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(57) ABSTRACT 

Functionalized substrates and method of passivating the Sur 
face of a substrate to improve the Surface by imparting desir 
able Surface properties to improve the performance of a Sur 
face, the method steps including exposing the Substrate to a 
chemical vapor deposition process to coat the Substrate with 
silicon, and functionalizing the coated Surface by exposing 
the Substrate Surface to a binding reagent having at least one 
unsaturated hydrocarbon group. 
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PROCESS FOR THE MODIFICATION OF 
SUBSTRATE SURFACES THROUGH THE 
DEPOSITION OF AMORPHOUS SILICON 

LAYERS FOLLOWED BY SURFACE 
FUNCTIONALIZATION WITH ORGANIC 
MOLECULES AND FUNCTIONALIZED 

STRUCTURES 

BACKGROUND OF THE INVENTION 

0001 1. Field of Invention 
0002 The present invention relates to functionalizing the 
surface of a substrate to impart desirable properties to the 
Surface, and functionalized structures. 
0003 2. Brief Description of the Related Art 
0004. The current invention has been developed to 
improve upon inherent deficiencies in the performance of a 
variety of substrate surfaces. Examples of such deficiencies 
include but are not limited to: 

0005 a) chemisorption of other molecules, 
0006 b) reversible and irreversible physisorption of 
other molecules 

0007 c) catalytic activity with other molecules 
0008 d) allow attack from foreign species, resulting in 
a molecular, structural and/or cosmetic breakdown of 
the substrate surfaces and/or bulk 

0009 e) Outgassing of volatile materials (i.e. water 
vaporand organics) from a Substrate under vacuum envi 
ronments resulting in extensive time required to reach a 
target vacuum and/or the inability to achieve a target 
vacuum and/or the inability to maintain a target vacuum 

0010 f) buildup of secondary electron emission on a 
Substrate under vacuum environments 

0011 g) hydrogen permeation of a substrate under 
vacuum environments through coating on the inside and/ 
or outside whereas the inner portion is subjected to 
WaCUU. 

0012 h) or any combination of (a)-(g) 
0013 There are several known processes that attempt to 
address the listed deficiencies via a variety of surface treat 
ments. However, a need exists for a process which permits 
further enhancement of a Surface. 
0014. There are existing processes which already attempt 
to alter the Surface properties of Substrates by: a) depositing 
multiple layers of amorphous silicon and b) functionalization 
of a deposited amorphous silicon layer. The purpose of mul 
tiple layer amorphous silicon coatings is to protect the treated 
Substrate from corrosive attack and/or to decrease outgassing 
from the Surface under vacuum conditions. A multilayer sili 
con Surface alone, however, may have inadequate inertness 
and functionality characteristics. By chemically altering the 
Surface through the direct bonding of organic molecules, the 
Surface characteristics can be dramatically altered/improved/ 
tailored to achieve specific Surface performance enhance 
ments. Prior art has demonstrated this ability via single-layer 
silicon depositions followed by surface functionalization; 
however, this treatment may have insufficient anti-corrosion 
and/or anti-outgassing performance. By applying a multi 
layer deposition in conjunction with a chemically tailored 
composition of the terminal silicon layer, the Surface of a 
substrate may be optimally enhanced to a desired level of 
performance. 
0015 The prior art shows the use of silanes or silicon 
hydrides to modify surfaces. The present invention utilizes 
the formation of a hydrogenated amorphous silicon coating 
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on a Surface through the decomposition of silanes or silicon 
hydrides, followed by a secondary process of Surface func 
tionalization with a reagent containing at least one unsatur 
ated hydrocarbon group (e.g., —CH=CH or —C=CH). 
Additional elimination of residual surface defects can be 
achieved through reagents capable of thermal or chemical 
disproportionation followed by chemical bonding to these 
sites, and/or radical quenching. 

SUMMARY OF THE INVENTION 

0016. The present invention provides a unique chemical 
vapor deposition process through which a substrate is coated 
with amorphous silicon followed by surface functionalization 
to impart such desirable properties as chemical inertness, 
prevention from corrosive attack, prevention from outgassing 
under vacuum environments, prevention from coke accumu 
lation and the rapid desorption of water from substrate sur 
faces. The use of single-to-multiple deposition layers with 
intermediate changes in process temperature, pressures and 
times has been found to impart coatings that provide 
enhanced properties that include, but are not limited to, 
improved chemical resistivity, improved chemical inertness, 
low chemical activity and low chemical absorptivity. Further 
enhancement of these desirable properties can be achieved by 
a surface functionalization that allows a tailorability of the 
substrate's bulk properties. Therefore, by combining a depo 
sition of one or more layers of amorphous silicon followed by 
a final amorphous silicon deposition with Surface functional 
ization, optimal properties of resistivity, inertness, activity 
and absorptivity can be achieved. 
0017. The present invention provides functionalized 
structures, which may be further functionalized to impart a 
desirable surface property. 
0018. Substrates may be comprised of (but are not limited 
to) metals (ferrous and non-ferrous), glass, carbon, quartz, 
nickel containing ferrous alloys, titanium, titanium alloys, 
aluminum, aluminum alloys and ceramics. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019 FIG. 1 is a schematic diagram illustrating the pro 
cess of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0020. The present invention provides a method of passi 
Vating the Surface of a Substrate to protect against corrosion, 
alter the Surface chemisorption, physisorption, and/or elec 
tronic properties, and/or to improve the performance of a 
Surface within a vacuum environment. The invention pro 
vides a chemical vapor deposition process through which a 
substrate is coated with silicon followed by a final surface 
functionalization to impart improved properties for applica 
tion in environments exposed to corrosive, chemical and/or 
vacuum environments. The use of single to multiple deposi 
tion layers with intermediate changes in process temperature, 
pressures and time, followed by a functionalization step 
involving the covalent bonding of molecules containing the 
unsaturated moiety of —CH=CH and/or —C=CH has 
been found to impart coatings that provide enhanced proper 
ties to the substrate being treated that include, but are not 
limited to, application in corrosive environments for 
improved resistivity, application in chemical environments 
for enhanced Surface activity, being less Or more depending 



