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Research on Ultrasonic Assisted Microstructure Hot

Embossing of Optical Glass

Student : Li-Chao Yin Adviser : Dr. Ching-hua Hung
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Abstract

Glass hot embossing is an_important .technique for optical elements
fabrication in recent years. It is generally used to manufacture optical
lenses with the advantages of low-cost and steady quality. The same
technique is also applied to mass produce microstructure optical glass
elements by using molds with microstructure surface. In the same time,
the ultrasonic assisted manufacture is widely used in plastic forming in
recent years. This technique can raise the precision of products as well as
reduce the cost of manufacture. Therefore this research focuses on
applying the ultrasonic assisted technique on the hot embossing of glass
with surface microstructure.

In the beginning of this research, finite element simulation was
adopted to design an ultrasonic horn workable in high temperature range
with temperature gradient. Then material tests were conducted with the
improved ultrasonic assisted hot embossing apparatus, and the results

indicated that the glasses were softened with the application of ultrasonic



vibration, so the forming loads can be reduced. Furthermore, several
molds with surface microstructures for glass hot embossing were
manufactured. The fresnel structure mold was made by electroformed
Ni-Co alloy, and the electric discharge machining was adopted to
manufacture both the V-groove mold and the ball grid array mold. The
microstructure glass hot embossing experiments were then performed
with these manufactured molds. The results show that, during hot
embossing process, the fillings were improved significantly with the
assistance of ultrasonic-vibration.

Keywords : glass hot embossing, ultrasonic assisted manufacture,

microstructure.
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T 27. 868

43. 35
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iz %5 F1 26 543

39. 802

51.455

169.243

100.000

- 56.8685ur

S00.0

1000.0  1410.0

um
38161 gogp 200.000 400.000 £00.000 800.000 1056.159
Profilel Horz. dist. Haht. diff. Hght. ave. Angle C.8. length C.S. area R Comment
Al 1056.159urm| _ 14.854um| 117.150um 0.806°] 1254.073um|83534.032u..
Sea.l 187.222um| _ 27.868um| 114.852um 8.466°| 248.724um| 3559.255u..
* 172.930um| _ 43.350um| 124.537um 14.073°| 242.897um| 4094 670u..
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Profile1 Horz. dist. Hght. diff. Hght. ave. Angle C.5. length C.5. area R Comment
All 1056.159urm| _ 28.257um|_129.863um 1.533°| 1534.835um|118034.880...
Seq.l 74.317um| _ 58.623ur|_108.606um 38.267°|_135.030urn|912.024um2
ﬁ 78.604um|  68.968um| 156.757um|  41.264°| 372.950um| 3830.244u..
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Profile1 Horz. dist. Hght. diff. Hght. ave. Angle C.8. length C.S. area R Comment
All 1056.159ur| _ 18.875um|_134.518um 1.024°]1280.861um47328.969u...
Seq.l 41.446um| _ 26.543um| 131.558um) 32.636°|  76.788um|350.748um2
g 74.317urm| _ 35.802urn| 114.081um) 25.722°| 155.601um|373.573um2
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Profilel Horz. dist. Haht. diff. Hght. ave. Angle C.S.length | CS. area R Comment
Al 1056.159ur| 27.121um| 114.007um) 1.471°[1768.774um[37775.484u..
Seg 1 50.021um| 51.445um| 104.620um| __ 45.804°| 107.733um|757.614um2
* 50.021ur| _ 65.802um| _82.776um 52.759°| 255.271urn|859.378um2
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Profilel Horz. dist. Haht. diff. Haht. ave. Anagle CS.length | C8. area R Comment
Al 1056.159urm|  17.348um| 126.702um 0.941°] 2052.123um|103173.057..
Seg.l 37.158urm|__ 89.892urm| 127.408um 67.541°| 277.469urn| 1651 256u..
* 42.875um| _ 89.892um|  97.651um 64.501°| 211.608um| 1102.850u..
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0.000 200.000 400.000 £00.000 800.000 1056.159
Profile1 Horz. dist. Haht. diff. Haht. ave. Angle CS. length | CS. area Comment
All 1056.159um 2.776um| 139.822um 0.151°|27200.365u..[147866.446..
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1410.D
1000, 0

251.773

200.000

150.000

100.000

um

80122 g p 500,000 1000.000 1408671
Profilel Horz. dist. Hght. diff. Haht. ave. Angle C.S. length C.S. area R Comment

All 1408.671um 3.371um| 136.965um 0.137°]1436.754um|(108352.855..

