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ABSTRACT 

A new concept to mass produce smooth ultra-thin 

polymeric films for nano electronics is presented. The 

new method versatility is such that any kind of surfaces 

can be coated with an equal linear speed. The polymeric 

film thickness can be predetermined with nanometer 

precision, from 100 nm down to only 1 nm. Three 

polymeric solutions were thinned down to nanometric 

scale, namely: PVDF, PMMA and PVPh. The substrates 

were chosen according to their near future impact, namely 

rigid 300 mm wafers for EUV lithography and rolls of 

flexible Mylar for flexible electronics. The results are very 

impressive, as the substrates were all coated with uniform 

ultra-thin films at a rate of one square meter per minute, 

with atomic smoothness. The defects density is quite low, 

because the method works in high compression. This 

technological breakthrough, due to a systematic structural 

approach, enables the most far reaching road maps in nano 

electronics for the next decades. 

Keywords: nanotechnology, electronics, web, monolayer, 

ultra-thin film 

1   INTRODUCTION 

A novel method for high speed monolayer or ultra-thin 

film preparation was designed ex novo to match with 

today's industrial production line standards. This effort 

responds to an increasing demand for efficient fuel cells, 

high performance catalysis, optical devices, flat displays 

and micro- and nano-electronics. Indeed thinness, 

uniformity, orientation and organization are all 

synonymous of performance and economics. Since the 

trend is carrying us toward the ultimate limit, the atomic 

level, it becomes much wiser to built films from bottom 

up using elements in a similar fashion than bricks and 

mortar. 

Nanometrix' process is very versatile: electronics, optics, 

photonics, fuel cell, and biotech applications are being 

developed in our laboratories. The materials being 

processed are any solutions, colloidal suspensions or fine 

powders. Lipids, nano diamonds, quantum dots, platinum 

dots, SiO2, TiO2, latex, PMMA, PVDF, poly (4-

vinylphenol), fluorescent, thermo- and photo chromic 

beads were deposited onto meter long flexible substrates 

or wafers of Ø 4", 6" and 8". In total, this represents a size 

range from one nanometer to 300 microns. 

More specifically, the advantages of ultra-thin films for 

micro electronics, in particular micro lithography, have 

been mentioned for decades [1-2]. Already in 1983, 

monolayers were proof tested and it became obvious from 

the point of view of specialists in monolayers that ultra-

thin films (  10 nm) could be tailored to any specific 

requirement down to one single monolayer (  1 nm).  

A decade later, in 1994, a scientific publication entitled 

"Superiority of Langmuir-Blodgett resist films in electron 

beam lithography as demonstrated by the backscattering 

yield" was showing that for making ultra-thin films the 

bottom up approach still remains the best choice for the 

future. 

In today's Nanometrix labs, ultra-thin films are mass 

produced at linear speed of a meter per minute, with 

thinness reaching one nanometer. This document presents 

three bench tested polymers: PMMA, PVDF and poly (4-

vinylphenol) (PVPh). The first polymer, PMMA, was 

successfully thinned down to 1.3 nm with atomic flatness. 

The film quality across several square meters was 

constant.

In the two latter cases, we bench tested the film thickness 

against one variable, polymer initial concentration. PVDF 

films with a thickness range from 2 nm to 80 nm are mass 

produced, and poly (4-vinylphenol) film thickness ranges 

from 2 to 20 nm in very same conditions. All films were 

deposited onto wafers to demonstrate their potential use in 

micro- nano-electronic business, or onto quartz slide for 

spectroscopic investigation. It is noteworthy that only one 

single coating passage is enough for obtaining these 

results. 

