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ᏤፕᆶۓကᏤፕᆶۓကᏤፕᆶۓကᏤፕᆶۓက

Ѯεޜ໔ޑ௖઩Ѯεޜ໔ޑ௖઩Ѯεޜ໔ޑ௖઩Ѯεޜ໔ޑ௖઩

Ժ౳ᢀෳ
ఈᇻ᜔(Ӧय़/ϼޜ)Ǵႝݢఈᇻ᜔(༾ݢ/คጕႝ/X ray)

� ҇౽ޜǴϼނғࢃғԋǴѦޑᡏǴӹۖࢃ
� ୷ҁಈηޑ௖઩(εᛈࣆ౛ፕ/ᓅߎ)

ԖНӸӧϐ᛾Ᏽ(2004҃ڀ΢ࢃηǺ1.Оٯ )
2.ᙦ൤ϐҘ₧ܭੀڶ(βፁϤ)΢ว౜(ΠҘ₧ߘ)
(2005/1/14, ኻࢪϼޜᕴ࿿)

ࣽᏢଓ܌؃ଓࢂ۳۳ޑ؃Ѯε܈༾ᢀޑШࣚǵ٠၂კ௖૸
ၸѐวғޑᅿᅿᆶႣෳ҂ٰёૈวғ٣ޑҹ
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Տൂޑࡋ໔ЁޜՏൂޑࡋ໔ЁޜՏൂޑࡋ໔ЁޜՏൂޑࡋ໔Ёޜ

� ԯڼ Տϐ΋ൂޑࡋ໔Ёޜ–
– ԯ – meter (m)
– డԯ– millimeter (mm) = 10-3m
– ༾ԯ– micrometer (mm) = 10-6m
– –ԯڼ nanometer (nm) = 10-9m

– Ϧٚ– kilometer (km) = 103m
– Ӏԃ– light year

Տൂޑࡋ໔ЁޜՏൂޑࡋ໔ЁޜՏൂޑࡋ໔ЁޜՏൂޑࡋ໔Ёޜ

ᄔԾπࣴଣϯπ܌ഋख़ျ௲௤ᙁൔ
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ကۓᏢࣽޑᆒዴ׳ကۓᏢࣽޑᆒዴ׳ကۓᏢࣽޑᆒዴ׳ကۓᏢࣽޑᆒዴ׳

� ӧڋ඲ಈ่ᄬ௓܈ಔᙃעကǺۓޑ਑׷ԯڼ
100 nmаΠࡋߏޑЁκ׷ޑ਑Ƕ

� Single atom ~ 0.3 nm (for TM materials)

� 100 nm ~ 300 atoms

Copy from ୯ҥࣽᏢπ᛬റނᓔ

מࣽמࣽמࣽמࣽ

� מࣽ –ࣽᏢೌמ

� ࣽᏢǺ࿶җᡄᒠࡘԵ, ኳࠠࡌҥᆶჴᡍᡍ᛾܌
ԋϐᏢୢ׎

� ݤǺၲԋҞ኱ϐБೌמ
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Ӄ᝺ޑԯሦୱڼӃ᝺ޑԯሦୱڼӃ᝺ޑԯሦୱڼӃ᝺ޑԯሦୱڼ

Ժ౳ᢀෳ
ᡉ༾᜔(ӀᏢǴႝηǴ௖ଞ)
ηǺٯ

լ–ಒझ(೬Е༞), Ѓථ੝߁ –ಒ๵

מࣽמࣽמࣽמࣽ

מࣽ –ࣽᏢೌמ

ࣽᏢǺ࿶җᡄᒠࡘԵ, ኳࠠࡌҥᆶჴᡍᡍ᛾׎܌
ԋϐᏢୢ

ݤǺᇙբϐБೌמ
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ՖᒏڼԯࣽמՖᒏڼԯࣽמՖᒏڼԯࣽמՖᒏڼԯࣽמ?

