The Crystal Growth of In-Se for Thermophotovoltaic Generator
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Abstract :

The thermophotovoltaic (TPV) generating system consists of the heat source, the
emitter and the TPV cells. The emitter converts thermal energy to photon energy by a
thermoluminescence and the emitted photons will directly be converted to electricity by
the TPV cells. The heat for the emitter can be supplied by the combustion of a gas,
liquid fuels, concentrated sunlight, or a number of other sources including general
purpose heat source (GPHS) radioisotope. Therefore, power densities will be achievable
20-100 times greater than the solar flux. The attempts to realize the advantages of
TPV energy conversion, however, have reported with only limited success. The most
important requirement of the high-efficiency in a TPV system is the wavelength
matching between the emission spectrum of heated emitter and the sensitivity of the
TPV cells. The emitters made from rare earth oxides and are called the selective
emitter due to produce the radiation mainly in one or several narrow emission bands.
The Yb20s3 emitter is a high temperature resistant material with a selective emission
spectrum. The peak wavelength of this spectrum is 980 nm. The bandgap of a- and
B-In2Ses is 1.2-1.3 eV, therefore, a- and B-In2Ses are promising as the TPV material for
this emitter radiation. We investigated the relationship between crystal growth of
In-Se by the vapor transport method and several conditions of surfaces.

Firstly, the quartz ampoule encapsulated only bulk In2Ses as starting material was
heated by temperature gradient furnace. Secondly, we used substrates which were a
silicon, silicon oxide and sapphire, in order to examine the relationship between the
crystal morphology and the surface state. The quartz ampoules encapsulated the each
substrate along with the bulk In2Ses and heated by temperature gradient furnace.

From the results of crystal growth which used the only bulk Ins2Ses, the crystals with
the shape of hollow hexagonal cylinder were obtained on the inner wall of quartz
ampoule. The hollow hexagonal cylinders were identified mixture phase of In2Ses. In
the conditions with various substrates, the almost same hollow hexagonal cylinders
were also deposited on inner wall of ampoule. It is suggested that the crystallization of
hollow hexagonal cylinder is necessary not only low responsiveness of substrate but

curved surface.
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Fig. 1 SEM micrographs of deposited crystals: (a)at
low magnification, (b)hollow hexagonal cylinder.
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Fig. 2 powder XRD pattern of the hollow hexagonal
cylinders obtained on inner wall of quartz ampoule
by vapor transport method.



1um

Fig. 3 SEM mlcrographs of the substrate surface:
compactly-arranged  square  pyramids  and
agglomerated particles.
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Fig. 4 XRD pattern of silicon substrate surface.
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Fig. 5 SEM micrographs of Si-O substrate surface
and obtained crystals at the inner wall of the quartz
ampoule: (a)the hexagonal rod-like crystal on the
Si-O substrate, (b)the hollow hexagonal cylinder
grew on the quartz ampoule.
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Fig. 6 parallel beam XRD pattern of deposited
crystals on the Si-O substrate, (¢=0.3 degrees).

3.2.3 [AREIEIEIC L DY T7 7 A4 TEKR E~D
In-Se DOFE R E
SURH ) 26 % O FEAR R 1 ORI S B 22 O



B OBRPRE S B SRS BEE LT L T
Wz Fig. 7 SIS B ORE R A2 "3, FR
FHENITFEARIT /T U CTERE A 7~ DR FE
DR EDNHER SN, EDX 1T X 5 Ie#ES iR
Brofba, Z OFRAES I In 35 KO Se THERK
SNTWVWDZENHERINTZ. EBIC, ART
VTIIVNEBEIC LR L CWis b AR O
MRS 2 B2 U7 RE R, ATSERR & Rk g
TH D HPENAERERDHER I N, £ Ok
aa OANENZ VX R F A mc st U CERE 2R I
R SN HER Sz, NAEOXARE
1349 20 pm, FLORAFEITK 10 um TH Y
ALIFAHIEOF LN ST TV,

Fig. 7 SEM micrographs of sapphire substrate
surface and obtained crystals at the inner wall of the
quartz ampoule: (a)rod-like crystal on the substrate
and its EDX((a’)Indium, (a’’)Selenium), (b)the
hollow hexagonal cylinder grew on the quartz
ampoule.
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Fig. 8 parallel beam XRD pattern of deposited
crystals on the sapphire substrate, (a=0.3 degrees).
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