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ᄔाᄔाᄔाᄔा 

ΨᒿϐೌמวǴᖓጢࠁጲޑᆶᔈҔೌמӀႝሦୱܭԃٰǴҗ߈

ख़ाǶҗܭᖓጢύූ੮ᔈΚޑӸӧǴჹӀႝϡҹϷسޑфૈౢғ

୷݈Ǵ٬୷ܭቹៜǴѬόᏤठᖓጢᓫǵಥပǴᗋբҔޑεࡐ

݈วғᡂǴԶቹៜᒡ܄ǵफ़եΑё܄ǶӢԜǴӀᏢᖓ
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Ҕႝηᄳᇃᗓݤаόӕ؈ޑᑈࡋفᇙഢ MgF2ӀᏢᖓጢǴځӧӀ

Ꮲ܄ǵූ੮ᔈΚаϷӧ߄य़ᇮک༾่ᄬБय़܌ԋޑቹៜǶჴᡍ
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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 

 ޑᆶҞޑᆶҞޑᆶҞޑᐒᆶҞزᐒࣴزᐒࣴزᐒࣴزࣴ 1.1

җ߈ܭԃٰӀႝ࣬ᜢೌמᆶᔈҔϐጲࠁวǴᖓጢޑᔈҔጄൎཱུ

ǶฅԶӧӀᏢᖓጢӧᇙᗓၸำύǴౢғූ੮ᔈΚǴ٠ԋ୷ݱቶࣁ

݈ԔǵᡂǴԶޔௗቹៜډᖓጢؼޑǵᛙک܄ۓё[1]܄ǴӢ

ԜǴाӵՖᇙᗓрଯӀᏢࠔ፦ЪڀեᔈΚޑᖓጢࡐঁࢂߡख़ाޑᕉ

ǶҗࢧܭϯᗔȐMgF2ȑᖓጢשեǴϯᏢᆶᐒఓᛙ[2,3]٫܄ۓǴ

 ӀᏢᖓጢǶޑख़ाࣁϸጢǴӢԜלӝൂቫࡐ

ჹܭޑӀᏢᗓጢԶقǴᗓጢচηࢂа҅ӛΕޑБԄ؈ᑈӧ

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

angle depositionȑԋᡏӧ่ᄬᆶᖓጢᔈᡂׯޑᡂǴӕԃ Smith [4]

ஒ୷݈ܫ௹ 45 ӚځᖓጢǴޑғౢ܌Ǵวᇃᗓ៓ᙻٰفࡋ

ޑᅶ܄ᡂϯڀԖ֡ߚӛ܄ȐanisotropyȑǴ೭ࢂҗܭ௹ӛ؈ᑈӧᖓጢ

༾่ᄬ܌ԋׯᡂǴаԿܭቹៜᖓጢ܄ǴԜຝόวғӧᅶ܄

ǴӧӀᏢǵ่ᄬکᐒఓ܄ΨԖᜪ՟ޑൔᏤ[5-10]ǴԶ೭٤܄Ьा

ᆶᖓጢޑᇮȐmorphologyȑԖᜢǴӢԜёаӧόׯᡂޑගΠǴ

ճҔڋ୷݈ׯٰࡋفᡂᖓጢ༾่ᄬǴځ٬܄ҭᒿϐᡂϯǶ 

1966 ԃǴNieuwenhuizen ک Haanstra [6]җႝηᡉ༾᜔ᢀჸჴΑ

௹ӛ؈ᑈᖓጢޑ༾ᢀ่ᄬࢂҗරᇃᗓྍБӛғޑߏ௹܌ރࢊಔ
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ԋǴ٠ගрᡍϦԄ tangent ruleٰ ඔॊ؈ᑈفᆶރࢊ௹ޑفᜢ߯Ƕ 

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

ғߏБӛᆶ୷݈ݤጕف֨ޑǴЪஒ؈ᑈѳय़ۓကࣁᇃᗓ೯ໆޑΕБ

ӛᆶ୷݈ݤጕᄬԋޑѳय़Ǵ೭٤ᡍϦԄჹزࣴܭᖓጢޑӀᏢǵᔈΚ

܄ǵ߄य़ᇮک༾่ᄬᜢ߯ࡐख़ाǴӢ٬ࣁҔ௹ӛ؈ᑈૈೌמ

Ǵܫ௹ஒ୷݈ࢂჴᡍচځǶԶ܄ӀᏢаϷᔈΚکᖓጢ่ᄬڋ

٬ளᇃᗓ೯ໆа௹ӛΕޑБԄ؈ᑈԿ୷݈Ǵҗܭ୷݈ӧ؈ᑈය໔

ᓉЗόǴᖓጢӧԾךጨਏᔈޑቹៜΠԖ่ރࢊᄬౢޑғǶԜ

௹ӛ؈ᑈೌמёᇙഢрڀԖ༾ڼԯЁޑࡋਸᇮ༾่ᄬǴ٠ᢀჸᖓ

ጢӧ༾่ᄬϐᡂϯǴ܈ڋ୷݈ຼޑයᙌᙯǴёी٠ᓁ༟

Ȑsculptureȑрόӕ่ރࢊޑރᄬᖓጢǶ 

ҁࣴزҞࣁޑճҔႝηᄳᇃᗓݤᇙഢ௹ӛ؈ᑈ MgF2ӀᏢᖓጢǴ

٠ٿᅿόӕ؈ᑈޑࡋف MgF2ӀᏢᖓጢǴӧූ੮ᔈΚᆶӀᏢ܄

аϷӧ߄य़ᇮک༾่ᄬБय़܌ԋׯޑᡂǶ 

 

 ݤБزࣴݤБزࣴݤБزࣴݤБزࣴ 1.2

ҁࣴزϩٿࣁεҽǴࣁӀໆෳǴΒූࢂ੮ᔈΚޑෳۓǶ

Ӏϐ܄ऀࣁаUV/VISϩӀӀሺȐSHIMADZU UV-1201ȑբޣ

ໆෳπڀǴ٠ଛӝMATLAB ำԄ܌วޑх๎ݤՉኧॶϩǴԶ

ှӀᏢதኧǹ٬ޣࡕҔԾᇙϐTwyman-Greenυੋሺٰໆෳ[11]Ǵ
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٠ଛӝMATLAB ำԄ٬Ҕ࣬ՏᗋচݤՉԔᔕӝϷኧॶϩǶ  

 

