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Abstract
In this study, the optical software will be used to design the
micro-lens and to manufacture with LIGA like process. After the mold
of micro-lens accomplish, the lamination of PV module encapsulation
should be processed in ETFE film, then the power measurement should
also be conducted here. The power of PV module will be discussed by

using the fill factor ~ diameter ~ alignment angle and other parameters of

the micro-lens array (MLA). The research shows the MLA can reduce
the reflection of the incident light to increase the second refraction on
PV module. In this study, it can have a stable power output and
enhanced power efficiency up to 2% when the alignment angle from 0°
to 60°. The laminated encapsulation technology of micro-lens array
integrated PV modules can reduce costs for mass production and
promote the power effectively. It is useful to product the PV modules in

the future.
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Source type : Irradiance
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Diameter(pum) 100 150 200
f.f(%) 40 | 50 | 60 | 40 | 50 [ 60 | 40 | 50 | 60
Center

) 150 {134.7{122.9] 225 | 200 [184.4(301.2{269.4{245.8
distance(pum)
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7 RE R T EERS R

D(pm) 100 150 200

(um)

25 50 75 25 50 75 25 50 75

0

(| 83897 | 833.18 | 83091 | 84048 | 83477 | 83224 | 841.67 | 83871 | 833.83
0 (1.28%) | (0.58%) | (0.3%) | (1.46%) | (0.77%) | (0.46%) | (1.6%) | (1.24%) | (0.66%)

_ | 82291 | 819.09 | 813.03 | 82444 | 820.82 | 81936 | 82671 | 822.67 | 82135
P (1.84%) | (1.36%) | (0.61%) | (2.03%) | (1.58%) | (1.4%) | (2.31%) | (1.81%) | (1.64%)

| 73482 | 72846 | 72239 | 73636 | 73471 | 727.18 | 73751 | 73433 | 73165
30 (2.44%) | (1.55%) | (0.7%) | (2.65%) | (2.42%) | (1.37%) | (2.81%) | (2.37%) | (1.99%)

_ | 57397 | 585.60 | S88.81 | STLIS | 579.96 | 58533 | 57061 | 573.84 | 57795
. (4.11%) | (6.22%) | (6.8%) | (3.6%) | (5.19%) | (6.17%) | (3.5%) | (4.08%) | (4.83%)

_ | 22010 | 27920 | 28557 | 25048 | 27722 | 278.12 | 20092 | 20671 | 27082
0 (-19.51%)| (2.11%) | (4.44%) | (-8.4%) | (1.38%) | (1.71%) |(-26.52%)| (-24.4%) | (-0.96%)

| 2287 | 3317 | 4154 | 1821 | 2823 | 3298 | 1641 | 1928 | 24.16
b (-54.64%)|(-34.22%)|(-17.62%)|(-63.88%)|(-44.01%)|(-34.58%)|(-67.46%)|(-61.76%)|(-52.09%)
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- REHHRZE LS He FEPE
D(pm) 100 150 200
f.f(%)
40 50 60 40 50 60 40 50 60
. 833.18 835.51 839.24 | 832.24 | 834.77 839.13 832.11 834.15 838.71
0 (0.58%) | (0.86%) | (1.31%) | (0.46%) | (0.77%) | (1.3%) | (0.45%) | (0.69%) | (1.25%)
. 819.09 | 821.04 | 823.65 819.36 | 820.82 823.56 | 818.48 821.84 823.11
15 (1.36%) | (1.61%) | (1.93%) | (1.4%) | (1.58%) | (1.92%) | (1.29%) | (1.7%) | (1.86%)
. 728.46 | 733.52 | 735.76 | 727.18 734.71 735.62 | 72532 | 731.92 | 734.78
50 (1.55%) | (2.25%) | (2.57%) | (1.37%) | (2.42%) | (2.55%) | (1.11%) | (2.03%) | (2.43%)
. 585.60 | 580.56 | 573.06 | 585.33 579.96 | 572.95 583.22 | 577.89 | 572.48
» (6.22%) | (5.3%) | (3.94%) | (6.17%) | (5.19%) | (3.92%) | (5.79%) | (4.82%) | (3.84%)
. 279.20 | 278.62 | 219.45 | 278.12 | 277.22 | 252.66 | 200.92 | 270.04 | 204.31
%0 (2.11%) | (1.89%) [(-19.74%)| (1.71%) | (1.38%) | (-7.6%) | (0.75%) | (-1.24%) |(-25.28%)
. 33.17 28.23 21.16 32.98 28.23 20.38 16.41 24 18.66
b (-34.22%)|(-44.02%)(-58.04%)|(-34.58%)|(-44.01%)|(-59.57%)|(-39.79%)|(-52.41%)|(-62.98%)
# N~ kfefifiz Reflow o {6 2. % o #H ARk & B %
F % . l
Reflow = Reflow {$
EU-a
D(pm) | Cd(um) D(pm) Cd(pm) D(pm) Cd(pm)
100 150 98.5+0.5 149+1 97+1 147+1
150 175 152+1 17342 148+1 173+1
150 200 1511 198.5+1 139+1 198+1
150 225 1511 224+2 142.5+0.5 221+1
200 250 200.5+0.5 250+1 188.5+1 245.5+1
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%4 X [eEH iz Reflow = 2.

