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Surface smoothing of GaAs microstructure by atomic layer epitaxy
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We report a method to smooth the rough surface of GaAs microstructures. This method is based on
the nucleation process for atomic layer epitaxy which involves the self-limiting two-dimensional
(one-monolayerisland formation. The method has been applied successfully to smoothlthé
surfaces of chemically etched V-grooved GaAs structures as well #8X8eand(111)B side walls

of selectively grown GaAs stripe structures. 1®99 American Institute of Physics.
[S0003-695(19901607-1

Microstructure formation of semiconductor devices haSWindows on a Si@ mask |ayerg_ A schematic illustration of
been primarily developed with the help of photolithographythe V-grooved structure is shown in Figa® The width and
and etching™ Surface and edge roughnesses, being undepth of typical V grooves were 10 andufn, respectively.
avoidable in the nanostructure/microstructure processing, afigure 3b) shows the bottom part of the as-etched structures
essential problems that degrade physical properties and dig which we can clearly observe a number of etch pits and
vice performance of the structures. One of the typical exridge striae on thé111)A side walls. The striae are attributed
amples is that the edge roughness of mask layers formed lip the edge roughness of a patterned photoresist polymer
the etching process results in the striae on side fa&céte  layer, which is inevitable for the conventional photoresist
striae usually lead to an increase in the threshold current ahaterials. Figure &) shows the bottom part of the V groove
Fabry—Perot mirror lasers because of the reduction of opticafter growing a thin GaAs layer by the conventional metal-
reflectivity. organic vapor phase epitaxyOVPE) process. Here, the

In this letter, we are concerned with smoothing the roughgrowth conditions are as follows: the substrate temperature
surface of GaAs microstructures by atomic layer epitaxyTs=600°C, the reactor pressure,=100Torr, and tri-
(ALE). Advantages of ALE are:(i) self-limiting two-  methylgallium (TMGa) and arsine (Ask) supply rates of
dimensional island formatio(Fig. 1); (ii) excellent selectiv- 3.7X10 2 and 3.0< 10" umol/s, respectively. The growth
ity among different surface’ (jii) good thickness control- time was 8 min, which corresponds to the layer thickness of
lability; and (iv) good uniformity? We have inferred that 200 nm on(001)GaAs surface. As seen in Fig(c3, the
these features may be applicable to recover the damaged sgtirface roughness appears to be emphasized. This could be a
faces of microstructures without significantly changing thenatural consequence of the step-flow mode of MOVPE pro-
shape and size of original structures. cess. Moreover, the sharp bottom profile of the V groove is

The concept of the surface smoothing method is schetounded, which often occurs for samples obtained by
matically illustrated in Fig. 2. To be simple, let us assumeMOVPE. On the basis of the experimental results, we con-
that the rough surface consists ®fandy planes. Let us clude that MOVPE growth would not meet the demand for
choose the specific ALE growth condition so that the growthSmoothing the rough surface.
rate on thex surface is extremely lower than that on the In contrast to the result obtained by MOVPE3 the surface
surface. We expect that the growth on sheurface proceeds smoothness in V-grooved structures is clearly improved by
very slowly, whereas the growth on thesurface occurs
relatively fast until the flak surface is established automati-
cally. Additional supply of source gases will not cause any
further growth on thex surface. In this method, the best
result would be obtained when the growth selectivity is per-
fect betweerx andy surfaces. Moreover, the crystal nucle-
ation has to proceed with the formation of self-limiting two-
dimensional (2D) islands. Observation by atomic force
microscopy(AFM) have verified that ALE of GaAs is pri-
mary driven by the formation of 2D islands, as shown in
Fig. 1.