1.3 MgF2 ᖓጢᖓጢᖓጢᖓጢϐ܄ϐ܄ϐ܄ϐ܄ 

MgF2ᖓጢޑϩηໆ 62.31Ǵஏࡋጄൎӧ 2.9ɴ3.2Ǵשځࣁ 1.32

ɴ1.39Ǵӧ͓ɨ550nmೀࣁ 1.38ǴשݢߏॶัԖफ़եǴӧ͓ߏݢ

ɨ2µmೀࣁ 1.35ǶMgF2ᖓጢ่ޑᄬ೯தࢂև่ރᄊǴՠჹܭ

ၨᖓޑጢ܈հ୷݈ᇙഢޑᖓጢٰᇥǴाКࠆጢ܈୷݈ޑጢޑ

ಈಒளӭǶMgF2 ᖓጢڀԖӧᇃΕفБӛᓬғޑߏᖿ༈Ǵ٠Ъ

ӧځጢࠆεܭ 1000Å ਔԋ֡ߚϬᖓጢǶMgF2 ᖓጢԖࡐଯޑᔈ

ΚǴԶЪځᔈΚᒿጢޑࠆቚуԶቚуǴӧᖓጢၲࡋࠆ 1000Å Ѱѓ

ਔǴځᔈΚॶऊࣁ 3000ɴ5000 kg/cm2Ƕ 

җܭ MgF2ᖓጢޑեשکଯޑᐒఓமࡋǴځ٬ӧלϸጢύ

эԖձख़ाޑՏǴՠҗځܭҁيଯޑᔈΚǴ܌аൂቫ MgF2ᖓ

ጢࡋࠆޑόૈຬၸ 2µmǴց߾ӧޜύ൩ౢғᖓጢઇޑຝǶ 

MgF2 ϐ܌аԋࣁᔈҔനԐǵനத௦ҔǴЪڀԖᓬނޑؼϷϯ

Ꮲૈ܄ϐӀᏢᗓጢ[12]ǴࢂӢࣁѬ܌ࢂԖեשύനࣁऐҔ

ޑቨࡐԖڀӀаϷआѦӀጄൎϣـѬӧ๋ѦӀǵёܭᖓጢǶҗޑ

ຎืǴЪڀԖࡐեޑӀᏢשǵଯלཞ܄ǴаϷܰᐘᑈǵᖓጢ

ᐒఓமࡋεǵᛙ܄ۓӳ……ᓬ౦[12]ૈ܄ǴӢԜǴMgF2 ቶݱӦҔ

 ीࣴᇙᆶ໒วǶޑӚᅿӀᏢᖓጢܭ



 ϐቹៜ܄ӀᏢǵූ੮ᔈΚϷ༾่ᄬܭϯᗔᖓጢࢧჹفᑈ؈

ҘεᏢᏢғൔ ePaper (2011ԃ)    4

ಃΒകಃΒകಃΒകಃΒക  ᖓጢᖓጢᖓጢᖓጢ܄ᔠෳ܄ᔠෳ܄ᔠෳ܄ᔠෳ 

2.1 ӀᏢதኧ܄ᆶᔠෳӀᏢதኧ܄ᆶᔠෳӀᏢதኧ܄ᆶᔠෳӀᏢதኧ܄ᆶᔠෳ 

ԶقǴᖓጢޑӀᏢதኧхשࡴ nǵӀ߯ኧ k ᆶጢࠆ dǴ

ԜΟёҗऀӀϷх๎ݤෳрǶ 

ҞӧӀᏢதኧޑᔠෳБݤύǴၨதҔࢂޑᐍ༝ୃਁݤϷӀࡋ

ᆉӀܭǴதճҔೌמෳໆ܄ᖓጢޑঁཱུ௵གࢂݤǶᐍ༝ୃਁݤ

ᏢதኧǴڀځԖߚઇᚯߚک܄ௗ܄ϐᓬᗺǴՠᐍ༝ୃਁሺሽܳ

ǴЪሡाၨ٫ໆෳϷϩמѯǹ࣬ၨϐΠǴӀݤࡋഢၨᙁൂǴЪ

ᏹբБߡǶ 

 

2.2 ᖓጢᔈᖓጢᔈᖓጢᔈᖓጢᔈΚΚΚΚୢᚒୢᚒୢᚒୢᚒ 

ᖓጢύޑᔈΚࢂදၹӸӧޑǴځനεॶёၲ 1 GPaǴѬჹᖓ

ጢࠔ፦ޑቹៜࢂঁཱུࣁख़ाୢޑᚒ[12]ǶጢύޑᔈΚჹঁᖓጢک୷

ӝΚ෧่ޑ୷݈ϐ໔کεቹៜǴѬ٬ᖓጢࡐౢғૈ܄Ӛᅿޑ݈

১ǴઇᚯѦۯጢֹޑ܄ǴΨӧᖓጢ߄य़ౢғ౦தޑрǶ 

ӧᖓጢᇙᗓޑπύǴᖓጢᔈΚࢂᇙำ܌ሡԵቾޑख़ाӢ

નǴጢύޑᔈΚၸεਔǴᖓጢߚதܰౢғઇǵያᄙǴࢂ܈গᚆ

ӀᏢϡҹஒԋӭୢᚒǴନΑౢғᚇૻϷܭຝǴ೭٤ຝჹޑ

ଲቹϐѦǴΨܴᡉӦफ़եӀᏢسޑᛙࡋۓᆶёࡋǴس٠٬ޑ
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όؼගϲǶ 

ٰᇥǴᖓጢޑᔈΚελᆶ୷݈፦ǵጢ፦ǵಔԋԋϩǵ

༾ᢀ่ᄬǵᇙᗓБݤϷᇙᗓୖኧԖᜢ߯Ƕ 

 

