
(19) United States 
US 2005O126485A1 

(12) Patent Application Publication (10) Pub. No.: US 2005/0126485 A1 
Elsayed-Ali et al. (43) Pub. Date: Jun. 16, 2005 

(54) COMPONENT HAVING AN INTERIOR 
SURFACE COATED WITHATHIN FILM 
INERT CORROSION RESISTANT BARRIER 

(76) Inventors: Hani E. Elsayed-Ali, Virginia Beach, 
VA (US); Edwin Waldbusser, 
Chesterfield, VA (US) 

Correspondence Address: 
MILES & STOCKBRIDGE PC 
1751. PINNACLE DRIVE 
SUTE 500 
MCLEAN, VA 22102-3833 (US) 

(21) Appl. No.: 11/041,930 

(22) Filed: Jan. 26, 2005 

Related U.S. Application Data 

(62) Division of application No. 10/341,506, filed on Jan. 
14, 2003, now Pat. No. 6,863,731. 

(60) Provisional application No. 60/419,146, filed on Oct. 
18, 2002. 

Publication Classification 

(51) Int. Cl." ............................ B32B 9/04; B32B 13/04; 
C23C 16/00 

(52) U.S. Cl. ............................................ 118/715; 428/446 

(57) ABSTRACT 

The present invention reduces corrosion rates on metal 
Surfaces, Such as the interior Surfaces of gas flow control 
components by depositing a chemically inert layer on the 
metal Surface of the component and other associated parts of 
the component that are exposed to corrosive gases. The 
disclosed method provides for depositing a relatively chemi 
cally inert thin film Such as Silicon dioxide along the gas 
exposed Surface areas of the metal Surface thereby enhanc 
ing corrosion protection to the metal Surfaces. The present 
invention can be used to deposit a chemically inert thin film 
at locations inside components that are outside a direct line 
of Sight and at locations normally unreachable by a gas 
flowing through the components. The present invention does 
not require a vacuum System for the deposition of the 
corrosion-resistant thin film. 
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COMPONENT HAVING AN INTERIOR SURFACE 
COATED WITHATHIN FILM INERT 
CORROSION RESISTANT BARRIER 

RELATED APPLICATIONS 

0001. A provisional application corresponding to the Sub 
ject matter of this application was filed on Oct. 18, 2002, and 
assigned Ser. No. 60/419,146. Applicants claim the benefit 
of the filing date of Said provisional application. 

FIELD OF THE INVENTION 

0002 The invention relates to chemical deposition and 
more particularly to the chemical deposition of an inert layer 
on the metal parts of components and associated adapted to 
be exposed to corrosive gases when in use. 

BACKGROUND OF THE INVENTION 

0003. Many of the gases used in manufacturing tend to 
corrode metal parts of components and equipment. For 
example, gases used in microelectronic fabrication Such as 
in thin film deposition and etching are highly corrosive 
gases. For example, chlorine (Cl), hydrochloric acid (HCl) 
and fluorine (F) are used in plasma etching, and dichlo 
rosilane (SiH,Cl), germane (GeH), and Silicon tetrachlo 
ride (SiCl) are used in plasma deposition. The corrosive 
properties of these gases limit the life of the components and 
equipment, Such as for example, gas flow control regulators, 
used to control the gases. The reaction products that are 
created when the gases interact with the Surface of the gas 
flow control component may introduce contaminants into 
the gas Stream. The continuous flow of these corrosive gases 
through a gas flow control component greatly reduces the 
life of the component. Thus, it is desirable and advantageous 
to provide a continuous coating of an inert, corrosion 
resistance Substance on the Surfaces of components that are 
exposed to corrosive gases to extend the life of Such com 
ponents. 

SUMMARY OF THE INVENTION 

0004. The present invention is intended to reduce corro 
Sion rates on metal parts and components, especially gas 
flow control components, by depositing a chemically inert 
layer on the metal parts. Thus, the metal parts of a flow 
control component and other associated parts of components 
that are exposed to corrosive gases are protected. The 
disclosed method provides for depositing a relatively chemi 
cally inert thin film along the metal parts adapted to be 
exposed to corrosive gasses thereby enhancing corrosion 
protection to the metal Surfaces. The present invention can 
be used to deposit a chemically inert layer at locations inside 
flow control components that are outside a direct line of 
Sight and at locations unreachable by a gas flowing through 
the flow control components. In addition, in a preferred 
embodiment, the present invention does not require vacuum 
Systems for the deposition of the corrosion-resistant layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0005 FIG. 1 is a block diagram illustrating the basic 
proceSS for creating Silicon dioxide layer. 
0006 FIG. 2 is a block diagram illustrating a method for 
coating a gas flow component with a layer of Silicon dioxide 
that uses a flow configuration in the formation of the Silicon 
dioxide. 
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0007 FIG. 3 is a block diagram illustrating a method of 
coating a component with Silicon dioxide using the compo 
nent as a mini-chamber that does not require a vacuum 
chamber. 

