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ᄔाᄔाᄔाᄔा 

Ψᒿϐೌמว৖ǴᖓጢࠁጲޑᆶᔈҔೌמӀႝሦୱܭԃٰǴҗ߈

ख़ाǶҗܭᖓጢύූ੮ᔈΚޑӸӧǴჹӀႝϡҹϷس಍ޑфૈ཮ౢғ

୷݈Ǵ٬୷ܭቹៜǴѬό໻཮Ꮴठᖓጢᓫ຋ǵಥပǴᗋ཮բҔޑεࡐ

݈วғ׎ᡂǴ຾Զቹៜ໺ᒡ੝܄ǵफ़եΑё᎞܄ǶӢԜǴ௖૸ӀᏢᖓ

ጢύූޑᎩᔈΚǴ٠ᕕှӵՖໆෳӀᏢᖓጢނޑ౛੝ߚࢂ܄தख़ाޑ

ፐᚒǶ 

ҁࣴزа௹ӛ؈ᑈϐࢧϯᗔȐMgF2ȑӀᏢᖓጢزࣴࣁჹຝǴճ

Ҕႝηᄳᇃᗓݤаόӕ؈ޑᑈࡋفᇙഢ MgF2ӀᏢᖓጢǴ௖૸ځӧӀ

Ꮲ੝܄ǵූ੮ᔈΚаϷӧ߄य़׎ᇮک༾่ᄬБय़܌೷ԋޑቹៜǶჴᡍ

ሺᏔࢂа UV/VIS ϩӀӀ᛼ሺᔠෳځӀᏢ੝܄ǴճҔԾᇙϐ
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Abstract 

It is well known that mechanical stresses can be found in almost all 

thin films. In general, optical thin films process results in residual stress 

and it may cause buckling of the thin films or deformation of 

the substrate. Residual stress is a very important issue because the 

substrate bending and deformation caused by the residual stress can be 

related to the performance of thin films. 

In this study, the influence of different deposition angles on optical 

properties, residual stress and microstructure of magnesium fluoride 

(MgF2) thin films is investigated. E-beam evaporation method was used 

to prepare MgF2 thin films with two different columnar angles. The 

transmittance spectrum and residual stress were measured by a UV/VIS 

spectrophotometer and a home-made Twyman-Green interferometer, 

respectively. In addition, we used scanning electron microscope (SEM), 

atomic force microscope (AFM) and interferometric microscopy to 

observe surface morphology and roughness of MgF2 thin films. 

 

 

Keyword：：：： E-beam evaporation method, glancing angle deposition 

(GLAD), MgF2 thin films, residual stress  
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ಃಃಃಃ΋΋΋΋കകകക  ᆣፕᆣፕᆣፕᆣፕ 

 ޑᆶҞޑᆶҞޑᆶҞޑ୏ᐒᆶҞز୏ᐒࣴز୏ᐒࣴز୏ᐒࣴزࣴ 1.1

җ߈ܭԃٰӀႝ࣬ᜢೌמᆶᔈҔϐጲࠁว৖ǴᖓጢޑᔈҔጄൎཱུ

ǶฅԶӧӀᏢᖓጢӧᇙᗓၸำύǴ཮ౢғූ੮ᔈΚǴ٠೷ԋ୷ݱቶࣁ

݈៻Ԕǵᡂ׎Ǵ຾Զޔௗቹៜډᖓጢؼޑ౗ǵᛙک܄ۓё᎞[1]܄ǴӢ

ԜǴाӵՖᇙᗓрଯӀᏢࠔ፦ЪڀեᔈΚޑᖓጢࡐঁࢂߡख़ाޑᕉ

࿯ǶҗࢧܭϯᗔȐMgF2ȑᖓጢש৔౗եǴϯᏢᆶᐒఓᛙ[2,3]٫܄ۓǴ

 ӀᏢᖓጢǶޑ΋ख़ाࣁϸ৔ጢǴӢԜל፾ӝ଺ൂቫࡐ

ჹܭ΋૓ޑӀᏢᗓጢԶقǴᗓጢচηࢂа҅ӛΕ৔ޑБԄ؈ᑈӧ

୷݈߄य़ǴฅԶ 1959ԃ Knorr ک Hoffmann [4]ว౜௹ӛ؈ᑈȐglancing 

angle depositionȑ೷ԋ඲ᡏӧ่ᄬᆶᖓጢᔈᡂ΢ׯޑᡂǴӕԃ Smith [4]

ஒ୷݈ܫ࿼໼௹ 45 ӚځᖓጢǴޑғౢ܌਑Ǵว౜׷ᇃᗓ៓ᙻٰفࡋ

୔ޑᅶ܄ᡂϯڀԖ֡ߚӛ܄ȐanisotropyȑǴ೭ࢂҗܭ௹ӛ؈ᑈӧᖓጢ

༾่ᄬ܌೷ԋׯᡂǴаԿܭቹៜᖓጢ੝܄ǴԜ౜ຝό໻วғӧᅶ׷܄

਑ǴӧӀᏢǵ่ᄬکᐒఓ੝܄ΨԖᜪ՟ޑൔᏤ[5-10]ǴԶ೭٤੝܄Ьा

ᆶᖓጢ׎ޑᇮȐmorphologyȑԖᜢǴӢԜёаӧόׯᡂ׷਑߻ޑගΠǴ

ճҔ௓ڋ୷݈ׯٰࡋفᡂᖓጢ༾่ᄬǴځ٬੝܄ҭᒿϐᡂϯǶ 

1966 ԃǴNieuwenhuizen ک Haanstra [6]җႝηᡉ༾᜔ᢀჸ᛾ჴΑ

௹ӛ؈ᑈᖓጢޑ༾ᢀ่ᄬࢂҗරᇃᗓྍБӛғޑߏ໼௹܌ރࢊಔ
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ԋǴ٠ගр࿶ᡍϦԄ tangent ruleٰ ඔॊ؈ᑈفᆶރࢊ໼௹ޑفᜢ߯Ƕ 

Nieuwenhuizen ک Haanstra (1966) [6]ஒރࢊ໼௹ۓفကࢊࣁᡏޑ

ғߏБӛᆶ୷݈ݤጕف֨ޑǴЪஒ؈ᑈѳय़ۓကࣁᇃᗓ೯ໆޑΕ৔Б

ӛᆶ୷݈ݤጕᄬԋޑѳय़Ǵ೭٤࿶ᡍϦԄჹزࣴܭᖓጢޑӀᏢǵᔈΚ

੝܄ǵ߄य़׎ᇮک༾่ᄬ฻ᜢ߯ࡐख़ाǴӢ٬ࣁҔ௹ӛ؈ᑈૈೌמ௓

࿼Ǵܫ௹ஒ୷݈໼ࢂჴᡍচ౛ځǶԶ܄ӀᏢаϷᔈΚ੝کᖓጢ่ᄬڋ

٬ளᇃᗓ೯ໆа௹ӛΕ৔ޑБԄ؈ᑈԿ୷݈΢Ǵҗܭ୷݈ӧ؈ᑈය໔

ᓉЗό୏ǴᖓጢӧԾך፿ጨਏᔈޑቹៜΠ཮Ԗ่ރࢊᄬౢޑғǶԜ΋

௹ӛ؈ᑈೌמёᇙഢрڀԖ༾ڼԯЁޑࡋ੝ਸ׎ᇮ༾่ᄬǴ٠ᢀჸᖓ

ጢӧ༾่ᄬ΢ϐᡂϯǴ܈௓ڋ୷݈ຼޑයᙌᙯǴё೛ी٠ᓁ༟

Ȑsculptureȑрόӕ่ރࢊޑރ׎ᄬᖓጢǶ 

ҁࣴزҞࣁޑճҔႝηᄳᇃᗓݤᇙഢ௹ӛ؈ᑈ MgF2ӀᏢᖓጢǴ

٠௖૸ٿᅿόӕ؈ᑈޑࡋف MgF2ӀᏢᖓጢǴӧූ੮ᔈΚᆶӀᏢ੝܄

аϷӧ߄य़׎ᇮک༾่ᄬБय़܌೷ԋׯޑᡂǶ 

 