2.3 ᖓጢූ੮ᔈᖓጢූ੮ᔈᖓጢූ੮ᔈᖓጢූ੮ᔈΚΚΚΚᜪࠠᜪࠠᜪࠠᜪࠠ 

ऩ٩ᖓጢᔈΚޑԋӢϩᜪǴ߾ᖓጢᔈΚёϩࣁҁቻᔈΚǵᔈΚ

аϷѦᔈΚǶҁቻᔈΚӸӧ܌ܭԖᗓጢБ܌ݤᇙբޑᖓጢύǴѬޑε

λᆶᖓጢک୷݈аϷᇙഢೌמԖᜢǹᔈΚࢂᖓጢவ؈ᑈྕࡋ

հޑྕ࠻ډࠅၸำύǴҗܭᖓጢᆶ୷݈ޑᑩ߯ኧόӕ܌Їଆޑǹ

ԶѦᔈΚࢂ߾җѦΚբҔࡼуܭᖓጢ܌ЇଆǶ 

ᖓጢූ੮ᔈΚ٩ࢂ୷݈Ԕ܌ԋޑᡂБӛٰϩǴϩࣁᔈ

ΚȐtensile stressȑکᓸᔈΚȐcompressive stressȑٿᅿǶ܌ᒏޑᔈ

ΚࢂᖓጢࡼΚӛѦᘉਔǴ୷݈ӛϣԏᕭǴԋпय़Ǵӵ݀ᖓጢ

Ǵஒ٬ᖓጢઇǵগᚆ୷݈ԶᙋଆǹԶᓸᔈࡋज़܄ᔈΚຬၸቸޑ

Κࢂ߾ᖓጢࡼΚӛ߄य़ᘉਔǴᖓጢ߄य़ևѦсǴӵ݀ᓸᔈ

Κၲډཱུۓज़Ǵ߾٬ᖓጢӛ୷݈ϣୁԔǴౢғያᄙǶኧᏢа

҅ဦ߄ҢᔈΚǴॄဦ߄ҢᓸᔈΚǶ 
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კ 2.1ᖓጢූ੮ᔈΚҢཀკ 

 

2.4 ᖓጢූ੮ᔈΚޑᔠෳᖓጢූ੮ᔈΚޑᔠෳᖓጢූ੮ᔈΚޑᔠෳᖓጢූ੮ᔈΚޑᔠෳБݤБݤБݤБݤ  

தޑـᖓጢᔈΚޑໆෳБݤԖٿᅿǴࢂௗԄǴќߚࣁௗ

ԄǶௗԄޑໆෳБݤѸճҔௗᖓጢ߄ޑय़аѦૈໆٰᐟวᖓ

ጢ༾่ᄬᙖаූځڗ੮ᔈΚǴՠԜБԄ্ܰᖓጢ߄य़ǴӢԜӧ

ᖓጢᔈΚᔠෳၨӝаߚௗԄޑБٰݤբໆෳǶ 

аΠࣁ൳ᅿதߚޑـௗԄᖓጢූ੮ᔈΚᔠෳБݤǶ 

 

2.4.1 ᝌᖉኺݤᝌᖉኺݤᝌᖉኺݤᝌᖉኺݤ  

ᝌᖉኺݤȐCantilever beamȑޑ୷ҁࢎᄬࢂஒ୷݈ޑᆄۓڰǴ

ԶќᆄᝌޜǴԋᐒఓԄޑᝌᖉኺ[13]Ǵӵკ  ҢǶ܌2.2
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კ 2.2ᝌᖉኺݤໆෳس 

 

ӆࡕᗺǴ٠ӧᇃᗓϐޑǺஒႜӀѺӧԾҗᆄࣁໆෳচځ

а࣬ӕޑБݤໆෳԛǶᖓጢᇃᗓܭ୷݈Ǵ୷݈ډڙᖓጢᔈΚޑ

բҔࡕԶวғᡂǴ٬ளᝌޑޜᆄౢғՏ౽ǴӢԜёҗ܌ளډϸ

Ӏୃ౽ໆǴԶளᖓጢූޑ੮ᔈΚǶ 

 

2.4.2 ФႥᕉݤФႥᕉݤФႥᕉݤФႥᕉݤ 

ȸФႥᕉȹࢂᅿճҔϩਁ൯БݤԶౢғޑυੋచદǶځ୷

ҁচᆶᝌᖉኺ࣬ݤ՟ǴΨࢂᙖҗ୷݈ޑԔᡂϯٰໆෳᖓጢޑϣᔈ

ΚǶФႥᕉ[14]ݤȐNewton’s fringe methodȑځЬाࢎᄬࢂҗ༧Ԕ

ъ৩ၨεޑѳс࣒ዟ᜔Ǵஒځсय़ܫӧ༧ӀᏢ࣒ዟѳ݈܌ᄬ

ԋǴӵკ2.3܌ҢǶ 
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კ 2.3ФႥᕉݤໆෳس 

  

ѳс᜔ޑсय़ᆶ࣒ዟѳ݈ϐ໔ԋޜቫǴࡋࠆځவύЈௗ

ᗺډᜐጔᅌቚуǶऩаѳՉൂՅӀࠟྣޔډФႥᕉǴ߾ޜ

ቫǵΠ߄य़ϸޑΒၰӀ״ӸӧӀำৡǴѬॺӧѳс᜔ޑс

य़࣬ၶࡕǴஒౢғυੋǶፓࡕڋǴёаளډঁύЈܴࣁས࣬໔ϐ

ӕЈ༝ᕉޑФႥᕉυੋచદǶໆෳФႥᕉ໔ຯᆶచદኧǴᆉ୷݈

 ёрᔈΚελǶߡǴࡕԔъ৩ǴжΕᔈΚϦԄޑ

 

2.4.3    X ӀᙅݤӀᙅݤӀᙅݤӀᙅݤ 

ቺ୯ނᏢৎമϵ(Max Von Laue)ܭ 1912ԃа X Ӏྣ౷ለል

ᡏԶวΑᙅຝǴ೭ჴᡍନΑჴ X ӀڀԖݢ܄аϷ

ᡏϣಔԋচηևೕ߾௨ӈϐѦǴӕਔΨࣁࣽᏢ࣬ᜢࣴزගٮ

ΑΜϩ୷ҁԶԖਏزࣴޑБݤȋX ӀᙅݤǶ 



 ϐቹៜ܄ӀᏢǵූ੮ᔈΚϷ༾่ᄬܭϯᗔᖓጢࢧჹفᑈ؈

ҘεᏢᏢғൔ ePaper (2011ԃ)    9

X Ӏᙅ[14]ݤаυੋࣁϩ୷ᘵǴճҔޑय़໔ຯӢූࣁ

੮ᔈΚԶౢғᔈᡂޑচٰໆෳᔈΚǶX Ӏᙅݤჹܭޑϩ

ᗨฅݤᡂϯǶ၀Бޑё᠘ձ่࣬ࣁᓬᗺځǴڀπޑதԖΚߚঁࢂ

ෳ၂ᡫ௵ࡋଯǴڙኬࠔЁκቹៜλǴՠࢂჹߚܭᄊޑᖓጢԶقǴX

Ӏᙅ٠ݤόҔǴӢࣁԜᅿБݤคݤෳۓᖓጢϣคۓϷ༾

 ϣᔈΚǶޑ

 

