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1 Ú ó

1Ïu>´Cc5uÐ�¯!�ä¹å�ï
Ä+���, ÙØ%��´��U>³. 8c��
U>³�5�A^���´¶´¤�, Ïd, Jp
5d'´��U1Ïu>�ïÄ:.

1976 c9d�� 1979 c, Weber Ú Lambe[1],
Batchelder � [2] JÑ
�«#.à11Ï�O, ò
F1á��\ß²0�¥�¤F1²¡1Å�, ¿
3Ùý¡Êb��U>³, �¤F181��U1
Ïì� (luminescent solar concentrator, {¡ LSC).
Ùó��nXe: 1Å�á��éu�ío´1�
0�, �F11Å�¥�F1á�áÂ�1, 3F
10��SÜu�F1DÑ�ß²0�/�í.¡
�, Ø�Ü©du\���u����.�, ºÑ
1Å�	, �Ü©F1du\���u�.��
.¡��� [3], ò£1Å�, ?3þeü�²1
�L¡m5£���ý¡DÑ, =?\1Å��D
Ñ�ª, �ª�ý¡���U>³áÂ, =z�>

UÑÑ.

LSC duwÍ~�
��U>³�^þ, ü
$
1Ïu>�¤�, Jp
1Ïu>�5d',
Cc5É�ïÄö�'5 [4,5]. éuü� LSC 5
`, 8c¡��Ì�¯K´F1á�é��1Ì�
áÂÅãÄ, l��
1>=��Ç�Jp. �
d, ·���òõ�ØÓáÂÅã/u�Å��ü
� LSC þeU�, /¤U�F181��U1Ïì
� ({¡ C-LSC), z�� LSC ¤^F1á��Ø�
Ó, lþ�eáÂÅã/u�Å�dáÅ��Å^S
Cz, ý¡���U>³�F1�u�Å����,
d°B��ÄB�^SUC. �þ�� LSC áÂ�
1¥�áÅ, Ñ\�°B����U>³¥, ��
�p�>ØÑÑ; Ø�d�F1á�áÂ��1
ÅãßL1Å�, ?\e�, d�Å LSC áÂ|^.
ù�����¢y©ÅãáÂ|^��1Ì, l
���Ý/Jp1>=��Ç. �3U�ì�¥,
Åã�©�!F1u�Å�Úý¡ÍÜ��U>
³�1Ì��!F1á��gáÂ!1Å��º
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�Ï��Ñ¬K�ì��o1>=��Ç, J±Ï
L¢���rº. �
lnØþïÄù
Ï�éo
1>=��Ç�K�, �� C-LSC ì���OÚ`
z, ·�©Û
ü��U�ì�¥��ÜÔnL§,
ïá
�A�êÆ�., ¿?�
O�Å�[^�.
$^þã^�, XÚïÄ
ì�º�!��U>³
��Yéo1>=��Ç�K�, � C-LSC ��O
Ú��Jø
nØ�â.

2 ü� LSC ó��n9êÆ�.

ü� LSC kõ«���{, �òF1á��\
ß²0�, ��òF1á�æÆuß²0��L¡.
�
ÿÐA^��, ·��uÐ
Y�ó²: òF
1á��\¯L - p�¯L�àÔ (EVA) ¥�¤
F1�¡, |^ý�9ØEâòF1�¡Úü¡À
æ?1�Ø��Y� LSC (ã 1). ¦+ØÓ�{�
��ü� LSC /�Ø¦�Ó, �31Æ5�þ´�
d�. Ïd, ·�±Y� LSC 5ïáêÆ�..

2.1 LSC óóó������nnn

ã 1(a) �Y� LSC �(�«¿ã. ¥m��
F1�¡ (¡Ù�F10��), Ùþe�ß²0�,
ý¡���U>³. ã 1(b) � LSC �ó��nã,
F10��¥�F1á�áÂ�1, uÑF1.

ã 1 (a) Y� LSC �(�«¿ã; (b) Y� LSC �ó��nã;
1, ß²0��; 2, F10��; 3, ��U>³¡; 4, \�1�;
5, >f�Çé

�Ä�F1´��Ó5�, F13����þ
þ!©Ù, �Ü©F1du\���u����.
�ºÑ1Å�; �Ü©F13ß²0���F1�
¡�m5£/���ò�, ý�DÑ���U>³,
-uÑ>f�Çé, /¤>6ÑÑ. LSC o�1>
=��Ç η �L«�

η = ηL · ηC · ηS (1)

Ù¥, ηL L«F1�Uþ�Ç, ηC L«1Å���
Ç, ηS L«OüÚ1e��U>³�Uþ�Ç.

