ARL-TN-1037 e SEp 2020

[DEVCOM

Instructions: Diener Hexamethyldisiloxane
(HMDSO) Plasma-Enhanced Chemical Vapor
Deposition (PECVD)

by Thomas C Parker

Approved for public release; distribution is unlimited.



NOTICES

Disclaimers
The findings in this report are not to be construed as an official Department of the
Army position unless so designated by other authorized documents.

Citation of manufacturer’s or trade names does not constitute an official
endorsement or approval of the use thereof.

Destroy this report when it is no longer needed. Do not return it to the originator.



ARL-TN-1037 e Sep 2020

Z DEVCOM

Instructions: Diener Hexamethyldisiloxane
(HMDSO) Plasma-Enhanced Chemical Vapor
Deposition (PECVD)

Thomas C Parker
Weapons and Materials Research Directorate, CCDC Army Research Laboratory

Approved for public release; distribution is unlimited.



REPORT DOCUMENTATION PAGE oo Approved

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the
data needed, and completing and reviewing the collection information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing the
burden, to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302.
Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently
valid OMB control number.

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)
September 2020 Technical Note August 2018—August 2020
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

Instructions: Diener Hexamethyldisiloxane (HMDSO) Plasma-Enhanced
Chemical Vapor Deposition (PECVD) 5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER
Thomas C Parker

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION REPORT NUMBER
CCDC Army Research Laboratory
ATTN: FCDD-RLW-ME ARL-TN-1037

Aberdeen Proving Ground, MD 21005

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR'S ACRONYM(S)

11. SPONSOR/MONITOR'S REPORT NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT
Approved for public release; distribution is unlimited.

13. SUPPLEMENTARY NOTES
ORCID ID: Thomas C Parker, 0000-0002-6151-6815

14. ABSTRACT

This report describes the procedure to set up a modified Diener plasma-enhanced chemical vapor deposition system using a
liquid hexamethyldisiloxane (HMDSO) precursor. The user, via gas control, determines the chemistry of the deposited thin
films. The composition is controllable from approximately 50 atomic percent carbon to less than 1 atomic percent carbon
continuously. The control is realized by balancing the ratios of the partial pressures of the input gasses, argon and/or oxygen,
with the HMDSO partial pressure. This permits the deposition of polymer thin films to silicon dioxide films with a single
nontoxic precursor.

15. SUBJECT TERMS
chemical vapor deposition, plasma, silica, organic, thin film, water barrier, hexamthyldisiloxane, HMDSO

17. LIMITATION | 18. NUMBER | 19a. NAME OF RESPONSIBLE PERSON
16. SECURITY CLASSIFICATION OF: OF OF ™ .
ABSTRACT PAGES omas C Parker
a. REPORT b. ABSTRACT c. THIS PAGE U 4 19b. TELEPHONE NUMBER (Include area code)
Unclassified Unclassified Unclassified (410) 306-0870

Standard Form 298 (Rev. 8/98)
Prescribed by ANSI Std. Z39.18

i



Contents

List of Figures

List of Tables

1. Introduction

2. Procedures

3. Conclusion

List of Symbols, Abbreviations, and Acronyms

Distribution List

il



List of Figures

Fig. 1 Deposition chamber with the screen in place ..........ccecveeeevieniieencinnn,
Fig. 2 Gas line pumping valVes ..........cocevieiiiiiniininicneecceeeee e
Fig.3 Gas SUPPLY VAIVES ..c.eeiiiiiiiiiiiicece e
Fig. 4 View of a plasma-enhanced deposition in progress............ccceeveeeevennne.

List of Tables

Table 1 = HMDSO/gas parameters to control film chemistry ..........ccccocevvenneenee.

v



1. Introduction

This report describes the procedure to set up a modified Diener plasma-enhanced
chemical vapor deposition system using a liquid hexamethyldisiloxane (HMDSO)
precursor. The user, via gas control, determines the chemistry of the deposited thin
films. The composition is controllable from approximately 50 atomic percent
carbon to less than 1 atomic percent carbon continuously. The control is realized
by balancing the ratios of the partial pressures of the input gasses, argon (Ar) and/or
oxygen (O), with the HMDSO partial pressure. This permits the deposition of
polymer thin films to silicon dioxide films with a single nontoxic precursor. The
ability to deposit thin films with varied chemistry reduces the overall complexity
of deposition tools and hence reduces costs. The ability to use a single nontoxic and
non-chlorofluorocarbon precursor to deposit organic and inorganic films lowers
both environmental and work safety barriers to industrial application to Army
material systems.

