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Feature processing by photo-lithography: a top-dow approach 
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“Photo-lithography is a process used in microfabrication to pattern parts of a thin film. 
It uses light to transfer a geometric pattern from a photomask to a light-sensitive 
chemical "photoresist“ (resist) on the substrate.” (Wikipedia) 

CD: pattern resolution 
λ  : exposure wavelenght  
      (193nm today in production) 
k1, NA: constants 

Light wavelenght dictates patterning 
resolution (diffraction limits) 

193 nm exposure à diffraction-limited 
features as small as 32 nm 

Shorter wavelength: complexity of exposure optics, 
vaccum, cost issues… => SELF-ASSEMBLING ? 
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Oxide deposition (CVD) with DNA templates 

J. Am. Chem. Soc., 2013, 135, 6778–6781 
DOI: 10.1021/ja401785h 

When sample are exposed to a mixed vapor of Si(OEt)4 (TEOS), H2O, and 
NH3, deposition of SiO2 occurred selectively on the SiO2 surface that was not 
covered by the DNA template, resulting in a negative-tone pattern of SiO2  

To reverse the area selectivity of the CVD, propanol vapor was introduced 
and the relative humidity of the reaction chamber was increased. In this case, 
the CVD reaction selectively deposited SiO2 onto the DNA nanostructures to 
produce a positive-tone pattern  
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Oxide deposition (CVD) with DNA templates 
selective deposition of inorganic oxide onto a DNA nanostructure in the presence of a SiO2 substrate 

J. Am. Chem. Soc., 2013, 135, 6778–6781 
DOI: 10.1021/ja401785h 

-      +      -      +     -       + 

+/- presence of water/n-propanol 

 
Oxide deposition on different 
substrates with <20nm lateral 
resolution 
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HF « dry » etching of SiO2 on DNA nanostructures 

J. Am. Chem. Soc., 2011, 133 (31), pp 11868–11871 

50% relative  
humidity, 5 min 

34% relative  
humidity, 15 min 

HF induced pattern transfer from DNA nanostructures 
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J. Am. Chem. Soc., 2011, 133 (31), pp 11868–11871 

SiO2(s) + 4 HF(g) à SiF4(g) + 2 H2O(g) 
 
6 HF + 3 H2O à 3 HF2

- + 3 H3O+ (deprotonation) 
 
3 HF2

- + 3 H3O+ + SiO2 à 2 HF + SiF4 + 5 H2O (etching) 
 

•  DNA may absorb water (up to +100% w/w!) (phosphate groups) 

•  but DNA may also serve as a diffusion barrier after deposition on SiO2… 

•  ... then H2O content in SiO2 adsorbed DNA may favor or inhibit HF dry etching 

HF « dry » etching of SiO2 on DNA nanostructures 

HF induced pattern transfer from DNA nanostructures 
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J. Am. Chem. Soc., 2011, 133 (31), pp 11868–11871 

50% relative  
humidity, 5 min 

34% relative  
humidity, 15 min 

Triangular DNA origami 
on a SiO2 surface 

Scale bars represent 100 nm. 

HF induced pattern transfer from DNA nanostructures 
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I/ Design: cadnano  II/ Synthesis:  

III/ Process : 

DNA Origami Mask for sub-10 nm lithography 

Results from the A3DN project carried in 
Grenoble (R. Tiron & D. Gasparutto) 
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DNA Origami Mask for sub-10 nm lithography 

1- DNA adsorption  
on Si-SiO2 (wafer silanols and 
Mg2+ bridging of DNA origamis) 

2- DNA pattern transfer  
by HF vapor etching (etching rate of 
0.2 nm/s under mixed ethanol vapor 
and anhydrous HF gas at 45 °C) 

3- DNA mask removal 

•  Process based on the ionization of HF vapor by low pressurized alcohol vapor, 
which acts as a catalyst: 

•  Low pressure in the chamber helps in desorbing the water released upon etching 

Diagne C et al. 
ACS Nano. 2016 Jul 26;10(7):6458-63 

the diffusion of the etchant through the mask during long etching
time. Moreover, even if DNA origami behavior has been studied
under a wide range of chemical environments,19 to our
knowledge, there is no detailed study on the etching process
steps determining the limits of the method.
In this work, we demonstrate the transfer of a sub-10-nm hole

from aDNA origami cuboid into an SiO2 layer on a Si substrate in
a dedicated semiconductor industry etching machine. The
etching of the unmasked SiO2 was performed by a dry HF
vapor process. Contrary to the mechanism in which HF is
deprotonated by water to generate the SiO2 ionic etchant

