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Our research is aimed at predicting recent trend and leading technology for the future and providing optimal Nano technology
trend information by analyzing Nano technology trend. Under recent global market situation, Users’ needs and the technology
to meet these needs are changing in real time. At this point, Nano technology also needs measures to reduce cost and enhance
efficiency in order not to fall behind the times. Therefore, research like trend analysis which uses search data to satisfy both
aspects is required. This research consists of four steps. We collect data and select keywords in step 1, detect trends based
on frequency and create visualization in step 2, and perform analysis using data mining in step 3. This research can be used
to look for changes of trend from three perspectives. This research conducted analysis on changes of trend in terms of major
classification, Nano technology of 30’s, and key words which consist of relevant Nano technology. Second, it is possible to
provide real-time information. Trend analysis using search data can provide information depending on the continuously changing
market situation due to the real-time information which search data includes. Third, through comparative analysis it is possible
to establish a useful corporate policy and strategy by apprehending the trend of the United States which has relatively advanced
Nano technology. Therefore, trend analysis using search data like this research can suggest proper direction of policy which
respond to market change in a real time, can be used as reference material, and can help reduce cost.

Keywords : Clustering, Data Mining, Nano Technology, Trend Analysis
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<Table 1> Trends in Korea by Year(Major Category)

2012]2013|2014|2015|2016

Ultra low power memory

Ultra-fast - low-power logic
devices

Nano Nano environmental sensor
device

- 0.606 | 0.343 |-0.171(-0.245|-0.643
New concept nanomaterials

Structure nano device

Nano flexible device

Nano photonic device

Wellness products

Nano Nano diagnosis

. - —10.309 |-0.046 | 0.193 | 0.065 |-0.621
bio Biomolecule nano-analysis

Intelligent nano therapy

Nano solar cell

Nano structured secondary cell

Nano Nano-separator
Thermoelectric element 0.951 |0.028 | 0.028 {-0.351{-0.797

energy *
Environment

Very small power source

Seawater-based nano-fusion
energy

Quantum dot material

Nano carbon material

.| Printing Electronic Materials
Nanomaterial —— - 0.789 1 0.060 |-0.049-0.202{-0.725
Biomimetic material

Environment catalyst material

Rare metal replacement material

Patterning of nanostructures

Nano process * | [fjgh resolution measurement
measurement * — 0.144 1 0.526 | 0.006 [-0.338 [-0.404
equipment | Nano lamination process

Smart process
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<Table 2> Trends in USA by Year(Major category)

2012|2013(2014|2015|2016

Ultra low power memory

Ultra-fast -
devices

low-power logic

Nano Nano environmental sensor

device

-0.367|-0.211]0.000 | 0.332 | 0.299

New concept nanomaterials *
Structure nano device

Nano flexible device

Nano photonic device

Wellness products

Nano Nano diagnosis

bio

0.099 -0.240| 0.229 |-0.182| 0.108

Biomolecule nano-analysis

Intelligent nano therapy

Nano solar cell

Nano structured secondary cell

Nano Nano-separator

energy *
Environment

0.038 1 0.000 | 0.088 | 0.103 |-0.273

Thermoelectric element

Very small power source

Seawater-based nano-fusion
energy

Minsoo Shin - Min—Gyu Park - Seong—Hun Bae

2012 2013 2014 2015 2016
Ultra low power memory 0.685 0164 | -0600 | -0.344 0.096
Ultra-fast, low-power logic devices 0526 0331 0.077 -0473 0.557
Nano device Nano environmental sensor 1108 0147| -0.142 0304 0.981 |0.25~05
Mano photonic device 0530 0035 | -0256 0673 0.187 |0.5~0.75
Nano flexible device 0710 09C7 | -0074| -0497 1.251 |0.75~1
New concept nanomaterials - Structure nano device 1i3/ 0541 | -0.030 0.524 1.355 |1 over
Wellness products 0.043 0.532 0.208 0728 0.531
N3RSl Nano diagnosis 0278 0002 0577 | 0430 | -0482
Intelligent nana therapy 1082 -7 0224| -0024| -0368 1104
Biomolecule nano-analysis 0.168 0125 0010 0348 | -0.369
Nano structured secondary cell 0868 0.086 0326 | -0910| -0.458
Nano solar cell 0339 0.359 0335 0270 | -0.699
Nano energy - Nano-separator 0403 0134, 0118 0244 | 0496
Environment Thermoelectric element 1422 0134 | -0373 -0.361 1.003
Very small power source 1487 0151| -0280 | -0434 1126
Seawater-based nano-fusion energy 1188 0.024 0040 | -0428 1.000
Biomimetic material 0407 0.144 0.076 0.036 0.794
Nano carbon material 0.095 0.149 0327 0.158 0.512
. Printing Electronic Materials 1104 0563 0051 0.564 1.321
Nanomaterial -
Quantum dot material 1198 0123 | -0.087 0.364 0.764
Environment catalyst material 1265 0069 | -0120| -0512 0.859
Rare metal replacement material 0.664 0086 | -0543 0.035 -0.099
Smart process 0116 0.226 0173 0.145 0.160
Nano process: . A
P — High resolution measurement -0051 0754| 0111]| -0563| -0.295
equipment Nano lamination process 0399 0417 0.055 -0536 | -0.405
Patterning of nanostructures 0.345 0708 | -0313| -0.107 0.755