2.4.4 ࣬౽Ԅυੋሺ࣬ݤ౽Ԅυੋሺ࣬ݤ౽Ԅυੋሺ࣬ݤ౽Ԅυੋሺݤ 

࣬౽Ԅυੋሺࢂ[15]ݤа Twyman-GreenυੋሺբࣁЬाࢎᄬǴӵ

კ  ҢǶ܌2.4

 

კ 2.4࣬౽Ԅυੋሺݤໆෳس 
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Twyman-GreenυੋሺࢂவᗌլහυੋሺᄽᡂԶٰޑǴ୷ҁচ

Ӏޑ೭ᅿυੋሺࣁҔঁྗൂՅᗺӀྍբࢂ Ǵྍ٠җ᜔ஒӀբྗ

य़٩ਁ൯ϩݢӆҗঁϩӀ᜔ஒࡕǴฅݢԋঁѳय़բǴޑޔ

പǶӀጕϩձҗୖԵय़ࡑکෳय़ϸϐࡕǴٿϸӀӆϩӀ᜔ख़

ཥӝൂࣁٳӀ״ǴԋႽӧࡀჿԋӕЈ༝ޑυੋచદǶၸ

CCD ᘏڗటໆෳޑᖓጢԔय़υੋკǴ٠ճҔ࣬Տ౽ޑБԄрᗓጢ

 ୷݈Ԕъ৩ǴԶளᖓጢᔈΚॶǶޑࡕ

 

2.4.5 ᖓጢᔈΚෳۓᖓጢᔈΚෳۓᖓጢᔈΚෳۓᖓጢᔈΚෳۓɡɡɡɡזೲഡҥယᙯඤזݤೲഡҥယᙯඤזݤೲഡҥယᙯඤזݤೲഡҥယᙯඤݤ 

य़߄ෳᖓጢࡑυੋკǴ٠ᗋচҔаೀϩ[16]ݤೲഡҥယᙯඤז

࣬ՏǴҗԔᔕӝٰрԔᡂϯໆǶځᓬᗺࣁҔܭջਔᄊໆ

ෳǵᗋচൂυੋკǴЪໆෳೲזࡋೲǶԶલᗺࢂԜݤሡाԖޑ

 ኧॶǶځၮᆉрޑǴωૈྗዴݢ໔ၩޜ

ԶقǴӧᚈӀ״υੋύǴυੋமޑࡋीᆉϦԄࣁǺ 

                                                             
(1)                                         

ύځ a(x,y)ࣁङඳૻဦޑமࡋǴb(x,y)ࢂచદკਢֽޑჹКࡋǴφ(x, y)

 ϩթёаቪԋΠԄǺࡋᓎǶமݢ໔ၩޜࢂυੋ࣬ՏǴf0ޑႽન(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) 

کҢഡҥယӀǴu߄ύεቪӷ҆ځ v ӧࢂ X ک Y Бӛޜޑ໔ᓎǶ

(3)Ԅਁޑ൯ᓎࢂঁΟঢ়ڄኧǴᆶ A(u,v)ԋঁቶޑݱ႟ঢ়کΒ

ঢ়Ǵջ C(u,v)ک C*(u,v)ǴՏܭচᗺჹᆀୁٿǶၸ೯ᘠݢǴ႟ঢ়

A(u,v)ک C*(u,v)ନǴځᎩόӆჹᆀǴЪϸᙯඤϐࡕౢғঁ

Ǵஒ࣬ՏϩթՉഡҥယϸᙯඤǴφ(x, y)൩ёаीࡕ႟Ƕฅߚ

ᆉрٰǺ 

(4)                                                                               

ύځ Re[c(x,y)]ک Im[c(x,y)] ϩձࣁ c(x,y)ޑჴکǶ(4)Ԅࢂаז

ೲഡҥယᙯඤࣁ୷ᘵǴѝाᘏൂڗυੋკႽջёϩ࣬Տڄኧ φ(x, 

y)Ƕ 

ޑԄύ(4)ܭ φ(x, y)ж࣬߄Տڄفኧᆶኬҁ፺ᄂౢғޑӀำৡ(∆)

ԖᜢǴࣁΑᕇளᖓጢ߄य़ᇮǴ࣬Տ໒ݤሡाу෧ 2π ७ኧаନ

࣬Տڄኧޑόೱុ܄Ƕӧ೭ࣴزύǴ࣬Տ໒ݤᒥൻ Macy[8]ޑၮ

ᆉ߾ݤǶ࣬Տ໒໘ࢤ Φ(x,y)ڗࢂԾхᇗ࣬ՏǴφ(x, y)ૈ ෳۓঁΒ

ᆢ CCDତӈύυੋঁޑႽનǶӧࡑෳ߄ނय़ֽޑଯࡋ፺ᄂ

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 λࣁႜӀྍߏݢޑǶᖓጢ߄य़ᡂໆёаࡐܰӦҗᖓጢ؈ᑈ

Ƕٰࡌᇮёаख़ޑय़߄य़፺ᄂ࣬෧ԶᕇளǴӢԜᖓጢ߄ޑࡕ

ᇥǴ؈ᑈܭ୷݈ޑᖓጢӢᔈΚԶ٬୷݈ԔǶ೯ၸໆෳᖓጢ؈ᑈ

ᖓޑ୷݈ܭᑈ؈Ǵ܄Ӛӛӕࢂ୷݈Ԕъ৩Ǵ٠ଷᔈΚޑόӕࡕ

ጢځᔈΚᆶ୷݈ᡂໆԋ҅КǶӚӛӕ܄ᖓጢᔈΚёа StoneyБ

ำԄ[9-10]ٰෳۓǴӵΠԄǺ 

                                                               
(6) 

