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Abstract-Repeated corner lithography is an innovative 

method in wafer scale to obtain three dimensional nano 

structures, which are uniform and compatible with geometrical 

expectation. In this paper we present novel sub-50nm apertures 
fabricated by repeated corner lithography. An important result 

from the presented work is that it is possible to control the 

aperture size and feature by initial layer thickness of nitride 

and proper choice of LOCOS temperature and oxidation time. 

I. INTRODUCTION 

M
ICROMANIPULATORS with integrated tiny 

apertures for submicron probing of surfaces are 

essential components in the state-of-the-art and emerging 

nanotechnology. Application fields include Near-field 

Scanning Optical Microscopy (NSOM) to study molecules 

in their native environment, fluid delivery probes to analyze 

(ionic) concentrations very locally or to shape surfaces at the 

atomic scale. Other possible applications are DNA and 

single cell devices for screening or sequencing purposes [ 1 -

3]. Controlling the size of the aperture as well as wafer scale 

fabrication are the key challenges in nano aperture 

manufacturing. Several methods have been developed to 

defme sub-micron structures without the need for nano 

lithography like creation of an aperture at the apex of 

pyramidal tip by low temperature oxidation and high 

selective etching [4] or fabrication of nano apertures with 

use of stress induced retardation of oxide growth in corners 

[5]. Wafer scale production and size control are key issues in 

the fabrication of such apertures, as they defme the 

manufacturing costs and the final resolution during sensing 

or writing. In this work a new method is studied to construct 

three-dimensional oriented nano structures and the 

fabrication of nano apertures at the apexes of micro 

machined pyramidal shapes is demonstrated [6-9]. It has 

been shown that the structures are uniform and compatible 

with geometrical expectations [6]. The approach is based on 

a new technique called corner lithography and offers wafer 
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scale control of the size of the aperture in diameters below 

50nm. It is fully compatible with standard micromachining 

methods and thus, it does not rely on mainstream sub-50nm 

nano lithography tools. It is achieved by timed isotropic 

etching of a silicon nitride layer, which serves as a mask for 

the aperture formation in a single-crystalline silicon template 

having near atomic sharp etch pits. Besides apertures, the 

technology is able to produce 3D nanometer sized structures, 

such as wire frames and dots with exact position and spatial 

arrangement fully determined by the pit template. The main 

question addressed in this work is how to obtain a small 

aperture size, while maintaining the mechanical stability of 

the pyramidal base structure. Accordingly we introduce the 

process of repeated corner lithography. 

A. Size of aperture 

Fig. 1 shows the illustration of the corner lithography 

technique and dot size during etching. Isotropic thinning 

distance is R, which is zero before start etching. R should be 

larger than initial thickness (R>to) to remove all the material 

in planar surface. R depends on etch rate and etching time 

and allows to control the feature size by etching time when 

the etch rate is constant. Practically, etch rates especially in 

the temperatures higher than room temperature are not 

constant and resulting in failure of the size. Therefore, 

checking the height of the remaining material in the corner 

(h) is an independent way for etch rate and etching time. 

Moreover, it is a way to handle by employing dummy wafer 

with the same initial thickness of deposited material to have 

well-control of feature size during etching and over etching. 

L2 as a function of h indicates the opening space for the next 

corner lithography step. 

Aperture size at the apex is determined as a function of 
initial deposited layer thickness through L2, which is given 
by: 

Based on the desired aperture size the proper initial 

thickness of nitride layer can be calculated to etch [6]. 

B. What is repeated corner lithography? 

It is possible to reach small aperture sizes by single corner 

lithography, although it may result very fragile structures at 

the end. A thick layer of oxide due to local oxidation of the 

silicon (LOCOS) in sidewalls may offer more stable devices 

when they are released from Si substrate. Therefore, corner 
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Fig. I. Illustration of corner lithography technique and dot size during 
etching in concave corner. 

lithography technique can be employed not only for nano 

structure fabrication, but also to make it more applicable by 

repetition of similar fabrication steps. By repeated corner 

lithography (at least two times) the better mechanical 

stabilities of structures will be achieved (Fig. 2). This 

technique may allow us to design accurate and uniform 

aperture size and structure; however it has more fabrication 

process steps. In comparison with single corner lithography 

technique, oxide thickness of the fIrst LOCOS step is much 

thicker and hence, may offer desired mechanical stabilities 

of device. The fmal aperture size is defIned by the last initial 

nitride thickness in the last (in this paper, second) corner 

lithography step. 