<Figure 4> Korea Nano Technology Trend Analysis

Quantum dot material

Nano carbon material

Printing Electronic Materials

Nanomaterial 0.181 | 0.002 {-0.107 {-0.077 |-0.003

Biomimetic material

Environment catalyst material

Rare metal replacement material

Patterning of nanostructures

Nano process *
measurement *
equipment

High resolution measurement

-0.111-0.217]0.163 | 0.114 | 0.064

Nano lamination process

Smart process

FRAM
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technology
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<Figure 3> Ultra Low Power Memory Technology and Weighting
of Keywords
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2012 | 2013 | 2014 [ 2015 | 2016 |
Ultra low power memory -0981 -0829  -0.093 1012 1075
Ultra-fast, low-power logic devices 1.060 0.700 0.101 1.009 1030
Nano device Nano environmental sensor -0854  -0.791 0.221 0.640 1468 0.25~05
Nano photonic device 0377 0324 0.219 0.010  -0.342 05~075
Nano flexible device 0774 0450  -0438 0.185  -0728 0.75~1
New concept nanomaterials - Structure nano device -0456 0.927 0634 -0495 -0710 1OVer:
Wellness products -0446  -0199 0022 0.320 0.368
Nano bio Nano diagnosis 0.606 0.324 1052 0.030  -0.165
Intelligent nano therapy 0759 9378 0152 -0478 0278
Biomolecule nano-analysis 0690  -0058 0.005 0599 -0048
Nano structured secondary cell 0.544 0.584 0370 0467 1230
Nano solar cell 0876 -0.257 0292 0.532 0.386
Nano energy Nano-separator 0574 0.686 0.083 0048  -1544
Environment Thermoelectric element 0194 0.364 0098 0.434 0.035
Very small power source 0878 0203 0531  -0471  -1368
Seawater-based nano-fusion energy 0391 0319 0.103 0293 -0380
Biomimetic material 1271 -0410 0.395 0.703 0717
Nano carbon material 0724 0115 0308 0580  -0.686
. Printing Electronic Materials -0.603 0.235 0325 0232  -0.208
Nanomaterial -
Quantum dot material 0849 0.184. 0581 0414 -0.063
Environment catalyst material 0534 0071 -0470 0.293 0176
Rare metal replacement material 0852 -0184 0618 0.109 0.049
Smart process -0787 0415 -0011 0.535 0.820
Nano pracess: _ C
A High resclul.lcn .measuremem -0.990 0.707 0980 0.239 0587
equipment Nano lamination process DB?? 0.046 0217 0.388  -0484
Patterning of nanostructures 0375 0213 0098 0.068  -0.668

<Figure 5> USA Nano Technology Trend Analysis
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<Figure 6> Visualizing Correlation of Korea Nano Technology

Nano Technology(threshold = 0.6)

