AD-
. \\llll\\\|\|\\|\\I\l\\Iil\\l\l\ll\\\\hl\\ll\

mlﬂl”dw 3. RIPORT TVIE &aﬂm CIVaRSD -
October 10 1991 Technical Report- jpypon - 31 Ju1 o1

% T8 AND SUSTRNS -------Eraﬂ===ﬁﬂﬁiﬂltr""""‘
F<9620-89-C-C10E
crcc. Ingt No.

Lasar Assisted CVD Growth of AlN ané GaN

W T

Dr. Joshua B. Halpern -~ -
Dr. Joan M. Frye g?eﬁée;ogggléfe 2306/
- PO ] n -

Dr. Gary Harris and Dr. .. Aluko

. & PR SRS, |
Department of Chemstry and . REPORT NUMIERS
Materials Science Research Center of E:gellence
Hovarc University o oA
ashinzton, -C 20039 AruSi 247

USAF/AFSC
Airforme Office of Sciantific Resezrch F4620-86-C-0108
Builcding 410

'::cl/ling AFB, 3C 10332-6448 3&50(0 )6/

{>r public r2lease and sale; its
distribution is unlimited,
. -

Phis document has been approved

This is the second annual report of &proiect for investieatine the laser induced
Mrm NM~Rirs N

CVD growth of A1IN an - In the second year significant progress has been made

in the growth of AIN. AIN films have been produced bv laser ablation. A new

LI CVD source for Al atoms has been characterized and verified by growth of Al films.

Additionally, some progress has been made in the understanding and characterization

of alkyl aluminum-amino adducts which may be used for the growth of AIN. _, ¥ /

4 SURISCT TIR

| SRSy AASANA SR L 16 - ¢ ot tae '*Trfrr"’r‘.‘;,"*-c YT

WP OF TP
Unclassifies Unclassified



ENERAL INSTRUCTI

NS FOR

MPLETING SF 2

The Report Documentation Page (RDP) is used in announcing and cataloging reports. It is i
Jols _ _ . . s important
that this information be consistent with the rest of the reporgt, particularlg tge cpover and titleppage.

Instructions for filling in each block of the form follow.

It is important to stay within the lines to meet

optical scanning requirements.

Block 1. Agency Use Qnly (Leave Blank)

Block 2. Report Date. Full publication date
including day, month, and year, if available (e.g.
1 Jan 88). Must cite at least the year.

Block 3. T fR n ver
State whether report is interim, final, etc. If
applicable, enter inclusive report dates (e.g. 10
Jun 87 - 30 Jun 88).

Block 4. Title_and Subtitle, A title is taken from

the part of the report that provides the most
meaningful and complete information. When a
report is prepared in more than one volume,
repeat the primary title, add volume number,
and include subtitle for the specific volume. On
classified documents enter the title
classification in parentheses.

Block 5. Funding Numbers. To include contract

and grant numbers; may include program

element number(s), project number(sb tastl;\
. Use the

number(s?, and work unit number(s)

following labels:

C - Contract PR - Project

G - Grant TA - Task

PE - Program WU - Work Unit
Element Accession No.

Block 6. Author(s). Name(s) of person(s)
responsible for writing the report, performing
the research, or credited with the content of the
report. If editor or compiler, this should follow
the name(s).

Block 7. Performi i
Address(es), Self-explanatory.

Block 8. Performing Qrganization Report
Numpber. Enter the unique alphanumeric report
number(s) assigned by the organization
performing the report.

Block 9. sp_qnsg_rmLMme.nn.?_Amnu
Names(s) and Address(es), Self-explanatory.

Block 10. in
Report Number. (If known)

Block 11. Supplementary Notes, Enter
information not included elsewhere such as:
Prepared in cooperation with...; Trans. of ..., To
be published in .... When a report is revised,
include a statement whether the new report
supersedes or supplements the older report.

Block 12a. Distributi

Denote public availability or limitation. Cite
any availability to the public. Enter additional
limitations or special markings in all capitals
(e.g. NOFORN, REL, ITAR)

DOD - See DoDD 5230.24, "Distribution
Statements on Technical
Documents.”

DOE - See authorities

NASA - See Handbook NHB 2200.2.

NTIS - Leave blank.