Seqg.1 556.606um|  46.781Tum| 156.363um)| 4.804°| 573.301um|19214.237u...

B 5-3 F &M VLSS E1

246.155
200.000
150.000
100.000
um
73831 qom 500,000 1000.000 1408671
Profile1 Horz. dist. Haht. diff. Hght. ave. Angle C.S. length CS. area R Comment
All 1408.671um| 11.656um| 182.376um 0.474°[1438.183um[153054.034..
Seag.l 592.824um| 46.134um| 198477um 4.450°] B06.312um|20046.416u...
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162.961

140.000
120.000
100.000

80.000

um
B1.130 5000 500.000 1000.000 1408671

Profilel Horz. dist. Hght. diff. Hght. ave. Angle C.S. length C.5. area R Comment
All 1408.671um 8.138um| 119.737um 0.331°)1425.179um|[82639.313u..
Seq.1 575.668um| 38.487um| 135.592um 3.825°| 584.289um[16560.062u..

B 5-5 F sk my V2 25%@1

172.466
160.000

140.000
120.000
100.000

80.000

um
58308 oo 500.000 1000.000 1408671

Profile1 Horz. dist. Hght. diff. Hght. ave. Angle C.S. length C.S. area R Comment
All 1408.671um| 33.775um| 120.064um 1.373°]1432.925um|86232.991 u..
Seﬁl 585.199um| 39.343um| 135.025um 3.846°| 599.249um[17367.562u..
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S00.0 1000.0 1410.0

140.000

120.000
100.000
80.000
um
55316 gpop 500,000 1000.000 1408.671
Profilel Horz. dist. Haht. diff. Haht. ave. Angle C.S. length C.S. area R Comment
All 1408.671um| 14.310um| 119.576um 0.582°| 1444 .547um|[89762.974u..
Seq.1 560418um| 47.385um| 137.006um 4.833°] 585.963um|[19922.029u..

B 5-7 F & Hm V3 E5E 1

um

200.000

um
126183 g 500,000 1000.000 1408671
Profilel Horz. dist. Haht. diff. Haght. ave. Angle C.5. length C.S. area R Comment
All 1408.671um| 13.926um| 197.351um 0.566°) 1447.837um|(100350.059..
Sea.‘l 594.730um| 53.765um| 219.313um 5.166°] 622.045um[24062.553u...

B 5-8 7 &% %5 V3 %% §] 2
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All

1408.671um

33.775um

120.064um

1.373°

1432.925um|(86232.991u..
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3.846°

599.249um|17367.562u..,
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um
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Angle

C.8. length C.S. area

Comment

All

1408.671um

14.230um

177.756um

0.579°

1439.765um|69790.492u..

577.574urm

42.986um

197.500um

4.256°

589.553um|18320.197u...
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1410.0
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200,000
150.000
um
93248 gong 500,000 1000000 1408671
Profile1 Horz. dist. Hght. diff. Haght. ave. Angle C.S. length C.S. area R Comment
All 1408.67Tum|  17.713um| 144.645um 0.720°)1479.606um|72472.396u...
Seq.1 580.917um| 106.276um| 183.53%um 10.196°| 652.338umid3615481u..

Bl 5-110 5 2% %% V5.5 % B 1

1000, 3-

um

==

150.000

um
81780 oo 500.000 1000.000 1408671
Profilel Horz. dist. Haht. diff. Haght. ave. Angle C.S. length C.S. area R Comment
All 1408.671um| 0.978um| 130.05%um 0.040°[1472.487um|68076.233u..
Seq.1 573.762um| 107.15%um| 171.560um 10.579°] 631.060um@d2026.1459u..
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1410.0

176.715
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120.000
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um
55872 000 500.000 1000.000 1408671

Profilel Horz. dist. Haght. diff. Haght. ave. Angle C.8. length C.8. area R Comment
All 1408.671um 6478um|  95.67%um 0.263°[1458.981um|56130.355u...
Seq.l 596.636um| 75.492um| 129.378um 7.211°| 640.311um|35911.059u...

Bl 5-13 F 2% %5 V6.5 % Bl 1

152 413,01 i ] 1410.0

211.369
200.000

180.000
160.000
140.000
120,000
100.000

um
83888 g oog 500,000 1000.000 1408671
Profilel Horz. dist. Haht. diff. Hght. ave. Anagle C.5. length C8S. area R Comment
All 1408.671um|  13.250um| 131.156um 0.539°) 1457.743um|58471.261u..
Seﬁl 541.357um| 74.733um| 166.804um 7.860°] 579.85%um|33429.596u..