2  FUNDAMENTAL PRINCIPLES FOR 

HIGH QUALITY ULTRA-THIN FILM  

Nanometrix presents in this document a breakthrough 

technology, a new thin film generator concept to make 

monolayers and ultra-thin films as well, suitable for nano 

electronics web processing. In order to avoid confusion 

with the terminology, a monolayer is defined as a one 

layer thick assembly of elements, while an ultra-thin film 

is qualified only by its thickness. In this work, an ultra-

thin film is always made of long polymeric chains, on 

purpose intermingled or not to obtain any desired 

thicknesses. 
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Therefore, we first explain the basic ideas behind the 

Nanometrix method. This is followed by examples of thin 

films having an immediate impact on nano electronics. A 

discussion concludes this document with the concept of 

industrial production line of tailored nano coats onto 

wafers. 

2.1 Nanometrix' first fundamental principle: "Build 

monolayers one element at a time"

To mass produce continuous, well packed, uniform 

monolayers, stacking orderly the material side-by-side is 

the only way. In Nanometrix' proprietary process, the gas-

liquid interface natural properties like flatness, mobility 

and tension, together with other natural forces like gravity 

are elegantly used. The material attached at the interface is 

hydro dynamically driven one after the other toward and 

onto a film formation line. The pressure applied onto the 

film long axis is kept constant while a conveyer transfers 

the film from the liquid surface toward a solid substrate. 

2.2 Nanometrix' second fundamental principle: "High 

speed beats self-organization"

As a matter of fact, the process was invented to cure a 

long lasting basic problem encountered with quasi-static 

monolayer instrumentations: self-organization [3]. High 

speed hydrodynamics for mass production also cures 

defects in monolayers. Because of the speed, molecules or 

other material like polymer chains are driven at the 

interface in only one direction, preventing self-

organization by random motion. Therefore, mass 

production and quality match perfectly. 

2.3 Nanometrix' third fundamental principle: "High 

compression means solid state" 

The particle assembly is afterward put under an ever 

increasing pressure. In the case of an ultra-thin film, it 

becomes solid on the liquid phase and pressurized. The 

pressure inside a monolayer is about 300 atmospheres for 

a 1 nm layer. Still under this high pressure, the film is 

transferred onto a solid surface. 

Such a compression level means that no lateral forces on 

the solid surface are likely to rupture the thin film. In fact, 

thinness as small as one nanometer with PMMA were 

obtained, with no pin holes or else. 

It is noteworthy that spin coating is a process that works 

in expansion. Therefore, strong disjoining (or rupturing) 

pressures and shear stresses between the thin liquid film 

interfaces (gas-liquid and liquid-solid) create hills and 

valleys, or worse, pin holes. Also the presence of 

irregularities like dusts or scratches at nanometer scale 

acts like needle on a balloon: the membrane blows apart. 

3  POLYMER FILMS ONTO RIGIDS 

Three polymers were bench tested to see the potential 

impact of Nanometrix method in nano- to micro-

electronics. The polymers are namely PVDF, PVPh and 

PMMA. The polymers were transferred either on flexibles 

and rigids, e.g. silicon wafer and glass slide. 

In the case of PVDF, the polymer is well known for its 

dielectrics properties. It is used to isolate conducting 

materials one to the other and can therefore be used for 

solid state mass storage memory. By using DMF as a 

solvent, we spread it at the air-water interface and made a 

continuous production at a rate of one meter square per 

minute. The area was sampled for TEM and AFM 

examination. The results are that the thickness was 

uniform at 42.3 nm with less than one nanometer 

roughness. The thickness could be adjusted with the 

choice of the initial solution concentration. 

With PMMA, the target was to reach the lowest limit 

possible. Indeed, this is a classical polymer for spin 

coating industry. Large surface like 30 cm wide wafers are 

difficult to coat uniformly. Using PMMA/chloroform 

solution, we were able to produce a layer of 1.3 nm with a 

surface roughness of only 0.1 nm, i.e. an atom thick. The 

production rate of such film was two square meters per 

minutes, which is the upper speed limit of our machinery 

(electric motor). It is quite possible to go much faster if 

desired. 