Block 12b. Distribution Code.

DOD - DOD - Leave blank

DOE - DOE - Enter DOE distribution categories
from the Standard Distribution for
Unclassified Scientific and Technical
Reports

NASA - NASA - Leave blank

NTIS - NTIS - Leave blank.

Block 13. Abstract, Include a brief (Maximum
200 words) factual summary of the most
significant information contained in the report.

Block 14. Subject Terms, Keywords or phrases
identifying major subjects in the report.

Block 15. Number of Pages. Enter the total

number of pages.

Block 16. Price Code, Enter appropriate price
code (NTIS only).

Blocks 17.-19. i ificati
Self-explanatory. Enter U.S. Security
Classification in accordance with U.S. Security
Regulations (i.e., UNCLASSIFIED). If form
contains classified information, stamp
classification on the top and bottom of the page.

Block 20. Limitation of Abstract. This block

must be completed to assign a limitation to the
abstract. Enter either UL (unlimited) or SAR
(same as report). An entry in this block is
necessary if the abstract is to be limited. If
blank, the abstract is assumed to be unlimited.

Standard Form 298 Back (Rev. 2-89)




INTRODUCTION

The goal of this project is to design, test and verify

advanced laser induced chemical vapor deposition processes

(LI-CVD), specifically for the growth of AIN.

In the past

year we have made progress in three areas:

A.

Rapid growth of AlN thin films&By laser ablation

AN

of AlN powders.

Demonstration of an advanced LI-CVD method for
deposition of Al films from trimethylaluminum
(TMAl). This method was designed to be used as the
aluminum atom source in AlN growth, but also has

utility for laser deposition of aluminum

interconnects, an area of current interest..

Synthesis and characterization of a number of

stable alkylaluminum-nitrogen containing adducts

for future use in film growth.

GROWTH OF AIN THIN FILMS BY LASER ABLATION

MYLAA"N\ J,n“ “I”?"‘»\GL"N .

K .
™~ We havevgrownﬁk}N thin films by laser ablation of

powdered LY compressed into a pellet. ;¥N'powder (98%

purity from Strem Chemicals, Inc.) was compressed into

tablets in a die used to prepare powdered samples for 3519
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) \_a;analysis.othe die was plaéed in a hydraulic press and a

small powder tablet, 13 mm in diameter, was pressed.

The tablet was placed in a vacuum chamber and oriented
at 45° or 90° angles to the laser beam, as shown in Figure
Al. Initially, the substrate was placed below the powder
pellet, but for some later runs the substrate was placed
above the pellet. The later orientation minimizes the
spillage of ablated fragments on the substrate. KrF or ArF
laser beams of between 50 and 200 mJ per pulse were softly
focussed onto the AlN powder tablet from a distance of 300
mm. Both the long focal length and the large divergence of

the laser beam result in a relatively soft focal condition.

The laser beams ablate the powder, and we observed a
rapid film growth on substrate material of diverse
composition. Films have been grown cn KBr, supracil quartz

and GaAs substrates.

Figure A2 shows the IR spectrum of an AlN thin film
ablated onto a KBr substrate. This is identical with the
reference IR spectrum of AIN [1]. Figure A3 is a UV
spectrum of an AlN thin film sample sputtered onto supracil W dr___
quartz. The peak of the spectrum is at 200 nm or 6.20 eV P
[2]. The band absorption extrapolates to zero at about 245
or 5.06 eV. These are compatible with the measured bandgap

of AIN. Note the small peak at 2¢0 nm which may be due to
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an impurity peak. The continuous rise of the spectrum from

330 nm is due to diffuse scattering from the sample.

Photomicrographs of a samples grown on GaAs are shown
in Figure A4. The first shows a poor film, which has
incomplete coverage. On this one can see the islands of AIN
on the GaAs substrate. The second film is generally smooth
with an average thickness of 0.45 microns, and a variation
of less than 0.05 microns. Little variation can be seen on
the picture. We believe that most of the small pieces on
the film are ablation ejecta. Orientation of the substrate
above the powder tablet minimizes this problem. It should
be noted that we have grown less than 20 samples at this
time and have not sptimized growth rates or condition for
production of good films, nor have we yat grown films with
heated substrates, which also might result in more uniform

surface coverage. Figure A5 shows photographs of SEM

pictures of the same sample, at two magnifications.