ύځ σࢂᖓጢූޑᎩᔈΚǴR1ک R2ࢂᖓጢ؈ᑈܭ୷݈ޑࡕԔъ

৩ǶRࣁᖓጢޑъ৩Ԕ; BK7 ୷݈ླྀޑМኳໆ Esɨ81 GPaǴBK7 ୷

ǶᖓࡋࠆޑᖓጢࢂǴtf (tf <<ts)ࡋࠆޑ୷݈ࢂКνsɨ0.208Ƕts݊ݲޑ݈

ጢࢂࡋࠆޑҗঁӀᐍୃሺٰෳۓǶ೭္ଷӧᖓጢύࢂޑϩթ֡

ϬޑǴѬࡋࠆޑᡂϯᆶᡂޑ୷݈࣬Кࡐࢂ༾λޑǶ 

ಞᄍҔݤǴσࣁᓸᔈΚਔǴаॄဦ߄ҢǴԶ σࣁᔈΚਔǴ

ᓸᔈΚǶ܈य़፺ᄂёаҔٰղᘐᔈΚ߄ΟᆢޑҢǶᖓጢ߄а҅ဦ߾

ीᆉᔈΚޑБࢂݤаঁኬҁޑѳ֡Ԕъ৩ٰीᆉූᎩᔈ

ΚǴЪ StoneyБำԄ[9]ҔܭᖓጢύӚӛӕූޑ܄ᎩᔈΚǶ 

ӧӚӛ౦܄ᔈΚޑኬҁύǴᖓጢᔈΚރޑᄊࢂҗ σx Ϸ σy ঁٿ

ЬᔈΚ܌ඔॊǶӵ݀୷݈ޑ৩ӛࣁ X ືӛЪځᜐጔᆶϪጕБӛȐջ Y

ືȑࢂठޑǴٗሶᖓጢӚӛ౦܄ᔈΚёҔঁঅ҅ࡕ 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 ືБӛޑԔъ৩Ƕӵ݀Ӛӛӕ܄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

= +
−



 ϐቹៜ܄ӀᏢǵූ੮ᔈΚϷ༾่ᄬܭϯᗔᖓጢࢧჹفᑈ؈

ҘεᏢᏢғൔ ePaper (2011ԃ)    14

ಃಃಃಃΟΟΟΟകകകക  ჴᡍሺᏔϷπڀჴᡍሺᏔϷπڀჴᡍሺᏔϷπڀჴᡍሺᏔϷπڀ 

3.1    UV/VIS ϩӀӀሺϩӀӀሺϩӀӀሺϩӀӀሺ 

ӧӀᏢᖓጢޑᔈҔǴӀሺЬाࢂҔܭໆෳӧߏݢۓጄൎϣ

 Ƕऀޑ

ҁࣴ٬زҔ UV/VIS ϩӀӀሺȐSHIMADZU UV-1201ȑբऀࣁ

܄ӀϐໆෳπڀǴҗჹߏݢጄൎ 200-1100nmऀ Ӏޑໆ

ෳǴ٠ଛӝ MATLAB ำԄ܌วޑх๎ݤՉኧॶϩǴԶှ

ӀᏢதኧǶ 

 

3.2 ԾᇙϐԾᇙϐԾᇙϐԾᇙϐ Twyman-Green υੋυੋυੋυੋሺሺሺሺ 

ҁࣴ٬܌زҔޑᖓጢූ੮ᔈΚໆෳسࢂԾᇙޑ Twyman-Green

υੋሺǴӵკ  ᄬх֖ǺࢎЬाځҢǴ܌3.3

ࣁߏݢ .1 633 nmǴфࣁ 20 mWϐਾԞႜǶ 

ᏔǴҗ७ݢ໔ᘠޜ .2 60ϐᡉ༾ک᜔ނ 5 µmޑ pinhole܌ಔ

ԋǴځфҔࣁஒਾԞႜϐଯᓎᚇૻᘠନǶ 

3. ᚈс᜔ǴځфҔࣁஒޜ໔ᘠݢᏔౢ܌ғϐᗺӀྍԋ

ѳՉӀǶ 

4. ѳࣁࡋ λ/10ޑϩӀ᜔Ƕ 

5. ѳࣁࡋ λ/8ൂޑय़ܙӀϐୖԵय़᜔Ƕ 
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 ЍኖѳѠǶޑ୷݈Ҕܫ .6

ѐନυੋࣁфҔځዟǴ࣒Лޑҗଭၲ០Զᙯࣁჿࡀ .7

చદϐණඬǶ 

8. ࠠဦࣁ SONY XCD X710ޑ CCDឪቹᐒǴځᒡϟय़ࣁ

IEEE 1394Ƕ 

 

3.3 চηΚᡉ༾᜔চηΚᡉ༾᜔চηΚᡉ༾᜔চηΚᡉ༾᜔ȐȐȐȐAFMȑȑȑȑ 

ҁࣴ٬زҔচηΚᡉ༾᜔ȐAFMȑٰໆෳ௹ӛ؈ᑈ MgF2ᖓጢޑ

ΒᆢϷΟᆢ߄य़ᇮၗǴЬाёаவύ࣮р؈ځᑈஏࡋǶ 

ࣁय़ǴԶଞӢ߄ෳ୷݈ࡑճҔ༾λଞٰགෳࢂݤᔠෳБځ

ႝΚǵᅶΚǵᐒఓௗΚౢғୃ౽ǴฅࡕӆҗБޑႜѐෳໆځ

ୃ౽ໆǴԶளډኬҁޑҥᡏቹႽǶ 

চηΚᡉ༾᜔ȐAFMȑޑᓬᗺࢂόፕӧᏤᡏǵъᏤᡏߚ܈Ꮴᡏ

ё٬ҔǴЪନΑૈගٮኬҁޑΟᆢ߄य़ᇮၗѦǴᗋૈගٮҬ

ϕբҔΚޑၗǶԶځલᗺ߾ӧܭೲࡋᄌǵԋႽጄൎϼλǵܰڙᓐ

 ቹៜǶޑ

 

3.4 ඔԄႝηᡉ༾᜔ඔԄႝηᡉ༾᜔ඔԄႝηᡉ༾᜔ඔԄႝηᡉ༾᜔ȐȐȐȐSEMȑȑȑȑ 

ҁࣴزᙖҗᅲԄႝηᡉ༾᜔ȐSEMȑՉ༾่ᄬޑᢀෳǶځᔠ

ෳБࢂݤၸว܈ෞᚆႝηᄳౢғଯૈႝη״Ǵၸႝᅶ᜔



 ϐቹៜ܄ӀᏢǵූ੮ᔈΚϷ༾่ᄬܭϯᗔᖓጢࢧჹفᑈ؈

ҘεᏢᏢғൔ ePaper (2011ԃ)    16

ಔǴஒႝη״ᆫขܭ၂ТǴ٠ճҔᅲጕ୮ٰႝڋηשୃޑ״Б

ӛǶႝη״ᆶ၂ТբҔਔǴౢғӚᅿόӕૻޑဦǴҗ၂Т࠻ϣϐ

ୀෳᏔǴୀෳૻځဦࡕǴኧՏܫεӧᑻჿᡉႽǶ 

ඔԄႝηᡉ༾᜔ȐSEMȑޑᓬᗺࣁඳుεǵှࡋଯǴѬૈ

ӧଯ७ΠమධӦᢀჸࡑډෳ߄ނय़ޑΟޜࡋ໔ҥᡏቹႽǴჹܭᢀჸ

 фਏձᡉǶޑय़่ᄬ߄

 

