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(54) (TITLE) METHOD FOR MANUFATURING SEMICONDUCTOR QUANTUM WELL BOX 

 
(57) (ABSTRACT)  
(OBJECT) To provide a method for manufacturing a semiconductor 
quantum well box with no crystal plane dependence and no 
damage to the crystal.  
(CONSTITUTION) A method for manufacturing a semiconductor 
quantum well box in which the initial process of crystal growth 
using the vapor phase growth technique is used to form fine 
droplets of molten metal on a substrate 10 having poor wettability 
with group 2 or group 3 molten metals, and then a raw material 
containing group 4 or 5 atoms, respectively, is supplied to diffuse 
the atoms into the droplets to form semiconductor microcrystals. 
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(CLAIMS) 
(CLAIM 1) A method for manufacturing a semiconductor quantum 
well box of a 2-6 group compound or a 3-5 group compound 
characterized in comprising a step of supplying a raw material on a 
substrate having poor wettability with group 2 or group 3 molten 
metals and forming fine droplets comprising group 2 or group 3 
atoms, and a subsequent step of supplying a raw material 
containing group 6 or group 5 atoms to diffuse the group 6 or group 
5 atoms into the group 2 or group 3 droplets, respectively, and form 
a semiconductor microstructure, the supply amount of the group 2 
or group 3 raw material being no greater than that needed to 
produce a metal film with an average thickness of 50 nm on the 
substrate.  
(DETAILED DESCRIPTION OF THE INVENTION) 
(0001) 
(INDUSTRIAL FIELD OF USE) The present invention relates to a 
method for manufacturing a semiconductor quantum box, and in 
particular relates to materials with large nonlinear optical constants, 
which are necessary to achieve optical control elements using 
nonlinear optical effects, such as ultrafast optical switches and 
optical logic elements. 
(0002) 
(PRIOR ART) Semiconductor stacked structures (multiple quantum 
well structures), in which two types of ultrathin films with different 
forbidden bandwidths are periodically stacked in a thickness range 
from several nm to several (+)nm, produce physical phenomena 
that are not found in bulk compound semiconductors and are being 
explored for use in various devices. For example, it has been 
reported that semiconductor lasers using GaAs/AIGaAs multiple 
quantum well structures as active layers have various superior 
characteristics compared to conventional double hetero 
semiconductor lasers, such as reduced oscillation threshold, 
reduced spectral line width, and higher output power. The physical 
phenomena that appear in such multiple quantum well structures 
are due to the confinement of charged particles at the bottom of 
the periodic potentials (quantum wells) in the multiple quantum 
well structure in the film thickness direction (quantum size effect). 
Further, in the quantum wire structure, in which periodic changes 
in potential are formed not only in the film thickness direction but 
also in one direction in the plane to achieve two-dimensional 
confinement of charged particles, and in the quantum well box 
structure, in which periodic changes in potential are formed in two 
directions in the plane to achieve three-dimensional confinement 
including the film thickness direction, the confinement effect of 
charged particles is more pronounced than in the quantum well 
structure, and the characteristics are expected to be greatly 
improved in the application to semiconductor lasers and the like.  
(0003) For manufacturing semiconducting quantum well box 
structures with edge lengths of several nm to several (+) nm, where 
the quantum size effect appears, ultrafine fabrication techniques 
such as direct electron beam lithography have been attempted. In 
these techniques, microfabrication is applied to the multiple 
quantum well structure to induce periodicity of potential in the in-
plane direction and fabricate quantum well boxes. 
(0004) More specifically, using crystal growth techniques such as 
MOVPE (metal organic vapor phase deposition) and MBE 
(molecular beam epitaxy), which excel in controlling film thickness 
and interface steepness, a barrier layer 41 consisting of AlGaAs and 
a GaAs quantum well 42 are grown epitaxially on a GaAs substrate 
40 as shown in Figure 4(a). As shown in FIG. 4(b), a lattice pattern 
43 such as resist is formed on the surface of this substrate with an 
electron beam lithography method or the like, then etching is 