DETAILED DESCRIPTION 

0008. The inventive methods increase the corrosion resis 
tance of components having interior Surfaces by coating the 
inside surface of the component with SiO (silicon dioxide 
or Silica). In particular, low temperature chemical vapor 
deposition of SiO from the thermal decomposition of com 
mercially available, low toxicity reagents produces Silicon 
films that have good uniformity and film properties. 
0009 DADBS is a preferred precursor of SiO, as it is 
relatively Safe and easy to handle, and it is liquid at ambient 
conditions. The basic reactions used to create a layer of SiO, 
from a precursor are described below. These basic processes 
are Similar to the processes used in Semiconductor manu 
facturing, and the resulting coating on the inside Surface of 
the treated components is contaminant-free to a level com 
patible to the semiconductor industry. The inventive meth 
ods are particularly adapted for, but not limited to, treating 
gas flow control components Such as regulators, valves and 
the like through which corrosive gases may flow. 
0010 Basic Process for Forming Silicon Dioxide 
0011 A preferred method of acquiring the Silicon Diox 
ide (SiO) needed to create a silicon dioxide thin film is to 
decompose a SiO precursor such as DADBS (diacetoxydi 
tertiarybutoxysilane), or TEOS (tetraethoxysilane). DADBS 
deposits SiO films at temperatures ranging from 400° C. to 
600 C. The formation of SiO2 from these precursors is due 
to the thermal decomposition of the precursor in a homog 
enous gas-phase reaction followed by a heterogeneous Sur 
face reaction with a metal Surface, Such as the inner Surface 
of a gas flow control component. The process is shown in 
FIG. 1. 

0012. As shown in FIG. 1, the process starts with pre 
cursor 10. Precursor 10 is thermally decomposed 15 into an 
intermediate product I (20) and, typically, by-products R 
(25). I is typically a gas phase intermediate containing Si and 
O. By-product R is typically a gas-phase organic by prod 
uct. For example, when using DADBS as the precursor, the 
gas-phase reaction during thermal decomposition proceeds 
as follows: 

SiCl2.H2O >I+R (thermal decomposition) 

0013 where I is an intermediate species in the 
gaseous phase containing Si and oxygen, and R is an 
organic by-product also in the gas phase. 

0014) As shown in FIG. 1, the intermediate I adsorbs 30 
onto a Surface at a vacant Surface Site. This can be shown as: 

I+*->I* (surface adsorption) 

0015 where * represents a vacant surface site, and I* 
represents the Surface site with the adsorbed intermediate I. 
The adsorbed intermediate I* (35) thermally decomposes on 
the surface 40 to form SiO (45) and, typically, a volatile 
organic by-product 50 in the gas phase. This process pro 
ceeds as follows: 

I*->SiO2+R2+* (decomposition of intermediate to 
form SiO2) 
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0016 By-product R(50) typically may be readily 
pumped out or simply flushed out. Therefore, after pumping 
out any exceSS by-products, a Silicon dioxide layer will be 
left deposited on Surface *. 
0017 For DADBS, all reactions needed to deposit the 
SiO, will occur at approximately 450° C. The reaction 
temperature may be reduced even further by mixing in 
oxygen or OZone, although as oxygen is preferably present 
in the reagents used in the process. It is therefore not 
necessary to add any oxygen during the process. 

0018 Process for Silicon Dioxide Deposition 
0019. In current systems used to form a dielectric layer in 
Semiconductor fabrication, deposition of SiO2 is typically 
performed in a flowing vacuum System. However, this 
methodology has not been used to coat metal Surfaces for 
corrosion protection of metal Surfaces. 
0020. As shown in FIG. 2, component 110 having inte 
rior Surfaces to be treated, Such as, for example, a gas flow 
control regulator or valve, is connected to vacuum pump 
120, loaded into heating oven 130, pumped down to a 
preSSure of approximately 1 mTorr and heated until the inner 
walls of component 110 reach a desired deposition tempera 
ture. A precursor, for example DADBS, is placed in a 
container 150. For DADBS, reactions needed to deposit 
SiO, will occur at approximately 450° C., but the deposition 
temperature may be reduced by mixing in oxygen. The 
DADBS is in liquid form at ambient conditions but is easily 
evaporated by heating the container to temperatures about 
50-100° C. Container 150 may be a round bottom stainless 
Steel flask, for example. Before deposition, the vapor on top 
of the DADBS liquid is pumped out through a by-pass line 
145. Container 150 has a flow controller 155 Such as a 
needle valve to control the vapor flow rate. The DADBS 
vapor is introduced into heated component 110 with the flow 
rate monitored by a flow meter 140. At the end of the 
deposition process, the DADBS vapor flow is shut off and 
the heated component pumped out using pump 120 to 
remove residual gases. Pump 120 and valve 121 are also 
used to maintain vacuum integrity. 
0021. This is a complicated process requiring careful 
control of flow rate and in maintaining vacuum integrity 
while heating to approximately at least 450° C. and prefer 
ably approximately 500 C. However lower temperatures 
may be used if oxygen is added. 
0022 Component Used as Mini-Chamber 
0023. An alternative, preferred, embodiment for the 
deposition of SiO on components having interior Surfaces, 
such as a gas flow control component is shown in FIG. 3. In 
this preferred embodiment, a vacuum System is not required. 
By this process, Small diameter ports or other recesses inside 
the components that are not within the flow path are coated 
during the process. 

