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Glass hot embossing technique is important in manufacturing glass optical elements. With the vigorous
developments, the process was extended to micro structure hot embossing process, and substantially lowered
the cost to produce glass micro optical elements. Ultrasonic vibration-assisted forming was extensively
adopted in plastic manufacturing processes. With the effects of changing the frictional condition and raising
the material temperature, the material formability is increased, the forming accuracy is improved and the
cost is reduced. Thus, this research combined the ultrasonic vibration-assisted forming and the glass hot
embossing process. The effect of changing material properties caused by ultrasonic vibration was applied to
improve the forming efficiency and the product quality, and stretched the applications of glass hot
embossing technique.

In this research, the apparatus for the ultrasonic vibration-assisted glass hot embossing process was
firstly developed, so the function of ultrasonic vibration-assisted forming can be applied in traditional glass
hot embossing process. An existing apparatus for traditional glass hot embossing process was modified to
improve the heating efficiency; with the finite elements analysis and verification experiments, a modal
analysis model for high temperature ultrasonic horn was built. Thus the modified apparatus could provide
preliminary function for ultrasonic vibration-assisted glass hot embossing process. Due to the operation limit
in the existing apparatus and the requirements in future process, a new apparatus was developed. The life
time of the infrared heaters were extended, and the embossing force in the vacuumed heating chamber can
be measures precisely, so experiments with higher accuracy can be performed in this new apparatus. Next,
the ultrasonic vibration-assisted glass hot embossing processes were held by these apparatuses. In the flat
mold hot embossing experiments, the result proved that the material was softened by the application of
ultrasonic vibration. Then V-groove structure, holes array and Fresnel structure molds were used to form
glass elements with complex shapes, and the effects caused by the increasing flow with the application of
ultrasonic vibration were discussed with the process parameters and the formed products. Finally, for the
future applications of optical elements and the developing trend in green energy, a preliminary study was
performed on using Fresnel structure as concentrator design in solar cell. The procedure of optical design,
optimization and verification experiments were built, hence the excellent properties of glass material can be
used in the future work to produce practical solar concentrators.

Key words: ultrasonic vibration, glass hot embossing process, V-groove, Fresnel structure
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- - 22.8%
V1 E 1.5mm 0.5mm/min 41.2um
FH-435°C ~ T H-405°C
V2-ultra | 1.75mm-2mm 2mm 0.5mm/min 106.7um
- 42.1%
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0. Dum 500.0 1000.0  141d.0

167.353

140.000

120.000

100.000

80.000

urn
B318  gpog 500,000 1000.000 1408671
Frofile] Haorz. dist. Haht. diff. Hght. ave. Angle .8, length C.B. area R Comment
All 140867 1um|  14.310um| 119.576um 05827 1444 54 7um|39762.974u...
Seq.] BE0.418um|  47.385um| 137.00Bum 4.833°] 585.963um[19922.029uy..

Bl 4.37 V1-ultra # 5z & 2]

172,466
160.000

140.000
120.000
100.000

80.000

um
58.308 5000 500.000 1000.000 1408671

Profilel Horz. dist. Hght. diff. Hght. ave. Angle C.5. length C5 area E Comment

All 140867 urn)  33.775um| 120.064urm 1.373°[1432.8925urm|36232 991 u..

Seg.] 585.19%9urm|  38.343urm| 135.025urm 3.846° 599.249urm|17367 562u..

B 4.38 V1 # 5 & B
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Profilel Horz. dist. Hght. diff. Hght. ave. Angle C.5. length C.5 area R Comment
All 1408.671um|  17.713um| 144 645um 0.720°[1479.606um(72472.396u..
Seq.i 590.91Fum| 106.276um| 183.53%um 10.196°] B52.338umid3615.481u..
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83.633

Bl 4.39 V2-ultra # &z & 2]

00, 0
0. Jum
0. Oum

500. 0

1410.0

um
1408.671

B 4.40 V2 #5 5 & B
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0.000 500.000 1000.000

Profiled Horz. dist. Hght. diff. Hght. ave. Angle .5, length C.5 area R Comment
All 1408.671um|  13.280um| 131.156um 0.539°) 1457 . 743um|58471.26 1 u...
Sea.‘l 541.357um|  74.733um| 166.804um 7.860°) 579.859um|33429.596u..
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44402 o 500,000 1000.000 1408671
Profile] Horz. dist, Hght. diff. Hght. ave. Angle C.5. length C.5 area R Comment
Al 1408.671um|  19.195um| 97.715um 0.781°) 1512.204um[F5174.408u..
Seq.1 575.668um| 140.635um| 153.165um 13.728° B7048%um|BE259.174u..

Bl 4.41V3-ultra #; 5z & B

1410, 0

187.685
150.000
100.000
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B015 g 500,000 1000000 1408.671
Profilel Haorz. dist. Hght. diff. Hght. ave. Angle C.5 length C.5 area R Comment

Al 1408.67Tum|  46.333um| 104.534um 1.884°[ 1497 121um 65594 .51 Fu..

Seg.1 575.668um|  88.829um| 141.156um 8.772°] 628.140um[38544 .03 u..