 ݤБزࣴݤБزࣴݤБزࣴݤБزࣴ 1.2

ҁࣴزϩٿࣁε೽ҽǴ΋ࣁӀ᛼ໆෳǴΒූࢂ੮ᔈΚޑෳۓǶ߻

Ӏ᛼ϐ܄೸ऀࣁаUV/VISϩӀӀ᛼ሺȐSHIMADZU UV-1201ȑբޣ

ໆෳπڀǴ٠ଛӝMATLAB ำԄ܌ว৖ޑх๎ݤ຾Չኧॶϩ݋Ǵ຾Զ

؃ှӀᏢதኧǹ٬ޣࡕҔԾᇙϐTwyman-Greenυੋሺٰ଺ໆෳ[11]Ǵ
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٠ଛӝMATLAB ำԄ٬Ҕ࣬Տᗋচݤ຾ՉԔ౗ᔕӝϷኧॶϩ݋Ƕ  

 

1.3 MgF2 ᖓጢᖓጢᖓጢᖓጢϐ੝܄ϐ੝܄ϐ੝܄ϐ੝܄ 

MgF2ᖓጢޑϩηໆ 62.31Ǵஏࡋጄൎӧ 2.9ɴ3.2Ǵשځ৔౗ࣁ 1.32

ɴ1.39Ǵӧ͓ɨ550nmೀࣁ 1.38Ǵשݢߏ৔౗ॶัԖफ़եǴӧ͓ߏݢ

ɨ2µmೀࣁ 1.35ǶMgF2ᖓጢ่ޑᄬ೯த೿ࢂև౜่඲ރᄊǴՠჹܭ

ၨᖓޑጢ܈հ୷݈΢ᇙഢޑᖓጢٰᇥǴाКࠆጢ܈዗୷݈΢ޑጢޑ඲

ಈಒளӭǶMgF2 ᖓጢڀԖӧᇃ਻Ε৔فБӛ᏷ᓬғޑߏᖿ༈Ǵ٠Ъ

ӧځጢࠆεܭ 1000Å ਔ׎ԋ֡ߚϬᖓጢǶMgF2 ᖓጢԖࡐଯޑ஭ᔈ

ΚǴԶЪځᔈΚ཮ᒿጢޑࠆቚуԶቚуǴӧᖓጢၲࡋࠆ 1000Å Ѱѓ

ਔǴځ஭ᔈΚॶऊࣁ 3000ɴ5000 kg/cm2Ƕ 

җܭ MgF2ᖓጢޑեש৔౗کଯޑᐒఓமࡋǴځ٬ӧלϸ৔ጢύ

эԖ੝ձख़ाޑՏ࿼Ǵՠҗځܭҁيଯޑ஭ᔈΚǴ܌аൂቫ MgF2ᖓ

ጢࡋࠆޑόૈຬၸ 2µmǴց߾ӧ੿ޜύ൩཮ౢғᖓጢઇ຋ޑ౜ຝǶ 

MgF2 ϐ܌аԋࣁᔈҔനԐǵനத௦ҔǴЪڀԖᓬނޑؼ౛Ϸϯ

Ꮲૈ܄ϐӀᏢᗓጢ׷਑[12]ǴࢂӢࣁѬ܌ࢂԖեש৔౗׷਑ύനࣁऐҔ

೸৔ޑቨࡐԖڀӀаϷआѦӀጄൎϣـѬӧ๋ѦӀǵёܭᖓጢǶҗޑ

ຎืǴЪڀԖࡐեޑӀᏢש৔౗ǵଯלཞ໾܄ǴаϷ৒ܰᐘᑈǵᖓጢ

ᐒఓமࡋεǵᛙ܄ۓӳ……฻ᓬ౦[12]ૈ܄ǴӢԜǴMgF2 ೏ቶݱӦҔ

 ೛ीࣴᇙᆶ໒วǶޑӚᅿӀᏢᖓጢܭ
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ಃΒകಃΒകಃΒകಃΒക  ᖓጢᖓጢᖓጢᖓጢ੝܄ᔠෳ੝܄ᔠෳ੝܄ᔠෳ੝܄ᔠෳ 

2.1 ӀᏢதኧ੝܄ᆶᔠෳӀᏢதኧ੝܄ᆶᔠෳӀᏢதኧ੝܄ᆶᔠෳӀᏢதኧ੝܄ᆶᔠෳ 

΋૓ԶقǴᖓጢޑӀᏢதኧхשࡴ৔౗ nǵ੃Ӏ߯ኧ k ᆶጢࠆ dǴ

ԜΟ໨ёҗऀ೸Ӏ᛼Ϸх๎ݤෳрǶ 

Ҟ߻ӧӀᏢதኧޑᔠෳБݤύǴၨதҔࢂޑᐍ༝ୃਁݤϷӀࡋ

௢ᆉӀܭǴதճҔೌמෳໆ܄ᖓጢ੝ޑ΋ঁཱུ௵གࢂݤǶᐍ༝ୃਁݤ

ᏢதኧǴڀځԖߚઇᚯߚک܄ௗ᝻܄ϐᓬᗺǴՠᐍ༝ୃਁሺሽ਱ܳ

຦ǴЪሡाၨ٫ໆෳϷϩמ݋ѯǹ࣬ၨϐΠǴӀݤࡋ೛ഢၨᙁൂǴЪ

ᏹբБߡǶ 

 

2.2 ᖓጢᔈᖓጢᔈᖓጢᔈᖓጢᔈΚΚΚΚୢᚒୢᚒୢᚒୢᚒ 

ᖓጢ׷਑ύޑᔈΚࢂදၹӸӧޑǴځനεॶёၲ 1 GPaǴѬჹᖓ

ጢࠔ፦ޑቹៜࢂ΋ঁཱུࣁख़ाୢޑᚒ[12]ǶጢύޑᔈΚჹ᏾ঁᖓጢک୷

ӝΚ෧่ޑ୷݈ϐ໔کεቹៜǴѬ཮٬ᖓጢࡐ೿཮ౢғૈ܄Ӛᅿޑ݈

১ǴઇᚯѦۯጢֹޑ᏾܄ǴΨ཮ӧᖓጢ߄य़ౢғ౦த݋ޑрǶ 

ӧᖓጢᇙᗓޑπ཰ύǴᖓጢᔈΚࢂᇙำ܌ሡԵቾޑ΋໨ख़ाӢ

નǴ྽ጢύޑᔈΚၸεਔǴᖓጢߚத৒ܰౢғઇ຋ǵያᄙǴࢂ܈গᚆ

ӀᏢϡҹஒ཮೷ԋ೚ӭୢᚒǴନΑౢғᚇૻϷܭ౜ຝǴ೭٤౜ຝჹޑ

ଲቹϐѦǴΨ཮ܴᡉӦफ़եӀᏢس಍ޑᛙࡋۓᆶё᎞ࡋǴس٠٬಍ޑ
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όؼ౗ගϲǶ 

΋૓ٰᇥǴᖓጢޑᔈΚελᆶ୷݈׷፦ǵጢ፦׷਑ǵಔԋԋϩǵ

༾ᢀ่ᄬǵᇙᗓБݤϷᇙᗓୖኧ฻೿Ԗᜢ߯Ƕ 

 