ηL =
N · ηf · hν

Q
, (2)

ηC = nt · ηt, (3)

ηS =
ηPE · Eg · V · F · e

hν
, (4)

ª¥, N �F1á�ü �mSáÂ�1fê, ηf

�F1á��F1þf�Ç, hν �F11f�U
þ, Q �IO���1õÇ; nt �1Å�éF1�
Â8�Ç, =�ÄÑ1Å��F1¤Ó�'~, ηt

�1Å��DÑ�Ç, �¹F1á��U�gá
Â!F13ß²0�ÚF1�¡¥�DÑ�Ñ [6];
ηPE, Eg, V , F ©O�ý¡��U>³�þf�
Ç!B�°Ý!>ØXê!W¿Ïf, e �ü�>
f>Öþ, ò (2)—(4) ª�\ (1) ª¥��:

η = N · ηf · nt · ηt · ηPE · Eg · V · F · e/Q, (5)

(5) ª¥, ηf , ηPE, Eg, V , F ´á�ëê, �ÏLF1
á�Ú��U>³�ÿþ¼�. e¡©O?Ø N ,
nt Ú ηt �O�.

2.2 FFF111ááá���áááÂÂÂ���111fffêêê N

LSC áÂ�o1fê�d1Å�ì��\�
1ÌÚF1á��áÂ1Ì��:

N =
∫ (

1 − e−u(λ)d1

)
S(λ)dλ, (6)

Ù¥, d1, u(λ) ©O´F1�¡�þÝÚáÂXê,
�áuá�ëê. éuü� LSC ½ C-LSC ��
þ�, S(λ) Ò´��1Ì, éu C-LSC �Ù¦�,
S(λ) ´þ�� LSC �ß�1Ì, ò3 3 !¥?Ø.

2.3 111ÅÅÅ���éééFFF111���ÂÂÂ888���ÇÇÇ nt

3F1��Ó5�b�e, 1Å�éF1�Â
8�Ç�'u?\DÑ�ª�áN�. Xã 2 ¤«,
üý<º1I¤Ü�áN� φ0 �

φ0 = 2π · (1 − cosθc), (7)
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Ù ¥, θc ´ d ò � Ç û ½ � � � � � . �,
n1sinθc = 1, n1 �F1�¡�ò�Ç. �Äþe
ü�<º1I, �:

nt = 1 − 2
2π · (1 − cosθc)

4π
= cosθc =

√
1 − 1

n2
1

,

(8)
é�Ü©p©fá�ÚÀæ, n1 ≈ 1.5, nt ≈ 0.75.

ã 2 <º1I«¿ã

2.4 FFF111111ÅÅÅ������DDDÑÑÑ���ÇÇÇ ηt

Xã 3 ¤«, F131Å�¥²Lõgò�/�
��ý¡DÑ. ������§¥�^1��1r
÷v:

IT
1 = I0T e−2µ2r2 ,

IT
2 = I0TR2e−2µ1r1e−2µ2r2 ,

...

IT
m = I0TR2(m−1)e−2(m−1)µ1r1e−2µ2r2 ,

...

ã 3 1Å�¥F1DÑL§�«¿ã



IR
1 = I0RT e−µ1r1e−2µ2r2 ,

IR
2 = I0R

3T e−3µ1r1e−2µ2r2 ,
...

IR
m = I0R

2m−1T e−(2m−1)µ1r1e−2µ2r2 ,
...

(9)

Ù¥, T , R ©O��¡/Àæ.¡�ß�Ç!�
�Ç, �d�ö�ò�Ç��; µ1, µ2 ©O��
¡ÚÀæ�áÂXê; r1, r2 ©O�1��g�
��3�¡ÚÀæ¥��§�å, r1cosθ1 = d1,
r2cosθ2 = d2; d1, d2 ©O��¡ÚÀæ�þÝ, θ1,
θ2 ©O�1�3�¡ÚÀæ¥��Ý. é¤k1�
¦Ú, ���g���1§ l = 2d2ctgθ2 ��1r:

I = IT + IR = I0T e−2µ2r2
1

1 − R2e−2µ1r1

+I0RT e−2µ2r2e−µ1r1
1

1 − R2e−2µ1r1

= I0T e−2µ2r2
1

1 − R2e−2µ1r1

(
1 + Re−µ1r1

)
= I0T e−2µ2r2

1
1 − Re−µ1r1

, (10)

òÙò�¤Y²���DÑ�Ñ:
I

I0
= e−µ(θ1)l =

T e−2µ2r2

1 − Re−µ1r1
,

µ(θ1) =
2µ2r2 + ln (1 − Re−µ1r1) − lnT

2d2ctgθ2
. (11)