B 4.42V3 # 5 B



HEE st (3| 4E (mm) | B (mm) | FER (mm)
Arrayl 5%5 0.8 1.5 0.5
Array?2 5x5 0.8 1 0.5
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Bl 4.45Array2 Flit £
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g om ‘\"\\ 7['—T,ir- /QA\
#oom . \—g\’ \
" \ M \ng \
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B 4.49 #4075 E R
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F o % 1 2 3
Al % & (mm) 0.032 0.024 0.024
% & (mm) 0.055 0.027 0.029
Al-ultra
® R H A F (%) 71.88 125 20.83
A2 % & (mm) 0.028 0.021 0.028
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A2-ultra ——
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% 412 Fresnel #-iz# 3 %2 £ p|E
ER L EER b
g 28 42 56 70
T 4+ fi-(um) 27.868 43.35 58.623 68.969
Fresnel ..‘%ﬁﬁii: (um) 26.543 35.802 51.455 65.802

100.000

c E
z g
i @
= @
I -]

1000. 0

131.1
0. @

1410. 0

m
BIBT g oop 200000 400.000 500.000 800.000 1056.159
Profilel Harz. dist. Haght. diff. Hght. ave. Angle C.5. length C.5 area Comment
Al 1056.150urn| _14.854urn| 117.150um 0.806° 1254.07 3urn|B3534.032u..
Seq.l 187.222um| _ 27.868um| 114.852um 8466’ 248.724um| 3559.255u..
* 172.830urm| _ 43.350um| 124.537um 14.073° 242.897um| 4054.670u...

 4.53 T R % * (1)
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1000. 0=

237.225
200.000
150.000
100.000
50.000
unm
18250 1 oog 200,000 400.000 £00.000 £00.000 1066.159
Prafilal Harz. dist. Hght. diff. Hght. ave. Angle C.5. length C.5. area R Camtrent
All 1056.159urn]_ 28.257um| 129.863um 1.533°[ 1534.635um[115034.850..
Seq.l 74.317um|__ 56.623um| 108.606um 36.267°| 135.030urn| 912.024um2
* 78.604um|  B8.969um| 166.757um 41.264°| 372.950um| 3930.244u..

B 454 7452 R Rl % (2)

168.1582

140.000
120.000
100.000
um
BA7ES g oog 200,000 400.000 £00.000 800,000 106,153
Profilel Horz. dist. Hght. diff. Hght. ave. Angle C.5. length C.5 area R Comment
Al 1056.15%urn| _ 16.675um| 134.518um 1.024°[1260.661urnf7326.965u..
Seq.l 41 44Burn|__ 26.543urn] 131.558urm 32.636°| 76.788urn| 350.749urn2
ﬂ 74.317um| _ 35.80Zurm| 114.081um 25 722°| 155.601um|373.573umz2

B 4.55 Fresnel g tici= 2 k% % (1)
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i
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um
21551 000 200.000 400.000 £00.000 £00.000 1056.159
Profile1 Horz. dist. Hght. diff. Hght. ave. Angle C.5. length | C.5. area Comment
All 1056.15%ur|  27.12Turm| 114.007um 14717 1768.774um[37 7754840 .
Segl 50.0Z1um| 51445um| 104.620um 45.6804°| 107.733um|757.614umz
* 50.0Z1um| B5.802um| 82.776um 52.758°| 255.271um|B859.379um2

B 4.56 Fresnel s 4i0i= £ 7% % (2)

Loo0. 0

0, Oum

235.005
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100.000

um

142 g 200.000 400.000 £00.000 £00.000 1056.159
Profiled Horz. dist. Hght. diff. Hght. ave. Angle C.5. length C.5 area Comment

Al 1056.168um|  17.348um| 128.702um 0.841°] 2062.123um|103173.057...

Segl 37.158um|  89.882um| 127.408um 67.541°| 277.468um| 1651.256u..
* 42.875um| _ 89.882um|  97.651um 64.501°| 211.608um| 1102.850u..

B 4.57 Fresnel itici= 2 k1% % (3)
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‘ 460C
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% 414 Fresnel i AR = 2 Sodic
KoL FHSER(CC) | THIEACC) | m#(mm) | 423 dRd F F(mm)
Fl-ultra 435 415 1.5 125~15
F1 435 415 1.5 None
F2-ultra 430 398 1.5 1.25~15
F2 430 398 15 None
F3-ultra 430 398 2 1.75~2
F3 430 398 2 None
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Bl 4.58 Fresnel & s H# & = &5 Fl-ultra 2 F1

Bl 4.59 Fresnel & s #/R & 5 F2-ultra 2 F2

_—-/.

Bl 4.60 Fresnel & s H# & = &5 F3-ultra 2 F3
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(# = ) Glass materials have better optical properties, wear and
corrosion resistances then polymer, so glass is an ideal material to be
optical elements. By hot embossing method, aspheric and complex
structures can be formed on glass optical elements and special
functions can be achieved. This novel technique combines ultrasonic
vibration and optical glass hot embossing process, and proves that
ultrasonic vibration can increase the efficiency of glass hot embossing
process, improve the formability and upgrade the quality of the
products. This research contains the developing ability for process
apparatus, the execution procedure, and the mold fabrications of
V-groove, lens array and Fresnel structure, so the technique to perform
the ultrasonic vibration-assisted optical glass hot embossing process
was established.
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