2.3 ᖓጢූ੮ᔈᖓጢූ੮ᔈᖓጢූ੮ᔈᖓጢූ੮ᔈΚΚΚΚᜪࠠᜪࠠᜪࠠᜪࠠ 

ऩ٩ᖓጢᔈΚޑԋӢϩᜪǴ߾ᖓጢᔈΚёϩࣁҁቻᔈΚǵ዗ᔈΚ

аϷѦᔈΚǶҁቻᔈΚӸӧ܌ܭԖᗓጢБ܌ݤᇙբޑᖓጢύǴѬޑε

λᆶᖓጢک୷݈׷਑аϷᇙഢೌמԖᜢǹ዗ᔈΚࢂ྽ᖓጢவ؈ᑈྕࡋ

հޑྕ࠻ډࠅၸำύǴҗܭᖓጢᆶ୷݈ޑ዗ᑩ๞߯ኧόӕ܌Їଆޑǹ

ԶѦᔈΚࢂ߾җѦΚբҔࡼуܭᖓጢ܌ЇଆǶ 

ᖓጢූ੮ᔈΚ٩ࢂ୷݈៻Ԕ܌೷ԋ׎ޑᡂБӛٰ୔ϩǴϩࣁ஭ᔈ

ΚȐtensile stressȑکᓸᔈΚȐcompressive stressȑٿᅿǶ܌ᒏޑ஭ᔈ

Κࢂ྽ᖓጢࡼΚӛѦᘉ஭ਔǴ୷݈ӛϣԏᕭǴ׎ԋ΋пय़Ǵӵ݀ᖓጢ

Ǵஒ཮٬ᖓጢઇ຋ǵগᚆ୷݈ԶᙋଆǹԶᓸᔈࡋज़܄஭ᔈΚຬၸቸޑ

Κࢂ߾྽ᖓጢࡼΚӛ߄य़ᘉ஭ਔǴᖓጢ߄य़և౜Ѧс௃׎Ǵӵ݀ᓸᔈ

Κၲډ΋ཱུۓज़Ǵ߾཮٬ᖓጢӛ୷݈ϣୁ௔ԔǴౢғያᄙǶኧᏢ΢а

҅ဦ߄Ң஭ᔈΚǴॄဦ߄ҢᓸᔈΚǶ 
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კ 2.1ᖓጢූ੮ᔈΚҢཀკ 

 

2.4 ᖓጢූ੮ᔈΚޑᔠෳᖓጢූ੮ᔈΚޑᔠෳᖓጢූ੮ᔈΚޑᔠෳᖓጢූ੮ᔈΚޑᔠෳБݤБݤБݤБݤ  

தޑـᖓጢᔈΚޑໆෳБݤԖٿᅿǴ΋ࢂௗ᝻ԄǴќ΋ߚࣁௗ᝻

ԄǶௗ᝻ԄޑໆෳБݤѸ໪ճҔௗ᝻ᖓጢ߄ޑय़аѦ೽ૈໆٰᐟวᖓ

ጢ༾่ᄬᙖа๧ූځڗ੮ᔈΚǴՠԜБԄ৒ܰ໾্ᖓጢ߄य़ǴӢԜӧ

ᖓጢᔈΚᔠෳ΢ၨ፾ӝаߚௗ᝻ԄޑБٰݤբໆෳǶ 

аΠࣁ൳ᅿதߚޑـௗ᝻Ԅᖓጢූ੮ᔈΚᔠෳБݤǶ 

 

2.4.1 ᝌᖉኺݤᝌᖉኺݤᝌᖉኺݤᝌᖉኺݤ  

ᝌᖉኺݤȐCantilever beamȑޑ୷ҁࢎᄬࢂஒ୷݈ޑ΋ᆄۓڰǴ

Զќ΋ᆄᝌޜǴ׎ԋᐒఓԄޑᝌᖉኺ[13]Ǵӵკ  ҢǶ܌2.2
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კ 2.2ᝌᖉኺݤໆෳس಍ 

 

ӆࡕ΋ᗺǴ٠ӧᇃᗓϐޑǺஒႜ৔ӀѺӧԾҗᆄ΢ࣁໆෳচ౛ځ

а࣬ӕޑБݤໆෳ΋ԛǶᖓጢᇃᗓܭ୷݈΢Ǵ୷݈཮ډڙᖓጢᔈΚޑ

բҔࡕԶวғ׎ᡂǴ٬ளᝌޑޜ΋ᆄౢғՏ౽ǴӢԜёҗ܌ளډϸ৔

Ӏୃ౽ໆǴ຾Զ؃ளᖓጢූޑ੮ᔈΚǶ 

 

2.4.2 ФႥᕉݤФႥᕉݤФႥᕉݤФႥᕉݤ 

ȸФႥᕉȹࢂ΋ᅿճҔϩਁ൯БݤԶౢғޑ฻໼υੋచદǶځ୷

ҁচ౛ᆶᝌᖉኺ࣬ݤ՟ǴΨࢂᙖҗ୷݈ޑԔ౗ᡂϯٰໆෳᖓጢޑϣᔈ

ΚǶФႥᕉ[14]ݤȐNewton’s fringe methodȑځЬाࢎᄬࢂҗ΋༧Ԕ౗

ъ৩ၨεޑѳс࣒ዟ೸᜔Ǵஒځсय़ܫӧ΋༧ӀᏢ࣒ዟѳ݈΢܌ᄬ

ԋǴӵკ2.3܌ҢǶ 
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კ 2.3ФႥᕉݤໆෳس಍ 

  

ѳс೸᜔ޑсय़ᆶ࣒ዟѳ݈ϐ໔׎ԋ΋ޜ਻ቫǴࡋࠆځவύЈௗ

᝻ᗺډᜐጔ೴ᅌቚуǶऩаѳՉൂՅӀࠟྣޔ৔ډФႥᕉ΢Ǵ߾࿶ޜ

਻ቫ΢ǵΠ߄य़ϸ৔ޑΒၰӀ״Ӹӧ๱ӀำৡǴѬॺӧѳс೸᜔ޑс

य़࣬ၶࡕǴஒౢғυੋǶ࿶ፓࡕڋǴёаளډ΋ঁύЈܴࣁས࣬໔ϐ

ӕЈ༝ᕉޑФႥᕉυੋచદǶໆෳФႥᕉ໔ຯᆶచદኧǴ௢ᆉ୷݈

 ё؃рᔈΚελǶߡǴࡕԔ౗ъ৩ǴжΕᔈΚϦԄޑ

 

2.4.3    X Ӏᙅ৔ݤӀᙅ৔ݤӀᙅ৔ݤӀᙅ৔ݤ 

ቺ୯ނ౛Ꮲৎമϵ(Max Von Laue)ܭ 1912ԃа X Ӏྣ৔౷ለል

඲ᡏԶว౜Αᙅ৔౜ຝǴ೭໨ჴᡍନΑ᛾ჴ X ӀڀԖݢ୏܄аϷ඲

ᡏϣ೽ಔԋচηև౜ೕ߾௨ӈϐѦǴӕਔΨ׷ࣁ਑ࣽᏢ࣬ᜢࣴزගٮ

ΑΜϩ୷ҁԶԖਏزࣴޑБݤȋX Ӏᙅ৔ݤǶ 
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X Ӏᙅ৔[14]ݤаυੋࣁϩ݋୷ᘵǴճҔ඲਱ޑ඲य़໔ຯ཮Ӣූࣁ

੮ᔈΚԶౢғᔈᡂޑচ౛ٰໆෳᔈΚǶX Ӏᙅ৔ݤჹ׷ܭ਑ޑϩ݋΢

ᗨฅݤᡂϯǶ၀Бޑё᠘ձ่඲࣬ࣁᓬᗺځǴڀπޑதԖΚߚ΋ঁࢂ

ෳ၂ᡫ௵ࡋଯǴڙኬࠔЁκቹៜλǴՠࢂჹߚܭ඲ᄊޑᖓጢԶقǴX

Ӏᙅ৔٠ݤό፾ҔǴӢࣁԜᅿБݤคݤෳۓᖓጢϣค׎ۓ୔Ϸ༾඲୔

 ϣᔈΚǶޑ

 