II. F ABRICA nON PROCESS 

A successful realization of the proposed nano aperture 
requires a proper uniformity and, at the same time, size 
controlling. Therefore, we combine adding dummy wafer 
and V -grooves with pyramidal pit pattern in the mask during 
the fabrication. Series of squares with the size of 51lmx51lm 
and V-grooves with the size of 51lmxl0llm were defined as 
pattern on the mask. The fabrication process starts with a 
standard <100> oriented silicon substrate, which is prepared 
with 200nm SiOz which acts as a mask for Si. The prepared 
substrate is patterned by conventional photo-lithography. 
Then the substrate is treated in UV /Ozone for 300 sec to 
increase the hydrophilicity of the photoresist. The grating is 
transferred from the resist into the SiOz using BHF. After 
stripping the photoresist, we use 1 %HF at room temperature 

(a) (b) 
Fig. 2. Comparison of nano-aperture structure fabricated by single 
corner lithography (a) and repeated corner lithography technique (b). 
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Fig. 3. A process fabrication of nano aperture by using repeated 
corner lithography technique. 

for 1 min to remove native oxide layer just before KOH 
etching. Then, silicon is anisotropically etched by KOH (25 
wt%, 75°C) for 15  min. They are properly cleaned by RCA 
solution for 30 min and the oxide mask is removed by 
50%HF for 1 min. To fmish the template preparation, 8nm 
wet thermal oxide is grown at 800 °C. The fIrst corner 
lithography step is started by deposition of a conformal low 
stress silicon rich silicon nitride layer by Low Pressure 
Chemical Vapor Deposited (LPCVD). 

The initial thickness in <100> and <1 1 1> planes is 250nm 
to have 1 45nm as a fIrst aperture size. The initial thickness 
of the silicon rich nitride in concave corner (a=70.53°) is 
433nm and to remove 338nm silicon rich nitride etching 
factor defmed as 1 .35 [6]. In this case, all the nanowires in 
the four oblique ribs of the pyramid will be removed by the 
etchant and small nano dot will be left at the end to be used 
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Fig. 4. HRSEM micrograph of nano-structure fabricated by single 
corner lithography technique after the first LOCOS step. Size of the 
aperture is defined by nitride initial thickness and etch factor, which is 
related to the etching time. Here the etch factor is 1.35. 

as an inversion mask. The suitable etchant for this etching 
step is hot phosphoric acid because it has high selectivity of 
etching nitride in presence of silicon oxide. Therefore, we 
employed H3P04 solution (85 wt%, 180 °C) and dummy 
wafers to control the etch rate of the silicon rich nitride 

400m 

Fig. 5. HRSEM micrographs of sub-200nm nano-apertures fabricated 
by single corner lithography technique. After the first LOCOS step, 
remaining nano dots are completely removed to have the first 
aperture, which is shown in 3D and top view. 

during the over etching process. The nitride layer is etched 
by 85%H3P04 acid to reach the fust uniform size of the 
aperture (Fig. 3a - c). 

Next, the silicon oxide structural material for the pyramid 
is formed by LOCOS. For the fust LOCOS step, Si02 layer 
is grown at 950°C by wet oxidation technique for 30 min, 
which gives 1 14nm in <Ill> planes. Fig. 4 shows the 
feature of the structure and nano dot after the LOCOS step. 
Then 1 %HF at room temperature is used to etch the thin 
layer of oxynitride on top of the remaining SiNx for few 
seconds. Remaining dots at the end of pyramids should be 
removed by H3P04 solution (85 wt%, 180°C) in presence of 
a dummy wafer to check annealed silicon rich nitride etch 
rate in parallel (Fig. 3d - f). After this step, single corner 
lithography results in a first nano-aperture (Fig. 5). 

The second corner lithography step takes place by 
conformal deposition of 80nm silicon rich nitride to reach 
sub-50nm aperture at the end. Then all the steps will be 
repeated. After the second deposition, nitride layer is etched 
in 85%H3P04 acid at 180°C for 1 6  min. Second LOCOS is 
defined with 25nm oxide at 950 °C by dry oxidation 
technique. After the second LOCOS step, which has a 
thinner oxide layer than the first one, the remaining dots at 
the apex should be removed by H3P04 solution (85 wt%, 
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Fig. 6. HRSEM micrographs of novel sub-50nm in one direction 
nano-apertures fabricated by repeated corner lithography technique in 
3D and top view. The other direction is determined by asymmetry of 
the template. After the second LOCOS step, nano-apertures are 
achievable by removing the nitride dots at the end with hot 
phosphoric acid and dissolving silicon with TMAH. The shadow 
around the aperture is related to the silicon edge in four planes due to 
TMAH etching. 
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Fig. 7. The schematic drawing for the bird's beak growing when the 
nitride is present as a thin film [10] (a) or as a dot with short (b) 
comparable ( c) and large (d) pad oxide length (Lp) comparing with 
the dot length (LJ). After the over etching process, a certain size of the 
dot remains in the comer. Then, LOCOS step will form the nano 
aperture structure. A counterclockwise rotation of the structure 
through angle 54.735° is shown in (b),(c) and (d) in different 
temperatures (or oxidation times). The structure is initially aligned 
with the y-axis [Fig. 3-d,i] . 

180 QC). Thus, the nitride layer is etched in 85%H3P04 up to 
the end to open nano structures and reach the nano-aperture 

at each apex. A very thin layer of oxide as a protective layer 
is removed by 85%H3P04 (Fig. 3h - j). Finally, to release the 
3D nanostructure, Si is etched for 15  min in a TMAH 
solution (25 wt%, 75 QC). A novel fabricated sub 50nm 
nano-aperture with all components is shown in Fig. 6. 

