Friday Morning

SESSION PAa: SYMPOSIUM OF THE DIVISION OF CONDENSED MATTER PHYSICS:
METASTABLE STRUCTURES AND ORDERING IN SEMICONDUCTORS
Friday morning 20 March 1987; Grand Ballroom E=dtat 8:00; C. B. Stringfellow, presiding

8:00
PAa 1, Stability, Ordering, and Metastability of Semiconductor Alloys.” ALEX ZUNGER, Solar Energy Research Ingtitute.

Bulk phase di agrans of all isovaLent semi conductor alloys appear to differ profoundly from those
of metallic alloys: the former did not exhibit any conpound formation and were invari abl(}/ associ a-
ted with positive nixing enthalpies An(n)(x)>n, suggesting disproportionation of the disordered
(n) alloy AJB _xC into its constituentsACand RC at a sufficiently |ow tenperature. These clas-
sic ohserwations motivated previous nodels of seniconductor alloys to postulate a revulsive inter-
action aEMX0 (anal ogous to ferromagnetism of each of the "building bl ocks" "AB,_Cs (0n<4)

with respect to its end-point constituents nAC + (4-n)RC. Applying first-prin E’xg&es Sel f+consi s-

tent total energy calculations to the ordered AB4—qC4 phases, we find that ar'®/(V) represents a
competition hetween destabilizing strain effects and potentially stabilizing "chenical" (or "spin-,
flip") effects, such as charge transfer and polarization. Furthernore, the abiltty of the conmmon
atom C to utilize its cell-internal structural degrees of freedom (resulting in generally dissim-

lar A-C and RC bond lengths) can substantially stabilize such ordered structures. .As a result,

sone systems can have aE(™)<0 (e.g., SI-C, CdTe-MTe) and others, (e.q.. GaAs-AlAs, Si-Ce) have
ae{m)>0. Jsing these volunme (V)- dependent-interactton energies {AE(®(V)} in an approxi mate so-
lution (through the Cluster Variation Method) of the appropriate spin U2 f.c.c. Ising nmodel (in-

cluding up to four-body interactions), we calculate the alloy phase diagrams as well as
AH(D)(x). W predict that: (i) Odered stoichionctric phases and disproportionation can coexist
in the sane phase diagram (ii) strain stabilize ordered phases when chenical interactions are
attractime, hut otherwise (iii) strain Leads to netastahle ordered phases, and (iv) the interac-
tions AE("‘S(V) can lead either to clustering or anti-clustering. Qur predictions will be conpared
to unprecedented subsequent experinental observations of long-range order in seniconductor alloys

reported recently.
*Supported by SERI and OP.RRxg.