Figure A6 is an Auger depth profile of a thick sample
grown on GaAs. The film was sputtered for ten minutes
before the Auger profiles were recorded. This was a
relatively thick film of over 1 micron, and there was a
significant problem with charging of the sample, especially
at longer sputtering times. Oxygen content is low
throughout. We note a segregation of carbon on the surface
which decreases rapidly with depth. The carbon 1s probably

a result of handling or, more likely, of photolysis of
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1000x photomicrograph of a poor ALN thin film grown
hv photoablation showing platelets of AlN and the
underlying GaAs substrate.

170% photomicrograph of a hetter \IN film.




Tigure AS: SEM of MLN film grown bv photoablation. The »scale is
at the bottom of the photograph

Tionre. U3 CPNG A Y1V film at a <sliehtl® higher magnificitien. “ote
that the sharp features are AlN powder ejecta and that
this film is itself fairly smooth.
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carbon containing molecules that diffused from the cell
walls during the experiment. We had previously used the
same cell for experiments on LI-CVD with alkylaluminum
compounds. It is unlikely that carbon contamination would
remain a serious problem because no carbon containing
molecules are involved in the growth process Al and N are
found throughout the sample. The cell can and will be

cleaned by mechanical and chemical methads.

The Auger depth profiles for aluminum and nitrogen
atoms in the film are relative measurements. The Auger

spectrometer has not been calibrated between atomic signals.

At this time, in addition to growth optimization, thin

film X-ray analysis is being planned. We are settlng up a

photolumlnescence system for AlN. This requires

- e e e e <\ rasn e n ——— avr_

photoexcitatlon at energles qreater than 6.2 eV. We will.

use a pulsed 193 nm (6.4 eV) ArF laser with a fast 0.25 m ( ;7&
/

monociromator/phctomultiplier for dispersed detection and

photon counting electronics for signal acquisition. !

Growth rates can be extremely rapid with this method.
one micron thick samples of 0.5 cm? area can be prepared in
less than 20 minutes, using 10 Hz, 100 mJ pulses. Table I
shows the results of a series of experiments that used 193
2

nm photoablation. The focus of the laser was about 0.1 cm

and the laser was operated at 10 Hz.




TABLE I

Ablation Film Growth Rates

Laser Energy (mJ/pulse) 10-20 35-45 110
Growth Time (minutes) 50 40 20
Thickness (microns) 0.29 0.44 1.45

We believe that, at a minimum, this method holds
excellent promise for the development of amorphous AlN films
for electronics. These are used as insulating layers, for
heat sinks and for the fabrication of thin film resistors
{3]. We are close to growing good films at room
temperature. In the next year we will investigate whether
conditions exist so that these films can be grown as single
crystals. (We do not yet know the degree of organization of

our films).

In the past year two groups have published on growth of
AlN films for semiconductors by laser methods. Li and
Tansey report LI-CVD from mixtures of TMAl and ammonia at
substrate temperatures of about 200 °C and using a 193 nm
ArF laser [4]. For reasons that are discussed in the
attached preprint, we believe that 193 nm photolysis of TMAl
is an inferior method of producing the aluminum precursor
for growth of AIN. H. Mitsugu has grown AlN films using

excimer laser photolysis of Me,AlH and NH;3 [5].

10
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B. LI-CVD DEPOSITION FROM TRIMETHYLALUMINUM

Attached is a manuscript describing a promising method
for growth of Al films from TMAl using a KrF laser at 248
nm. This includes characterization of the mechanisms of Al
atom production at 248 and 193 nm and a demonstration of the

process. This manuscript will be submitted to the Journal

Briefly, the method is based on our laboratory’s
discovery that TMAl dimers do not absorb at 248 nm, while
the monomer does. TMAl is almost completely dimerized at
room temperature and completely monomeric at 130 °C. Thus,
the 248 nm laser will pass unimpeded through the reactor and
only be absorbed by TMAl near the surface of a slightly
heated substrate (100 - 130 ©C). Therefore, expensive
photons will only be absorbed where they can effectively
deposit Al atoms on the substrate, and not in the middle of
the cell where they will never encounter the substrate, nor,
in the worst case, near the reactor window where they can
form an obscuring film. Growth of films on reactor windows

is an endemic problem in LI-CVD processes.

