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crystal growth is difficult.
　According to a wise man, “God made the bulk; surfaces 
were invented by the devil.” (by Wolfgang Pauli) As all of 
those familiar with solid-state physics know well, the 
periodicity in atomic arrangements is lost at the interfaces 
of dissimilar materials and, therefore, a highly dense 
interface states exist in the bandgap, which is expected to 
exert various adverse effects. To create new functions by 
using the bonding interface may seem to be an ignorant 
attempt . However, Herbert Kroemer declared, “The 
interface is the device.” It was confirmed that the influence 
of interface states could be reduced through heat treatment 
after bonding [3]. We are seeking structures and uses that 
can max im ize the advantages and min im ize the 
disadvantages in bonding of dissimilar semiconductors.
　At present, our research mostly targets semiconductors; 
however, “new functions created by bonding” may have 
various possibilities that we are not aware of. We welcome 
your suggestions for expanding the range of our research.
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Since April 2015, I have been engaged in “the advanced 
mater ia l project” at OCARINA as an interlocking 
researcher. Three research groups from the Graduate 
School of Science and Graduate School of Engineering are 
implementing this project. I belong to the group “R&D of 
compound sem iconductor  t a ndem so l a r  ce l l s  on  
nano-structure silicon substrates”, and I am conducting 
research with Prof. DaeGwi Kim, Prof. Tatsuru Shirafuji 
and Dr. Jianbo Liang of the Department of Physical 
E lect ron ics  and I n format ics ,  Graduate School  of  
Engineering. Dr. Kim is studying the new properties of 
semiconductor nano particles, and Dr. Shirafuji is engaged 
in the application of atmospheric plasma. I will introduce 
their research in detail on another occasion, and outline Dr. 
Liang’s and my research here.
　Our research focuses on “the junction (bonding) of 
dissimilar materials for realizing innovative functions from 
the perspectives of energy production and energy saving”. 
The surface act ivat ion method is used for bonding : 
Ar-atomic beams are irradiated on the surfaces of samples 
in a vacuum and they are bonded under load .  We 
manufactured hybrid tandem solar cells by bonding Si 
solar cells and compound semiconductor (GaAs, InGaP, etc.) 
cells, and obtained favorable properties [1]. Also, we are 
evaluating the fundamental properties of junctions made of 
wide-gap semiconductor materials such as SiC and GaN, 
which are attracting attention in the field of power 
electronics, and Si or GaAs [2].
　Heteroepitaxial growth technologies such as molecular 
beam epitaxy (MBE) and metal organic chemical vapor 
deposition (MOCVD) have been used in the junction of 
different semiconductor materials. Using these technologies, 
semiconductor lasers, light-emitting diodes (LED) and 
high-frequency transistors have been manufactured and 
put into pract ica l use . However, there is a l imit in 
combinations of semiconductors that can be integrated into 
heterojunctions by growth; it is very difficult̶of course it 
is not impossible̶to fabricate heterojunctions from 
semiconductors with large difference in crystal structures, 
lattice constants or thermal expansion coefficients. Our 
approach is based on the simple idea of bonding materials if 
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the thickness direction and the contraction and expansion 
of the crystal in the diagonal direction. The crystal can be 
protected by coating the crystal using thin metal film and 
thin polymer film. Gold-coated diarylethene crystals 
exhibited photoreversible bending upon a lternating 
irradiation with UV and visible light. It can be used as an 
actual electrical circuit ON/OFF photoswitching. [7]
　These findings bring about not only a new strategy to 
design for photomechanical actuators but also a new 
practical use of photomechanical crystals.
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When a molecular structure changes reversibly by some 
external stimuli, the properties of the materials consisting 
of the molecule can change reversibly. Such molecules will 
possess the switching function . A phenomenon that 
exhibits a reversible color change by photoirradiation is 
called photochromism. The photogenerated colored state is 
t herma l ly  u nst ab le  or  s t ab le  depend i ng  on  t he  
photochromic compounds. In many cases, photochromic 
reactions take place even in solid states as well as in the 
solution. However, compounds that exhibit photochromism 
in the crystalline state are very rare.
　Color change of photochromic diarylethene crystals is 
shown in Figure. Due to the different in the molecular 
structure of diarylethenes, the crystal color changes to 
yellow, red, blue, and green by irradiation with ultraviolet 
(UV) light. The colored crystal is thermally stable and 
returns to the original colorless one by visible l ight 
irradiation. This is due to the reversible change in the 
molecular structure. The photogenerated colored isomer 
can be directly observed as a disorder structure by single 
crystal X-ray crystallographic analysis. The cell length is 
slightly changed by the photochromic reaction. This 
indicates that the shape of the bulk crystal may be 
changed by the photochromic reaction.
　In 2007, a reversible crystal shape change accompanied 
with a molecular structure change of a small -sized 
photochromic single crystal was reported for the first time. 
[1] The corner angle of the thin crystal changed and the 
rod-like crystal exhibited bending by the photochromic 
reaction. Because such a photomechanical phenomenon can 
change photon energy to mechanical energy without any 
direct contact and electrical wire, it is expected as a 
photoactuator for application. However, photoinduced 
crysta l shape changes are l imited to contract ion ,  
expansion, and bending, and thus creation of the more 
complicated photomechanical function is required. [2-5]
　Photoinduced reversible twist ing was found for a 
diarylethene crystal. [6] There is a right-handed twisting or 
a left-handed twisting depending on the crystal faces 
irradiated with UV light . The twisting of the crystal 
requires both a gradient of photocyclization conversion in 
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Figure.  Examples of studies on photochromism and
photomechanical phenomena of diarylethene crystals.

Fig: Schematic cross-section of the InGaP/GaAs/Si triple 
junction solar cell (left) and its characteristics (right). [1]
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