3.5 ᖓጢᔈᖓጢᔈᖓጢᔈᖓጢᔈΚໆෳسΚໆෳسΚໆෳسΚໆෳس 

ҁࣴ٬܌زҔޑᖓጢᔈΚໆෳسࢂа Twyman-Greenυੋሺࣁ

ЬाࢎᄬǴӵკ җਾԞႜҗسҢǴᖓጢᔈΚໆෳӀᏢ܌3.1

ѳय़ӀǴᙖޑԋᗺӀྍǴӆҗᚈс᜔ౢғ֡ϬᏔݢ໔ᘠޜ

җϩӀ᜔ԋٿၰӀ״ǴϩձҗୖԵय़ࡑکෳϐ௹ӛ؈ᑈ MgF2Ӏ

ᏢᖓጢϸϐࡕǴٿϸӀӆҗϩӀ᜔ख़ཥӝൂࣁٳӀ״ǴԋႽ

υੋచદǴճޑԋӕЈ༝ჿǴ٠ࡀዟ࣒Лޑҗଭၲ០Զᙯܭ

Ҕࠠဦࣁ SONY XCD X710ޑ CCDᘏڗቹႽǴ٠ஒυੋచદკᡉҢ

ڗьᘏڗǴҗቹႽᘏࡕတᑻჿǶനႝܭ CCDឪቹᐒܡ܌ឪޑቹႽǴ

ଛӝำԄᇟق MATLAB а࣬ՏᗋচޑБԄख़ࡌ MgF2 ӀᏢᖓጢ߄

य़Ǵځໆෳࢬำӵკ  ҢǶ܌3.2
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კ 3.1ᖓጢᔈΚໆෳسࢎᄬკ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

კ 3.2ᖓጢᔈΚໆෳࢬำკ 

җԔъ৩ᔕӝϐኧᏵၗ 

ीᆉрᖓጢᔈΚ 

٬ҔԾᇙޑ Twyman-Green 

υੋሺፓрᖓጢޑυੋచદ 

ճҔࠠဦࣁ SONY XCD X710ޑ CCD 

ឪቹᐒᒡځυੋკႽԿႝတ 

Ծႝတᘏڗమධޑυੋచદკ 

٬ҔำԄᇟق MATLAB Ǵа࣬Տᗋচ 

ࡌБԄख़ޑ MgF2ӀᏢᖓጢ߄य़ 
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3.6 ӀᏢதኧϐෳۓБݤӀᏢதኧϐෳۓБݤӀᏢதኧϐෳۓБݤӀᏢதኧϐෳۓБݤ 

ҁࣴ٬زҔ UV/VIS ϩӀӀሺȐSHIMADZU UV-1201ȑٰ ໆෳ

ऀӀǴЪଛӝำԄᇟق MATLAB ٰ٬Ҕх๎ݤՉኧॶϩ

ӀᏢதኧǴ٠வϩࡋࠆǵӀ߯ኧǵϷשޑᖓጢۓǴԶෳ

ϐᜢ߯ǴаϷߏݢᆶשǵשޑჹᔈ܌ࢤݢკύᢀჸঁ

Ӏ߯ኧᆶߏݢϐᜢ߯Ƕ 
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ಃಃಃಃѤѤѤѤകകകക  ჴᡍ่݀ᆶፕჴᡍ่݀ᆶፕჴᡍ่݀ᆶፕჴᡍ่݀ᆶፕ 

4.1 ӀᏢதኧෳۓӀᏢதኧෳۓӀᏢதኧෳۓӀᏢதኧෳۓ 

ҁࣴ܌زໆෳϐ௹ӛ؈ᑈ MgF2ᖓጢԖٿᅿǴጓဦϩձࣁ 434Ϸ

436Ǵୖځኧӵ߄  ҢǶ܌4.1

߄ ᑈ؈ෳϐ௹ӛࡑ 4.1 MgF2ӀᏢᖓጢ 

୷݈ጓဦ୷݈ጓဦ୷݈ጓဦ୷݈ጓဦ 434 436 

୷݈୷݈୷݈୷݈שששש n = 1.518 n = 1.518 

ጢጢጢጢשששש n = 1.30 n = 1.30 

ጢࠆጢࠆጢࠆጢ363.8 ࠆ nm 360.0 nm 

 ࡋ42.9 ࡋ44.8 ࡋفރࢊࡋفރࢊࡋفރࢊࡋفރࢊ

 

ҁࣴ٬زҔ UV/VIS ϩӀӀሺȐSHIMADZU UV-1201ȑٰ ໆෳ

ऀӀǴ٠ଛӝำԄᇟق MATLAB ٰ٬Ҕх๎ݤՉኧॶϩǶ 

კ 4.13 ӀኧᏵၗǴ٬Ҕޑໆෳ܌٩Ӏሺزҁࣴࣁ Origin

೬ᡏ܌ᛤрޑӀКၨკǶӧёـӀጓဦ 436୷݈ MgF2ᖓጢޑ

ၲၨጓဦ 434 ୷݈ޑౣଯǴќѦǴҗკύёளޕǴ୷݈

434ϐ MgF2ᖓጢӧ๋ѦᏱԖၨ୷݈ 436ϐ MgF2ᖓጢեޑǶ 
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კ 4.1୷݈ጓဦ 434Ϸ 436ϐ௹ӛ؈ᑈ MgF2ᖓጢޑӀКၨ 

 

аΠϩձٿࣁᅿόӕ؈ᑈࡋفϐ MgF2 ӀᏢᖓጢޑԄӀ

კǵשᆶߏݢϐՅණᜢ߯კǴаϷӀ߯ኧᆶߏݢϐᜢ߯კǶ 

 

კ 4.2୷݈ጓဦ 434ϐ MgF2ᖓጢ 

ԄӀკ 

კ 4.3୷݈ጓဦ 436ϐ MgF2ᖓጢ 

ԄӀკ 
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კ 4.4୷݈ጓဦ 434ϐ MgF2ᖓጢ 

 ϐᜢ߯ߏݢᆶש

კ 4.5୷݈ጓဦ 436ϐ MgF2ᖓጢ 

 ϐᜢ߯ߏݢᆶש

 
კ 4.6୷݈ጓဦ 434ϐ MgF2ᖓጢ 

Ӏ߯ኧᆶߏݢϐᜢ߯ 

კ 4.7୷݈ጓဦ 436ϐ MgF2ᖓጢ 

Ӏ߯ኧᆶߏݢϐᜢ߯ 

 
 