We first describe the experimental results for smoothing
the (111)A surfaces in V-grooved GaAs structures. They
were fabricated by selective wet etching through the stripe

0. 0000nm 1. 6834nm

dpresently at: Mechanical Engineering Laboratory, 1-2 Namiki, TsukubaFIG. 1. Atomic force microscopy plan-view image of the Gé#ad) sur-
Ibaraki 305-8564, Japan. Electronic mail: hiro@isl.titech.ac.jp face grown by ALE afl=480 °C, showing 2D-island formation.
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FIG. 2. Schematic illustration showing the method to smooth the rough .
surface by using ALE growth process.
FIG. 4. Growth rates per ALE supply cycle ¢001) and (11)A GaAs
surfaces as a function of substrate temperature.

applying the ALE process, as shown in FigdB8 The ALE

conditions used for this experiment afige=480°C, P, .
—10Torr, and TMGa and Asiisupplies of 1.5 10! and (001 plane is spontaneously developed at the bottom of the

3.0x 10" umol/s for 3 and 10 s, respectively, Wi3 s of ¥ 9roove with sharp edges at the intersects betw@al)
hydrogen purge between each source supply. The ALE proa_md (11_1)A surfaces. The observed results _|nd|c§te that
cess is repeated 707 times, which corresponds to the |ay§Fnooth|ng the surface of GaAs microstructure is achieved by

thickness of 200 nm on GaA@01) surface. We discuss the e ALE process.
reason for choosing this particul@ in the later paragraph Figure 4 shows the dependence of GaAs growth rate on

referring to Fig. 4. As seen clearly in Fig(d, unwanted substrate temperaturel{) for (001) and (111)A surfaces.

surface roughness shown in FighBvanishes almost com- The dashed lines in the figure represent the growth rate of
pletely after the ALE process. Besides this improvement, £N€ monolayer(ML) per ALE cycle for (001) and (111)
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FIG. 3. (a) Schematic illustration of a V-grooved GaAs surfa@®, SEM FIG. 5. () SEM image of a side wall of a GaAs stripe structure grown by
images of a V-grooved GaAs surface after wet chemical etclimand (d) selective area MOVPED) schematic illustration of the structure) and(d)
SEM images of V-grooved GaAs surfaces after growth by MOVPE and bySEM images of the structures after ALE smoothing method with magnifi-
ALE, respectively. cation of X5000 andx 7000, respectively.
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____________________ =480 °C satisfies this condition in that 1-ML self-limiting
ALE growth mode is almost realized ¢001) surface while
——————— the growth rate on(110) is less tha 1 A per cycle. The
CEo1) growth rate on(111)B plane is in between those on tf@01)
and (110 surfaces.

Figures %c) and Hd) are birds-eye scanning electron
micrograph(SEM) images of the stripe structure after apply-

Y
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11 ing the ALE smoothing process 8t,=480°C. The ALE
process is repeated 100 times. As seen clearly in Fig3. 5
0 ‘ . . . and gd), both wavy striae on thél10) surface and pinholes
400 500 600 on the(111)B surface disappear after the smoothing process.
SUBSTRATE TEMPERATURE (°C) The wavy surface features, being formed originally by

MOVPE process, are not repaired by this process. Also, the
FIG. 6. Growth rates per ALE supply cycle of®01), (11)B, and  inner(111)B plane still remains to be somewhat rough. We
(110GaAs surfaces as a function of substrate temperature. infer that the roughness of these defective structures were too

large to smooth out completely by the single smoothing pro-

planes. For the ALE growth on th@01) plane, the growth ~ C€SS- Applying another ALE process with different condi-
rate increases withi, up to T,~500°C, saturates at 1 ML/ tions would result in further improving the surface rough-
cycle in T,=500-570°C, and starts increasing agaimat €SS _

=570°C. On the other hand, the growth rate on thel)A In conclusion, we have demonstrated a method to
plane is about one third of that of tf{@01) plane, and stays smooth the surface of GaAs microstructures by using ALE.
almost constant af,=480-570°C. It appears to decrease e believe that the method is based on the self-limiting
with further increasing th@. On the basis of these data, we 2D-island nucleation, being unique for the ALE growth, and
have chosen the substrate temperaturef480 °C for the ~May be applicable to the surfaces of other IlI-V compound
smoothing experiment with the expectation that the growttSemiconductors such as phosphides and nitrides.
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