3F1��Ó5�b�e, �Ä���ØÓ�DÑ
�Ñ��o��Ñ:

µ =

∫ π
2

θc
µ(θ1)sinθ1dθ1∫ π
2

θc
sinθ1dθ1

=

∫ π
2

θc
µ(θ1)sinθ1dθ1

cosθc
. (12)

�âd�Ñ, È©DÑ�oý�1r (ã 4), ��1
Å��oDÑ�Ç:

ηt =
∫ a/2

−a/2

∫ b/2

−b/2

b/2
∫ 2π

0

µL(ϕ)dϕdx0dy0, (13)

Ù¥, L � (x0, y0) :�ý>�ål. é x0, y0 �È
©�©¤o�é¡�Ü©, é ϕ ��È©�UÅ
��o�ý¡©)¤oã:

ηt=4
∫ a/2

0

∫ b/2

0

(∫ ϕ2

ϕ1

e−µ|a2−x0cosϕ|dϕ+
∫ ϕ3

ϕ2

e−µ|b2−y0sinϕ|dϕ

+
∫ ϕ4

ϕ3

e−µ|a2+x0cosϕ|dϕ+
∫ ϕ1+2π

ϕ4

e−µ|b2+x0sinϕ|dϕ

)
dx0dy0, (14)
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Ù¥: ϕ1 = tg−1

(
− b

2 − y0
a
2 − x0

)
, ϕ2 = tg−1

(
b
2 − y0
a
2 − x0

)
,

ϕ3 = tg−1

(
b
2 − y0

−a
2 − x0

)
+π, ϕ4 = tg−1

(
− b

2 − y0

−a
2 − x0

)
+

π, �gL«��º:� (x0, y0) :�Ü�, Xã 4
¤«.

ã 4 1Å�oý�Â��1r

2.5 gggáááÂÂÂ???���

?�Ú/, F1�¡�áÂ¥�©¤ýáÂÚ
gáÂü�Ü©. gáÂ´�F1á��u�Ì�
áÂÌÜ©U, ��1ÌUÜ©�F1�F1
á�g�áÂ�y�. ýáÂÜ©´F1�¢S�
Ñ, gáÂ�Ü©¬UF1á��þf�Ç#
u�Ñ5, ¡��gF1. du�gF11Ì¥�
áÂU�Ü©¬�����gê�êP~, Ø
U�Ü©KØ¬u)gáÂ. Ïd, �gF1�
P~�ÏL3F1¥�Ø1Ì�U¡È, �=Ï
L��ü$F1á�þf�Ç5?�:

ηf → ηf
S − S1

S
= ηf

(
1 − S1

S

)
, (15)

Ù¥, S �F1u�1Ì�o¡È, S1 ��áÂ1
ÌU�¡È. �gF1Úp?gF1��)��
O\
\�1r, �ÏL\�1r���Or5?
�:

N →N

(
1 +

S1

S
ηfnt +

(
S1

S
ηfnt

)2

+ · · ·

+
(

S1

S
ηfnt

)n

+· · ·
)

= N
1

1 − S1
S ηfnt

. (16)

ò (15) Ú (16) üª�\ (5) ª, ¿�Ä�
S1

S
´�

�þ, �:

η =
(

1 − S1

S
(1 − ηfnt)

)
N · ηf · nt · ηt · ηPE ·

Eg · V · F · e/Q. (17)

3 U�F181��U1Ïì��ó
��nÚêÆ�.

ã 5 ´ C-LSC ��nã. þ� LSC ßL�1
Ì?\e� LSC, �þ��e<º�F1�?\
e� LSC. �1 j ��\�1Ì�L«�

Sj(λ) = Sj−1(λ)e−µj−1(λ)d1

+
1
2
N j−1ηf(1 − nt)

×
(
1+

S1

S
ηfnt

)
Y j−1(λ), (18)

Ù¥, þI j L«1 j �,Y j−1(λ) ´1 j − 1 �F
1á��ü u�1Ì. (18) ª¥®�Ä
1 j − 1
�¥p?gF1��A. ÏLS�O�, �¦Ñ�
� LSC ��Ç ηj , o�Ç´���Ç�Ú:

η =
∑

ηj . (19)

ã 5 C-LSC ó��nã

UìþãêÆ�., ·�3 Microsoft Visual
C++ 6.0 mu²�þ^ C++ �ómu
ü�9U�
F181��U1Ïì�5U��[^�, `z

�{ [7], ¿òÙ^u LSC Ú C-LSC �5UO�Ú
`z.