� ճҔࣽᏢޑБݤ຾ՉڼԯЁࡋ฻ભނᡏ(ჹຝ)
ϐ௖૸

� ϩηЁκᏹբډ፦ᕭλނ΋ᅿஒࢂ൩מԯࣽڼ
Ƕೌמޑ

� ޑҗЁκӧ0.1~100 nmϐ໔زࣴࢂמԯࣽڼ
ϕբҔǴаϷ࣬کࡓၮ୏ೕޑسᡏޑ፦ಔԋނ
ёૈޑჴሞᔈҔύୢೌמޑᚒࣽޑᏢೌמǶ

� ȨϟᢀࣽᏢȩǴޑԯЁκڼҥࡌӧࢂמԯࣽڼ
੝፦Ƕޑȩሸᓐ٠຾ೌמȨکԖȨᏢೌȩڀ

ϟᢀࣽᏢϟᢀࣽᏢϟᢀࣽᏢϟᢀࣽᏢ, mesoscience

� ШࣚΞᆀȬϟᢀȭ(mesoscopic)ޑԯڼ

� ϟᢀიᕠӧڼԯЁࡋΠǴނ፦཮և౜଑౦ֻܭ
ᢀЁࡋΠނޑ౛ǵϯᏢϷғ܄ނ፦Ǵ׷਑ஒӢ
ౢғֹӄόӕޑ੝܄Զ׎ԋ੝ਸфૈǶ

� ᏢᆀϟᢀࣽᏢǶࣽޑΠࡋϟᢀЁزࣴ
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ᄊࠠޑ਑р౜׷ԯڼᄊࠠޑ਑р౜׷ԯڼᄊࠠޑ਑р౜׷ԯڼᄊࠠޑ਑р౜׷ԯڼ

0ᆢ –ᗭಈǴচηი

1ᆢ ԯํǴ෇Ǵᆅڼ–

2ᆢ –ຬᖓጢǴӭቫጢǴຬ඲਱

3ᆢ ԯ༧ᡏڼ–

0ᆢ –ᗭಈǴচηი

Ξᆀࣁຬ༾ણ܈ຬಒણǴ΋૓ࡰಈࡋӧ100ڼԯаΠޑ
ણ҃܈ᗭಈǴࢂ΋ᅿϟܭচηǵϩηᆶֻᢀނᡏϐ໔ೀ
׷ᅶ૶ᒵࡋǺଯஏܭ਑ǶёҔ׷ᡏᗭಈڰޑᄊނύ໔ܭ
਑Ȅ֎ݢᗦ׷ي਑Ȅᅶࢬᡏ׷਑Ȅٛᒟ৔׷਑Ȅൂ඲ޖ
׷਑Ȅ༾඲ТᏤ዗୷Тᆶթጕ׷ӀܙᆒஏӀᏢᏔҹک
਑Ȅ༾ႝη࠾း׷਑ȄӀႝη׷਑ȄӃ຾ႝޑԣႝཱུ׷
਑Ȅϼ໚ૈႝԣ׷਑Ȅଯਏ໽ϯᏊȄଯਏշᐯᏊȄ௵ག
ϡҹȄଯ໧܄ഏౠ׷਑Ȑᄕό຋ޑഏౠǴҔܭഏౠว୏
ᐒ฻ȑȄΓᡏঅൺ׷਑ȄלᕎڋᏊ฻Ƕ
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1ᆢ ԯํǴ෇Ǵᆅڼ–

Ǻܭ਑ǶёҔ׷ރጕޑၨεࡋߏԶࡋԯЁڼࣁ৩ޔࡰ
༾Ꮴጕǵ༾ӀᠼȐ҂ٰໆηीᆉᐒᆶӀηीᆉᐒޑख़
ाϡҹȑ׷਑ȄཥࠠᐟӀ܈วӀΒཱུᆅ׷਑฻Ƕ

2ᆢ –ຬᖓጢǴӭቫጢǴຬ඲਱

ԯᗭಈℚӧ΋ڼࢂᗭಈጢᆶठஏጢǶᗭಈጢࣁԯጢϩڼ
ଆǴύ໔Ԗཱུࣁಒλޑ໔ሜޑᖓጢǶठஏጢࡰጢቫठஏ
ՠ඲ಈЁκڼࣁԯભޑᖓጢǶёҔܭ਻ᡏ໽ϯȐӵًؓ
਑ȄӀ׷ᅶ૶ᒵࡋ਑Ȅଯஏ׷਑ȄၸᘠᏔ׷਻ೀ౛ȑ׀
਑฻Ƕ׷਑ȄຬᏤ׷਑Ȅѳय़ᡉҢᏔ׷௵
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ԯ༧ᡏڼ

ஒڼԯણ҃ଯᓸԋࠠ܈௓ߎڋឦనᡏ่඲Զளڼޑډ
ԯ඲ಈ׷਑ǶЬाҔ೼ࣁǺຬଯம׷ࡋ਑Ȅඵૈߎឦ
਑฻Ƕ׷

מԯࣽڼמԯࣽڼמԯࣽڼמԯࣽڼ

ᇙഢ

ᔠෳ

ᔈҔ

ኳࠠࡌҥ

౛ፕႣෳ
ᇙำࡕ
уπೌמ

༾ቹೌמ
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ᕭλނ፦Ёκೌמޑᕭλނ፦Ёκೌמޑᕭλނ፦Ёκೌמޑᕭλނ፦Ёκೌמޑ