Bl 5-14 3 % %% V6 % % [ 2
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150.000

100.000

um
44402 oo 500,000 1000000 1408671
Profile1 Horz. dist. Haht. diff. Haght. ave. Angle C.5. lenath CS. area R Comment
All 1408.67Tum|  19.195um| 97.715um 0.781°)1512.204um|?5174.408u...
Seq.l 575.668um| 140.635um| 153.165um 13.728°| 670.489um[56259.174u..

B 5-15. 9 % %% V1.2 % B 1
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um
83744 000 500,000 1000.000 1408671
Profilel Horz. dist. Haht. diff. Hght. ave. Angle C.8. length C8. area R Comment
All 1408.67Tum. 3.242um| 125.981Tum 0.132°)11527.784um|79296.670u...
Seq.l 587.105um| 148.106um| 179.670um 14.158°| 703.939um|58658.108u...
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150.000 r ‘
100.000 o

um
1877 oo 500,000 1000.000 1408.671
Profilel Horz. dist. Haht. diff. Haght. ave. Anale C.8. length C8. area R Comment
All 1408.671um| 45763um| 106.763um 1.861°[1499.008um|63573.154u..
Seq.1 564.231um| 90.39Tum| 145.392um 9.102°| £22.100umi0227.352u...

B 5-17. 9 5% %% V8. % [ 1
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150.000

100.000

um
58015 000 500,000 1000.000 1408671
Profilel Horz. dist. Hght. diff. Haht. ave. Anale C.S. length C.S. area R Comment
All 1408.67Tum| 46.333um| 104.534um 1.884°[1497.121um|65594.517u..
Seq.l 575.668um| 88.82%um| 141.156um 8.772°] 628.140um|38544.031u...

B 5-18 7 % %%. V8 2 % ] 2
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B 5-21 F 2% %% V3 = &5
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B 5-24 F % Sa%. V6 = 5

B 5-25 F % %% V7 = &5
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% 13 Fresnel #4 R 7 2% % #ic
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‘ - P 4% (mm)
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6 430 398 1.5 #
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1410.0

276.897
250,000
200,000
um
140.037 gggp 500.000 1000.000 1408671
Profilel Horz. dist. Haht. diff. Haht. ave. Angle C.8. length C.B. area R Comment
All 1408.671um| __ 3.751um| 193.027urm 0.153°[1443.738urn[74718.293u..
Seg 1 7434 um| _ 24.786um| 190.437um 16.439°]  79.863um| 1123.786u..
* 51.467um| 24.786um| 205.24Bum 25.715°| 64.666um| 1182.748u..
[T

—

0. Oum

216.922
200.000

180.000
160.000
140.000
120.000

100.000

um
88120 ggg 500.000 1000.000 1737.774

Profilel Horz. dist. Haht. diff. Haht. ave. Angle C.5. length C.S. area R Comment

All 1737.774um|  55.265um| 138.930um 1.822°) 1885.068um|38366.780u...
Seqg.1 122.279um|  37.525um| 145.592um| 17.060° 153.236um| 3914.420u..
112.873um| 34.482um| 149.548um 16.988°| 147.278um| 2583.473u..
108.170um| 26.369um| 151.387um 13.700°) 158.373um| 1360.217u..
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185.781

150.000
100.000
um
50841 gog 500,000 1000.000 1467.882
Profilel Horz. dist. Hght. diff. Hght. ave. Angle C.S.length | CS.area Comment
All 1467.882um|  32.529um| 115.896um 1.270° 1572.146um195876]44u..
178.768um|  51.077um| 128.695um 15.945°| 212.009um| 3332.577u...
248.28%um|  47.884um| 121.765um 10.916°| 272.935um| 7114.085u...
317.80%um|  44.692um| 95.801um 8.005°] 344.29%um| 7968.224u..

i 5-31

T 5 ks LB

—

% B 3

234.842
200.000
150.000
100.000
um
B3 ga0 500.000 1228.284
Profilel Horz. dist. Hght. diff. Haht. ave. Angle C.S. lenagth C.S. area Comment
All 1228.284um|  19.637um| 149.376um 0.916° 1401.656um[139692.954...
Seq.1 154 574um|  65.834um| 176.654um 23.069°( 215.780um| 5138.270u...
252.638um|  64.266um| 152.742um 14.272°| 275.691um| 8234 669u..
207.761um| 59.564um| 118.858um 165.997°] 246.881um| 5251.224u..
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0. Oum 500. 0 1000.0 j4ip.0

