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ҁፕЎЬाࣴزаેፂႜ৔ᗓጢݤ(Pulsed Laser Deposition, PLD)

౦፦ድ඲ԋ܄ཱུߚߏ඲य़਼ϯᎋᖓጢǶ܌௦Ҕϐ୷݈ࣁၸѐதҔܭ

ӝԋଯྕຬᏤ਼ϯނᖓጢϐ᎑ለ㘧(LaAlO3, LAO)ൂ඲ǶҁࣴزନΑ

܄ཱུߚߏǴаԋࡋၨ٫ϐ඲਱ϰଛډளࣁϯᎋѦǴ਼ߏय़ԋ(001)ܭ

඲य़(a m ܈ य़)ǴճҔ୷݈πำᢀۺ೛ीрόӕୃϪ(miscut)य़Ǵ

(114)Ϸ(112)य़ǴୃځϪفϩձ19.47ࣁ° Ϸ 35.26°Ƕௗ๱ၮҔPLDᗓ

ጢೌמ, ჴሞԋ਼ߏϯᎋድ඲ᖓጢǶ٠ᡍ᛾΢ॊ୷݈πำᢀۺϐ೛ी

 Ƕ܄ёՉځ

ҁፕЎЬाёϩࣁΟঁЬᚒǺ 

ಃ΋ঁЬᚒύǴЬा௖૸аܭ PLD(001)ܭLaAlO3ൂ඲୷݈ԋߏ

р܄ཱུߚ aय़਼ϯᎋϐࣴزǶځύଞჹԋࡋྕߏፓᡂว౜Ǵ300~850ʚ

ёԋфԋߏрપ࣬ aय़਼ϯᎋᖓጢǴԶԋࣁࡋྕߏ 150ʚϐኬ߾ࠔև

౜ cय़ᆶ aय़਼ϯᎋӅӸϐ౜ຝǴ೭ёૈࢂ୷݈߄य़চη௨ӈԖᜢǶ

а X Ӏᙅ৔(XRD)ϐ ͐-2͐ Ϸ͝ف௟ᅲǵϸ৔Ԅଯૈႝηᙅ৔
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(RHEED)аϷচηΚᡉ༾᜔(AFM)௟ᅲǴว౜և౜ L-ࠠ੝ቻϐᚈ඲ୱ