1 2 3 4 5 6 7 8 9 10 1" 12 13 14 | 15 16 17 18 19
1 1.00 | 0.70 0.66 0.63 | 0.69 0.72 | 0.66 0.62
2 0.70 | 1.00 | 0.67 0.79 0.75 | 0.67 | 0.65 | 0.76 0.83 | 0.79 | 0.78 0.70 | 0.83
3 0.67 | 1.00 | 0.72 | 0.79 0.81 0.73 0.64 | 0.64 | 0.88 0.65
4 0.72 | 1.00 | 0.76 0.66 0.61 | 0.76
5 0.66 | 0.79 | 0.79 | 0.76 | 1.00 0.81 | 0.62 0.73 0.72 | 0.85 | 0.89 0.72 | 0.78
6 1.00 0.61 0.91
7 0.75 | 0.81 | 0.66 | 0.81 1.00 0.74 0.81 | 0.80 | 0.83 0.61 | 0.77
8 0.67 0.62 1.00 0.70 | 0.61 0.68
9 0.65 1.00 0.63 | 0.62 0.65 | 0.63 | 0.65
10 0.76 | 0.73 0.73 0.74 1.00 0.68 | 0.64 | 0.73 0.69
11 0.61 1.00 0.65
12 0.83 | 0.64 0.72 0.81 0.68 1.00 | 0.78 | 0.74 0.84
13 1063|079 | 0.64 | 0.61 | 0.85 0.80 | 0.70 | 0.63 | 0.64 0.78 | 1.00 | 0.76 0.66 | 0.77
14 1 0.69 | 0.78 | 0.88 | 0.76 | 0.89 0.83 | 0.61 | 0.62 | 0.73 0.74 | 0.76 | 1.00 0.67 | 0.82
15 0.91 0.65 1.00
16 | 0.72 | 0.70 0.72 0.61 0.65 0.66 | 0.67 1.00 | 0.61 0.60
17 | 0.66 | 0.83 | 0.65 0.78 0.77 | 0.68 | 0.63 | 0.69 0.84 | 0.77 | 0.82 0.61 | 1.00
18 0.65 1.00
19 | 0.62 0.60 1.00
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<Figure 7> Visualizing Correlation of USA Nano Technology
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<Table 4> Correlation of USA Nano Technolygy(threshold = 0.6)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
1| 1.00 | 067 | 0.66 0.75
2 0.67 | 1.00 | 0.80 0.67 0.62 0.73
3 0.66 | 0.80 | 1.00 0.66 0.73 0.62 0.85
4 1.00 0.67
5 1.00 0.80 0.82
6 0.66 1.00 0.63 0.65 0.94
7 0.80 1.00 0.69
8 1.00 0.71
9 0.67 | 0.73 1.00 | -0.62 0.67
10 0.71 | -0.62 | 1.00
11 1.00 -0.64
12 1.00
13 0.80 -0.64 1.00 0.63 | 0.63 0.76
14 1.00 0.66
15 0.67 0.63 0.63 1.00 | -0.66 0.66
16 | 075|062 | 0.62 0.63 -0.66 1.00
17 0.82 | 0.65 | 0.69 0.66 1.00
18 0.66 1.00
19 0.73 | 0.85 0.94 0.67 0.76 1.00
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<Table 6> Nano Technology by Cluster in Korea and USA(K = 4)
Cluster type(Korea) Cluster type(USA)
1(n = 2) 2(n = 11) 3(n = 6) 4n =7) 1(n = 2) 2ln=17) 3(n = 5) 4(n = 12)
9 Biomolecule 1 Ultra low-power | 4 New concept | 10 Intelligent 6 Nano photonic |4 New concept |8 Nano diagnosis | 1 Ultra low-power
nano-analysis memory nanomaterials - nano therapy device nanomaterials memory
Structure nano Structure nano
device device
14 Thermoelectric | 2 Ultra-fast, 5 Nano flexible |13 Nano-separator | 10 Intelligent nano | 5 Nano flexible |17 Quantum dot |2 Ultra-fast,
element low-power logic| device therapy device material low-power logic
devices devices
3 Nano 7 Wellness 15 Very small 11 Nano solar cell| 21 Environment |3 Nano
environmental products power source catalyst environmental
sensor material sensor
6 Nano photonic | 11 Nano solar cell | 19 Printing 13 Nano-separator | 22 Rare metal 7 Wellness
device Electronic replacement products
Materials material
8 Nano diagnosis | 23 Patterning of |20 Biomimetic 14 Thermoelectric | 25 Nano lamination | 9 Biomolecule
nanostructures material element process nano-analysis
12 Nanostructured | 25 Nano lamination | 24 High resolution 19 Printing 12 Nanostructured
secondary cell process measurement Electronic secondary cell
Materials
16 Seawater-based 26 Smart process 23 Patterning of 15 Very small
nano-fusion nanostructures power source
energy
17 Quantum dot 16 Seawater-based
material nano-fusion
energy
18 Nano carbon 18 Nano carbon
material material
21 Environment 20 Biomimetic
catalyst material
material
22 Rare metal 24 High resolution
replacement measurement
material
26 Smart process
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