2.4.4 ࣬౽Ԅυੋሺ࣬ݤ౽Ԅυੋሺ࣬ݤ౽Ԅυੋሺ࣬ݤ౽Ԅυੋሺݤ 

࣬౽Ԅυੋሺࢂ[15]ݤа Twyman-GreenυੋሺբࣁЬाࢎᄬǴӵ

კ  ҢǶ܌2.4

 

კ 2.4࣬౽Ԅυੋሺݤໆෳس಍ 
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Twyman-GreenυੋሺࢂவᗌլහυੋሺᄽᡂԶٰޑǴ୷ҁচ౛

Ӏޑ೭ᅿυੋሺࣁҔ΋ঁྗൂՅᗺӀྍբࢂ Ǵྍ٠җ΋೸᜔ஒӀբྗ

य़٩ਁ൯ϩݢӆ࿶җ΋ঁϩӀ᜔ஒࡕǴฅݢԋ΋ঁѳय़׎୏բǴޑޔ

പǶӀጕϩձ࿶җୖԵय़ࡑکෳय़ϸ৔ϐࡕǴٿϸ৔Ӏӆ࿶ϩӀ᜔ख़

ཥӝൂࣁٳ΋Ӏ״ǴԋႽӧࡀჿ΢׎ԋ΋ӕЈ༝ޑυੋచદǶ೸ၸ

CCD ᘏڗటໆෳޑᖓጢԔय़υੋკǴ٠ճҔ࣬Տ౽ޑБԄ؃рᗓጢ

 ୷݈Ԕ౗ъ৩Ǵ຾Զ؃ளᖓጢᔈΚॶǶޑࡕ߻

 

2.4.5 ᖓጢᔈΚෳۓᖓጢᔈΚෳۓᖓጢᔈΚෳۓᖓጢᔈΚෳۓɡɡɡɡזೲഡҥယᙯඤזݤೲഡҥယᙯඤזݤೲഡҥယᙯඤזݤೲഡҥယᙯඤݤ 

य़߄ෳᖓጢࡑυੋკǴ٠ᗋচ݋Ҕаೀ౛ϩ[16]ݤೲഡҥယᙯඤז

࣬ՏǴҗԔ౗ᔕӝٰ؃рԔ౗ᡂϯໆǶځᓬᗺࣁ፾Ҕܭջਔ୏ᄊໆ

ෳǵᗋচൂ஭υੋკǴЪໆෳೲזࡋೲǶԶલᗺࢂԜݤሡाԖ፾྽ޑ

 ኧॶǶځၮᆉрޑǴωૈྗዴݢ໔ၩޜ

΋૓ԶقǴӧᚈӀ״υੋύǴυੋமޑࡋीᆉϦԄࣁǺ 

                                                             
(1)                                         

ύځ a(x,y)ࣁङඳૻဦޑமࡋǴb(x,y)ࢂచદკਢֽޑ೽ჹКࡋǴφ(x, y)

 ϩթёаቪԋΠԄǺࡋᓎ౗Ƕமݢ໔ၩޜࢂυੋ࣬ՏǴf0ޑႽન(x, y)ࢂ

(2) 
 

΋ঁፄኧࢂ                           ҢӅ೫ፄኧǴ߄ဦࢃύځ

0( , ) ( , ) ( , )cos[2 ( , )],i x y a x y b x y f x x yπ φ= + +

0 0( , ) ( , ) ( , )exp(2 ) ( , )exp( 2 ),i x y a x y c x y if x c x y if xπ π∗= + + −

1
( , ) ( , )exp[ ( , )]

2
c x y b x y i x yφ=
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 ೲഡٚယᙯඤȐFFTȑඔॊӵΠǺזυੋచદკǶ(2)ԄёҔΒᆢޑ

                                                                   
(3) 

کҢഡҥယӀ᛼Ǵu߄ύεቪӷ҆ځ v ӧࢂ X ک Y Бӛޜޑ໔ᓎ౗Ƕ

(3)Ԅਁޑ൯ᓎ᛼ࢂ΋ঁΟঢ়ڄኧǴᆶ A(u,v)׎ԋ΋ঁቶޑݱ႟ঢ়کΒ

ঢ়Ǵջ C(u,v)ک C*(u,v)ǴՏܭচᗺჹᆀୁٿǶ೸ၸ஥೯ᘠݢǴ႟ঢ়

A(u,v)ک C*(u,v)೏੃ନǴځᎩ᛼όӆჹᆀǴЪϸᙯඤϐࡕ཮ౢғ΋ঁ

Ǵஒ࣬Տϩթ຾ՉഡҥယϸᙯඤǴφ(x, y)൩ёа೏ीࡕ႟຀೽Ƕฅߚ

ᆉрٰǺ 

(4)                                                                               

ύځ Re[c(x,y)]ک Im[c(x,y)] ϩձࣁ c(x,y)ޑჴ೽ک຀೽Ƕ(4)Ԅࢂаז

ೲഡҥယᙯඤࣁ୷ᘵǴѝाᘏൂڗ஭υੋკႽջёϩ࣬݋Տڄኧ φ(x, 

y)Ƕ 

ޑԄύ(4)ܭ φ(x, y)ж࣬߄Տڄفኧᆶኬҁ፺ᄂౢғޑӀำৡ(∆)

ԖᜢǴࣁΑᕇளᖓጢ߄य़׎ᇮǴ࣬Տ৖໒ݤሡाу෧ 2π ७ኧа੃ନ

࣬Տڄኧޑόೱុ܄Ƕӧ೭໨ࣴزύǴ࣬Տ৖໒ݤᒥൻ Macy[8]ޑၮ

ᆉ߾ݤǶ࣬Տ৖໒໘ࢤ Φ(x,y)ڗࢂԾхᇗ࣬ՏǴφ(x, y)ૈ ෳۓ᏾ঁΒ

ᆢ CCDତӈύυੋ൑؂ঁޑႽનǶӧࡑෳ߄ނय़΢ֽ೽ޑଯࡋ፺ᄂ

h(x,y)ёа߄ҢӵΠǺ 

(5) 

*( , ) ( , ) ( , ) ( , ),I u v A u v C u v C u v= + +

1 Im[ ( , )]
( , ) tan ,

Re[ ( , )]

c x y
x y

c x y
φ −  

=  
 

( , ) ( , ),
4

h x y x y
λ
π

= Φ
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ύځ λࣁႜ৔ӀྍߏݢޑǶᖓጢ߄य़׎ᡂໆёаࡐ৒ܰӦҗᖓጢ؈ᑈ

Ƕ΋૓ٰࡌᇮёаख़׎ޑय़߄य़፺ᄂ࣬෧ԶᕇளǴӢԜᖓጢ߄ޑࡕ߻

ᇥǴ؈ᑈܭ୷݈΢ޑᖓጢ཮ӢᔈΚԶ٬୷݈៻ԔǶ೯ၸໆෳᖓጢ؈ᑈ

ᖓޑ୷݈ܭᑈ؈Ǵ܄Ӛӛӕࢂ୷݈Ԕ౗ъ৩Ǵ٠ଷ೛ᔈΚޑόӕࡕ߻

ጢځᔈΚ཮ᆶ୷݈ᡂ׎ໆԋ҅КǶӚӛӕ܄ᖓጢᔈΚёа StoneyБ

ำԄ[9-10]ٰෳۓǴӵΠԄǺ 

                                                               
(6) 