0024. As shown in FIG. 3, a measured quantity of the 
SiO, precursor 210 is introduced in the component itself 220, 
which may be a gas flow control regulator or valve having 
interior Surfaces or parts. This is done by Simply adding a 
measured volume of DADBS, or other SiO precursor, to or 
within the component body 220 and sealing it so that the 
DADBS remains trapped inside it while the temperatures 
needed to initiate the decomposition reaction and SiO2 
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deposition are reached. The component 220 is Sealed, using 
Seal 223 for example, thereby transforming the component 
into a Sealed mini-chamber. The component may be Sealed 
using brass connections, for example. It is possible for a gas 
flow component to act as a mini-chamber, because gas flow 
control components, Such as regulators, can withstand many 
atmospheres of internal gas preSSure. When this mini-cham 
ber is heated to about 450° C. and preferably approximately 
500 C. in oven 130, the component is filled with high 
pressure DADBS, or other precursor. The precursor starts to 
evaporate and fill the component attemperatures below 100 
C. As the temperature of the inner walls of component 220 
increases to 450° C., the DADBS molecules collide with the 
inner walls of component 220, thereby forming a thin film 
of SiO2 on the inner wall Surface upon their decomposition. 
The reaction process may be carried out at temperatures 
between approximately 400° C. and 600° C. 
0025 Coating of intricate and/or dead ended flow paths 
or recesses is assured by placing the precursor at or near 
those locations. 

0026. In this preferred embodiment of the present inven 
tion, Several advantages are achieved. The process provides 
for a relatively chemically inert Surface that enhances cor 
rosion protection for the Surface. The coating is deposited 
uniformly on inside Surfaces and part of a flow control 
component with no need for a direct line of Sight, and can 
be deposited at Surface locations otherwise unreachable by 
a gas flowing through the flow control component. The 
coating can be deposited at temperatures less than 500 C., 
and generally in the range of 450° C. to 600 C. One 
embodiment of the inventive proceSS does not require a 
Vacuum System for deposition. 
0027. In addition, the inventive process involves materi 
als that do not present Serious hazards to an operator, and 
technicians can perform the inventive proceSS Safely and 
with high reliability. 
0028. While the invention has been described in conjunc 
tion with specific embodiments thereof, it is evident that 
many alternatives, modifications and variations will be 
apparent to those skilled in the art. Accordingly, the pre 
ferred embodiments of the invention as set forth herein, are 
intended to be illustrative, not limiting. Various changes may 
be made without departing from the Spirit and Scope of the 
invention as Set forth herein and defined in the claims. 

1-25. (canceled) 
26. A corrosion resistant component, wherein at least one 

inner Surface of Said component is coated with a thin film of 
Silicon dioxide, wherein Said Silicon dioxide thin film is 
formed by a flow of an evaporated precursor through the 
component when the component is in an oven, the flow of 
the evaporated precursor controlled by a vacuum pump that 
maintains vacuum pressure. 

27. The corrosion resistant component of claim 26, 
wherein said precursor is DADBS in liquid form. 

28. The corrosion resistant component of claim 27, 
wherein Said flow of the evaporated precursor is created by 
pumping vapor from a container of liquid DADBS, whereby 
the container is heated to a Sufficient level to evaporate the 
DADBS. 

29. The corrosion resistant component of claim 26, 
wherein a rate of flow of Said evaporated precursor is 
controlled by a flow controller. 
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30. The corrosion resistant component of claim 26, 
wherein Said component is a gas flow control component. 

31. A corrosion resistant component, having at least one 
inner Surface of Said component coated with Silicon dioxide, 
Said coating of Silicon dioxide being formed from a prede 
termined amount of a precursor placed inside Said compo 
nent after which the component is Sealed and heated to a 
temperature Such that the precursor evaporates and Said 
corrosion resistant coating is formed when said evaporated 
precursor reacts with the at least one inner Surface of the 
component thereby depositing Silicon dioxide on the at least 
one inner Surface. 
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32. The corrosion resistant component of claim 31, 
wherein said precursor is DADBS in liquid form. 

33. The corrosion resistant component of claim 31, 
wherein said component is initially heated to at least 100 
C., and thereafter the temperature of the Surface to be coated 
is heated to at least 400 C. 

34. The corrosion resistant component of claim 33, 
wherein Said component is heated to a temperature between 
450° C. and 600° C. 

35. The corrosion resistant component of claim 34, 
wherein Said component is a gas flow control component 
having inner Surfaces to be coated. 
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