(dual domains)่ ᄬǶᐉᄒय़ऀ೸Ԅႝηᡉ༾᜔(TEM)ቹႽаϷᙅ৔ϩ

ϐߏԜ୷݈ԋܭᡉҢ֡݋ aय़਼ϯᎋǴ࣬ࣁϕࠟޔϐٿಔ඲ӛԋߏǶ

Ǻ[0001]ZnO // [110]LAO аࣁ௨ӈᜢ߯ߏᖓጢϣय़(in-plane)ϐԋځ

Ϸ [1100]ZnO // [110]LAOǶᚈ඲ୱ่ᄬϐԋߏǴЬाࢂҥБ඲ LAO

ϐ(100)य़ڀԖѤືჹᆀǶаӀठᑻӀӀ᛼(Photoluminescence, PL)ϩ

ܭว౜Ԝ၂Т݋ 3.31eVԖ΋மࡋଯϐૈ஥ᜐጔܫ৔ૻဦ(Near Band 

edge Emission, NBE)ӸӧǴ٠ЪคܴዴϐᆘӀܫ৔ૻဦǶ (001)LaAlO3

Ӣᆶ a य़਼ϯᎋϐ඲਱ၨϰଛϐࡺ(඲਱ৡ౦ 3~5%)ǴᗨԖᚈ඲ӛԋ

 ፦Ƕ܄ᄬǴϝԖόᒱϐӀᏢ่ߏ

ಃΒঁЬᚒǴЬाࢂவӵՖլܺᚈ඲ୱԋ่ߏᄬޑрวᗺǴճҔ

୷݈πำᢀۺǴࣴزӵՖᒧ᏷፾྽ϐ LAO ඲य़଺ࣁ୷݈ǶԵቾஒ

LaAlO3 ൂ඲ݮ๱<110>БӛբୃϪǴаۯ՜ൂБӛ୷݈߄य़চη໔

ຯǴ੃ନ୷݈ϐБ׎ჹᆀ܄Ǵаයԋߏр܄ཱུߚϐ਼ϯᎋድ඲Ƕ྽ፓ

᏾ LaAlO3ൂ඲ୃϪفԿ 19.47°Ǵջ(114)඲य़ǴаԜीᆉёளനեϐ

඲਱όϰଛࡋǴϩձࣁ 3 % (//CZnO)Ϸ 1.02%(ɷCZnO)Ƕа PLDܭೌמ

(114)LaAlO3ൂ඲୷݈ԋ਼ߏϯᎋᖓጢǴ࿶ AFM ϩ݋ϐว౜߄य़և

౜ߏచރԋߏǶӕਔа RHEED຾Չᖏ൑ϩ݋ᡉҢࣁځΒख़ჹᆀǴࣣ

Ƕҗߏ඲ӛԋൂࣁҢԜ਼ϯᎋ߄ RHEEDᙅ৔კёܴᡉ࣮рǴԜ਼ϯ
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ᎋᗨฅ cືаѳՉܭ୷݈߄य़ԋߏǴՠځ aືᆶ୷݈ࠟޔБӛև΋໼