carried out (Figure 4(c)) using the resist as a mask (e.g., M. A. Reed 
et al., J, Vac. Sci. Technol., B4, 358 (1986)), and finally the grid 
pattern used as a mask for etching is removed to obtain a three-
dimensional potential well, i.e., a semiconductor quantum well box 
(Fig. 4 (d)), in which the substrate direction is AlGaAs and the 
remainder is surrounded by air. 
(0005) 
(PROBLEM THE INVENTION IS TO SOLVE) However, the 
manufacturing method of semiconductor quantum well boxes using 
microfabrication technology has the following drawbacks in the 
electron beam exposure process and the etching process. The 
electron beam exposure process does not cause interference in the 
depth direction as with normal exposure using ultraviolet light, but 
because of the large backscatter of electrons, the exposure line 
width becomes larger than the electron beam width, and the so-
called proximity effect appears in which the patterns are distorted 
in close proximity. Therefore, it is necessary to increase the 
acceleration voltage or reduce the resist film thickness to suppress 
the increase in line width due to scattering, and these factors must 
be incorporated into the lithography software. In addition, a long 
exposure time is needed. 
(0006) Also, the etching process includes wet etching and dry 
etching. In the wet etching, when a transitional [sic: zinc blende] 
crystal 50 such as GaAs or InP is etched using a striped mask 51 with 
the (100) plane parallel to the <011> or <0-11> direction as shown 
in FIG. 5(a) and FIG. 5(b), (111) or an equivalent plane appears 
having an angle of 55° or 125°, respectively, to the (100) plane, and 
a <001> or <010> plane perpendicular to the (100) plane appears 
only when etching using a striped mask with the <010> or <001> 
direction, respectively, as shown in FIG. 5(c). In other words, the 
direction of the pattern is limited when fabricating quantum well 
boxes with wet etching single crystals using a lattice pattern. 
Furthermore, in wet etching, even if, for example, a plane 
perpendicular to the substrate surface appears, the etching groove 
width is larger than the pattern width due to side etching, as shown 
in FIG. 5. 
(0007) Dry etching such as reactive ion etching and reactive ion 
beam etching can obtain an etching plane independent of the 
crystal plane, and an etching plane perpendicular to the substrate 
plane can be obtained depending on the conditions, regardless of 
which plane direction pattern is used. Moreover, an etching width 
can be obtained that is almost equal to the pattern width. However, 
the drawback is that this etching is performed with ion 
bombardment, and there is an extremely high possibility of residual 
damage in the crystal. 
(0008)  
(MEANS TO SOLVE THE PROBLEM)  
The present invention is a method for manufacturing a 
semiconductor quantum well box that does not require an electron 
beam exposure process or an etching process, and cleverly utilizes 
only the initial process of epitaxial growth. In further detail, the 
invention is a method for manufacturing a semiconductor quantum 
well box of a 2-6 group compound or a 3-5 group compound 
characterized in comprising a step of supplying a raw material on a 
substrate having poor wettability with group 2 or group 3 molten 
metals and forming fine droplets comprising group 2 or group 3 
atoms, and a subsequent step of supplying a raw material 
containing group 6 or group 5 atoms to diffuse the group 6 or group 
5 atoms into the group 2 or group 3 droplets, respectively, and form 
a semiconductor microstructure, the supply amount of the group 2 
or group 3 raw material being no greater than that needed to 
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produce a metal film with an average thickness of 50 nm on the 
substrate. 
(0009) The method for manufacturing a GaAs semiconductor 
quantum well box using the MOVPE technique according to the 
present invention is described below. When a group 3 material such 
as trimethylgallium (TMG) or triethylgallium (TEG) is supplied to a 
heated substrate, the organic metals decompose on or near the 
substrate to form Ga atoms that are adsorbed on the substrate if 
the substrate is higher than the decomposition temperature of 
those organometallic materials. Ga is energetically more stable in 
clusters than as atoms. If the substrate has poor wettability with 
liquid Ga and the supply of the Ga raw material is low, the Ga forms 
droplets (islands) on the substrate. When an As raw material is 
supplied to the substrate with such Ga islands, the As atoms diffuse 
into the Ga islands to form GaAs crystals. Since the attachment rate 
of As to the GaAs crystals is zero, growth automatically stops when 
all of the Ga has formed GaAs. 
(0010) Island formation is qualitatively determined by the amount 
of decrease in potential energy associated with droplet formation, 
the amount of increase in interfacial energy between the substrate 
and the droplet, and the amount of increase in the surface energy 
of the droplet. Therefore, in the present invention, substrates made 
of materials with high interfacial energy, i.e., those having poor 
wettability with liquid metal, such as single-crystal, polycrystal or 
amorphous substrates made of dielectric materials such as quartz, 
alumina, silicon nitride and glass can be used, as can single-crystal, 
polycrystal or amorphous substrates made of semiconductors. 
(0011) The following range of supply conditions can be used for the 
raw material when an organogallium compound is used as the raw 
material. The lower the substrate temperature when supplying, the 
shorter the diffusion distance of the adsorbed species becomes, so 
the lower the substrate temperature is set, the higher the 
formation density of Ga droplets generated on the substrate will be. 
Therefore, even if the same amount of raw material is supplied, the 
size of each island will be smaller if the raw material is supplied at a 
lower temperature. However, the temperature required to grow 
metal islands must be at least the decomposition temperature of 
the organogallium compound supplied. For example, if 
trimethylgallium is used, the substrate temperature must be at 
least approximately 450°C, the decomposition temperature of 
trimethylgallium. However, if the substrate is heated to a high 
temperature, the liquid metal islands generated will diffuse and 
bond with each other, resulting in a larger grain size of the final 
islands and larger GaAs crystals obtained by supplying As at the end. 
In light of the above, it is recommended that the substrate 
temperature be kept no greater than 1000° C. 
(0012) The pressure at which the organogallium compound is 
supplied can be in any range from 1 Torr to normal pressure, but 
the higher the growth pressure, the longer the average free process 
of the raw material, and thus the greater the crystal formation 
density. The total amount of organogallium compound supplied 
mainly changes the grain size of the islands produced, so grain size 
control is possible. However, the total amount of organogallium 
compound supplied must be smaller than the supply that results in 
an average thickness of 50 nm for the metal film generated from 
the (Ga) raw material on the substrate, and if the supply is greater, 
the islands then contact each other and become a film. The amount 
of the organogallium compound supplied per unit time also has a 
significant effect on the density of microcrystal formation. Since the 
formation of nuclei in the initial supply stage results from collisions 
between surface adsorbed species, the nucleation density also 
increases as the supply rate of the raw material per unit time is 

