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In this paper, we compared the efficiencies of national R&D investments between NT (Nanotechnology) areas in terms of
papers, patents, and commercializations, and found ways to improve the efficiencies of national R&D investments for each NT
area. This is in response to huge R&D investments government has made recently in NT areas.

Here, we collected data on investments, papers, patents, and commercializations for the R&D projects in NT areas through
National Science & Technology Information Service. Based on the data, we analyzed the investment and performances (papers,
patents, and commercializations) for each NT area, calculated the efficiency for each NT area, and compared the efficiencies
between NT areas. Next, using cluster analysis, we identified several NT areas with similar characteristics in terms of paper
efficiency, patent efficiency and commercialization efficiency. Finally, we derived implications for the efficiency enhancement
for each grouping.

The cluster analysis showed that there could be two groups, one being low in terms of technological outcome (papers and
patents) efficiencies and high in terms of commercialization efficiencies, while the other being high in terms of technological
outcome (papers and patents) efficiencies and low in terms of commercialization efficiencies. Therefore, the strategy for one
group calls for support for technology transfer or technology introduction from other R&D performers and grant of guidance
for improving R&D performers’ commercialization ability to other R&D performers while the strategy for the other group calls
for R&D support for transfer of technology to other R&D performers, activation of technology transfer and support for commerciali-
zation of R&D performers.
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<Table 1> R&D Performance Measures

Output Outcome

Cost Reduction, Sales Increase,

Paper, Patent, Commercialization .
per, ? z Quality Improvement
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<(Table 2> R&D Stage & Major Output

R&D Stage Major Output

Basic Research Paper

Applied Research Patent

Commercialization

Experimental Development
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<Table 3> Nanotechnology Classification

NT Area

NT Sub-Area

Nano Element & System

Nano electronics device technology, nanotechnology information storage technology, tunable optical device technology,
nano photonics technology, other nano devices and system technology

Nano Material

Nanomaterial technology(focusing on nano powder material, optical nano material, high performance synergy material,
catalyst, environment and functional material), other nanomaterial technology

Nano Bio & Health

Nano bio material synthesis and analysis technology, drug delivery system, other nano bio health technology

Nano-based Process

Atomic and molecular level materials manipulation technology, nano measurement technology(below 100 nm), nanomaterial
technology, interface or surface nanostructuring technology, nano-new functional molecule synthesis technology, nano
patterning process technology, nano chemical process technology, other nano-based process technology
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<Table 4> R&D Investment

(Unit : 100 Million Won)
NT Sub-Area Year 2008 2009 2010 2011 Total
Nano electronics device technology 267 300 318 439 1,324
Nanotechnology information storage technology 40 68 125 81 315
Tunable optical device technology 15 17 57 30 119
Nano photonics technology 141 178 205 230 754
Other nano devices and system technology 162 272 291 311 1,036
Nanomaterial technology 1,606 1,654 1,893 2,293 7,445
Other nanomaterial technology 432 536 532 639 2,138
Nano bio material synthesis and analysis technology 132 209 191 186 718
Drug delivery system 74 83 82 69 308
Other nano bio health technology 80 106 106 106 397
Atomic and molecular level materials manipulation technology 114 68 71 90 349
Nano measurement technology(below 100 nm) 498 631 360 441 1,930
Nanomaterial technology 71 63 51 52 238
Interface or surface nanostructuring technology 75 89 89 100 353
Nano-new functional molecule synthesis technology 26 71 74 42 213
Nano patterning process technology 257 259 237 247 1,000
Nano chemical process technology 71 98 157 119 451
Other nano-based process technology 454 432 593 601 2,080
Total 4,519 5,135 5,441 6,075 21,169

<Table 5> Number of Papers Published

NT Sub-Area Year 2008 2009 2010 2011 Total
Nano electronics device technology 343 474 491 714 2,022
Nanotechnology information storage technology 65 243 145 195 648
Tunable optical device technology 24 67 59 123 273
Nano photonics technology 141 198 247 275 861
Other nano devices and system technology 111 244 261 309 925
Nanomaterial technology 1,244 2,822 2,526 3,317 9,909
Other nanomaterial technology 334 912 977 1,410 3,633
Nano bio material synthesis and analysis technology 211 352 338 530 1,431
Drug delivery system 126 143 228 157 654
Other nano bio health technology 61 87 105 121 374
Atomic and molecular level materials manipulation technology 96 70 91 105 362
Nano measurement technology(below 100 nm) 536 514 224 215 1,489
Nanomaterial technology 115 159 124 143 541
Interface or surface nanostructuring technology 62 74 34 91 261
Nano-new functional molecule synthesis technology 17 25 36 133 211
Nano patterning process technology 140 174 177 177 668
Nano chemical process technology 46 71 118 99 334
Other nano-based process technology 131 376 267 450 1,224
Total 3,803 7,005 6,448 8,564 25,820
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<Table 6> Papers per 100 Million Won