4.2 ᔈΚᔈΚᔈΚᔈΚໆෳໆෳໆෳໆෳКၨᆶϩКၨᆶϩКၨᆶϩКၨᆶϩ 

ҁࣴ܌زໆෳϐ௹ӛ؈ᑈ MgF2ᖓጢޑԔъ৩Ϸѳ֡ᔈΚӵ߄

4.2 ޑᇙᗓр܌فᑈ؈วόӕزҢǶࣴ܌ MgF2 ᖓጢǴځѳ֡ᔈΚ

ύጓဦځᔈΚǶࣁ߄ 434 ϐ MgF2 ᖓጢѳ֡ූ੮ᔈΚ0.389 ࣁ 

GPaǴԶጓဦ 436ϐ MgF2ᖓጢѳ֡ූ੮ᔈΚ0.572 ࣁ GPaǶ 
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߄ 4.2 MgF2ᖓጢޑԔъ৩Ϸѳ֡ᔈΚ 

୷݈ጓဦ୷݈ጓဦ୷݈ጓဦ୷݈ጓဦ 434 ୷݈ጓဦ୷݈ጓဦ୷݈ጓဦ୷݈ጓဦ 436 

ӄୱᔕӝԔъ৩ӄୱᔕӝԔъ৩ӄୱᔕӝԔъ৩ӄୱᔕӝԔъ৩ 362.8223 m ӄୱᔕӝԔъ৩ӄୱᔕӝԔъ৩ӄୱᔕӝԔъ৩ӄୱᔕӝԔъ৩ 135.1208 m 

X ືᔕӝԔъ৩ືᔕӝԔъ৩ືᔕӝԔъ৩ືᔕӝԔъ৩ 292.4976 m X ືᔕӝԔъ৩ືᔕӝԔъ৩ືᔕӝԔъ৩ືᔕӝԔъ৩ 121.8762 m 

Y ືᔕӝԔъ৩ືᔕӝԔъ৩ືᔕӝԔъ৩ືᔕӝԔъ৩ 505.3766 m Y ືᔕӝԔъ৩ືᔕӝԔъ৩ືᔕӝԔъ৩ືᔕӝԔъ৩ 507.6324 m 

ѳ֡ᔈΚѳ֡ᔈΚѳ֡ᔈΚѳ֡ᔈΚ 0.389 GPa ѳ֡ᔈΚѳ֡ᔈΚѳ֡ᔈΚѳ֡ᔈΚ 0.572 GPa 

 

 

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

ҁࣴ٬زҔඔԄႝηᡉ༾᜔ȐSEMȑǵচηΚᡉ༾᜔ȐAFMȑ

Ϸᡉ༾υੋೌᢀჸ MgF2 ᖓጢ߄ޑय़ᇮǴவύໆෳр؈ځᑈفޑ

ϐࡋفᑈ؈ᅿόӕٿǴ٠ᙖаКၨࡋࠆǵࡋ MgF2ӀᏢᖓጢ؈ޑᑈஏ

 Ƕ܄ᔈΚԖՖ࣬ᜢځᆶࡋ

аΠϩձٿࣁᅿόӕ؈ᑈࡋفϐ MgF2ӀᏢᖓጢ߄ޑय़ᇮໆෳ

კҢКၨǶ 

 
 



 ϐቹៜ܄ӀᏢǵූ੮ᔈΚϷ༾่ᄬܭϯᗔᖓጢࢧჹفᑈ؈

ҘεᏢᏢғൔ ePaper (2011ԃ)    23

  

კ 4.8 ୷݈ጓဦ 434 ϐ MgF2 ᖓጢܭ

SEM ࣁࡋفރࢊځᇮय़߄ޑໆෳ܌

ࣁࠆᑈጢ؈Ǵࡋ45.2 363.8nm 

კ4.9୷݈ጓဦ436ϐMgF2ᖓጢܭSEM

ࣁࡋفރࢊځᇮय़߄ޑໆෳ܌ 47.1

ࣁࠆᑈጢ؈Ǵࡋ 360.0nm 

  
კ 4.10୷݈ጓဦ 434ϐ MgF2ᖓጢ 

ܭ AFM ޑໆෳ܌ 2D  ᇮय़߄

კ 4.11୷݈ጓဦ 436ϐ MgF2ᖓጢ 

ܭ AFM ޑໆෳ܌ 2D  ᇮय़߄

  

კ 4.12 ୷݈ጓဦ 434 ϐ MgF2 ᖓጢܭ

AFM ޑໆෳ܌ 3D߄य़ᇮǴѳ֡߄य़

ಉࣁࡋ 9.020 nm 

კ 4.13 ୷݈ጓဦ 436 ϐ MgF2 ᖓጢܭ

AFM ޑໆෳ܌ 3D߄य़ᇮǴѳ֡߄य़

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

୷݈ጓဦ୷݈ጓဦ୷݈ጓဦ୷݈ጓဦ    

434434434434    

1. வ AFM ᗭಈၨځᇮύё࣮рय़߄ޑໆෳ܌

ಒǴғߏၨஏЪ֡ϬǶ 

2. ୷݈ጓဦ 434 ϐ MgF2ᖓጢ࣬Տᗋচკ࣮ଆٰ

ၨѳڶǶ 

୷݈ጓဦ୷݈ጓဦ୷݈ጓဦ୷݈ጓဦ    

436436436436 

1. வ AFM ᗭಈၨځᇮύё࣮рय़߄ޑໆෳ܌

ಉǴғߏό֡Ϭǵୖৡόሸǵпсৡ౦ܴᡉǶ

Ӣځ୴ᑈஏࡋၨեǴ܌аևрᔈΚǶ 

2. ୷݈ጓဦ 436 ϐ MgF2ᖓጢ࣬Տᗋচკ࣮ଆٰ

ၨև U ӷࠠǴ಄ӝॊᔈΚޑݩǶ 
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ಃಃಃಃϖϖϖϖകകകക  ่ፕ่ፕ่ፕ่ፕ 

ҁࣴزวǴMgF2ᖓጢዴჴᏱԖଯȐკ5.1ȑǴԶ୷݈ጓဦ

434ϐMgF2ᖓጢӧ๋Ѧޑၨ୷݈ጓဦ436ϐMgF2ᖓጢեǴচ

Ӣёૈᆶᖓጢ؈ޑᑈచҹԖᜢǴஒᇥܴӵࡕǶ 

 

კ ᑈ؈ӛ௹ٿ 5.1 MgF2ᖓጢޑӀКၨ 

 