A polymer has been suggested by IBM for Extreme Ultra-

Violet (EUV) lithography [4]. This is PVPh. The polymer 

has a strong absorption band around 198 nm. We used this 

specific absorption band to quality control by spectro 

photometric measurements the thickness uniformity on 

clean quartz slide. Furthermore, TEM and AFM 

microscopes were also used to evaluate matter 

organization at molecular level. 

The film thickness was measured against the initial 

polymer concentration, and the results are reported at 

Figure 1. It can be seen that the relationship is linear till 

saturation, where the solution solidifies too quickly at the 

air-water interface. At the lowest possible concentration, 

the intercept value represents the thickness of the thinnest 

layer possible. 

This method allows the preparation of multilayers by 

piling up uniform films, one layer on top of another one. 

This was demonstrated using a 20 mg/ml solution of 

PVPh in DMF. The thickness was monitored with 

photometric measurements of the transmitted light at 198 

nm to quantify the amount of matter deposited onto the 

quartz slide. The multi-film number and thickness are 

illustrated at the Figure 2. 
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Figure 1: Film thickness vs. concentration. The film 

thickens linearly till saturation. In the linear part, the film 

remains smooth. The upper limit can be much higher if 

desired by choosing another solvent. 
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Figure 2: Multi-film thickness against the number of 

layers deposited onto the quartz slide. The intercept 

crosses the origin, meaning the superposition is good. 

It is noteworthy that different polymers could have been 

used for making the stratification. Therefore, they could 

have been piled up alternately. Doing so, a whole set of 

new devices could be fabricated.  

Concomitantly to processing material, nano scale 

planerizing surfaces of rough substrates (plastic films like 

PET, PC, etc.) by liquid substrate entrapment can also be 

performed. This will be better explained in the next 

section. Since thinness means also flexibility for rigid 

material, Nanometrix offers to the nano electronic 

business a versatile tool for the present and near future in 

nano electronics. 

4 POLYMER FILMS ONTO FLEXIBLES 

Nanometrix' process for making monolayers has several 

intrinsic advantages when the use of plastic rolls becomes 

an issue. Today's scientific publications are describing 

devices that a detail description of each of them would 

require several books. However, all of them are based on 

the use of electronics elements that are themselves based 

on the superposition of ultra-thin films. Therefore, the 

basic unit of construction of such devices is the ability to 

make thin films. In several cases, there are big issues, as 

thinness, surface roughness, uniformity and quality 

control are problems that must all be addressed at the 

same time.  Nanometrix offers a simultaneous solution for 

all these concerns: 

4.1 It works at room temperature 

The process being based on driving particles onto a liquid 

surface, water or an aqueous solution is the preferred 

choice. This means that all organic material can be used to 

make devices based on ultra-thin film. For instance, 

PMMA ultra-thin films of  1 nm were created and 

transferred onto a flexible substrate at a rate of one square 

meter a minute. 

4.2 This is a roll-to-roll process 

Typically, at Nanometrix’s facility, when a flexible 

substrate is used, we install plastic rolls on one end, and 

rolled up the ultra-thin film coated onto plastic on the 

other end. The process being computer controlled this 

works on automatic mode. It is interesting to note that 

such a process is easily upgraded to one linear meter per 

second, which is fully integrated in present industrial 

production line. Therefore, standard pre- and post-

processing devices are fully exploited in the treatment of 

web surfaces for adhesion and other properties. 

4.3 The deposition can be conformal 

The monolayer is deposited onto the plastic surface with a 

few nanometer liquid thin films coming from the 

subphase. Evaporation through the ultra-thin film creates a 

suction that tends to make the monolayer to follow each 

surface features. This is important when micro-electronics 

are based on patterning. 

4.4 Smoothing out plastic surfaces 

If desired, defects like spikes, pin holes, cracks and so can 

be flooded while making the monolayer of ultra-thin film. 