NT Sub-Area Year 2008 2009 2010 2011 Total
Nano electronics device technology 1.29 1.58 1.54 1.63 1.53
Nanotechnology information storage technology 1.61 3.55 1.16 241 2.06
Tunable optical device technology 1.57 3.99 1.03 4.14 2.29
Nano photonics technology 1.00 1.11 121 1.20 1.14
Other nano devices and system technology 0.69 0.90 0.90 0.99 0.89
Nanomaterial technology 0.77 1.71 1.33 1.45 1.33
Other nanomaterial technology 0.77 1.70 1.83 221 1.70
Nano bio material synthesis and analysis technology 1.59 1.69 1.77 2.85 1.99
Drug delivery system 1.71 1.73 2.77 2.26 2.12
Other nano bio health technology 0.77 0.82 0.99 1.15 0.94
Atomic and molecular level materials manipulation technology 0.84 1.03 1.18 1.17 1.04
Nano measurement technology(below 100 nm) 1.08 0.82 0.62 0.49 0.77
Nanomaterial technology 1.62 2.51 243 2.74 2.28
Interface or surface nanostructuring technology 0.83 0.83 0.38 0.91 0.74
Nano-new functional molecule synthesis technology 0.66 0.35 0.48 3.20 0.99
Nano patterning process technology 0.55 0.67 0.75 0.72 0.67
Nano chemical process technology 0.60 0.72 0.75 0.83 0.74
Other nano-based process technology 0.29 0.87 0.45 0.75 0.59

Average 0.84 1.36 1.19 1.41 1.22

<Table 7> Number of Patents Applied

NT Sub-Area Year 2008 2009 2010 2011 Total
Nano electronics device technology 141 175 196 254 766
Nanotechnology information storage technology 14 57 42 23 136
Tunable optical device technology 4 11 13 12 40
Nano photonics technology 70 62 76 103 311
Other nano devices and system technology 46 98 124 162 430
Nanomaterial technology 405 650 913 1,083 3,051
Other nanomaterial technology 123 285 269 341 1,018
Nano bio material synthesis and analysis technology 68 123 149 156 496
Drug delivery system 38 95 59 59 251
Other nano bio health technology 23 71 42 45 181
Atomic and molecular level materials manipulation technology 51 15 25 29 120
Nano measurement technology(below 100 nm) 66 60 109 93 328
Nanomaterial technology 37 42 45 25 149
Interface or surface nanostructuring technology 20 14 18 29 81
Nano-new functional molecule synthesis technology 1 17 39 14 71
Nano patterning process technology 104 91 134 117 446
Nano chemical process technology 42 33 96 58 229
Other nano-based process technology 93 206 183 252 734
Total 1,346 2,105 2,532 2,855 8,838
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<Table 8> Patents per 100 Million Won

NT Sub-Area Year ‘08 ‘09 ‘10 “11 Total
Nano electronics device technology 0.53 0.58 0.62 0.58 0.58
Nanotechnology information storage technology 0.35 0.83 0.34 0.28 0.43
Tunable optical device technology 0.26 0.66 0.23 0.40 0.34
Nano photonics technology 0.50 0.35 0.37 0.45 0.41
Other nano devices and system technology 0.28 0.36 0.43 0.52 0.42
Nanomaterial technology 0.25 0.39 0.48 0.47 0.41
Other nanomaterial technology 0.28 0.53 0.51 0.53 0.48
Nano bio material synthesis and analysis technology 0.51 0.59 0.78 0.84 0.69
Drug delivery system 0.52 1.15 0.72 0.85 0.82
Other nano bio health technology 0.29 0.67 0.40 0.43 0.46
Atomic and molecular level materials manipulation technology 0.45 0.22 0.33 0.32 0.34
Nano measurement technology(below 100 nm) 0.13 0.10 0.30 0.21 0.17
Nanomaterial technology 0.52 0.66 0.88 0.48 0.63
Interface or surface nanostructuring technology 0.27 0.16 0.20 0.29 0.23
Nano-new functional molecule synthesis technology 0.04 0.24 0.53 0.34 0.33
Nano patterning process technology 0.41 0.35 0.56 0.47 0.45
Nano chemical process technology 0.55 0.34 0.61 0.49 0.51
Other nano-based process technology 0.20 0.48 0.31 0.42 0.35

Average 0.30 0.41 0.47 0.47 0.42
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Year

