Lawrence Berkeley National Laboratory
Recent Work

Title
REACTIONS AND WETTING BEHAVIOR IN THE AuSi ALLOY -Al203., SYSTEM

Permalink
https://escholarship.org/uc/item/4t39m3fm

Author
Marumo, Chisato

Publication Date
1976-11-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/4t39m3fm
https://escholarship.org
http://www.cdlib.org/

Submitted to Journal of the American LBL-5739
Ceramic Society Preprint

c |

REACTIONS AND WETTING BEHAVIOR IN THE
AuSi ALLOY - @A1,03 SYSTEM

Chisato Marumo and Joseph A. Pask

November 197¢

/'> 6€LS-TgT




DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of”
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



“on o-Al,0

o
<
e,
Ty
ecses,
o
i
‘*u‘r
g o,

REACTIONS AND WETTING BEHAVIOR IN THE
AuSi ALLOY - 0AL,0, SYSTEM
Chisato Marumo+ and Joseph A. Pask
Materials and Molecular Research Division, Lawrence'Berkeley Laboratory
and Department of Materials Science and Engineering
‘University of California, Berkeley, CA 94720
Wétting behavior of a Au- 31 atZ Siialloy (complete melting_m540°C)'
504 was studied u31ng the se531le drop technique over the temper-
ature range of 700 to 1450°C. ~ The alloy was used in order to realize -

lower experimental temperatures (Au m.p. = 1064°C; Si m.p. = 1414°C;

eutectic, 19 at% Si = 363°C). An experiment was also made with Si on

a-Al,0. at 1450°C.
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~ The single crystal a-Al (sapphire) disks wused in this study

293

were obtained as optically polished plates in the size of 1/2 in. dia~

. meter and 1/12 in. thickness. The surface of the plates had a 60°

orientation from the c-axis. The AuSi alloy was made in the laboratory
k% *k% '
from 99.95% Au  and 99.99% Si. After cleaning the specimens ultra-
Sonicaliy in isopropyl alcohol for about 15 min. they were set in a Ta-
foil resistance vacuum furnace. The experimental set up of the sessile
drop furnace was previously reported.1
The changes.of the contact angle of the AuSi alloy.on a—A1203 w1thv

temperature at a pressure of._lO_5 torr are shown in Fig. 1. The

temperature was raised every 10 minutes in 50°C increments.  Two curves

*  Union Carbide Corp. Crystal Product Div., Mountain View, CA.

*% Lawrence Berkeley Laboratory, University of California, Berkeley.
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are shown: one for a—A120 as received, the other.for OL—A1203 heat-

treated in air at 1400°C for 12 h.- With as-received a-AIZOB, the con-

‘tact angle was 150° up to 850°C, then decreased continuously to 78°
with increase of temperature to “1100°C, and remained constant up to

1450°C. With the heat-treated a—A1203, the contact angle was again 150°

up to “800°C, but then decreased abruptly to V117°C which was roughly
maintained up to "V950°C, then decreased continuously‘td 78“ up to
"1100°C where.itremained'up to 1200°C.  The contact angle of. Si on A1203
in He at 1450°C‘was n83° in 5 min and decreased to 80° after 30 min; He
was necessary to raise the ambieht‘pressure to'reduce the vaporization

rate of Si.

Brennan and Paskl also observed complex behavior in the Al--ch1203

system which was attributed to variations in the surface of the sapphire.

They proposed that at low partial pressures of oxygen heatftreated Al?O3

had an g-surface structure whose surface energy (y) is in the range of

560 to 700 ergg/ém2 which changed to an oxygen defi&ient structure

at temperatures'of about 900 to 1000°C whose y is 905 ergs/cmz. Low

>~ also prdpdsed such a

energy electron diffraction (LEED) studies
structural change under eﬁuivalent cbnditions to form an oxygen-deficient
surface. It was found possible to etch away this surface below the

*"  Brennan and

transformation temperature by evaporated silicon';aﬁor.
Pask1 also indicated that surface energies and‘reactions were affected
by the presence of a hydroxylated'sqfface and its dehydroxylatidn which
occurre& during the wetting experiments. |