HF2
−,17,20 this process is based on the ionization of HF vapor by

low pressurized alcohol vapor (A), which acts as a catalyst21

+ → +− +2HF(ads) A(ads) HF (ads) AH (ads)2

+ +
→ + +

− +SiO (s) 2HF (ads) 2AH (ads)

SiF (ads) 2H O(ads) 2A(ads)
2 2

4 2

Therefore, unless the substrate is contaminated, the only water
laying on the surface is the one created by the reaction. Because
water is also a catalyst of the reaction, its presence is controlled by

Figure 1. Process of pattern transfer from DNA origami into SiO2. (A) 3D DNA origami structure with 8 nm thickness. (B) 1. DNA origami are
adsorbed on a Si substrate containing 200 nm of hydroxyl-terminated SiO2. 2. Substrate is dried and then undergoes an HF vapor etching
allowing the pattern transfer from DNA origami to SiO2. 3. DNA mask is removed from the substrate to reveal the SiO2 patterns.

Figure 2. AFM images and cross sections of DNA and SiO2 substrate before and after HF vapor etching. All values are given in nm. (A) 2D
representation of DNA and SiO2 pattern. White dotted lines indicate cross sections. Scale bars: 50 nm. 1. DNA origami in buffer. 2. DNA origami
in air. 3. DNA origami in air after 30 s of HF vapor etching. 4. SiO2 pattern after DNAmask removal. 5. Phase image of SiO2 pattern in 4. (B) 3D
representation of vertical corresponding images in (A). (C) Profiles of cross sections in (A). Purple and red lines indicate the method used to
measure the lateral dimension of holes within DNA origami or SiO2 pattern.

ACS Nano Article

DOI: 10.1021/acsnano.6b00413
ACS Nano 2016, 10, 6458−6463

6459



NANOANDES 2017, November 22-29, Buenos Aires, Argentina 89 

Sub 10 nm-large patterns transferred onto SiO2 

•  The longer HF exposition, the deeper 
etching… 

•  Nevertheless, some erosion is observed, 
and motif height is 7 times lower than 
expected 

 
•  Blocking of the etching reaction could be 

explained by the reaction of magnesium 
(initial DNA buffer) with the hot water vapors 
produced during the etching reaction to 
form magnesium hydroxide Mg(OH)2. 

Diagne C et al. 
ACS Nano. 2016;10(7):6458-63 

flow. The analysis has been conducted using the vapor phase
decomposition-droplet collection-inductively coupled plasma
mass spectrometry (VPD-DC-ICPMS) technique.23 The results
revealed that the bare substrate has a density of magnesium
inferior to the detection threshold (i.e., 7.5 × 1012 atom/cm2),
whereas the substrate which has been treated with buffer has a
density of magnesium of 1.1 × 1015 atom/cm2. Control analysis
of sodium presence onto the surface revealed a density inferior to
the detection threshold (i.e., 6.9 × 1013 atom/cm2). Because the
MgCl2 proportion represents ∼87.5% of the buffer molarity and
knowing that the wafers used in this work have a density of Si of
6.78 × 1014 atom/cm2 and that SiOH groups are used to bind
Mg2+, these results demonstrate that magnesium is fully covering
the surface of the substrates and is probably responsible for the
roughness onto the substrate (see Supporting Information
Figure S7). Hence, the blocking of the etching reaction could be
explained by the reaction of magnesium with the hot water
vapors produced during the etching reaction to form magnesium
hydroxide Mg(OH)2. It is a well-known phenomenon
encountered in top-down fabrication that magnesium hydroxide
reacts with HF during etching. The so-formed product,
magnesium fluoride (MgF2), is insoluble in the etching medium
and behaves like a protective mask blocking the etching
reaction.24 The combination of the large amount of Mg2+

needed to counteract the negative charges of the deprotonated
silanol groups and the reaction chemistry of magnesium with
water andHFmakes us believe that, at 600 s HF treatment, MgF2
is formed on SiO2 blocking the whole etching reaction. However,
further experiments are needed to verify this hypothesis.
At 600 s of etching, the erosion phenomenon was accentuated

leading to a complete loss of the original shape of the pattern that

caused the destruction of the hole (Figure 3A2,B2). Several
protruding features were organized as 4-fold SiO2 blocks (see
Supporting Information Figures S8−10). As previously observed
for the degradation of triangular-shaped DNA origami,19 because
of depurination occurring at extreme acidic pH,25 we believe this
pattern disintegration is correlated with the degradation of the
DNA cuboid at the weakest points of the scaffold DNA strand
(see Supporting Information Figure S11) under destabilizing
conditions. Further study with other structures containing
expected breaking points is needed to understand the detailed
reasons behind this observation.