ύځ σࢂᖓጢූޑᎩᔈΚǴR1ک R2ࢂᖓጢ؈ᑈܭ୷݈ޑࡕ߻Ԕ౗ъ

৩ǶRࣁᖓጢޑъ৩Ԕ౗; BK7 ୷݈ླྀޑМኳໆ Esɨ81 GPaǴBK7 ୷

ǶᖓࡋࠆޑᖓጢࢂǴtf (tf <<ts)ࡋࠆޑ୷݈ࢂКνsɨ0.208Ƕts݊ݲޑ݈

ጢࢂࡋࠆޑҗ΋ঁӀ᛼ᐍୃሺٰෳۓǶ೭္ଷ೛ӧᖓጢύࢂޑϩթ֡

ϬޑǴѬࡋࠆޑᡂϯᆶᡂޑ׎୷݈࣬Кࡐࢂ༾λޑǶ 

΋૓ಞᄍҔݤǴσࣁᓸᔈΚਔǴаॄဦ߄ҢǴԶ σࣁ஭ᔈΚਔǴ

ᓸᔈΚǶ܈य़፺ᄂёаҔٰղᘐ஭ᔈΚ߄ΟᆢޑҢǶᖓጢ߄а҅ဦ߾

໺಍ीᆉᔈΚޑБࢂݤа΋᏾ঁኬҁޑѳ֡Ԕ౗ъ৩ٰीᆉූᎩᔈ

ΚǴЪ StoneyБำԄ[9]໻፾ҔܭᖓጢύӚӛӕූޑ܄ᎩᔈΚǶ 

ӧӚӛ౦܄ᔈΚޑኬҁύǴᖓጢᔈΚރޑᄊࢂҗ σx Ϸ σy ঁٿ

ЬᔈΚ܌ඔॊǶӵ݀୷݈ޑ৩ӛࣁ X ືӛЪځᜐጔᆶϪጕБӛȐջ Y

ືȑࢂ΋ठޑǴٗሶᖓጢӚӛ౦܄ᔈΚёҔ΋ঁঅ҅ࡕ StoneyБำ

2 2

2 1

1 1
( ) ,

6(1 ) 6(1 )
s s s s

s f s f

E t E t

t R R t R
σ

ν ν
⋅ ⋅= − =

− −
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Ԅ[11-12]ٰीᆉǺ   

                                                                   
(7) 

 

 
(8)                                                                                     

ύځ σx ک σy ࢂᖓጢޑᚈືᔈΚǴک Rxک Ryϩձࢂᖓጢӧ X Ȑື৩

ӛБӛȑک Y ືБӛޑԔ౗ъ৩Ƕӵ݀Ӛӛӕ܄చҹ (Rx = Ry= R) ԋ

ҥǴ(7)߾Ԅ(8)کԄёаᙁϯ(6)ࣁԄǶ 

2

2

1 1
( ) ,

6 1
s s s

x
s x y f

E t

R R t

νσ
ν

= +
−

2

2

1 1
( ) ,

6 1
s s s

y
s y x f

E t

R R t

νσ
ν

= +
−
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ಃಃಃಃΟΟΟΟകകകക  ჴᡍሺᏔϷπڀჴᡍሺᏔϷπڀჴᡍሺᏔϷπڀჴᡍሺᏔϷπڀ 

3.1    UV/VIS ϩӀӀ᛼ሺϩӀӀ᛼ሺϩӀӀ᛼ሺϩӀӀ᛼ሺ 

ӧӀᏢᖓጢޑᔈҔ΢ǴӀ᛼ሺЬाࢂҔܭໆෳӧ੝ߏݢۓጄൎϣ

 ೸౗Ƕऀޑ

ҁࣴ٬زҔ UV/VIS ϩӀӀ᛼ሺȐSHIMADZU UV-1201ȑբऀࣁ

೸܄Ӏ᛼ϐໆෳπڀǴ࿶җჹߏݢጄൎ 200-1100nmऀ ೸౗Ӏ᛼ޑໆ

ෳǴ٠ଛӝ MATLAB ำԄ܌ว৖ޑх๎ݤ຾Չኧॶϩ݋Ǵ຾Զ؃ှ

ӀᏢதኧǶ 

 

3.2 ԾᇙϐԾᇙϐԾᇙϐԾᇙϐ Twyman-Green υੋυੋυੋυੋሺሺሺሺ 

ҁࣴ٬܌زҔޑᖓጢූ੮ᔈΚໆෳس಍ࢂԾᇙޑ Twyman-Green

υੋሺǴӵკ  ᄬх֖ǺࢎЬाځҢǴ܌3.3

ࣁߏݢ .1 633 nmǴф౗ࣁ 20 mWϐਾԞႜ৔Ƕ 

ᏔǴҗ७౗ݢ໔ᘠޜ .2 60ϐᡉ༾ک᜔ނ 5 µmޑ pinhole܌ಔ

ԋǴځфҔࣁஒਾԞႜ৔ϐଯᓎᚇૻᘠନǶ 

3. ᚈс೸᜔ǴځфҔࣁஒޜ໔ᘠݢᏔౢ܌ғϐᗺӀྍ׎ԋ΋

ѳՉӀǶ 

4. ѳ᏾ࣁࡋ λ/10ޑϩӀ᜔Ƕ 

5. ѳ᏾ࣁࡋ λ/8ൂޑय़ܙӀϐୖԵय़᜔Ƕ 
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 ЍኖѳѠǶޑ࿼୷݈Ҕܫ .6

ѐନυੋࣁфҔځЛ࣒ዟǴޑ΋җଭၲ០୏Զ௽ᙯࣁჿࡀ .7

చદϐණඬǶ 

8. ࠠဦࣁ SONY XCD X710ޑ CCDឪቹᐒǴځ໺ᒡϟय़ࣁ

IEEE 1394Ƕ 

 

3.3 চηΚᡉ༾᜔চηΚᡉ༾᜔চηΚᡉ༾᜔চηΚᡉ༾᜔ȐȐȐȐAFMȑȑȑȑ 

ҁࣴ٬زҔচηΚᡉ༾᜔ȐAFMȑٰໆෳ௹ӛ؈ᑈ MgF2ᖓጢޑ

ΒᆢϷΟᆢ߄य़׎ᇮၗ਑ǴЬाёаவύ࣮р؈ځᑈஏࡋǶ 

ࣁय़ǴԶ௖ଞ཮Ӣ߄ෳ୷݈ࡑճҔ༾λ௖ଞٰགෳࢂݤᔠෳБځ

ႝΚǵᅶΚǵᐒఓௗ᝻Κ฻ౢғୃ౽Ǵฅࡕӆҗ΢Бޑႜ৔ѐෳໆځ

ୃ౽ໆǴ຾ԶளډኬҁޑҥᡏቹႽǶ 

চηΚᡉ༾᜔ȐAFMȑޑᓬᗺࢂόፕӧᏤᡏǵъᏤᡏߚ܈Ꮴᡏ

΢೿ё٬ҔǴЪନΑૈගٮኬҁޑΟᆢ߄य़׎ᇮၗ਑ѦǴᗋૈගٮҬ

ϕբҔΚޑၗ਑ǶԶځલᗺ߾ӧܭೲࡋᄌǵԋႽጄൎϼλǵܰڙ௖ᓐ

 ቹៜǶޑ

 

3.4 ௟ඔԄႝηᡉ༾᜔௟ඔԄႝηᡉ༾᜔௟ඔԄႝηᡉ༾᜔௟ඔԄႝηᡉ༾᜔ȐȐȐȐSEMȑȑȑȑ 

ҁࣴزᙖҗ௟ᅲԄႝηᡉ༾᜔ȐSEMȑ຾Չ༾่ᄬޑᢀෳǶځᔠ

ෳБࢂݤ೸ၸ൑ว৔܈዗ෞᚆႝηᄳౢғଯૈႝη״Ǵ࿶ၸႝᅶ೸᜔



 ϐቹៜ܄ӀᏢǵූ੮ᔈΚϷ༾่ᄬ੝ܭϯᗔᖓጢࢧჹفᑈ؈

೹ҘεᏢᏢғൔ֋ ePaper (2011ԃ)    16

ಔǴஒႝη״ᆫขܭ၂Т΢Ǵ٠ճҔ௟ᅲጕ୮ٰ௓ႝڋηשୃޑ״Б

ӛǶ྽ႝη״ᆶ၂ТբҔਔǴ཮ౢғӚᅿόӕૻޑဦǴҗ၂Т࠻ϣϐ

ୀෳᏔǴୀෳૻځဦࡕǴ࿶ኧՏܫεӧᑻჿ΢ᡉႽǶ 

௟ඔԄႝηᡉ༾᜔ȐSEMȑޑᓬᗺࣁඳుεǵှࡋ݋ଯǴѬૈ୼

ӧଯ७౗ΠమධӦᢀჸࡑډෳ߄ނय़ޑΟޜࡋ໔ҥᡏቹႽǴჹܭᢀჸ

 фਏ੝ձᡉ๱Ƕޑय़่ᄬ߄਑׷

 