� Top down – photo lithography, etching, …

� Bottom up – autoassembly

Moore’s law, ነᅟࡓۓነᅟࡓۓነᅟࡓۓነᅟࡓۓ

� ӧ1964ԃъᏤᡏ஑ৎነᅟ(Gordon Moore)Ǵ
Ψࢂम੝ᅟ(Intel)ϦљᕴຊǴම࿶ගр܌ᒏ
Ȩነᅟࡓۓȩ(Moore’s law)Ⴃෳӧёޑـ҂ٰ
ύǴȨ؂೹ऊ18ঁДǴъᏤᡏ඲Тϣႝޑ඲ᡏ
ኧҞёள७ቚȩǶ

� Transistor counts for integrated circuits 
plotted against their dates of introduction. 
The curve shows Moore's law - the doubling 
of transistor counts every two years.
(see next page)
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Copy from wikipedia

Capacity of hard disk drive

exponential growth 

Copy from wikipedia
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Top down

� “Top down”ȐഗΠȑᇙำࢂճҔӀڅ
(photolithography)ǵ ᇑڅ(etching)ǵϪപǵ
 ,༾ԯϯ(༾ԯᇙำޑ਑׷຾Չݤᑃ฻Бࣴ܈
micro-manufacturing method)ڼ܈ԯϯ(༾ԯ
ᇙำ, nano-manufacturing method)Ƕ

� җނܭ౛ཱུޑज़Ǵ໺಍ޑ“Top down”ᇙำѸၶ
Ꮲৎа“Bottom up”Ȑۭࣽޑ౟ᓍǴ౜ӧډ
΢ȑᇙำނޑ፦ᄬ೷БԄٰ၂კँઇ೭ᅿም
ᛖǶ

༾ቹೌמ༾ቹೌמ༾ቹೌמ༾ቹೌמ

•Ӄ຾Ӏ༾ቹೌמ
•ႝη״༾ቹ
•X Ӏ༾ቹ
•চηΚᡉ༾᜔༾ቹ
•Dip-Pen ༾ቹ
ԯౚ༾ቹڼ•
ԯᓸӑڼ•
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Bottom up

� ᑐᑄ༧ǺࡌᙖΟᅿ୷ҁϩηࢂ୷ҁ΢מԯࣽڼ

– ೈқ፦(proteins) 

– ଯϩη(polymers)

– ԯᅹᆅ(carbon nanotubes)ڼ

ӆ٩Ծ୏ಔӝޑԾฅ׎ࡓԋࣁᖃܴ׷਑܈Ꮤ

ҹౢמࣽޑࠔǶ

ᇙഢБݤᇙഢБݤᇙഢБݤᇙഢБނ–ݤ౛ނ౛ނ౛ނ౛

੿ޜհᏉݤ
Ҕ੿ޜᇃวǵу዗ǵଯᓎགᔈ฻Б٬ݤচ਑਻ϯ׎܈
ԋ฻ಈηᡏǴฅࡕᡯհǶځ੝ᗺપࡋଯǵ่඲ಔᙃ
ӳǵಈࡋё௓Ǵՠೌמ೛ഢा؃ଯǶ
ݤ౛ણ࿗ނ
೯ၸᐒఓણ࿗ǵႝО޸ᛈࣆ฻БݤளڼډԯಈηǶځ
੝ᗺᏹբᙁൂǵԋҁեǴՠౢࠔપࡋեǴᗭಈϩѲό
֡ϬǶ
ᐒఓౚᑃݤ
௦ҔౚᑃБݤǴ௓ڋ፾྽ޑచҹளډપϡનǵӝ܈ߎ
ൺӝ׷਑ڼޑԯಈηǶځ੝ᗺᏹբᙁൂǵԋҁեǴՠ
եǴᗭಈϩѲό֡ϬǶࡋપࠔౢ
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ᇙഢБݤᇙഢБݤᇙഢБݤᇙഢБݤ–ϯᏢϯᏢϯᏢϯᏢ

਻࣬؈ᑈݤ
ճҔߎឦϯӝނᇃ਻ޑϯᏢϸᔈӝԋڼԯ׷਑Ƕځ੝ᗺ
ϩѲઞǶࡋଯǴಈࡋપࠔౢ
ݤᐘ؈
ڼډᐘ዗ೀ౛ள؈ǴஒࡕᡶྋనύϸᔈډᐘᏊуΕ؈ע
ԯ׷਑Ƕځ੝ᗺᙁൂܰՉǴՠપࡋեǴᗭಈъ৩εǴ፾
ӝڋഢ਼ϯނǶ
Н዗ӝԋݤ
ଯྕଯᓸΠӧНྋన܈ᇃؓ฻ࢬᡏύӝԋǴӆ࿶ϩᚆک
዗ೀ౛ளڼԯಈηǶځ੝ᗺપࡋଯǴϩණ܄ӳǵಈܰࡋ
௓ڋǶ

