fig. 3: The proposed pre-etched patterns: Optical images of (a) the patterned geometry and (b) the 

pattern after etching in 25 wt% TMAH for 45 minutes. Near the precise <110> direction (center), the 

notch of all the four radial hexagons are aligned in a straight line whereas at directions away from 

<110> (top and bottom), the notches are misaligned and does not lie on a straight line. 

(a) 
(b) 
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4. Results and Discussion 

Figures 3 and 4 present the optical images of the etched patterns. As described previously, the 

circular openings take the shape of hexagons. At the same time, near the precise <110> 

direction, the notch of all the four radial hexagons lie on a straight line. At directions away from 

<110> direction, these notches do not lie on straight line and the misalignment can be clearly 

seen. It is also to be noticed that the misalignment changes its direction across the precise 

<110> direction. As a result, these etched patterns also reduce the domain over which a closer 

visual inspection is required in order to determine the precise <110> direction. Unlike the 

available methodologies, the proposed technique has the capability of identifying the <110> 

direction by a simple visual inspection using an optical microscope. It is repeated here that the 

distance between the circles can be further reduced in order to obtain notches even closer to 

each other thus enhancing the visualization of alignment of notches.  

 

 

 

 

 

 

 

 

 

 

 

 

 

In order to test the accuracy of the proposed method, we use the <110> direction (obtained 

from the proposed method) as the reference for aligning the mask edges along crystallographic 

directions on {110} wafer surface. We have fabricated two rectangular channels with edges 

along the <110> and <112> directions.  

Fig. 4: Etching of the pre-etched patterns takes the form of hexagonal groove in Si{110} wafer. At the precise 

<110> direction, the notches of the four radial hexagons align to each other while at directions away from 

the precise <110>, they misalign from each other. This self-aligning behavior makes the <110> direction 

appears obvious and distinct. 

Misalignment of notches 

Perfect alignment of notches  

Perfect alignment of notches  

Misalignment of notches 
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The mask containing these rectangular channels is aligned in such a way that the obtained 

<110> direction is now used as the reference direction instead of the wafer flat as in the earlier 

case. Similar steps of photolithography, development and subsequent oxide etching is done. 

The channels are then etched in 25 wt% TMAH to obtain grooves bounded by the {111} planes. 

Fig. 5: A 32 mm long channel fabricated along the <110> direction: (a) Schematic diagram, (b) Optical image 

of the patterned channel after oxide etching, (c) Etched profile of the channel. Pre-etched patterns are used 

as reference for the precise alignment of the mask edges along <110> direction. Due to finite etch rate of 

{111} plane, undercutting occurs which is measured to be uniform along the channel length. 

Fig. 6: A 32 mm long channel fabricated along the <112> direction using the <110> direction obtained from 

the proposed method as the reference: (a) Schematic diagram of the channel with longer edge aligned along 

the <112> direction, (b) Optical image of the patterned channel after oxide etching, (c) Zoomed image of the 

etched channels. It can be noticed that the undercutting (U) takes place due to finite etch rate of {111} plane.  
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Due to the finite etch rate of {111} planes, undercutting ( ) occurs at the mask edges of the 

channel. This undercutting is measured at different locations along the longer edges of the 

channels. The mean value of these undercutting lengths measured perpendicular to the 

channel is found to be 5.444  m and standard deviation of 0.633  m for the channel oriented 

along the <110> direction (Figure 5) and mean undercutting value of 4.189  m and standard 

deviation of 0.729  m for the channel oriented along the <112> direction (Figure 6). We see 

that the variation in undercutting is within sub-micron range. Such level of uniform 

undercutting ensures that the crystallographic direction was accurately identified. Thus, the 

proposed method to determine the <110> direction on Si{110} wafer is accurate and can be 

effectively used to fabricate microstructures with high dimensional accuracy.  

 

5. Conclusions  

We have presented a novel self-aligning and measurement free technique using pre-etched 

patterns to precisely determine the <110> direction on Si{110} wafer surface. The proposed 

technique makes the <110> direction appears obvious and can be identified with a simple visual 

inspection using a microscope. This technique overcomes the challenges associated with the 

existing technologies where small undercut lengths needs to be measured in order to 

determine the direction with high precision. We have also presented the accuracy of this 

method by fabricating two 32 mm long rectangular channels aligned along the <110> and 

<112> directions, using the <110> direction obtained from the proposed method as the 

reference direction. The measurement of the undercutting lengths at different places along the 

longer edges of the channels revealed a submicron variation.  This uniform undercutting 

ensures that the proposed technique to determine the <110> direction is accurate.  
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