The 150° contact angles in Fig. 1 aré interpreted as being due to

a lack of a true interface since the interfacial energy is greater than
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either of fhe surface energies.s_ An interface forms at ~800°C with the
heat-treated 0-Al,0, and the contact angle becomes V117°. As the sur-
face then transforums to an exygen—deficient edrfece in the range of
about 950 to 1100°C.with an incfease of Yy the contact angle changes to 1
78°. The surface of the as—received Specimen,‘on the other hand; under-~
goes a dehydroxilation over the range of 800 to 1000°C whieh gradually
merges w1th the oxygen—def1c1ency traanormatlon up to 1100°C beyond
which point behavior is similar for both sapphlres. The formation of
the’oxygen-deficient surface results in an ihte;facial reaction with
Si. ~The S§i- A1203 sessiievdrop épecimeﬁ_was cuﬁ and fhe cross-section
was analyzed with an electron microprobe fof Si end Al (Fig. 2);' Pre-
sence of Al in the Si drop is evidence for a reectidn;> Reaction.rings
were also observed on the surface of A1203 both in the presence of‘the
AuSi .alloy'and Si which were similar in nafure to those oEserved in
.feactions'oval with A1203,valso at similar low partialvpfessﬁres-of
oxygen and ﬁigh‘temperatures.l It ié»of ineeresf.to note that such
reaetions leeding‘to saturation with aluminum resulted in adherehce of
the drop to the substrate.

. On the basis of LEED studies with the ﬁee of silicon vapor two

types of reactions between Al2 3 and Si have been suggested:

Al 0 (s) + 2 Si(g)

2 510(g) + 2 A1,0(g) (1)

Al 0 (s) + 3 Si(g)

3 5i0(g) + 2 Al(g) R ¢))
.Equation (2) is based on a mass spectrometer analysis of material

leaving an Al,0, surface heated above 1000°C during silicon deposition.a

273
During a study of etching of o- Al by Si, Filby6 observed the appear-

ance of Si/Al globules on the Al,0, surface at 1240°C indicating that

273
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alumina was reduced by Si to form some free Al 1liquid and proposed the
- following equation:

..-'A1203(55 + 3 Si(g) = 3 Si0(g) + 2 AL (%) (3) R

Marumo and Pask7 in wetting studies of Al on fused 510, found that an

2

extensive reaction readily occurred to form Al 03 and Si0(g) or Si.

Thermodynamically, it then would not be ‘expected that a reaction of Si

‘with an o-Al

201 surface whose structure is contiguous with the bulk

structure woqld be favorable unless the pressufes of the possible re;
action producté of Sio(g), AlZO(g), or Al(g) are kept low té provide
favorable reaction conditions. It is thus proposed that the observed
reaction ogcursvbecause of thé formation of the oxygen-deficient surface
on bglk a—A1203 under low partial pressures of oxygen at teméeraturas
above N1000°C. This reaction is assumed to be thermodYnamically favof—
able for both the AuSi alloy and Si. This study and that of Bfennan aﬁd
Paskl indicate that under the existing conditions of low partial pres-
sures.of oxygen Qithin the system the reaction depleted okygen—defiéient
surface keeps feformingtat the interface, thus aliowing the reaction to
.continue. The coupled Egs. (4) énd (5) o

3(aA1203)(surface) = 2(A10°A1203)(surface) + 1/2 Oz(g) ()

A10-A1,0 (surface) + Si(% or g) = AL0,(s) + Si0(g) + AL(% or g)(5) | -

can be used to represent this reaction. ' ‘ -
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Fig. 1.

Fig. 2.

Figure Captions

Change in contact angle with temperature in the Au-3latZ Si —

0Al1,0, system.

273

X-ray fluorescence microgfaphs'of cross-section of Si drdp .

placed on o-Al and kept at 1450°C for 30 min in He. A% is

293

indicated in the Si drop: (Top) AL-Ka, (Bottom) Si-Ka.
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