T ENES W
LERLPERL

&k BB R GE B e
Development of solar spectral splitting technology by nano-grating

structures

34 %% : 1022001INER021
REFPMOE)  AZELF
PFRALFA AT BRRE

BT 0 035-712121 ext.56357

E-mail address : yup@faculty.nctu.edu.tw
AR AR I 2K

Apg: 102& 123 5p



A B S T R A T oot e e et e e e et et e e e e et et e e e et e r e e e eeernees 2
E %"‘i.%i&ﬁ! 2= TR 3
- 2 A e e 3
= S = = BRSPS 3
R T Y 4
- L T e e e et a e e e e s saabrres 4
= G ORI R 12

e R 2 5 i T 17
e T T TP PRROPRRPP 22
2% ‘Uf’c ................................................................................................. 24



‘I‘Q’J}F-ﬁ

it * SR 'H% B R - B AE LR PP TR R K
SR T kA F%Jopiv'opﬁsv’g%xa*«qeﬁﬁ“i”’”'l%d?
B’*mypialfr)%. @ ’T‘;Lm/%'-ﬂlfr)i - T3 &w\mﬁ‘ﬁi EN2 00 A by ol 10 A
e P UINETIVE: 3: 8- X 3 ﬁ@ BB B o A kX R A G
Bk B AL R KA KD AT o A A KA BRI R kP
o AH I FRRFF S TS FEFE RSB RREF) 0 AP
A B R o kiR A A B IR R SkCH é’vi”% ) 4% BLE 35 5k
MAL o> FHRERE > ¥ AL F MR ET > BAFE R SAFS o
FC gt R Y A R TR B iR Bt o 24T
Bk i G S RO T R B S R R E g > AP - KAy
GOk R WR CARE RTINS R R o 30
ﬂ@%kﬁ&@%m Foo A PR LRk P kR o ARk
CICEE T S o) I Al N < £ Fom & w) g :"%}bfhﬁ,\miﬁﬁﬁ
I IR T g = L"D HERGIS O HNTFZ A g
Poifk B 277 B HI ¥ (benchmark)F= 7 - BB s B # 4 &
BEFELGAEERIL SR T A g x?iﬁrsﬁ)i
*F%;&&y}\ T*iﬂ&gi‘]’%%i% oo BB R KA F 2 -V EF
TR AT 0 FFAE Ak R B RGE BT o

~

A

AR ¥ 3 SR A R L R T N S



Abstract

An advanced sun tracking system detects the motion of the sun with high resolutions
and precision, which is an essential part for highly concentrated solar systems. However
the cloud shadow or particles in the atmosphere can easily block the incident light, and
hence affect the sharpness and clarity of the captured sun image, leading to a lowered
resolution of the tracking system. In order to enhance the image quality and increase
resolution, we utilize the infrared components of the solar radiation, as CCD has a
relatively high sensitivity in this spectral range. Conventional spectrum splitting
techniques are generally realized via optical prisms and nano-gratings. The advantages of
prisms include high resolution and transmittance for a broad spectrum, particularly in the
short wavelength range. However, it is more costly than the grating and the resolution in
the long wavelength range is not as adequate. The greatest advantageof nano-gratings is
the uniformly distributed spectral range of the split spectra. However, the low
transmittance is a disadvantage and hence requires high irradiance illumination.
Moreover, the optical diffraction also produces high order components in the desired
spectral regime, which also complicates the detection process. In this project, we will
employ two spectrum splitting techniques to separate the visible and near infrared
wavelength components of solar radiation in order to better resolve the sun image for
CCD camera. It is found that optical filters based on dielectric thin-film coating are most
efficient for broadband spectrum splitting, while nano-grating is effective in separating
the desired spectral components with a smaller bandwidth for specific applications. We
further investigate the dependence of the split spectra on the structural parameters of
nano-gratings, including pitch, height, width, shape, etc. Combing our results with the
digital image processing techniques, it is possible to realize an advanced sun tracking

system with high precision for high-efficiency concentrated photovoltaic applications.

Key words: Spectrum splitting, Grating, Optical filter, Sun tracking system
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