increased, which increases the density of adsorbed species. Since 
an objective of the present invention is to ultimately supply As to 
the Ga islands to generate GaAs microcrystals and to have a 
quantum size effect on the microcrystals, increasing the supply of 
raw material per unit time requires an extremely short supply time. 
Therefore, considering the controllability of the supply of organic 
Ga compound, it is desirable to supply the organogallium 
compound over a period of 1 second or longer. For the supply of As 
raw material per unit time, at least an amount that can suppress As 
loss from GaAs is necessary. When doing so, there is no problem if 
the substrate temperature is changed from the temperature at 
which Ga islands are produced, but as mentioned earlier, island 
growth based on island bonding should not occur. 
(0013) A method for manufacturing GaAs semiconductor quantum 
well boxes using the MOVPE technique was described above, and 
similarly, quantum well boxes comprising semiconductors made of 
group 3-5 compounds such as AlGaAs, InP, and InGaAsP and 
semiconductors comprising group 2-6 compounds such as CdSe, 
CdSSe, ZnSe, ZnSSe, and CdTe can also be produced. Although 
MOVPE was mentioned as the crystal growth method, other growth 
techniques, such as MBE and halide VPE can also be used. A 
material with a band gap larger than the band gap of the 
microcrystal may be deposited as a barrier layer on the substrate 
on which the compound semiconductor microcrystal is fabricated. 
Examples of this material include quartz, alumina, silicon carbide, 
silicon nitride, glass and other dielectric materials, and various 
semiconductors. 
(0014) 
(OPERATION) According to the present invention, by using the 
initial process of crystal growth with MOVPE or some other method 
on a substrate that cannot form a layered single-crystal film by 
epitaxial growth, semiconductor quantum well boxes can be 
produced without the electron beam exposure and the etching 
process required in conventional production methods of 
semiconductor quantum well boxes. In this case, the material 
deposited on a substrate with air or glassy amorphous or compound 
semiconductor microcrystals surrounding the semiconductor 
quantum well box acts as a barrier layer, and these semiconductor 
microcrystals act as potential wells to confine carriers and excitons. 
(0015)  
(EMBODIMENTS) Embodiment 1 
An optically polished quartz plate was used as a substrate, the 
surface of which was cleaned by etching with hydrofluoric acid to 
make it hydrophilic. In this embodiment, GaAs was grown using an 
MOVPE apparatus. Trimethylgallium and arsine (10% hydrogen 
dilution) were used as raw materials for the GaAs growth, and 
hydrogen was used as the carrier gas. The gas supply rate was 8.6 
cc/min for the trimethylgallium (-10° C), 200 cc/min for the arsine, 
and 8000 cc/min for the hydrogen. 
(0016) A quartz substrate 10 was heated to 650°C and supplied with 
trimethylgallium for 10 seconds. The surface of this sample was 
white, which was thought to be due to the metal Ga deposited in 
the previous process. When this was observed by transmission 
electron microscopy (TEM), spherical particles were adhered to the 
substrate 10 on one side, as shown in FIG. 1, and the grain size was 
approximately 5 nm. The grain size distribution was extremely small, 
and the density of microcrystals per unit area was approximately 
108 cm-1. Electron diffraction showed that the material was in an 
amorphous state. 
(0017) The arsine was supplied following the adhesion of metallic 
Ga droplets on the quartz substrate 10, and the substrate 
temperature was lowered 1 minute after the start of the supply. 