III. RESULTS AND DISCUSSIONS 

In addition to the basic fabrication technique and aperture 

size definition, the LOCOS step and oxide layer are the key 

issues in fabrication process, which must be considered for 

technical design. 

A. LOCOS: Temperature and thickness 

The LOCOS process has influence on the aperture size by 

oxidation time and temperature. The longer oxidation time 

leads to grow thicker silicon oxide and it might decrease the 

size of the opening at the top of the nano dots in corners and 

even block the structure (Fig. 7). Furthermore, in LOCOS 

step, there is a layer of silicon oxide (the pad oxide layer) 

under the silicon nitride dot as inversion mask for oxidation. 

Lateral diffusion of the oxidant through the pad oxide layer 

during the LOCOS step creates a region that is named the 

bird's beak near the edge of the masking nitride layer [ 1 1 ]. If 

the length of the bird's beak is longer than the length of the 

dots at the apex, the oxide will cover all the structure 

between the Si and silicon nitride dots. Therefore, aperture 

will not be opened by removing the nitride dots after 

LOCOS step with hot phosphoric acid, which has high 

selectivity of etching nitride in presence of oxide. 

To fabricate nano structures with mechanical stabilities by 

corner lithography, a thick layer for the first LOCOS step 

should be defined. Furthermore, SiOz layers in different 

sidewalls should not meet each other to block the corner on 

top of the dots. The opening size before LOCOS step is 

made by the silicon nitride dots and determined by Lz. After 

the LOCOS process, the opening size will be smaller 

because of the thickness of the silicon oxide. The new size 

might have influence on the etch rate of the annealed silicon 

nitride dots and the etch rate drops due to annealed nitride. 

This effect should be taken into account due to the time 

controlling to remove all the dots to reach the nano aperture 

at the apex in the next steps. The thickness should be thick 

enough to give a stable structure as result and have enough 

opening space to deposit second conformal nitride layer to 

repeat corner lithography without blocking the corner. 

The higher temperature for the LOCOS step gives the 
lower etch rate for annealed silicon nitride dots. Therefore, 
removing the dots after the LOCOS step is more difficult 
and takes longer time, which may has effect on the thickness 
of the silicon oxide in sidewalls and opening size of LOCOS 
in the corner due to longer etching time. Moreover, different 
temperatures change the shape and length of the bird's beak 
[ 1 1 ]. By operating at higher temperature in shorter oxidation 
period the shorter length of the bird's beak is given. 
Therefore, the method of doing LOCOS (dry or wet) should 
be taken into account, which has difference in oxidation time 
to reach the same thickness at the same temperature. 



B. SiD2 as a protective layer for Si in sidewalls 

Corner lithography technique is about how to remove a 
deposited layer in the corner of silicon substrate by 
appropriate etchant and etch time based on applications. In 
this fabrication process, 85%H3P04 at 180°C is the main 
etchant for SiNx and annealed SiNx. Si in sidewalls is 
etched by 85%H3P04 at 180°C in the same time. To protect 
the Si planes, a very thin layer of Si02 is employed, which 
has a very slow etch rate in 85%H3P04 at 180°C. Before 
starting the first corner lithography, the Si02 as a protective 
layer has to be grown in the substrate. Several issues must be 
considered to calculate the initial thickness of the protective 
layer. This layer should be thin because of the radi us at the 
apex, which its sharpness is affected by oxidizing [4,5]. 

On the other hand, to repeat corner lithography it is 

needed to deposit another layer in the sharp corner and 

round shape will change the configuration of the deposited 

layer. This layer should be removed to determine the 

aperture size and make open feature after the second 

LOCOS. The thickness of the protective layer is determined 

by total over etch time and is related to the number of 

repeating corner lithography and, initial deposited layer 

thickness in each step. It should remain until ending over 

etching the first deposited nitride layer and before the 

LOCOS step. Corner lithography technique introduces two 

over etch times before and after LOCOS step, which are 

determined to remove 0.35 and 0.43 of the initial deposited 

layer thickness respectively as two different etch factor [6]. 

This layer is etched by the etchant in all over etching times. 

In this article, corner lithography is repeated twice and after 

the second LOCOS, remaining dots are removed completely. 

To make the feature open, it is needed to remove protective 

layer with keeping two LOCOS layers in final step and the 

shortest time to remove is most appreciate. 

IV. CONCLUSIONS 

We presented a novel method to produce sub-50nm nano 

apertures in three-dimensions on a standard <100> silicon 

wafer. This technique called repeated corner lithography, 

which offers mechanical stabilities in the structures. This 

approach could be used in a wide range of micro

electromechanical systems applications that require the 

fabrication of tips or pyramidal apertures. Furthermore, the 

apertures can be employed in AFM based liquid deposition 

and single cell devices for sequencing purposes. By 

repeating the method called corner lithography, we can 

obtain small aperture size while maintaining mechanical 

stability of the structures. 
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