3.5 ᖓጢᔈᖓጢᔈᖓጢᔈᖓጢᔈΚໆෳس಍Κໆෳس಍Κໆෳس಍Κໆෳس಍ 

ҁࣴ٬܌زҔޑᖓጢᔈΚໆෳس಍ࢂа Twyman-Greenυੋሺࣁ

ЬाࢎᄬǴӵკ ಍җ΋ਾԞႜ৔࿶җسҢǴᖓጢᔈΚໆෳӀᏢ܌3.1

ѳय़ӀǴᙖޑԋ΋ᗺӀྍǴӆ࿶җᚈс೸᜔ౢғ΋֡Ϭ׎Ꮤݢ໔ᘠޜ

җϩӀ᜔׎ԋٿၰӀ״Ǵϩձ࿶җୖԵय़ࡑکෳϐ௹ӛ؈ᑈ MgF2Ӏ

Ꮲᖓጢϸ৔ϐࡕǴٿϸ৔Ӏӆ࿶җϩӀ᜔ख़ཥӝൂࣁٳ΋Ӏ״ǴԋႽ

υੋచદǴճޑԋ΋ӕЈ༝׎ჿǴ٠ࡀЛ࣒ዟޑҗଭၲ០୏Զ௽ᙯܭ

Ҕࠠဦࣁ SONY XCD X710ޑ CCDᘏڗቹႽǴ٠ஒυੋచદკᡉҢ

ڗьᘏڗǴҗቹႽᘏࡕတᑻჿǶനႝܭ CCDឪቹᐒܡ܌ឪޑቹႽǴ

ଛӝำԄᇟق MATLAB а࣬ՏᗋচޑБԄख़ࡌ MgF2 ӀᏢᖓጢ߄

य़Ǵځໆෳࢬำӵკ  ҢǶ܌3.2
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კ 3.1ᖓጢᔈΚໆෳس಍ࢎᄬკ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

კ 3.2ᖓጢᔈΚໆෳࢬำკ 

җԔ౗ъ৩ᔕӝϐኧᏵၗ਑ 

ीᆉрᖓጢᔈΚ 

٬ҔԾᇙޑ Twyman-Green 

υੋሺፓрᖓጢޑυੋచદ 

ճҔࠠဦࣁ SONY XCD X710ޑ CCD 

ឪቹᐒ໺ᒡځυੋკႽԿႝတ 

Ծႝတᘏڗమධޑυੋచદკ 

٬ҔำԄᇟق MATLAB Ǵа࣬Տᗋচ 

ࡌБԄख़ޑ MgF2ӀᏢᖓጢ߄य़ 
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3.6 ӀᏢதኧϐෳۓБݤӀᏢதኧϐෳۓБݤӀᏢதኧϐෳۓБݤӀᏢதኧϐෳۓБݤ 

ҁࣴ٬زҔ UV/VIS ϩӀӀ᛼ሺȐSHIMADZU UV-1201ȑٰ ໆෳ

ऀ೸౗Ӏ᛼ǴЪଛӝำԄᇟق MATLAB ٰ٬Ҕх๎ݤ຾Չኧॶϩ

฻ӀᏢதኧǴ٠வϩࡋࠆ৔౗ǵ੃Ӏ߯ኧǵϷשޑᖓጢۓǴ຾Զෳ݋

ϐᜢ߯ǴаϷ੃ߏݢ৔౗ᆶש৔౗ǵשޑჹᔈ܌ࢤݢკύᢀჸ؂ঁ݋

Ӏ߯ኧᆶߏݢϐᜢ߯Ƕ 
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ಃಃಃಃѤѤѤѤകകകക  ჴᡍ่݀ᆶ૸ፕჴᡍ่݀ᆶ૸ፕჴᡍ่݀ᆶ૸ፕჴᡍ่݀ᆶ૸ፕ 

4.1 ӀᏢதኧෳۓӀᏢதኧෳۓӀᏢதኧෳۓӀᏢதኧෳۓ 

ҁࣴ܌زໆෳϐ௹ӛ؈ᑈ MgF2ᖓጢԖٿᅿǴጓဦϩձࣁ 434Ϸ

436Ǵୖځኧӵ߄  ҢǶ܌4.1

߄ ᑈ؈ෳϐ௹ӛࡑ 4.1 MgF2ӀᏢᖓጢ 

୷݈ጓဦ୷݈ጓဦ୷݈ጓဦ୷݈ጓဦ 434 436 

୷݈୷݈୷݈୷݈ש৔౗ש৔౗ש৔౗ש৔౗ n = 1.518 n = 1.518 

ጢጢጢጢש৔౗ש৔౗ש৔౗ש৔౗ n = 1.30 n = 1.30 

ጢࠆጢࠆጢࠆጢ363.8 ࠆ nm 360.0 nm 

 ࡋ42.9 ࡋ44.8 ࡋفރࢊࡋفރࢊࡋفރࢊࡋفރࢊ

 

ҁࣴ٬زҔ UV/VIS ϩӀӀ᛼ሺȐSHIMADZU UV-1201ȑٰ ໆෳ

ऀ೸౗Ӏ᛼Ǵ٠ଛӝำԄᇟق MATLAB ٰ٬Ҕх๎ݤ຾Չኧॶϩ݋Ƕ 

კ 4.13 Ӏ᛼ኧᏵၗ਑Ǵ٬Ҕޑໆෳ܌٩Ӏ᛼ሺزҁࣴࣁ Origin

೬ᡏ܌ᛤрޑӀ᛼КၨკǶӧёـӀ୔ጓဦ 436୷݈ MgF2ᖓጢޑ೸

৔౗ၲၨጓဦ 434 ୷݈ޑ೸৔౗ౣଯǴќѦǴҗკύёளޕǴ୷݈

434ϐ MgF2ᖓጢӧ๋Ѧ୔ᏱԖၨ୷݈ 436ϐ MgF2ᖓጢեޑ೸৔౗Ƕ 
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კ 4.1୷݈ጓဦ 434Ϸ 436ϐ௹ӛ؈ᑈ MgF2ᖓጢޑӀ᛼Кၨ 

 

аΠϩձٿࣁᅿόӕ؈ᑈࡋفϐ MgF2 ӀᏢᖓጢޑ೸৔ԄӀ᛼

კǵש৔౗ᆶߏݢϐՅණᜢ߯კǴаϷ੃Ӏ߯ኧᆶߏݢϐᜢ߯კǶ 

 

კ 4.2୷݈ጓဦ 434ϐ MgF2ᖓጢ 

೸৔ԄӀ᛼კ 

კ 4.3୷݈ጓဦ 436ϐ MgF2ᖓጢ 

೸৔ԄӀ᛼კ 
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კ 4.4୷݈ጓဦ 434ϐ MgF2ᖓጢ 

 ϐᜢ߯ߏݢ৔౗ᆶש

კ 4.5୷݈ጓဦ 436ϐ MgF2ᖓጢ 

 ϐᜢ߯ߏݢ৔౗ᆶש

 
კ 4.6୷݈ጓဦ 434ϐ MgF2ᖓጢ 

੃Ӏ߯ኧᆶߏݢϐᜢ߯ 

კ 4.7୷݈ጓဦ 436ϐ MgF2ᖓጢ 

੃Ӏ߯ኧᆶߏݢϐᜢ߯ 

 
 

