
section studies and a variety of arbitrary shapes for top view 
of the resulting morphology. The Alo.) Gao.7 As etch stop 
was found to be fairly stable at 700 ·C as long as the AS2 flux 
was kept above -7X 10- 6 Torr, and results for (OIl) ori­
ented nitride lines are shown in Fig. 2(b). The stability of the 
vertical (011) planes is il1ustrated by etching between ni­
tride lines paral1el to the (01 I) direction as shown in Fig. 
2(c), while etching lines oriented at 45· [(01) direction] 
exposed the various angled (110) faces seen from the top in 
Fig. 2 (d). The slight right-left anisotropies observed in the 
cross-section micrographs have been correlated with the in­
cident beam direction and the etch-rate dependence upon 
AS2 flux, and should be eliminated with the use of a rotating 
substrate holder. 

The Alo.) Gao.7 As etch-stop instability in the absence of 
sufficient AS2 flux, along with an AS2 beam shadowing pro­
duced by the combination of vertical sidewalls and slight 
undercutting shown in Fig. 2(b), has been used to produce 
some remarkable trench structures such as that shown in 
Fig. 3. This micrograph illustrates again the strong anisotro­
py of the SUBLIME process, and also demonstrates that 
thin Ala.) Gao 7As layers may either be used as an etch stop 
or etched completely through using SUBLIME, while high­
er Al composition layers provide less versatility. The clean­
est results appear to be achieved by adjusting the AS2 flux to 
maximize the etch rate (up to about 1 /-lm/h) while still 
maintaining whatever Alx Gal _ x As stability is necessary. 

In addition to studying the possible geometric struc­
tures that 'can be achieved, we have begun to look at the 
morphology of in situ MBE regrowth over SUBLIME-pat­
terned substrates and at the redistribution of dopant atoms 
produced by the SUBLIME patterning technique. Typical, 
in situ regrowth morphology is illustrated in the SEM micro­
graph of Fig. 4, where the "substrate" was the V-groove 
structure shown in Fig. 1. One micron ofundoped GaAs was 
regrown with 10 nm Ala.3 Gao.7As markers inserted every 
100 nm. The markers were then etched in buffered HF to 
delineate the regrowth contours. Initial results indicate that 
regrowth within such grooves yields roughly planar epitaxy 
(for a substrate temperature of 670 ·C), while the GaAs de­
posited on the SUBLIME mask is large-grain polycrystal­
line material. Initial photoelectrochemical C- V profiling 
through a planar SUBLIME/regrowth interface, where the 

FIG. 3. Cross-section mi­
crograph of trench struc­
ture produced by etching 
lines as in Fig. 2(c), but 
with AS2 flux incident 
from upper left. Beam 
shadowing results in lo­
calized etching through 
the lO-nm AIo. 3 Gao 7As 
etch stop adjacent to the 
patterned feature, and re­
sulting trench formation. 

FIG. 4. Cross section 
showing results of in situ 
regrowth over SUB­
LIME-patterned, V­
groove structure shown 
in Fig. I. Regrowth was 
of 1pm of GaAs with 10 
nm AIo.3 Gao 7As con­
tour markers every 100 
nm. Material deposited 
on the WSi2 mask is 
large-grain polycrystal­
line GaAs. 

initial and regrown layers were Si doped, confirms that non­
volatile dopants such as Si are not removed during SUB­
LIME; instead they pile up at the moving interface to pro­
duce an effective "delta doping." 10 It is expected that this 
can be avoided, if desired, by using volatile dopants such as 
Mg. Further details concerning dopant redistribution and 
regrowth over patterned heterostructures such as those 
shown in Fig. 2 will be presented elsewhere. It should be 
noted, however, that the dopant redistribution is detected 
through the carriers produced, and that the observed accu­
mulation (rather than depletion) indicates not only that the 
"piled-up" dopants are largely activated, but also that the 
interface is not "pinned" by a large density of interface 
states. The unpinned state of this interface is an important 
result if the SUBLIME process is to be used for device fabri­
cation. 

From initial results shown here, several general observa­
tions may be made. First, it is clear that the SUBLIME pro­
cess fulfills the basic requirements for the formation of high­
quality lateral interfaces necessary for good ultrasmall 
devices: it is both an in situ and low-energy patterning tech­
nique. It is also obvious that this process should be extend­
able to other volatile compound semiconductors such as 
Inx Gal _ x As. And while it has not yet been determined 
what the ultimate interface quality can be using SUBLIME, 
results pres'ented here suggest that virtually all GaAs-based 
devices could benefit from application of this technique. 
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