CONCLUSIONS
We demonstrated a sub-10-nm SiO2 patterning with DNA
origami template using HF vapor etching process for time
ranging from 30 to 60 s at an etching rate of 0.2 nm/s. Because we
controlled the water presence during the etching process, DNA
origami behaves like a negative resist protecting then the
underlying SiO2 from etching. By monitoring the surface
topography at every step of the process, we have shown that
the etching does not damage the DNA origami mask or remove it
from the substrate. For long time process (600 s), the transferred
patterns start eroding leading to the hypothesis that origami
undergoes localized destruction of its original shape. We strongly
believe that the pattern erosion is guided by the origami design,
suggesting that thicker nanostructures might bemore adapted for
DNA based-lithography under HF vapor. Moreover, in these
conditions, SiO2 etching is limited to 20 nm depth. This is
probably due to an MgF2 adlayer formation consecutive to the
reaction of the Mg2+ entirely covering the surface with the
fluorine. Because ionic contaminants are not welcomed within
cleanrooms, there is a serious need to fabricate DNA
nanostructures that do not request cations anymore for negative
charge repulsion, or at least, strictly limit such ionic presence.
We believe that the combination of small sized pattern in

agreement with the semiconductor roadmap requirements and
an easy, reproducible, high speed, and low cost process will put
forward DNA-based lithography as a tremendous candidate for
next generation lithography.

METHODS
Si-SiO2 Substrates Preparation Procedure. All four

wafers are 200 mm n-type prime (1 0 0) silicon, 3−6 Ω·cm,
725 μm thickness. They are cleaned successively with Caro acid
(peroxymonosulfuric acid) to remove organic components and
with the RCA cleaning process26 to remove particles and ionic
components on the wafer. Two wafers are then oxidized with
water vapor at 950 °C to produce a thermal oxide layer of 200
nm. The four wafers are cleaned with the SC1 process to generate
hydroxyl groups. Finally, the wafers containing the thermally
grown oxide are bonded with the wafers containing native oxide
at room temperature. The bonding reaction occurred through
van der Waals type hydrogen bonding interactions between the
water molecules naturally present at the hydrophilic surface of
the wafers27 and the polar hydroxyl groups.28 This direct bonding
allows the preservation of the hydrophilicity of the wafers and
because room temperature bonding is reversible, the wafers can
easily be separated by inserting a blade at the rim of the wafers.29

DNA Origami Adsorption Protocol. DNA origami were
obtained from Tilibit nanosystems (Germany). They were
provided at a concentration of 100 nM in a 1X Tilibit buffer (1
mM Tris base, 1 mM EDTA, 5 mM NaCl, 5 mM MgCl2). For

Figure 3. AFM images and cross sections of SiO2 substrate after long
time HF vapor etching. All values are given in nm. (A) 2D
representation of SiO2 pattern. White dotted lines indicate cross
sections. Arrows indicate an erosion zone. Scale bars: 50 nm. 1. After
60 s etching. 2. After 600 s etching. (B) 3D representation of vertical
corresponding images in (A). (C) Profiles of cross sections in (A).
Red lines indicate the method used to measure the lateral dimension
of holes within SiO2 pattern (i.e., negative step height method).

ACS Nano Article

DOI: 10.1021/acsnano.6b00413
ACS Nano 2016, 10, 6458−6463
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Sub 10 nm-resolution using HF vapor etching 
From 30 to 60 s at an etching rate of 0.2 nm/s 
SiO2 etching limited to 20nm depth (MgF2 adlayer?)  
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Placement and orientation of individual DNA shapes on 
 lithographically patterned surfaces 

The problem of random DNA nanostructure deposition and lithographic 
scheme for addressing it: 

Rothemund & al. 
Nature Nanotechnology 4, 557 - 561 (2009)  
doi:10.1038/nnano.2009.220 