127.551
100.000
80.000
um
5 gm0 500,000 1000.000 1408671
Profilel Horz. dist. Hght. diff. Hght. ave. Angle C.S. length C.S. area R Comment
All 1408.671um| 12.804um| 85.099um 0.521°)1414.598um|39464.134u...
Seq.1 182.994um| 17.194um| 90.12%um 5.368° 185.037um| 1896.853u..
205.868um 9.984um| 82.351um 2.776°| 206.897um|862.506um2
NS

B 5-33 G &M 2 RSB 1

129.024
100.000
80.000
um
58583 q0on 500,000 1000.000 1469.259
Profilel Horz. dist. Haht. diff. Haht. ave. Angle C.S. lenagth C.S. area R Comment
All 1469.259um 5.126um|  93.985um 0.200°| 1484.307um|52055.046u...
; 246.533um| 22.73%um| 86.562um 5.270°) 250.115um| 2809.408u...
234.604um|  21.630um| 95.297um 5.268°) 237.801um| 2895.492u...
178.935um|  21.630um| 97.126um 6.892°] 182.344um| 2249.574u..

B 5-34 Fk%mEL2 £ R %E 2
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S00.0 1000.0 1410.0

133.262

120.000

100.000

80.000

60.000

um
44288 g npp 500,000 1000.000 1567.026
Profilel Horz. dist. Hght. diff. Haht. ave. Angle C.S. lenagth CS. area R Comment
All 1567.026um|  30.706um| 85.396um 1.123°[ 1618.206um|64505.543u...
69.975um| 29.171um| 86.201um 22.630°| 70.243um| 1931.396u..
282.022um| 35.155um| 90.520um 7.106°| 291.575um| 4418.057u..

188.722um|  45.627um| 105.126um 13.592°| 206.115um| 5158.718u..

B 5-35 F &S 2 £ RSB 3

1000.0 1410.0

150.101
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50.000
um
13405 g opp 500.000 1000.000 1253.070
Profilel Horz. dist. Hght. diff. Hght. ave. Angle C.5. lenath CS. area R Comment
All 1253.070um|__41.626um|_102.621urm| 1.903°[1297.230um[111916.971..
Sea.l 288.257um|__ 34.443um| 104.153um 6.614°| 298.324um| 5383.228u..
* 218.736um|  29.061um| 111.288um 7.568°| 228.270um| 4017.101u..
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0. Dumoiel, v

0. Oum =
=802 1000. 0

149.428

120,000

100.000

80.000

um
58780 g ong 500.000 1000.000 1402.671
Profilel Horz. dist. Hght. diff. Haght. ave. Angle C.S. length C.S. area R Comment
All 1408.671um| _ 26.634um| 108.995um 1.083°[ 1425.859um|70805.841u..
Seg 1 221.118um| _21.413um| 104.824um 5531°| 226.690um| 2453.989u..
ﬁ 121.996um| _ 22.640um| 117.554um 10,604°_130.034ur| 1701.733u..

B 5-37 @i 35 R 2% E 1
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500.°

iooo.o 1410.0

0. Oun7=""

D. Dum S00. 0

155.660
140.000
120.000
100.000
80.000
60.000
" um
42035 o 500.000 1000.000 1411.425
Profilel Horz. dist. Haht. diff. Haht. ave. Anale C.S. lenath C.S. area R Comment
All 1411.425um 2.840um| 95.577um 0.115°] 1455.313um|75643.900u...
0.000um 0.000um| 78.914um 0.000um
196.721um|  33.103um|  97.802um 9.552°| 207.259%um| 2365.660u..
166.162um|  24.156um|  97.373um 8.272°| 183.262um| 1202.296u..,
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~000,

SUU. L

Ul D‘J.m #'—#—‘ﬂk“.—
0, Oum 500. 0 1000.0D

175.392
160.000
140.000
120.000
100.000
80.000
60.000
um

46403 oo 500,000 1000000 1404540
Profilel Horz. dist. Haht. diff. Haht. ave. Anale C.S.length [ CS. area R Comment
All 1404.540um 9.649um| 111.753um 0.394° 1468.423umj§1868,722u,,.
Seq.l 269.885um|  40.625um| 115.726um 8.560°] 294.150um| 4201.566u...

201.463um| 36.562um| 113.385um 10.286°| 217.795um| 3093.134u...

254.680um|  38.593um| 111.026um 8.617°) 274.210um| 5624.821u..