US 2011/0177349 A1 

upon desired properties, and application in vacuum environ 
ments to reduce outgassing, and hydrogen permeation of 
substrates. The substrate may have enhanced properties for 
vacuum environments, such as, for example, low (10 to 3.3x 
10 Pa), medium (3.3x10 to 10 Pa), high (10 to 10 Pa), 
very high (10 to 107 Pa), ultrahigh (107 to 10 Pa), and 
extreme ultrahigh (less than 10' Pa). 
0021. The substrate surface which may be coated can 
include an interior Surface, as well as, or alternately, any other 
Substrate Surfaces. The present invention also provides Sub 
strates having contact surfaces which have been passivated in 
accordance with the method of the present invention to impart 
properties for improved resistance to corrosion and reduce the 
release of Surface-bound molecules Subjected to a vacuum or 
gas-flow environment. 
0022. In the method of the present invention, a substrate is 
placed in an environment, such as, for example, a treatment 
chamber, which may be controlled to carry out the steps of the 
method. The method may be carried out using the substrate 
itself or with the substrate housed in a treatment chamber. In 
the method of the present invention, the surface of a substrate 
is initially preconditioned by dehydrating the substrate sur 
face. In the dehydration step, the substrate is heated to a 
temperature in a preferred range of from about 20°C. to 600° 
C. for a preferred duration of from about 10 to 240 minutes. 
The Substrate is preferably heated in an inert gas or in a 
WaCUU. 

0023. After the surfaces of the substrate have been dehy 
drated, the environment surrounding the substrate surface or 
treatment chamber is evacuated. A silicon hydride gas is 
introduced into the environment Surrounding the Substrate 
Surface or treatment chamber. The Substrate and gas con 
tained therein are heated and pressurized to decompose the 
silicon hydride gas in the treatment chamber. The heating of 
the silicon hydride gas may be done prior to, during or after 
the introduction of the gas into the treatment chamber. Pref 
erably, the treatment chamber may be heated and then fol 
lowed by the introduction of the silicon hydride gas. As the 
gas decomposes, a layer of silicon is deposited on the Surface 
of the substrate. 

0024. The duration of the silicon deposition step and the 
pressure of the gas are controlled to impart a deposition layer 
of desired thickness yet prevent the formation of silicon dust 
in the substrate or treatment chamber. At the end of the silicon 
deposition step, the Substrate environment or treatment cham 
ber is cooled and held at a temperature for a period of time, 
and is purged with an inert gas to remove the silicon hydride 
gas. The purging may take place prior to, after or while the 
Substrate is cooling. Preferably, the purging is done as the 
substrate is being cooled. If the silicon layer completely cov 
ers the surface of the substrate, the substrate is then evacuated 
and cooled to room temperature. If the silicon layer does not 
adequately coat the Substrate Surface, the silicon deposition 
step is repeated until the Substrate Surface is sufficiently pas 
Sivated. 