Moreover, as the manuscript shows, the photolysis
process at 248 nm is several times more efficient in forming
Al films than photolysis at 193 nm. The molecular basis for

this is discussed in the manuscript.
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This method was originally put forward as the Al atom
source part of our original process design for LI-CVD of
AIN. The work described in the manuscript validates the
mechanism. In the next year growth of AlN will be attempted
by combination of this Al atom source with various N atom
sources and variation of substrate conditions (principally
temperature)., However, there is interest in better CVD
methods for growth of Aluminum films for interconnects
[6,7]. We believe that our method has several advantages

over other CVD and LI-CVD methods that have been developed.

C. SYNTHESIS AND CHARACTERIZATION OF Al-N MOLECULAR

ADDUCTS FOR CVD OF AlN.

The growth of thin films of AlIN for semiconductors is a
goal of much current research work. Part of this effort has
been the development of new sources. In addition, new
aluminum sources are sought for GaAlAs devices and Al film
deposition. One particular part of this effort has been the
testing of adducts formed between X,Al and NY; molecules.
Synthesis, characterization and growth of several of these
adducts have been reported on in the literature as shown in

Table 1I.




TABLE T
Adduct Action Method Ref.
NH, AlCl, AlN LICVD 8
Me,N AlH4 GaAlAs OMCVD 9,10
Al LPCVD 11
Characterization IR,UV T™W
Me;N AlMe, Al OMCVD 9,10
Characterization IR,UV ™
Me;N AlMe,H Al OMCVD 10
(Me N AlMe,), Al OMCVD 9,10
NH; AlMe,
Me;N AlEt, 10,TW
Low vapor pressure. Easy to dissociate.
Not well suited to CVD.
Me,N AlEt,H Al OMCVD 10

TW - This work

These adducts are interesting potential precursors for
LI-CVD synthesis of AlIN thin films because they have the
proper stoichiometry. Their UV absorptions are red shifted
from the component molecules, into regions accessible to
more efficient lasers. Thermodynamic equilibrium favors the
adduct at room temperatures and slightly above. However,
they do not reduce the amount of carbon inclusion in the
thin films that limits the use of TMAl as an aluminum atom

source for OMCVD.

13




14

We have synthesized trimethylaluminum-ammonia, and
triethylaluminum-trimethylamine and purchased trimethylamine
alane commercially. The triethylaluminum-trimethylamine
adduct has a low vapor pressure, is not useful for CVD [10],
and we were not able to obtain spectra obtained UV and IR

spectra for this molecule.

The trimethylaluminum ammonia adduct is a white powder
that forms on mixing. Figure Cl is the IR spectrum of this
molecule and Figure C2 is the UV spectrum. The structure in
the UV spectrum is from an ammonia impurity. For reference,
Figure C3 is the UV absorption spectrum of TMAl and Figure
C4 shows the UV absorption spectra of a variety of amines,
including ammonia. Figure C5 is the IR spectrum of
trimethylaluminum, and Figure Cé6 shows the IR spectra of

trimethyl- and triethylamine.

Comparing Figures C3 with C5 and C6, we see that the
room temperature absorption of the adduct extends to longer
wavelength than that of ammonia or TMAl. The absorption at
248 nm should be sufficient for photolysis. Heating tie
adduct to 100 ©°C resulted in a sharp pressure rise. IR
spectra of the heated adducts showed the presence of

methane, therefore

Irradiation at 193 nm leads to the formation of a white

deposit which we have not further identified.
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Figure C7 shows the IR absorption spectrum of the
trimethylaluminum-alane adduct. Figure C8 is a series of UV
absorption spectra of this adduct at various temperatures
between 20 and 210 °C. The latter temperature is typical of
those used for OMCVD experiments done with these adducts.
Note that the absorption at 248 nm (KrF) and 266 nm
(quadrupled Nd-YAG) increase several fold at 210 ©C as

opposed to those at room temperature.

20
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AlN powders.

Improved efficiency of LICVD processes from truthful
alumininum by thormal manipulations of the monomer dimer
equilibrium a 248 nm (KrF) in radiation

See text for details.