This can be done only because between the monolayer 

and the flexible plastic is a thin layer of liquid subphase 

that is trapped during the transfer. By adjusting the 

production parameters, this entrapped layer is mobile and 

floods all the undesired features. The pressure of the 

monolayer keeps the whole film together without being 

ripped off by molecular forces, which makes a perfectly 

smoothed out surface. Therefore, a perfectly flat 

monolayer is deposited on an initially rough plastic 

surface.
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4.5 Bridging over valleys 

By making the right choice of molecules to be assembled, 

the monolayer can play the role of a canopy that span 

above grooves. Tests with a glass surface have 

demonstrated that the level of diffusion is much less, 

meaning the gaps were covered successfully. 

4.6 Alternating organics and inorganics 

With Nanometrix' process, both types of material can be 

used at the same time on the same surface. This means 

that semi-conductors for OLED can be mass produced 

with multilayers made of different materials at rates well 

above one meter per minute (at the present state). 

4.7 Moisture or oxygen barrier  

In the same way, nanometric silicate spherules were also 

deposited onto plastic surfaces. Again, these spherules can 

play an important role in electric isolator, as well as 

moisture or oxygen barriers to protect luminescent 

elements on plastic foil. This is a well know problem that 

can be solved very easily with Nanometrix technology. 

5 OLED: AN APPLICATION EXAMPLE

Organic light-emitting display (OLED) has been 

intensively studied in the past 20 years. OLED offers a 

number of advantages and potential breakthroughs in the 

display technologies. OLED is a self emissive display 

where no backlighting is needed as in LCD, lower (about 

1/2) power consumption, wide viewing angle, and most 

importantly, OLED offers a potential for thin, lightweight 

and flexible displays. 

However, when flexible substrates are used, there are 

several problems to be solved. One is the surface 

regularity. Extruded plastic films contain a surface 

roughness that is in some cases too large. The second is 

that a moisture barrier must be put onto the plastic sheet. 

Here, the best barrier is glass. However, it is well know 

that glass does not tolerate bending and twisting. 

Therefore, the substrate must have a much restricted 

flexibility. 

Nanometrix has a solution for both problems. Nanometrix 

has demonstrated its ability to make ultra-thin film of any 

kind of polymers onto any kind of substrates. The ultra-

thin films are in the range of tens of nanometer in 

thickness, with a roughness never exceeding one 

nanometer (basically the molecular size of the monomer). 

Nanometrix can make monolayers of glass with 

thicknesses in the nanometer range. It is admitted that 

glass is a good barrier for moisture, but is brittle and can 

only sustain small strains. In an OLED that uses glass as a 

substrate it is the glass that limits the flexibility of the 

device. Plastics are more flexible but too much permeable 

to water. Here again, Nanometrix brings his own solution 

to the problem. 

Tests were made with 100 nm diameter silicate stacked in 

a two dimension assembly (a monolayer) and deposited 

onto a plastic foil. The openings in between spherules are 

filled with another silicate precipitate. The monolayer was 

therefore analyzed with an AFM and an optical 

microscope. The result is that uniformity and flexibility 

was obtained. This is an example of specific application of 

Nanometrix monolayers for flexible display. 

Another issue is the strain the layer can sustain. Again, 

Nanometrix has a solution based on the extreme thinnest 

the layer can be. Indeed, thin glass available in the market 

is about 50 micron. Nanometrix can make glass sheets of 

only 50 nm. Therefore, because the strain on the glass 

substrate of thickness h for a given radius of curvature R 

is:  = h/R, this means that at 50 nm thick, the strain 

problem is not an issue anymore, as the radius of 

curvature the thin layer can sustain is one thousand time 

smaller. Therefore, if the glass sheet is thin enough, say in 

the tens of nanometers, full flexibility is obtained. 

6 CONCLUSION 

The Schneider-Picard method is a breakthrough 

technology. Atomic smooth organic or inorganic thin 

films with nanometer thicknesses can be mass prepared. 

Coatings onto any rigids or flexibles are routinely 

performed. The method great versatility as well as ease of 

use makes the near future promising for significant 

advancements. Therefore, all road maps by micro 

electronic industry as well as flexible electronic devices 

industries are from now within reach. 
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