MgF2ᖓጢޑѳ֡ᔈΚ߄ࣁᔈΚȐკ5.2ȑǶځύጓဦ434ϐ

MgF2ᖓጢѳ֡ූ੮ᔈΚ0.389 ࣁ GPaǴጓဦ436ϐMgF2ᖓጢѳ֡ූ੮

ᔈΚ0.572 ࣁ GPaǴҗԜёޕᖓጢύᔈΚݩރᆶ༾่ᄬஏϪ࣬ᜢǴࢊ

ޑࡋ44.8ࣁࡋفރࢊᖓጢȐጓဦ436ȑѳ֡ᔈΚၨޑࡋ42.9ࣁࡋفރ

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

ጢǹ(b)ࣁጓဦ 436ϐ MgF2ᖓጢ 

 

аᇃᗓೌמᇙഢޑᖓጢ่ᄬණǴևᔈΚǹϸϐǴа

ᘢᗓೌמᇙഢޑᖓጢ่ᄬၨጏஏǴ߾ևᓸᔈΚǶԜѦǴᗓጢᇙำୖ

ኧΨቹៜᖓጢᔈΚޑғԋǴऩᖓጢ؈ᑈࡕᗭಈၨಉǴғߏό֡Ϭǵ

ࣗԿ߄य़псৡ౦ܴᡉǴځ߾୴ᑈஏࡋၨեǴஒևᔈΚǶ҅ӛ؈

ᑈޑᖓጢጏஏ࣬ࡋჹКၨଯǴԶ௹ӛ؈ᑈڀځ௹ϩҥރࢊޑᖓጢЪ

ጨਏډڙܭҗࢂჹКၨեǴ೭࣬ࡋ໔ሜǴጏஏޑϐ໔кᅈΑࢊᆶࢊ

ᔈޑቹៜǴӧᖓጢԋ߃ޑߏයǴΕচηණϩѲӧ୷݈߄य़٠ౢ

ғԋਡǴჹܭ௹ӛ؈ᑈޑᖓጢԶقǴԖҽԋਡᏲՐԶคݤ

ௗډڙΕচηǴฅԶጨѝวғӧൂБӛǴӢԜؒԖډڙጨޑ

ԋਡᝩុԋރǴΨ٬ளࢊᆶࢊϐ໔Ԗޑۓ໔ሜǶ 

ԜၰΨёᔈҔӧ҅ӛ؈ᑈᖓጢȐࡐࡋفރࢊλȑǴҗܭԋਡޑ

ୱؒԖډڙጨǴ܌ԋ่ރࢊޑᄬ൩ݮࠟޔ୷݈߄य़ޑБӛ

ғߏǴΕη༤ံޜሜૈޑΚගଯǴΨӢԜ҅ӛ؈ᑈޑᖓጢጏஏ࣬ࡋ
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ჹКၨଯǴᆕ܌ॊёаᇥܴࡋفރࢊၨλޑᖓጢǴጨਏᔈޑቹៜ

ၨλǴᖓጢጏஏ࣬ࡋჹКၨଯǴ܌ෳளޑѳ֡ᔈΚၨεǶ 

аᅲԄႝηᡉ༾᜔ȐSEMȑᢀჸځᐉওय़ޑᖓጢᡉ༾ᇮள

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 

 

೯தჹܭଯࡋفΕБӛౢ܌ғਸᇮޑᖓጢၨܴᡉǴ೭ࢂ

ӢࣁଯࡋفჹܭΕচηޑௗૈڙΚၨեǴΨ൩ࢂᇥΕচηၨόܰ

༤ံࢊᆶޑࢊ໔ሜǴځࡺጨਏᔈܴᡉԶԋޑຝǴ٬ளࢊᆶࢊϐ

໔ԖޑۓϾሜǶӧ༾ᢀ߄य़ᇮБय़Ǵጓဦ434ϐMgF2ᖓጢޑѳ֡
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ࣁࡋय़ಉ߄ѳ֡ޑໆෳ܌nmǴၨጓဦ436ϐMgF2ᖓጢ 3.0648ࡋय़ಉ߄

2.644 nmࣁεǴӵკ5.4܌ҢǶჹܭጓဦ434௹ӛ؈ᑈفၨεޑΕচ

ηԶقǴӢځԖጨਏᔈޑӸӧǴჹ௹ӛ؈ᑈᖓጢٰᇥǴΕচηԖ

ᜪ՟ъྗޔϐຝǴ߄ځࡺय़ᇮၨ࣮ܰډсрϐރࢊ༝ഗǴԶԖ

ၨଯ߄ޑय़ಉᕫࡋǶќёૈࢂҗܭคىૈໆՉᘉණǴѝૈ࣬ܭ

ᎃ่ރࢊޑᄬ่ӝԋϩँރр߄ޑय़Ǵ٬ளᖓጢ߄य़ಉᕫࡋቚ

εǶ 

 
          

 

 

 

 

 

 

 

 

         

კ 5.4 ᡉ༾υੋೌໆෳޑ 3D߄य़ᇮ (a)ࣁጓဦ 434ϐ MgF2ᖓጢǹ

(b)ࣁጓဦ 436ϐ MgF2ᖓጢ 

 

ᆕӝॊǴҁࣴزวճҔ௹ӛ؈ᑈೌמԋMgF2ᖓጢޑᡉ

༾่ᄬౢғᡂϯǴόёаౢғڀԖ௹่ރࢊޑᄬᖓጢǴЪࢊᆶࢊ

ϐ໔кᅈΑϾሜǶԜѦǴჴᡍ่݀ҭว௹ӛ؈ᑈ࣬ၨ҅ܭӛ؈ᑈǴ

ӢځԖጨਏᔈޑӸӧǴჹեשޑMgF2ᖓጢٰᇥǴΕচηԖ
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ᜪ՟ъྗޔϐຝǴ߄ځࡺय़ᇮၨ࣮ܰډсрϐރࢊ༝ഗǴԶԖ

ၨଯ߄ޑय़ಉᕫࡋǴԶЪځӀᏢϷᔈΚ܄Ψᆶ௹ӛ؈ᑈࡋفԖᜢǶ

ᙖҗ௹ӛ؈ᑈБԄᇙᗓMgF2ᖓጢΑှځӀᏢϷᔈΚ܄Ǵаफ़եϸ

Ϸූ੮ᔈΚǵගଯऀǴஒԖշܭ҂ٰޑᖓጢᇙഢޑೌמගϲ

ᆶਸӀᏢϡҹࣴޑวǶ 
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