2. Procedures
The chamber preparation, maintenance, and process to deposit thin films with
controlled chemistry in a Diener plasma system follow:

1) Wipe the interior of the vacuum chamber with particle-free wipes and an
alcohol such as methanol, isopropanol, or ethanol.

It is important to wipe down the interior surfaces of the vacuum chamber to
remove particulates and poorly adhered material.

2) Place a cleaned stainless screen in front of the pumping port at the back of
the chamber (Fig. 1).



3)

4)

5)

Fig.1  Deposition chamber with the screen in place

The screen is meant to prevent plasma formation on the ungrounded pump
inlet screen. The screen must be protected by a faraday shield to prevent the
subsequent deposition on the pump port screen. Try to keep the temporary
screen flush against the back of the chamber, using the aluminum sample
plate to push the screen in place.

The chamber is now ready to introduce samples. To minimize the particles
on the sample surface, it is recommended to mount the samples horizontally,
if possible.

The chamber can now be pumped down to find its base (lowest) pressure.
This requires running the system in “manual mode”. Pump the system until
it reaches its base pressure. This is typically around 0.02—0.03 mbar.

Ensure all gas valves are in the off/closed position, as shown in
Figs. 2 and 3.



Fig.2  Gas line pumping valves
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Fig.3  Gas supply valves

Turn on the system to power the vacuum pump. The gas line pumping
valves shown in Fig. 2 must each be opened and pumped to remove any
residual gas in the supply lines. Pump each line (separately) for 1 min,
ensuring to return the valve to the closed position.

Now that the supply lines are under vacuum, the gas supply valves shown
in Fig. 3 should be opened for the desired film chemistry (based on the
parameters in Table 1).

Table 1 HMDSO/gas parameters to control film chemistry

HMDSO Gas 0:C Film .

(A mbar) (A mbar) ratio SCCM composition Film character
0.0 0.33 0.35:1 200 (Ar) Si006C17 Polymer
0.13 0.20 2.04:1 65 (0) Si01.32Co9 More polymer like
0.13 0.33 3.04:1 120 (02) Si01.57Co.29 More silica like
0.06 0.33 6:1 130 (02) SiO1_75C0_()og Silica

Note: C = carbon, SiOx = silica.

6) The partial pressures of each gas/vapor must now be done to achieve the
desired film chemistry (see Table 1).

a) The HMDSO pressure and gas pressures must be measured/set before
each deposition to ensure the correct film chemistry. While in the
manual mode, open the HMDSO valve on the touch panel. Open the
manual valve just above the glass flask that contains the HMDSO. Now,



adjust the needle valve to achieve a change (A mbar = pressure — base
pressure) of 0.06 to 0.13, depending on the desired film chemistry. Next
close the HMDSO valve on the touch panel, leaving the needle valve
and manual valve in place. Again, pump down the system to its base
pressure. Once the base system pressure is reached (0.02—0.03 mbar),
the user can now set the gas flow to achieve the correct pressure for the
desired film chemistry (see Table 1). If different film chemistries are
desired, the necessary parameters can be calculated with a “path to
excel-file”.

7) With the gas parameters now set, the system is ready for the deposition of
the desired film chemistry as determined by the input gasses. The overall
system pressure during the deposition should be 0.40—0.60 mbar. If the
pressure keeps increasing above 0.65 mbar, it indicates that the screen has
become coated and the pumping port is becoming too obstructed. The
deposition should be stopped if the pressure goes above 0.65 mbar as the
plasma will become unstable. A deposition power of 30% was found to lead
to a stable plasma for all conditions listed in Table 1. Deposition rates were
on the order of 10 nm/min. In Fig. 4, a photo of a deposition in progress
demonstrates the appearance of a stable plasma.

Samples

Fig. 4  View of a plasma-enhanced deposition in progress




8) Once the deposition is completed, remove your samples. Clean the chamber
(per Step 1). Remove the screen and clean it as well for later reuse.

9) If desired, one can perform additional plasma cleaning of the chamber by
running a program with oxygen plasma.

10) After finishing all processes, please close all valves in the gas/pumping line.

3. Conclusion

The process and procedure to deposit thin films in a Diener plasma system have
been described. A method of controlling the thin-film chemistry through the O-to-
C ratio of the input gasses was described. The method to control the O-to-C ratio
for four film chemistries, ranging from organic to inorganic, was listed in Table 1.
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