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Structural investigations of the amorphous alloy Al;;Ge,y under high pressure
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The structural behavior of the amorphous phasg,@é;,, obtained by pressure quenching, has been
investigated under pressure loysitu energy dispersive x-ray diffractiofEDXD) using synchrotron radiation.
At p~5 GPa there is a reversible transition from the amorphous state to a crystalline state with simple
hexagonal(sh) structure. Thisy phase is stable up to 47 GPa. At this pressure a transition to a hexagonal
closed-packed structure takes place. The behavior gf3d;, under pressure is discussed in connection with
structural transformations of group-IV elements and IlI-V compounds.

I. INTRODUCTION [Il. RESULTS AND DISCUSSION

. . . . When pressure is applied to the amorphous sample of
The binary system aluminum-germanium has a simple eus, . . .
. 4 . - Al 3(Ge4q it readily transforms to a crystalline state as docu-
tectic phase diagram with low mutual solubility of the - o
; mented in Fig. 1. A number of runs shows that crystallization
components. Recently, a new phase has been obtained for

the alloy Al Ges, by high pressure action at elevated tem_étar;s at 4.3 GPa with a completion of the transition at 5.5

perature and subsequent quenching to 77 K and release 0 : . - .

the pressuré X-ray-diffraction studies of the quenched alloy From the_ powder d|ffractogram Fig(lD it is ewdgnt that

reveal a simple hexagon@h) structure ¢ phase¢. On heat- the c_;rystallme phase |s.the very_sanyephase .Wh'Ch was
) obtained by the quenching experimehtbhe lattice param-

ing the metastable phase to room temperature amorphma-eters of this simple hexagonal structure extrapolated to zero

tion takes placé. v = -
In this work the effect of pressure on the amorphous aIIo;Pressure areay=284x(7) pm, Co=261+(7) pm with

: ; . : : - /a=0.920 (Fig. 2 in good agreement with the values
Al 30Ge,q is studied byin situ energy dispersive x-ray dif- C_ ~ :
fraction (EDXD) experiments at ambient temperature in or-2= 283 pm ar;\de—262 pm determined for the quenched
der to investigate the stability of the amorphous state under@MPple at 77 K.

pressure and to get a better understanding of the nature of the This v phase appears in many electron-rich alloys with
amorphous alloy. electron concentrations around four electrons/atom. Initially,

this strucure was observed at ambient conditions in various
Sn-based alloy$ Later, it was also seen in some alloys pro-
duced by splat coolirfgor pressure quenchih@nd for the
pure elements SRefs. 8 and Pand Ge(Ref. 10 as well as
Energy dispersive x-ray diffractiofEDXD) with syn-  for some Ill-V compound€ and Si-Ge alloys? In this work
chrotron radiation at HASYLABDESY) has been used to the sh phase is observed for the first time in a binary Al-Ge
study the behavior of the amorphous alloy under high presalloy in situ under pressure. It should be noticed that the
sure. The experimental setup with diamond anvil 8IAC) phase occurs in this alloy already at around 5 GPa, whereas
and ruby manometer has been described previdasiywell  the original formation of thisy-phase alloy by barothermal
as the preparation of the amorphous alloy/8e,, by pres-  treatment of the eutectic sample required pressures around 9
sure quenching At ambient conditions the amorphous state GPa and temperatures above 300°C. On the other hand, in
of the alloy is stable for years. Nevertheless, grinding of thepure Ge the sh phase appears only at much higher pressure
sample to fine powder was performed only at low temperaaround 75 GPa. This is in accordance with the stated rule
ture to avoid any recrystallization. White mineral oil was that intermediate phases in binary systems appearing at low
used as pressure transmitting medium. The pressure was da-ambient pressure are often isomorphic with high-pressure
termined either from the fluorescence of ruby spliftemss  modifications of the constituent elements.
from the compression of gold powdénserted into the high- On releasing the pressure thephase transforms back
pressure cell. around 3 GPa to the amorphous state as shown in Ky, 1