4.2 ᔈΚᔈΚᔈΚᔈΚໆෳໆෳໆෳໆෳКၨᆶϩ݋Кၨᆶϩ݋Кၨᆶϩ݋Кၨᆶϩ݋ 

ҁࣴ܌زໆෳϐ௹ӛ؈ᑈ MgF2ᖓጢޑԔ౗ъ৩Ϸѳ֡ᔈΚӵ߄

4.2 ޑᇙᗓр܌فᑈ؈ว౜όӕزҢǶࣴ܌ MgF2 ᖓጢǴځѳ֡ᔈΚ

ύጓဦځ஭ᔈΚǶࣁ౜߄ 434 ϐ MgF2 ᖓጢѳ֡ූ੮ᔈΚ0.389 ࣁ 

GPaǴԶጓဦ 436ϐ MgF2ᖓጢѳ֡ූ੮ᔈΚ0.572 ࣁ GPaǶ 
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߄ 4.2 MgF2ᖓጢޑԔ౗ъ৩Ϸѳ֡ᔈΚ 

୷݈ጓဦ୷݈ጓဦ୷݈ጓဦ୷݈ጓဦ 434 ୷݈ጓဦ୷݈ጓဦ୷݈ጓဦ୷݈ጓဦ 436 

ӄୱᔕӝԔ౗ъ৩ӄୱᔕӝԔ౗ъ৩ӄୱᔕӝԔ౗ъ৩ӄୱᔕӝԔ౗ъ৩ 362.8223 m ӄୱᔕӝԔ౗ъ৩ӄୱᔕӝԔ౗ъ৩ӄୱᔕӝԔ౗ъ৩ӄୱᔕӝԔ౗ъ৩ 135.1208 m 

X ືᔕӝԔ౗ъ৩ືᔕӝԔ౗ъ৩ືᔕӝԔ౗ъ৩ືᔕӝԔ౗ъ৩ 292.4976 m X ືᔕӝԔ౗ъ৩ືᔕӝԔ౗ъ৩ືᔕӝԔ౗ъ৩ືᔕӝԔ౗ъ৩ 121.8762 m 

Y ືᔕӝԔ౗ъ৩ືᔕӝԔ౗ъ৩ືᔕӝԔ౗ъ৩ືᔕӝԔ౗ъ৩ 505.3766 m Y ືᔕӝԔ౗ъ৩ືᔕӝԔ౗ъ৩ືᔕӝԔ౗ъ৩ືᔕӝԔ౗ъ৩ 507.6324 m 

ѳ֡ᔈΚѳ֡ᔈΚѳ֡ᔈΚѳ֡ᔈΚ 0.389 GPa ѳ֡ᔈΚѳ֡ᔈΚѳ֡ᔈΚѳ֡ᔈΚ 0.572 GPa 

 

 

4.3 ᔈΚᆶ༾ᢀ੝܄ϐᜢᖄ܄ᔈΚᆶ༾ᢀ੝܄ϐᜢᖄ܄ᔈΚᆶ༾ᢀ੝܄ϐᜢᖄ܄ᔈΚᆶ༾ᢀ੝܄ϐᜢᖄ܄ 

ҁࣴ٬زҔ௟ඔԄႝηᡉ༾᜔ȐSEMȑǵচηΚᡉ༾᜔ȐAFMȑ

Ϸᡉ༾υੋೌᢀჸ MgF2 ᖓጢ߄ޑय़׎ᇮǴவύໆෳр؈ځᑈفޑ

ϐࡋفᑈ؈ᅿόӕٿǴ٠ᙖаКၨࡋࠆǵࡋ MgF2ӀᏢᖓጢ؈ޑᑈஏ

 Ƕ܄ᔈΚԖՖ࣬ᜢځᆶࡋ

аΠϩձٿࣁᅿόӕ؈ᑈࡋفϐ MgF2ӀᏢᖓጢ߄ޑय़׎ᇮໆෳ

კҢКၨǶ 
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კ 4.8 ୷݈ጓဦ 434 ϐ MgF2 ᖓጢܭ

SEM ࣁࡋفރࢊځᇮ׎य़߄ޑໆෳ܌

ࣁࠆᑈጢ؈Ǵࡋ45.2 363.8nm 

კ4.9୷݈ጓဦ436ϐMgF2ᖓጢܭSEM

ࣁࡋفރࢊځᇮ׎य़߄ޑໆෳ܌ 47.1

ࣁࠆᑈጢ؈Ǵࡋ 360.0nm 

  
კ 4.10୷݈ጓဦ 434ϐ MgF2ᖓጢ 

ܭ AFM ޑໆෳ܌ 2D  ᇮ׎य़߄

კ 4.11୷݈ጓဦ 436ϐ MgF2ᖓጢ 

ܭ AFM ޑໆෳ܌ 2D  ᇮ׎य़߄

  

კ 4.12 ୷݈ጓဦ 434 ϐ MgF2 ᖓጢܭ

AFM ޑໆෳ܌ 3D߄य़׎ᇮǴѳ֡߄य़

ಉࣁࡋ 9.020 nm 

კ 4.13 ୷݈ጓဦ 436 ϐ MgF2 ᖓጢܭ

AFM ޑໆෳ܌ 3D߄य़׎ᇮǴѳ֡߄य़

ಉࣁࡋ 15.098 nm 
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߄ 4.3 ௹ӛ؈ᑈ MgF2ᖓጢϐ༾ᢀ੝܄ᆶᔈΚޑᜢᖄ܄ 

୷݈ጓဦ୷݈ጓဦ୷݈ጓဦ୷݈ጓဦ    

434434434434    

1. வ AFM ᗭಈၨځᇮύё࣮р׎य़߄ޑໆෳ܌

ಒǴғߏၨஏ໣Ъ֡ϬǶ 

2. ୷݈ጓဦ 434 ϐ MgF2ᖓጢ࣬Տᗋচკ࣮ଆٰ

ၨѳڶǶ 

୷݈ጓဦ୷݈ጓဦ୷݈ጓဦ୷݈ጓဦ    

436436436436 

1. வ AFM ᗭಈၨځᇮύё࣮р׎य़߄ޑໆෳ܌

ಉǴғߏό֡Ϭǵୖৡόሸǵпсৡ౦ܴᡉǶ

Ӣځ୴ᑈஏࡋၨեǴ܌аև౜р஭ᔈΚǶ 

2. ୷݈ጓဦ 436 ϐ MgF2ᖓጢ࣬Տᗋচკ࣮ଆٰ

ၨև U ӷࠠǴ಄ӝ΢ॊ஭ᔈΚޑ௃ݩǶ 
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ಃಃಃಃϖϖϖϖകകകക  ่ፕ่ፕ่ፕ่ፕ 

ҁࣴزว౜ǴMgF2ᖓጢዴჴᏱԖଯ೸৔౗Ȑკ5.1ȑǴԶ୷݈ጓဦ

434ϐMgF2ᖓጢӧ๋Ѧ୔ޑ೸৔౗ၨ୷݈ጓဦ436ϐMgF2ᖓጢեǴচ

Ӣёૈᆶᖓጢ؈ޑᑈచҹԖᜢǴஒᇥܴӵࡕǶ 

 

კ ᑈ؈ӛ௹ٿ 5.1 MgF2ᖓጢޑӀ᛼Кၨ 

 

MgF2ᖓጢޑѳ֡ᔈΚ߄౜ࣁ஭ᔈΚȐკ5.2ȑǶځύጓဦ434ϐ

MgF2ᖓጢѳ֡ූ੮ᔈΚ0.389 ࣁ GPaǴጓဦ436ϐMgF2ᖓጢѳ֡ූ੮

ᔈΚ0.572 ࣁ GPaǴҗԜёޕᖓጢύᔈΚݩރᆶ༾่ᄬஏϪ࣬ᜢǴࢊ

ޑࡋ44.8ࣁࡋفރࢊᖓጢȐጓဦ436ȑѳ֡஭ᔈΚၨޑࡋ42.9ࣁࡋفރ

ᖓጢȐጓဦ434ȑεǶ 
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კ ᑈ؈ӛ௹ٿ 5.2 MgF2ᖓጢޑ 3D፺ᄂკ(a)ࣁጓဦ 434ϐ MgF2ᖓ

