E3 31 Harvard

Anomalies of the Surfaces of Au-Si-Ge Liquid Alloys”
School of Engineering

and Applied Sciences S, Mechler!, S. Sellner!, V. S. K. Balagurusamy', S. E. Stoltz!, P. S. Pershan'- E. Yahel?>, O.
Shpyrko?, M. Meron* and B. Lin*

I-SEAS, Harvard University, > NRC, Israel, 3- U. Cal. SD, + CARS, U. Chicago.

*Support: Harvard DE-FG02-88-ER45379, CARS NSF/DOE CHE-0535644; APS DE-AC02-06CH11357; BNL DE-AC02-98ch10886

Introduction: Surface structure of liquid Aug,Si,s eutectic: low temperature phase (LT)
The atomic structure of the surface of liquid metals is a crucial property in numerous ) . . a

applications like soldering, brazing as well as growth of Si-Ge nanowires. Within the last High Resolution Truncation-Rods for two Bragg reflections

decade our group has used synchrotron radiation to demonstrate the atomic layering that Grazing Incidence Diffraction of Aug,Sig (New Measurements)

was predicted by Rice et al. in the early 80's for metallic liquids like Ga and In. In addition
layering in alloys such as Bi-In, Sn-Bi and Au-Sn were observed to exhibit chemical

segratation. Typically, the layering persists for about 3-4 atomic distances into the bulk Sharp Bragg reflctions: P . Vanishing intensity at Q,=0.95A"1
liquid. —» crystaline phese L . ] for all Bragg reflections
Surprisingly the surface of liquid eutectic Au-Si exhibited an unusual high x-ray-reflectivity it X . . )
(XRR) that indicated an anomalous strong layering effect normal to the surface. Grazing ~ B = Crystgllme phasi is a bilayer with
incidence x-ray diffraction (GID) revealed the presence of a 2-dimensional crystalline - spacing of 3.31 A.

surface layer at the surface.
In an attempt to understand the unexplained surface anomaly of Au-Si we have carried
out, and are continuing the following:

Unit cell of the 2-dim phase:
! orthorhombic, a=7.39A, b=9.39A
¢=3.31A.(c normal to the surface)

1.) Measurement of “truncation rods” that better characterize the Au-Si surface phase.

2.) Asked how the effect of replacing Si by Ge influences the surface structure.

3.) i the of Au-Si surface phase formation. .
) ' ' New Best Fit Model for Surface Structure Factor
4.) Plan to search for surface phases in other alloys. Is this effect more universal?

5.) Correlate with structure of the bulk liquid. Relate to properties like glass forming ability. New Best Fit Model for electron densdy
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lon extraction voltages V, vs. T (Bischoff et al. Ultramicroscopy 2004) wavevecior (VA i
suggest similar surface structure of Aug,Si;s and Au,;Si;Ge,,but different structure for Reflectivity data taken from: Shpyrko et al. Science 2006
Au-Ge although the phase diagrams of Au-Si and Au-Ge are similar. “

Surface structure in liquid Au-Si-Ge alloys (“low-temperature” region))
Is the new model of electron density physically more

Effects attributed to Gibbs surface adsorption of Si and Ge (Ge displaces Si). realistic ?
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g 1.) 1st order transformation from rigid 2D-surface low-temperature (LT) phase) to
o 1 -
Tz, ,,,,,,,,,,,,,,,, N high-temperature (HT) phase at ~ 12°C above melting temperature.
E 2.) Similar effects observed in the alloys S S
& with Ge-content up to 2.5 at-% I ]
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(See above right) wavevector g, [A] S o8 “ - 4
. Anomalous R/R;. for Au-Si-Ge (atm% Ge <2.5%). Normal R/R: “T . -
Au-5i.0.8Ge : ‘ (1) broken line is distorted crystal model (2) Au;,Ge,; and (3) Auz;SiGe,,. New: prelimin r Its! e | KT %
i i Pl Energy dependence of data for Au,,Ge,; proves Ge surface adsorption. SIS SIVIESEIL
. M i I 1- Giant fluctuations in reflectivity set in at ~713 K and persist to ~920 K.
. _’__L/k/‘ : L Compare models for electron densities 2- Above 920K there is a new surface (/| ).
Y ,,,__,_/—)/ 3- Cooling from above 920K neither HT or LT phases form, but instead a new
L ] | [Trace amounts of . ; ; , . ; “unknown” phase (UP) forms at 620K. (I.e. below eutectic temperature)
4 Ge (0.8 atm%)

New, see above right. - 4- After crystallization and remelting LT and HT phases are observed again.
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subsequent cooling of iquid Au-Si

LLP phase stable down to 620 K v

* Ge < 2.5 at-%: Anomalous reflectivity and crystalline surface phase formation in liquid phase.

reflecivity a

Y i i
% Ge 2 14 at-%: “Standard” surface similar to the distorted crystal mode. 6060 T gt / K %0
* Ge = 28 at-%: Surface enrichment of Ge detected, in accordance with Gibbs adsorption rule.

=> Deep eutectic alone is not responsible for surface phase formation in liquid. = it i el 1) et lelielly lesiestirsd] by s,

= Influence of chemical interactions between the constituents ? > Surface configurations depend on thermal history.
Mixing enthalpy of Au-Ge (-20 kJ/mol) less than of Au-Si (-30 kJ/mol)

=> Correlation to bulk liquid structure and to glass forming ability? Au-Si forms a glass but Au-Ge does not.

=> Origin of this effect correlated to structure of bulk liquid ?
=> Is this part of explanation for high overheating of melt necessary

2 i iii iquid di ing?
=> Plan: investigate Pd-based alloys: Pd-Si, Pd-Ge, Pd-P: deep eutectics + even larger negative mixing o e g sy CrgiElie muetin e e disy o meiief

iqui 2
enthalpy than Au-Si + high glass forming ability and prototypes for technological bulk metallic glasses. = il st ellays e ey