Bl 5-39. 5 % %55 3 £ R % % [ 3

—

1nrn. N3

S00.0 3

0. Oum ——
0. Oum 500.0 1000.0 1410.0

198.326
180.000
160.000
140.000
120.000
100.000
um

81133 oo 500,000 1000.000 1454112
Profilel Horz. dist. Haht. diff. Hght. ave. Angle C.S. length C.S. area R Comment
All 1454.112um 5.431um| 135.000um 0.214°[ 1506.453um|[78394.689u...

220.380um| 45.214um| 142.124um 11.594°| 244.665um| 4722.798u..

253.830um|  37.832um| 137.450um| 8477 272.266um| 4976.649u...

308.925um| 30.450um| 135.434um 5.629°| 311.880um| 4814.700u..

B 5-40 7 k%53 B2 B 4

94



1000.0 7
1410.0

159.299

140.000

120.000

100.000
um
88317 5000 500.000 1000.000 1408671
Profilel Horz. dist. Haht. diff. Haght. ave. Anale C.S. length C.S. area R Comment
Al 1408.671um|__ 5.525urm| _127.142um 0.225°[ 1426.902um|53896.616u..
Seq.l 295 459urn|__ 21.058urn| 126.875um 4.077°|_303.311um| 2868.952u..
* 19443 um|_ 21.613um| 129.664um 6.343°] 201.655um| 2673.563u..

B 5-41 F M AR EER1

—

0. Oumr o =770

0. Oum 500. 0

147.952

120.000
100.000
80.000
um
85827 000 500,000 1000.000 1383.885
Profilel Haorz. dist. Haht. diff. Haht. ave. Angle C.8. lenath CS. area R Comment
All 1383.885um 7.523um| 102.446um 0.311°)1418.805um|50727.506u...
Seq.] 196.628um|  21.340um| 110.589um 6.194°| 209.355um| 2586.828u..
. 172.283um|  32.333um| 106.559um| 10.629°| 188.424um| 2467.095u..
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153.131

140.000
120,000
100.000

80.000

£0.000

48507 g gpp 500,000 1000.000 1414173
Profilel Horz. dist. Haht. diff. Haht. ave. Angle CS.length | CS. area Comment

All 1414.179um: 4.060um|  83.211um 0.164°) 1456.194um|51956.317u...

214.328um|  47.015um| 96.932um 12.373°| 240.029um| 4157.482u..

185.147

160.000

140.000

120.000

100.000

71.585

187.537um

34.422um|  87.453um 10.401°

198.021um| 3287.763u..

267.909um

20.14%um| 76.82%um 4.301°

269.975urn| 3171.754u..

T

i 5-43

0.000

500.000

F b 4 £ RSB 3

1410.0

um
1240677

Profile1

Horz. dist.

Haht. diff. | Haht ave.

Angle C.8. length

CS. area

Comment

All

1240.677um

28.83%urn| 143.704um

1.332°/1333.89%urm

89575.145u..

Seq.1
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=2~ 100, 0
500.0

165.543

140.000

120.000

100.000

um
77532 oo 500.000 1000.000 1408671

Profile1 Horz. dist. Hght. diff. Hght. ave. Angle C.5. length C.S. area R Comment
All 1408.671um 6.745um| 116.592um 0.274° 1429.749um|55076.722u..

Seq 1 160.120ur| _20.780urn| 121.359um 7.398°]_167.976um| 1925.125u..
* 161.088um|  20.780um| 110.790um 6.549°| 190.618um| 2014.256u..

B 5-45 F &M O BRI SR 1

510.

y —
0, QunrA At
0. Oum 500.0 1000.0 1410.0

143.807

120.000
100.000
80.000
um
51778 g0 500,000 1000.000 1440342
Profilel Horz. dist. Haht. diff. Haht. ave. Anale C.S. lenath CS. area R Comment
All 1440.342um| 14.976um| 94.566um 0.596°] 1484.600um|(61688.932u...
Seq.l 14033 um|  28.560um|  92.213um 11.504°| 153.705um| 1464.88%u..

87.707um| 30.875um| 103.794um| 19.393°| 100.757urn| 1589.826u..

183.210um| 28.560um| 98.145um 8.860°| 198.45Tum| 2714.085u..
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Lo, 1

500. 07
e S
0. Qum™
0. Dum

130,878
120.000
100.000
80000
: um
63285 gpap 500.000 1000.000 1381131
Profilel Horz. dist. Haht. diff. Hght. ave. Anale C.S. lenath CS. area R Comment
All 138113 um|  11.708um|  84.305um 0.486°] 1397.067um|29060.284u..
Seq.1 188.761um|  31.934um| 93.930um 9.602°] 196.318um| 2990.640u..
256.042um| 22.886um| 83.078um 5.108°| 258.030um| 2802.783u..
| Sead | 229877um| 25.015um| 76.820um 6.210°] 231.492um| 2392.283u..