NT Sub-Area ‘08 ‘09 ‘10 ‘11 Total
Nano electronics device technology 4 5 16 6 31
Nanotechnology information storage technology 0 0 0 1 1
Tunable optical device technology 0 3 0 3
Nano photonics technology 8 9 2 23
Other nano devices and system technology 63 10 3 12 88
Nanomaterial technology 245 129 137 155 666
Other nanomaterial technology 66 60 51 38 215
Nano bio material synthesis and analysis technology 7 9 6 0 22
Drug delivery system 3 12 11 5 31
Other nano bio health technology 2 9 8 13 32
Atomic and molecular level materials manipulation technology 5 2 1 0 8
Nano measurement technology(below 100 nm) 21 7 8 12 48
Nanomaterial technology 0 0 0 0 0
Interface or surface nanostructuring technology 25 6 5 15 51
Nano-new functional molecule synthesis technology 8 0 5 2 15
Nano patterning process technology 26 8 16 13 63
Nano chemical process technology 9 5 12 11 37
Other nano-based process technology 62 40 47 50 199
Total 550 310 338 335 1,533
{Table 10> Number of Commercializations per 100 Million Won
NT Sub-Area Year ‘08 ‘09 ‘10 ‘11 Total
Nano electronics device technology 0.01 0.02 0.05 0.01 0.02
Nanotechnology information storage technology 0.00 0.00 0.00 0.01 0.00
Tunable optical device technology 0.00 0.00 0.05 0.00 0.03
Nano photonics technology 0.03 0.04 0.04 0.01 0.03
Other nano devices and system technology 0.39 0.04 0.01 0.04 0.08
Nanomaterial technology 0.15 0.08 0.07 0.07 0.09
Other nanomaterial technology 0.15 0.11 0.10 0.06 0.10
Nano bio material synthesis and analysis technology 0.05 0.04 0.03 0.00 0.03
Drug delivery system 0.04 0.15 0.13 0.07 0.10
Other nano bio health technology 0.03 0.08 0.08 0.12 0.08
Atomic and molecular level materials manipulation technology 0.04 0.03 0.01 0.00 0.02
Nano measurement technology(below 100 nm) 0.04 0.01 0.02 0.03 0.02
Nanomaterial technology 0.00 0.00 0.00 0.00 0.00
Interface or surface nanostructuring technology 0.34 0.07 0.06 0.15 0.14
Nano-new functional molecule synthesis technology 0.31 0.00 0.07 0.05 0.07
Nano patterning process technology 0.10 0.03 0.07 0.05 0.06
Nano chemical process technology 0.12 0.05 0.08 0.09 0.08
Other nano-based process technology 0.14 0.09 0.08 0.08 0.10
Average 0.12 0.06 0.06 0.06 0.07
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<Table 11> Efficiency of R&D Investment

NT Sub-Area Year | paper Efficiency Patent Efficiency Commercial. Efficiency
Nano electronics device technology 1.53 0.58 0.02
Nanotechnology information storage technology 2.06 0.43 0.00
Tunable optical device technology 2.29 0.34 0.03

Nano photonics technology 1.14 041 0.03
Other nano devices and system technology 0.89 0.42 0.08
Nanomaterial technology 1.33 0.41 0.09
Other nanomaterial technology 1.70 0.48 0.10

Nano bio material synthesis and analysis technology 1.99 0.69 0.03

Drug delivery system 2.12 0.82 0.10
Other nano bio health technology 0.94 0.46 0.08
Atomic and molecular level materials manipulation technology 1.04 0.34 0.02

Nano measurement technology(below 100 nm) 0.77 0.17 0.02
Nanomaterial technology 2.28 0.63 0.00
Interface or surface nanostructuring technology 0.74 0.23 0.14
Nano-new functional molecule synthesis technology 0.99 0.33 0.07

Nano patterning process technology 0.67 0.45 0.06

Nano chemical process technology 0.74 0.51 0.08
Other nano-based process technology 0.59 0.35 0.10

Average 1.22 0.42 0.07
{Table 12> Clusters based on Efficiencies
Cluster NT-Sub Area Characteristic

technology, other nano-based process technology

nano photonics technology, other nano devices and system technology, nanomaterial technologyfocusing on
nano powder material, optical nano material, high performance synergy material, catalyst, environment and
functional material), other nano bio health technology, Atomic and molecular level materials manipulation
technology, nano measurement technology(below 100 nm), interface or surface nanostructuring technology,
nano-new functional molecule synthesis technology, nano patterning process technology, nano chemical process

* paper efficiency-low
* patent efficiency-low
* commercial. efficiency-high

system, nanomaterial technology

Nano electronics device technology, nanotechnology information storage technology, tunable optical device | paper efficiency-high
2 technology, other nanomaterial technology, nano bio material synthesis and analysis technology, drug delivery | * patent efficiency-high

» commercial. efficiency-low
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<Table 13> Strategic R&D Management
Cluster R&D Strategy

* Support for technology transfer or technology
introduction from other R&D performers

* Grant of guidance for improving R&D performers
commercialization ability to other R&D performers

5

* R&D support for transfer of technology to other R&D
2 performers, activation of technology transfer
* Support for commercialization of R&D performers
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