ᇙഢБݤᇙഢБݤᇙഢБݤᇙഢБݤ–ϯᏢϯᏢϯᏢϯᏢ

ྋጤᏉጤݤ
ϯǴӆ࿶եྕ዗ڰ࿶ྋనǵྋጤǵᏉጤԶނឦϯӝߎ
ೀ౛ԶғԋڼԯಈηǶځ੝ᗺϸᔈނᅿӭǴౢނᗭಈ
֡΋Ǵၸำܰ௓ڋǴ፾ӝ਼ϯکނ˨ɴˬ௼ϯӝޑނ
ᇙഢǶ

༾٢నݤ
Βᅿϕό࣬ྋޑྋᏊӧ߄य़܄ࢲᏊޑբҔΠ׎ԋ٢
నǴӧ༾ݰύ࿶ԋਡǵᆫ่ǵიᆫǵ዗ೀ౛ࡕளڼԯ
ಈηǶځ੝ᗺಈηൂޑϩණࣚکय़܄ӳǴ˨ɴˬ௼ъ
ᏤᡏڼԯಈηӭҔԜݤᇙഢǶ
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ᔠෳೌמᔠෳೌמᔠෳೌמᔠෳೌמ

•௟ᅲԄႝηᡉ༾᜔
•ऀ೸Ԅႝηᡉ༾᜔
•௟ଞᡉ༾᜔

•চηΚᡉ༾᜔
൑ӀᏢᡉ༾᜔߈•
• ……

܄౦੝ڻ܄౦੝ڻ܄౦੝ڻ܄౦੝ڻ

ނޑϸத܈౦ڻޑഢڀό܌਑׷Ԗ໺಍ڀ਑׷ԯڼ
౛ǵϯᏢ੝܄ǴӵচҁᏤႝޑልࢌډ΋ڼԯભࣚज़
൩όᏤႝǴচٰ๊ጔޑΒ਼ϯ⃵ǵ඲ᡏ฻Ǵӧࢌ΋
Ԗᗭڀ਑׷ԯڼܭҗࢂᏤႝǶ೭ۈԯભࣚज़ਔ໒ڼ
ಈЁκλǵК߄य़ᑈεǵ߄य़ૈଯǵ߄य़চη܌э
Кٯε฻੝ᗺǴаϷځ੝ԖޑΟεਏᔈǺ
य़ਏᔈ߄•
•λЁκਏᔈ
•ໆηᒾၰਏᔈǶ
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܄਑ϐႝ੝׷܄਑ϐႝ੝׷܄਑ϐႝ੝׷܄਑ϐႝ੝׷

คጁᅰϐΟᆢচηኳࠠǴҗԜрวԶளૈܭ౛෌୷ނᄊڰ
໘౛ፕǴᝩԶ୔ϩрᏤᡏǴъᏤᡏϷߚᏤᡏ(/ຬᏤᡏ--BCS)

౛Ǻނᄊڰ

਑ᙁϟ׷ .1
਑่ᄬ(ᙁൂҥБ, ᡏЈ, य़Ј)׷ .2
3. ႝ ηຼܭය่܄ᄬ(চη඲਱)Πϐᎂ౽�ૈ໘౛ፕ
4. Ꮴᡏ, ъᏤᡏϷߚᏤᡏ

(ႝηݢ�໺Ꮴ, Ӏݢ�Յᐛ, Au particles)

ᄬ೏ઇᚯ(ᜐࣚਏᔈ)่܄਑�ຼය׷ԯڼ

܄य़੝߄਑ϐ׷܄य़੝߄਑ϐ׷܄य़੝߄਑ϐ׷܄य़੝߄਑ϐ׷

य़ௗ᝻(surface contact) �ϯᏢϸᔈ߄ (໽ϯ, ่ ӝ)

໽ϯ׷�਑ׯޑᡂ
่ӝ׷�਑ޑ೏֎ԏ (ၸᘠ, Ԧޑނࢉ֎ԏ)/ᓯӸ(ૈྍ)

ጪ޸ਏᔈ(Lotus effect)
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ጪ޸ਏᔈጪ޸ਏᔈጪ޸ਏᔈጪ޸ਏᔈ

നԐว౜ጪယ΢ڼԯભᗭಈޑ
ቺ୯Γ-- Dr. Wilhelm Barthlott

TOTO (ܿ ഏ)
-- TiO2

Lotus effect
Self-cleaning surface
ԯ૛Ҝ—ወНဒڼ

ጪ޸ਏᔈጪ޸ਏᔈጪ޸ਏᔈጪ޸ਏᔈ

copy from Nature material, 2, 301 (2003)

Asiatic crop plant Colocasia esculenta

self-cleaning surface 
Lotus effect

copy from Nanotechweb.org

5 ~ 10µm

1µm P. L. Chen
Academia Sinica
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܄д੝ځ܄д੝ځ܄д੝ځ܄д੝ځ