B 5-47 R & %5 5 R F % B 3

b S N

Ol ioo0.a 1410.0

0. Oum 500.0

150.750
140.000
120.000
100.000
80.000
60.000
um
38153 000 500,000 1000.000 1374246
Profile1 Horz. dist. Haht. diff. Haht. ave. Angle C.S. lenath C.S. area R Comment
All 1374.246um|  31.556um| 97.072um 1.315°) 1409.081um|(81049.700u..
Seqg.l 251.046um|  25.711um| 96.472um 5.848°) 253.705um| 3032.754u..
e 221.293um|  30.144um| 116.24%um 7.757° 227.284um| 4958.399u...
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133.341

130.000
120,000
110.000
100.000
90,000
um
77053 g 000 500.000 1000.000 1402671
Profilel Horz. dist. Haght. diff. Haght. ave. Angle C.S. lenath CS. area R Comment
Al 1408.671um| __ 2.773urm| 105406um 0.113°[1416.636um|39979.209u..
Seg 137.245um|__15.204um| 100.538um 6.321°| 139.037urn|B0B.882um?2
* 188.243um| 15.695um| 101.568um 4527°| 199.984umn| 1368.578u..

—
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D Quprar—r—rip 4t

D. Qum 500.0 i0o0. 0 1410.0

149.472

120.000

100.000

um
72533 g0 500.000 1000.000 1401.786
Profilel Horz. dist. Haht. diff. Haht. ave. Angle C.S. length C.S. area B Comment
All 1401.786um|__ 0.526um| 111.426um 0.021°] 1418.893um(54480.882u..
Seq.l 191.584um| _ 19.370um| 114.84Tum 5773°| 196.548um| 2425 688u..
* 178.306um|  22.396um| 116.087um 7.159°] 183.593um| 2599.010u..
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1000, 07

500.03

1000.0 1410.0

169.114

140.000
120.000
100.000
um
78820 qng 500,000 1000.000 1411.425
Profilel Horz. dist. Haht. diff. Haht. ave. Angle C.S. length C.5. area R Comment
All 1411.425um 3441um| 117.736um 0.140°[ 1437.393um|54980.193u..
Seg.l 234.919um| 30.572um| 128.237um 7415° 244.414um| 3621.426u..
196.721um|  22.751um| 116.646um 6.597°) 202.818um| 2566.13%9u...
250.198um|  25.595um| 110.317um 5.841°) 256.051um| 3994.922u..

B 5-51 9 5 %5 6 02 % B 3

—

1nn. n=

500.0 —

134712

120.000

100.000

80.000

um
59273 gomo 500.000 1195.23¢

Profilel Horz. dist. | Haght diff. | Haght. ave. Anale CS. length | CS. area R Comment
All 1195.236um 5.088um|  94.775um 0.244°11219.739umd2475.194u..

Seq 1 198.836um| _32.074um| _68.440um 9.159°| 206.819um| 2142.818u..
* 299.213um| 37.420um| 94.602um 7.128°| 307.157um| 6298.493u..
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# 14 Fresnel :# 7 & Bl %

# P B (um)
FoH-Fo @ FoH-F 8 Pz H-Frd
P
Bz Yt F1 26.543 35.8 51.455
P B 1 24.786 34 51
F 2 S 2 21.6 21.6 45
P B n5h 3 23 33 40
B B ¥l 4 21.3 32 34
B 5% % 5 20.79 30.875 28.56
P S %l 6 15.4 22.39 22.751
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%015 4z 3 Ao de s % AL (8 = um)

A B s AR | F-%-Fod | FoR-FZE [ FzR-¥ed | Frd-vTd
4 X 26.543 35.8 51.455 65.8
1 BE4357C ~ T HE415°C ~ B sEE 1.5mm
1 y 24.786 34 51 47
2 #£ 21.6 21.6 45 35
4+ #430°C ~ T $:398C -~ fi‘fﬁ?&_ 2mm
3 F 23 33 40 36.5
4 # 21.3 32 34 20
+H0430°C > 151-398°C ~ B E 1.5mm
5 2 15.4 22.39 22.751 25.595
6 3 20.79 30.875 28.56 25
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