0025. In the method of the present invention, the silicon 
hydride gas is preferably selected from the group comprising 
SiHa and SiHi. The silicon hydride gas is heated to a 
temperature approximately equal to the gas's decomposition 
temperature, preferably to a temperature in the range of from 
about 300° C. to 600° C. Preferably, the silicon hydride gas is 
pressurized to a pressure in a preferred range of from about 
1x107 Torr to 2500 Torr, and in a particularly preferred range 
of from about 100 Torr to 250 Torr. 
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0026. In the presence of heat, the silicon hydride gas ther 
mally dissociates to form silane radicals which recombine 
and bind to the Substrate surface. The resultant coating is 
hydrogenated amorphous silicon which has Si Si. Si-H. 
and Si (radical) moieties on the surface and in the bulk. 
0027. After the final hydrogenated amorphous silicon 
deposition process is complete, the system is purged with an 
inert gas to remove silane moieties not bound to the Substrate 
Surface. After the inert gas purge, the vessel is evacuated. A 
binding reagent is then introduced into the vessel under 
elevated temperature and pressure. With heat as a driving 
force, the reagent reacts with and binds to the hydrogenated 
amorphous silicon Surface via silicon hydride moieties. 
0028. The reagent used determines the physical properties 
displayed by the newly functionalized surface. Surface prop 
erties of the substrate can be tailored for a wide variety of 
functions depending on the reagent used in the process. The 
binding reagent Must have at least one unsaturated hydrocar 
bon group (i.e., —CH=CH2 or —C=CH). The reagent may 
be further comprised of hydrocarbons, substituted hydrocar 
bons, carbonyls, carboxyls, esters, amines, amides, Sulfonic 
acids, and epoxides. 
0029. A preferred binding reagent is ethylene. The binding 
reagent is introduced into the vessel at a pressure range of 
about 1x10'Torr to 2500 Torr. The binding reagent is prefer 
ably introduced into the vessel at a temperature less than 
about 350° C. For example, in one embodiment, the binding 
reagent is introduced into the vessel at less than about 150° C. 
and about 1300 Torr. 
0030. After the binding reagent is introduced into the ves 
sel, the temperature of the reagent is raised to about 200° to 
about 500° C., better yet up to about 250° to about 500° C. 
Preferably, the increased reaction pressure is less than about 
2500 Torr, and more preferably less than about 1300 Torr. For 
example, in one embodiment, the reaction temperature is 
about 360° C. The reaction time may vary from about 30 
minutes to about 24 hours, but typically lasts about 4 hours. 
0031. The presence of oxygen mixed at low levels (0-5%) 
with ethylene, or an oxygenation step (100% oxygen or mix 
tures of oxygen in other gases) prior to hydrosilylating the 
Substrate, has also shownto assist the deactivation qualities of 
the hydrogenated amorphous silicon Surface. If the process 
employs an oxygen/ethylene gas mixture, a typical ratio is 
2.5% Zero air (a nitrogen/oxygen mix) in ethylene. 
0032. The present invention also provides a corrosion 
resistant Substrate or component having a passivated Surface. 
For example, the Substrate may comprise metal (ferrous and 
non-ferrous), glass, carbon, copper, quartz, nickel-containing 
ferrous alloys, titanium, titanium alloys, aluminum, alumi 
num alloys and ceramics. The Surface of the Substrate has an 
average surface roughness RA. A silicon layer is formed over 
the substrate surface to passivate the surface. The silicon layer 
is formed from a plurality of layers of silicon and is substan 
tially free of silicon dust. Preferably from one to ten layers of 
silicon may be applied. 

What is claimed is: 
1. A method of passivating the Surface of a Substrate to 

improve the Surface by imparting desirable surface properties 
to improve the performance of a surface, the method com 
prising exposing the Substrate to a chemical vapor deposition 
process to coat the Substrate with silicon, functionalizing the 
coated Surface by exposing the Substrate Surface to a binding 
reagent having at least one unsaturated hydrocarbon group. 
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2. The method of claim 1, wherein the at least one unsat 
urated hydrocarbon group is covalently bonded to the coated 
Substrate Surface. 

3. The method of claim 1, wherein one or more layers of 
silicon are deposited on a Substrate with intermediate changes 
in process temperature, pressures and times, to provide a 
coated Substrate Surface. 

4. The method of claim 1, wherein the binding reagent is 
selected from the group consisting Of hydrocarbons, Substi 
tuted hydrocarbons, carbonyls, carboxyls, esters, amines, Sul 
fonic acids, and epoxides. 

5. The method of claim 1, wherein the binding reagent is 
ethylene. 

6. The method of claim 1, wherein the functionalization 
step includes reacting the binding reagent at a temperature of 
from about 200° C. to about 500° C. 

7. The method of claim 6, wherein the functionalization 
step includes reacting the binding reagent at a pressure of 
from less than about 2500 Torr. 

8. The method of claim 7, wherein the functionalization 
step includes reacting the binding reagent for about 30 min 
utes to about 24 hours. 
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9. The method of claim 1, wherein the substrate surface is 
placed in a controllable environment for regulation of one or 
more of temperature and pressure. 

10. The method of claim 9, wherein the binding reagent is 
introduced into said controllable environment at a pressure 
range of from about 1x107 Torr to about 2500 Torr. 

11. The method of claim 10, wherein the binding reagent is 
introduced into said controllable environment at a tempera 
ture less than about 350° C. 

12. The method of claim9, wherein the substrate comprises 
a vessel and wherein the controllable environment comprises 
the substrate vessel. 

13. A Substrate having an improved surface comprising one 
or more layers of silicon and being functionalized with an 
unsaturated hydrocarbon moiety which is covalently bonded 
to said silicon Surface. 

14. The substrate of claim 9, wherein the unsaturated moi 
ety consists of —CH=CH or —C=CH. 

15. The substrate of claim 13, wherein the substrate com 
prises a vessel with a controllable environment, and wherein 
said improved surface is disposed within said controllable 
environment. 