II. EXPERIMENT
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FIG. 2. Lattice parameters and aspect ratia for the y phase
of Al 30Geyo under pressure.

d amorphous
0 GPa . .
decompression The y phase of AkGeyq is stable up to 49 GPa. With

increasing pressure the/a ratio increases slightly from
0.922 at 4 GPa to 0.935 at 49 GPa as shown in Fig. 2.
Similarly, a slight increase in/a from 0.937 to 0.947 in the
pressure range from 16 to 34 GPa has been observed for sh
Si&10 Also most of the alloys stabilized in the sh structure
show similar values foc/a due to a special balance of real
and reciprocal lattice contributions in the Ewald sum for the
20 30 40 50 60 sh lattice, wherc/a~c*/a* = (\/3/2)¥2=0.934

E/keV With any of the common equations of stdfasne obtains
for the free parameters the valu®¥g=0.018 25(6) nrA,

FIG. 1. Energy dispersive x-ray-diffractiEDXD) spectra of ~ Ko=110(5) GPa,Ky=2.1(5), where V, is the average
the alloy Al;(Ge; under pressurga) gives the initial state of the
amorphous alloy(d) after pressure release. Additional diffraction 0.019
lines from the gasket material are marked®y

0.018

i.e., the transition amorphous-crystalline is reversible. The _ 0.017
transitions back and forth are very rapid; within the few min- £
utes needed to change the pressure and start the measurment;~
the transition is complete. So, even at room temperature the s
v phase does not decompose to the equilibrium state
Al(Ge)+Ge on pressure release but forms a metastable ho- 0.014
mogeneous amorphous state. The diffraction pattern of this
amorphous phase was shown to have the characteristic fea-  0.013
tures of the amorphous semiconducting state of puré>Ge.

The reversibility of the amorphous-crystalline transition with
increasing and decreasing pressure shows the relative stabil- FiG. 3. Average atomic volum¥,, of Al ;Ge; under pressure.
ity of this amorphous state. The high diffusion hindrancesolid line represents the equation of state for fhphase with the
prevents the alloy from decomposition into the more stablditted parametersV,=0.018 25(6) nm, K,=110(5) GPa,
two-phase state at normal pressure. K{=2.1(5).
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atomic volume and the given uncertainties represent only thevhich transforms ultimately to the closed-packed hcp struc-
(statistical standard deviationSee Fig. 3. The small value ture; only for Si there is a narrow intermediate phaséySi
of K(=2.1 indicates thereby some “reduced stiffening” For hcp AlzGe;o the aspect ratia/a=1.679 is larger than
and such behavior has been observed before for the heavithe “ideal” value 1.633 but similar to hcp 8f11) (1.70.2°
elements of group la, lla, and llib, where teed electron In conclusion, at 5 GPa and room temperature there is a
transfer accounts for these anomali&ghus, also for the reversibletransition from the amorphous state ofs§Ge;to
present alloy the EOS data give a hint for changes in the crystalline state. In the crystalline state the behavior of the
electronic structure under pressure. alloy Al 35Ge,q is similar to the behavior of the pure elements
At about 47 GPa a new phase appears as illustrated in Figi and Ge and their alloys under pressure but the range of
1(c), but the transition is still not complete at 49 GPa, thestability for the sh phase of AjGe;q is much increased in
highest pressure achieved in these experiments. The analysismparison to the Si-Ge alloys.
of the high-pressure EDX powder diffractogram reveals a
hexagonal closed-packdticp structure for the new phase
with lattice parametera=261.7 pm,c=439.4 pm, at 47
GPa. The decrease in volume at the transition from the sh to We would like to thank J. Otto for taking care of the beam
the hcp phase is about 2.5%. line at HASYLAB. Financial support by NATO under Grant
It is interesting to note that the behavior of the alloy No. HTECH CRG 930756 is gratefully acknowledged.
Al 3,Geyq is similar to the behavior of Si, Ge and their alloys V.F.D. acknowledges also financial support by the Interna-
under high pressure. In all these cases there is a sh phasenal Science Foundation under Grant No. NKROOO.
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