T+ HCE 2 R

E | e
B
D(pum) tzra (Wm) D(pm) tera (Wm)
100 3.98 94.14 2.95
150 9.61 151.3 8.63
200 17.94 204.78 16.77

F. -+ Skpedric Reflow {6 2. 7 + B AcE £

P s R A _
Micro-lens
w A
D(pm) | ro (um) | Bisns (um) | D(um) | ro (pm) | Biens (um)
100 | 162.12 7.9 89.32 [209.03 | 6.79
150 | 162.12 | 18.4 [138.38(267.41| 9.11
200 | 162.12 | 34.52 |186.49|207.58 | 33.5
AR -7 R NEES ¥ L T
F R
" 5 =4 5 44
;{;‘L . —f i ﬁ_al q,%»w
D(pm) | Cd(pm) | D(pm) | Cd(pm) | D(pm) | Cd(pm)
100 150 97+1 14741 |104.5+0.5| 145+1
150 175 148+1 1731 1671 | 181.7+1
150 200 139+1 198+1 |162.1+0.5|202.7+1
150 225 | 142.5+0.5| 221+1 | 155.3+1 | 226=*1
200 250 188.5+1 | 245.5¢1 | 210+0.5 |256.1+1
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%+ = MLA # =% ETFE %" B i s & 0P|
R
‘ 48 i MLA # 28 ETFE "¢
® 3 e
D(pm) | Cd(pm) | D(pm) | Cd(pm) | D(pm) | Cd(um)
100 150 104.5+£0.5 145+1 102.4+0.5| 147.8+2
150 175 167+1 181.7+1 152.2+1 178+0.5
150 200 162.1£0.5 | 202.7+1 150.7+1 199.9+1
150 225 155.3+1 226+1 151.2+1 226.9+1
200 250 210+0.5 256.1+1 201.6+1 252.9+1
2Ltz FEESENA BT EZHSX
(W) lens- lens- lens- lens- lens-
8) | non-lens | D=100 | D=150 | D=150 | D=150 | D=200
0 Cd=150 |Cd=175 | Cd=200 | Cd=225 | Cd=250
0.4869 0.5113 0.5154 0.5134 0.5178
0° 0.5107
(-4.66%) | (0.12%) | (0.91%) | (0.53%) | (1.39%)
0.4678 0.4955 0.4982 0.4969 0.5018
15° 0.4953
(-5.55%) | (0.04%) | (0.59%) | (0.32%) | (1.32%)
0.4176 0.4428 0.4475 0.4451 0.4535
30° 0.4432
(-5.78%) | (-0.09%) | (0.96%) | (0.43%) | (2.32%)
0.3368 0.3577 0.3624 0.3608 0.3663
45° 0.3586
(-6.09%) | (-2.5%) | (1.04%) | (0.61%) | (2.12%)
0.23 0.2388 0.2446 0.2427 0.2481
60° 0.2409
(-4.51%) | (-0.87%) | (1.56%) | (0.75%) | (2.98%)
0.0932 0.1043 0.1022 0.101 0.1043
75° 0.1052
(-11.4%) | (-0.86%) | (-2.85%) | (-3.99%) | (-0.9%)

38




o

Iy
A
= e T —
1

]
i
]
i

/ / \ W\ |

(A1 & 0° (B)¥t 1+ & 45°
Bl- - A 4E /S 100um 2. 56 50§ @)

Hil
AL

(A1 & 0°

Bl L - jkih

fﬁfﬁ:ﬁf"ﬁ
S

\ / :3:

(A%t & 0° (B)$t 1+ & 45°
Bl= - B 4AE S 200um 2 5k § F

Al

39



B(%6)

5(%)

-20

-30

-40

-50

60

-10

-20

-30

-40

-30

40

-10

p——
/
/

5(%)

—4—D=100,0=25 ——D=1509=25
——D=100 0=50
—a—D=100,0=75 —a—D=1500-75

—a—D=000,g=50

43 60 73 0

kB RS % 2 BN F

il

43

/
/

——0

——
——[

1

1

00.11=40% ——D=150.1=40%

——D=20011=50% |

0. =60% —a—D=150 11=60%

15 30
8°)

Bl- tw

1 1 U
43 60 73 0

LR L 2 5 A

40

30

45



41



reflow = reflow {é reflow =+ reflow {&

D=100pum ; Cd=150um

reflow &

D=150um ; Cd=225um
= b= 45 kg iR Bl oS A
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reflow = reflow s MLA

D=100pum

reflow =» reflow s

D=150um

reflow #» reflow {$

D=200um
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Ni mold MLA ETFE film Ni mold MLA ETFE film
D IOOum Cd=150pm D= 200um Cd=250pm

Ni mold MLA ETFE film Ni mold MLA ETFE film
D=150pm ; Cd=175um D=150pm ; Cd=200um

Ni mold MLA ETFE film
D=150pum ; Cd=225um
Bl- -4 kFEicaip#E> 4 -2 MLAETFE %
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