4 C-LSC 1Ï5U�`z

kÅ/�dud�B¨!þf�Çp�´
u\ó�`:, 3 LSC ¥��
A^ [8,9]. ·�
ÀJkÅ/� Red305 Úü¬ Si ��U>³O
� LSC nØ1>=��Ç� LSC º��Cz�¹.
Red305 �F1þf�Ç�� 0.98, ÙáÂ1Ì!
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u�1ÌXã 6 ¤«. �âáÂ1ÌÚu�1Ì
�UO�Ñ�gáÂ'� 0.136. ü¬ Si ��
U>³�B�°Ý� 1.12 eV, m´>Ø�� 0.6 V,
IO��e�W¿Ïf�� 0.75, �Ä LSC à1
�� 0.8. b�þeü¡��/1Ï�xÀæ�þ
Ý� 3 mm, Red305 �\ EVA /¤�F1�¡þ
Ý 1 mm. �xÀæÚ EVA �áÂXê��Ø�
L 0.001 mm−1, ·��O�¥� 0.0003 mm−1. 3
ã 6 ¥¤«�áÂÇ^�e, ���=��Ç!n
Ø��à1'�º��Cz�¹Xã 7 ¢�¤«.
�Ä�kÅ/��\ßÝO\��, áÂÇ��O
\��, ���=��Ç!nØ��à1'�º�
Cz�¹Xã 7 ¥J�¤«. lã¥�±wÑ, O
\kÅ/��\ßÝ, �Ç²wJp, ¿��Ç�
º��O�Cq�êP~, ���Ú¤�²ï��
���Z�5d'. Ó�, ü$ÀæÚ�¡�áÂ
XêéJp��ì��5d'�'�.

ã 6 Red305 �áÂ (¢�)!u�1Ì (J�)

$^þã^�, ·���[
�� 15.6 cm ×
15.6 cm �n�nU� LSC �Åã©�. ·��½
�.����U>³�ü¬ Si, þ¡ü����
U>³�Y�C, >³�þf�Ç 100%. ¤^F
1á��u�Å��>³��Y��, '�Y°
ÝéA�Å�á 10 nm, ÙáÂ�q'u�Å�
á 10 nm, F1�þf�Ç� 90%, Ù¦ëêÓþ,
O�(J«uã 8. lã¥�±wÑ, ���Ç��
� 24.0%, éA��`�Y|Ü3 1.87 eV—1.30 eV,
n���z©O�: 10.7%, 10.9%Ú 2.4%. �`�
Y|Ü�¥�>³�Y 1.30 eV � Si � 1.12 eV é
�C, ��e� (Si) ��z��. E¤ù�y�

��Ï´: Si ´m��Y��N, ü¬ Si ��U>
³�ÑÑ>Ø'�Y$éõ, �¦�Ç'b��n
���U>³$éõ.

ã 7 LSC �Ç!��à1'�º��Cz ¢��ã 6 ¥á
ÂÇe��Ç, J��ã 6 ü�áÂÇe��Ç

ã 8 �n�nU� LSC �Ç���U>³�Y�Cz

d^���±�[`zF1á��áÂÅ
ã/u�Å�!U�ê�éo1>=��Ç�K�,
ùÜ©ó�Ø3dKã.

5 o (

�©XÚ©Û
ü�9U�F181��U
1Ïì�¥�ÔnL§, ¿ïá
�A�êÆ�..
3dÄ:þ, |^ C++ �ó3 Microsoft Visual C++
6.0 mu²�þ?�
O��[^�, ïÄ
1Å
�º�!��U>³��Yéì�o1>=��
Ç�K�. ^���±�[O�U�ê!F1á�
�áÂÅã/u�Å��éo�Ç�K�, (J��
8� LSC, C-LSC ��OÚ��JønØ�â.
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Abstract

Luminescent solar concentrator (LSC) photovoltaic system can cut down the cost of photovoltaic electricity generation by re-

ducing the consumption of solar cells. Compared with the single-layer LSC, the cascaded LSC can make use of the solar spectrum

effectively and obtain high photoelectric conversion efficiency. In this paper, the physical processes of the single-layer and cascaded

LSC are analyzed and the corresponding mathematical models are established. Based on the models, the simulation software is de-

veloped to calculate the photoelectric conversion efficiencies of the LSC and the cascaded LSC. The effects of the size of the optical

waveguide and the bandgap of solar cells on the total conversion efficiency are investigated.

Keywords: photovoltaic, performance simulation, fluorescent planar optical waveguide, photoelectric conversion
efficiency
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