 (4) Patent Appl. Publication No. JP H5-63305 
 

—4— 

The supply of arsine was continued until the substrate temperature 
fell to 350° C and lower. The sample was observed by TEM, and the 
grain size was approximately 8 nm, indicating that each particle 11 
had good crystallinity. The lattice constant was determined from 
the electron diffraction pattern, which was almost identical to that 
of bulk GaAs, confirming that the sample was a GaAs microcrystal. 
FIG. 2 shows the photoluminescence measured using an Ar ion laser 
oscillating at 488 nm with a peak around 830 nm at room 
temperature. Since the peak wavelength of photoluminescence of 
bulk GaAs is around 870 nm at room temperature, it is concluded 
that the GaAs crystals on the quartz fabricated with this method 
have the quantum size effect. 
(0018) Embodiment 2 
A schematic diagram of a nonlinear waveguide fabricated using the 
method of the present invention is shown in FIG. 3. A 35-μm film 31 
of GeO2-doped SiO2 was deposited on a quartz plate 30 with a high-
frequency sputtering technique, and a GaAs microcrystal 33 was 
grown on this substrate 32 in the same manner as in Embodiment 
1. Next, a 3.5-μm film 34 also of GeO2-doped SiO2 was deposited 
with a sputtering technique, and finally, a 5-μm SiO2 film 35 was 
deposited with a sputtering technique. 
(0019) This resulted in a slab waveguide with the highest refractive 
index for layers 31, 33, and 34 containing GaAs microcrystals and 
the lowest for the quartz plate 30 and the SiO2 film 35. To further 
confine the guided light in the lateral direction, a 6-μm wide ridge 
structure was formed with photolithography and reactive ion 
etching using CF4. Using a dye laser (Styry19, wavelength 790-890 
nm), the optical nonlinearity was evaluated,  and it was found that 
the absorption coefficient α was 25 cm-1 at approximately 820 nm, 
and a nonlinear susceptibility χ(3) of approximately 1×10-10 esu was 
obtained. 
(0020) 

(EFFECT OF THE INVENTION) The method for manufacturing a 
semiconductor quantum well box according to the present 
invention does not require the conventional electron beam 
exposure process and etching process, so a semiconductor 
quantum well having an excellent quantum size effect can be 
fabricated with no special manipulation for the exposure line width, 
no dependency on the crystal surface in the etching process, and no 
damage to the crystal. The semiconductor quantum well box 
fabricated according to the present invention can be fabricated on 
a glass waveguide, for example, and can be applied as a substrate 
for waveguide-type optical control devices using nonlinear optical 
effects. 
(BRIEF DESCRIPTION OF THE DRAWINGS) 
(FIG. 1) A perspective schematic view of the GaAs quantum well box 
fabricated on a quartz substrate according to the present invention. 
(FIG. 2) A view showing the photoluminescence spectrum of the 
GaAs quantum well box shown in FIG. 1.  
(FIG. 3) (a) to (d) are perspective explanatory views showing the 
manufacturing process of the nonlinear waveguide using the GaAs 
quantum well box of the present invention. 
(FIG. 4) (a) to (d) are explanatory views showing the manufacturing 
process of a conventional semiconductor quantum well box.  
(FIG. 5) Showing the cross-sectional shapes obtained by wet etching 
transitional [sic: zinc blende] crystal with surface orientation (100), 
(a), (b) and (c) show the striped mask in the <0-11> direction, the 
<011> direction, and parallel to <010> or <0-10>, respectively. 
(DESCRIPTION OF THE REFERENTIAL CODES OR SYMBOLS) 
10, 30 quartz plates 
11, 33 GaAs microcrystals 
31, 34 GeO2-doped SiO2 films 
35 SiO2 film 
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(FIG. 1) (FIG. 3) 
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(FIG. 2) 
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(FIG. 5) 

 
 

 

(Written Amendment) 
(Filing Date) May 10, 1991 
(Amendment 1) 
(Object of Amendment) Specification 
(Scope of Amendment) 0016 
(Method of Amendment) Modification 
(Content of Amendment)  
(0016) The quartz substrate 10 was heated to 650°C and supplied with trimethylgallium for 10 seconds. The surface of this sample was white, 
which was thought to be due to the metal Ga deposited in the previous process. When this was observed with transmission electron microscopy 
(TEM), spherical particles were adhered to the substrate 10 on one side as shown in FIG. 1, and the grain size was approximately 5 nm. The grain 
size distribution was extremely small, and the density of microcrystals per unit area was approximately 108 cm-2. Electron diffraction showed that 
the material was in an amorphous state. 
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(010) plane or (0-10) plane 