ጢǹ(b)ࣁጓဦ 436ϐ MgF2ᖓጢ 

 

΋૓аᇃᗓೌמᇙഢޑᖓጢ่ᄬ᚞ණǴ཮և౜஭ᔈΚǹϸϐǴа

ᘢᗓೌמᇙഢޑᖓጢ่ᄬၨጏஏǴ߾և౜ᓸᔈΚǶԜѦǴᗓጢᇙำୖ

ኧΨ཮ቹៜᖓጢᔈΚޑғԋǴऩᖓጢ؈ᑈࡕᗭಈၨಉǴғߏό֡Ϭǵ

ࣗԿ߄य़псৡ౦ܴᡉǴځ߾୴ᑈஏࡋၨեǴஒև౜஭ᔈΚǶ҅ӛ؈

ᑈޑᖓጢጏஏ࣬ࡋჹКၨଯǴԶ௹ӛ؈ᑈڀځ໼௹ϩҥރࢊޑᖓጢЪ

፿ጨਏډڙܭҗࢂჹКၨեǴ೭࣬ࡋ໔ሜǴጏஏޑϐ໔кᅈΑࢊᆶࢊ

ᔈޑቹៜǴӧᖓጢԋ߃ޑߏයǴΕ৔চη཮ණ໶ϩѲӧ୷݈߄य़٠ౢ

ғԋਡ୔Ǵჹܭ௹ӛ؈ᑈޑᖓጢԶقǴ཮Ԗ೽ҽԋਡ୔೏ᏲՐԶคݤ

ௗډڙΕ৔চηǴฅԶ፿ጨѝวғӧൂ΋БӛǴӢԜؒԖډڙ፿ጨޑ

ԋਡ୔཮ᝩុ׎ԋ৞ރǴΨ٬ளࢊᆶࢊϐ໔Ԗ΋ޑۓ໔ሜǶ 

Ԝၰ౛ΨёᔈҔӧ҅ӛ؈ᑈᖓጢȐࡐࡋفރࢊλȑǴҗܭԋਡޑ

୔ୱؒԖډڙ፿ጨǴ׎܌ԋ่ރࢊޑᄬ൩཮ݮ๱ࠟޔ୷݈߄य़ޑБӛ

ғߏǴΕ৔η༤ံޜሜૈޑΚගଯǴΨӢԜ҅ӛ؈ᑈޑᖓጢጏஏ࣬ࡋ
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ჹКၨଯǴᆕ܌߻ॊёаᇥܴࡋفރࢊၨλޑᖓጢǴ፿ጨਏᔈޑቹៜ

ၨλǴᖓጢጏஏ࣬ࡋჹКၨଯǴ܌ෳளޑѳ֡ᔈΚၨεǶ 

а௟ᅲԄႝηᡉ༾᜔ȐSEMȑᢀჸځᐉওय़ޑᖓጢᡉ༾׎ᇮள

ϐ໔кᅈΑϾሜǴӵࢊᆶࢊᖓጢǴЪރࢊޑ໼௹ϩҥڀᑈ؈Ǵ௹ӛޕ

კ5.3܌ҢǶკ5.3 (a)ࣁጓဦ434௹ӛ؈ᑈMgF2ᖓጢаSEM܌ໆෳޑᐉ

ᄒय़༾ᢀ่ᄬቹႽǴࡋ44.8ࣁࡋفރࢊځǴ؈ᑈጢ363.8ࣁࠆ nmǹკ

5.3 (b)ࣁጓဦ436௹ӛ؈ᑈMgF2ᖓጢаSEM܌ໆෳޑᐉᄒय़༾ᢀ่ᄬ

ቹႽǴࡋ42.9ࣁࡋفރࢊځǴ؈ᑈጢ360.0ࣁࠆ nmǶ 

 
 

 
 

 

 

 

 

 

 

კ 5.3 SEM܌ໆෳޑ༾่ᄬ (a)ࣁጓဦ 434ϐ MgF2ᖓጢǹ(b)ࣁጓဦ

436ϐ MgF2ᖓጢ 

 

೯தჹܭଯࡋفΕ৔Бӛౢ܌ғ੝ਸ׎ᇮޑᖓጢ཮ၨܴᡉǴ೭ࢂ

ӢࣁଯࡋفჹܭΕ৔চηޑௗૈڙΚၨեǴΨ൩ࢂᇥΕ৔চηၨόܰ

༤ံࢊᆶޑࢊ໔ሜǴځࡺ፿ጨਏᔈܴᡉԶ೷ԋޑ౜ຝǴ٬ளࢊᆶࢊϐ

໔Ԗ΋ޑۓϾሜǶӧ༾ᢀ߄य़׎ᇮБय़Ǵጓဦ434ϐMgF2ᖓጢޑѳ֡
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ࣁࡋय़ಉ߄ѳ֡ޑໆෳ܌nmǴၨጓဦ436ϐMgF2ᖓጢ 3.0648ࡋय़ಉ߄

2.644 nmࣁεǴӵკ5.4܌ҢǶჹܭጓဦ434௹ӛ؈ᑈفၨεޑΕ৔চ

ηԶقǴӢځԖ፿ጨਏᔈޑӸӧǴჹ௹ӛ؈ᑈᖓጢٰᇥǴΕ৔চηԖ

ᜪ՟ъྗޔϐ౜ຝǴ߄ځࡺय़׎ᇮၨ৒࣮ܰډсрϐރࢊ༝ഗǴԶԖ

ၨଯ߄ޑय़ಉᕫࡋǶќ΋ёૈࢂҗܭคى୼ૈໆ຾ՉᘉණǴѝૈ࣬ܭ

ᎃ่ރࢊޑᄬ่ӝ׎ԋ೽ϩ৞ँރр߄ޑय़Ǵ٬ளᖓጢ߄य़ಉᕫࡋቚ

εǶ 

 
          

 

 

 

 

 

 

 

 

         

კ 5.4 ᡉ༾υੋೌໆෳޑ 3D߄य़׎ᇮ (a)ࣁጓဦ 434ϐ MgF2ᖓጢǹ

(b)ࣁጓဦ 436ϐ MgF2ᖓጢ 

 

ᆕӝ΢ॊǴҁࣴزว౜ճҔ௹ӛ؈ᑈೌמ཮೷ԋMgF2ᖓጢޑᡉ

༾่ᄬౢғᡂϯǴό໻ёаౢғڀԖ໼௹่ރࢊޑᄬᖓጢǴЪࢊᆶࢊ

ϐ໔кᅈΑϾሜǶԜѦǴჴᡍ่݀ҭว౜௹ӛ؈ᑈ࣬ၨ҅ܭӛ؈ᑈǴ

ӢځԖ፿ጨਏᔈޑӸӧǴჹեש৔౗ޑMgF2ᖓጢٰᇥǴΕ৔চηԖ
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ᜪ՟ъྗޔϐ౜ຝǴ߄ځࡺय़׎ᇮၨ৒࣮ܰډсрϐރࢊ༝ഗǴԶԖ

ၨଯ߄ޑय़ಉᕫࡋǴԶЪځӀᏢϷᔈΚ੝܄Ψᆶ௹ӛ؈ᑈࡋفԖᜢǶ

ᙖҗ௹ӛ؈ᑈБԄᇙᗓMgF2ᖓጢΑှځӀᏢϷᔈΚ੝܄Ǵаफ़եϸ

৔౗Ϸූ੮ᔈΚǵගଯऀ೸౗ǴஒԖշܭ҂ٰޑᖓጢᇙഢޑೌמගϲ

ᆶ੝ਸӀᏢϡҹࣴޑวǶ 
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