Ƕ࿶ف௹ ͠/2͐ XRD ϩ਼ځ݋ϯᎋᆶ୷݈ϐᜢ߯ǴёаዴࣁۓǺ

(001)LAO//(1120)ZnOЪ(112)LAO//(1010)ZnOǶќѦǴаᐉᄒय़ TEM

ϩ਼݋ϯᎋᆶ୷݈ϐԋߏᜢ߯ǴёዴۓԜ਼܄ཱུߚϯᎋϐ඲य़ࣁ

(1340)Ƕ೭ࢂ२Ӄ೏ᢀჸډǴ౦ܭ aय़Ϸ mय़ϐӄཥ܄ཱུߚ඲य़Ƕҗ

ྕ࠻ PLϩ݋ෳளԜ܄ཱུߚ඲य़ϐ NBEঢ়ॶࣁ 3.29 eVǴЪъଯቨӧ

ԋߏచҹ҂ᓬϯΠёၲ 87.5 meVǶᡉҢ(114) LaAlO3ൂ඲୷݈Ǵёԋ

 ZnOድ඲ᖓጢǶ (1340)܄ཱུߚ፦όᒱϐ܄рӀᏢߏ

΋ঁЬᚒǴЬा૸ፕӵՖаࡕനܭ LaAlO3ൂ඲୷݈ԋߏ mय़਼

ϯᎋǶݮҔ୷݈πำᢀۺǴ೛ीрୃϪف 35.26°Ǵջ(112)඲य़ǶԜ

ਔ୷݈ᆶ m य़਼ϯᎋϐ඲਱όϰଛࡋ໻ࣁ 2.9 % (//CZnO)Ϸ 0.9% 

(ɷCZnO)Ƕӕኬа PLD ϯᎋᖓ਼ߏLaAlO3ൂ඲୷݈ԋ (112)ܭೌמ

ጢǶ࿶ AFM ϩ݋ዴ߄ۓय़׎ᇮև౜చރǴЪ RHEEDϩ݋ᡉҢΒख़

ჹᆀǴ߄Ң܌ԋߏϐ਼ϯᎋᖓጢൂࣁ඲ӛǶᙖҗ X Ӏᙅ৔(XRD)ϐ͐

-2͐ᆶ͟ف௟ඔϩ݋Ǵዴ܌ۓԋߏϐ਼ϯᎋᖓጢࣁપ࣬ϐ(1010)य़ድ

඲ǶԜѦǴаᐉᄒय़ TEM ϩ਼݋ϯᎋᆶ୷݈ϐድ඲ԋߏᜢ߯Ǵёዴ

ྕ࠻Ƕ җ(1010)ࣁԜ਼ϯᎋϐ඲य़ۓ PLϩ݋ෳளԜ܄ཱུߚ඲य़਼ϯ

ᎋϐ NBEঢ়ॶࣁ 3.28 eVǶᡉҢ(112) LaAlO3ൂ඲ࢂԋ(1010)܄ཱུߚߏ 

ZnOድ඲ᖓጢుॿᔈҔወΚϐ୷݈Ƕ 
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Abstract 

In this thesis, hetero-epitaxial growth of non-polar ZnO on LaAlO3 

substrate by pulsed laser deposition method (PLD) has been investigated. 

LaAlO3 (LAO) single crystal has a pseudocubic structure at room 

temperature with lattice parameter of 3.791 Å, and it has been widely 

used to grow various dielectric oxide and high-temperature 

superconductor oxide films in the past. In this study, a-plane ZnO growth 

on (001)LaAlO3 has been demonstrated. In addition, the concept of 

substrate engineering has been applied to design (114) and (112) planes 

of LaAlO3 as substrates for growth of nonpolar ZnO, which can have a 

miscut angle of 19.47° and 35.26°, respectively, from (001) LAO. 

Thereafter, PLD was used to realize the growth of nonpolar ZnO. 

Furthermore, the results support the feasibility of the design from the 

concept of substrate engineering. 
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The thesis is mainly composed of three topics: 

In the first topic, the study of non-polar ZnO growth on 

(001)LaAlO3 is presented. In the range of growth temperature from 300 to 

850°C, pure a-plane ZnO can be successfully grown due to small lattice 

mismatch (3~5%), while growth at 150°C results in formation of c-plane 

ZnO co-existed with a-plane ZnO. As analyzed by x-ray diffraction 

(XRD) θ-2θ and ψ-scan, reflection high-energy electron diffraction 

(RHEED) and atomic force microscopy (AFM), the microstructure of the 

a-plane ZnO films actually consists of L-shaped dual domains due to the 

cubic symmetry of atomic configuration of LAO substrate surface. 

Cross-sectional transmission electron microscopy (TEM) with 

selected-area diffraction (SAD) reveals that the a-plane ZnO film consists 

of two types of growth domains that are perpendicular to one another. 

The in- plane growth relationships of a-plane ZnO with LAO (001) 

substrate are: [0001]ZnO // [110]LAO and [1100]ZnO // [110]LAO. 

Besides, a near band edge emission (NBE) of 3.30eV was measured by 

room temperature photoluminescence (PL) on this sample. As no 

evidence of green line emission was observed, the a-plane ZnO grown on 

LaAlO3 (001) has good optical characteristics, even though there are the 

dual- domain structure with boundaries. 

The second topic starts with the issue how to eliminate the dual 

domain structure of nonpolar ZnO on cubic symmetric substrate surface. 
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It can be shown, from the concept of substrate engineering by enlarging 

the lattice distance of substrate along one direction, that (114) plane of 

LaAlO3 with a miscut angle of 19.47° from (001) is a proper one for 

nonpolar ZnO growth.  The lattice mismatch of (114) LaAlO3 with 

a-plane ZnO is as small as 3 % in the direction //CZnO and 1.02% ⊥CZnO.  

After growth on this substrate by PLD, the ZnO thin film as examined by 

AFM as well as by RHEED exhibits a stripe-like morphology and 

two-fold symmetry, suggesting that it has a single domain structure on 

(114)LaAlO3. Examination of the RHEED pattern along [0001]ZnO 

azimuth, it is found that the c-axis lies on the substrate but the a-axis is 

tilted with an angle to the substrate normal. The epitaxial relationships of 

ZnO with substrate can be determined by XRD ω/2θ scan as 

(001)LAO//(1120)ZnO and (112)LAO//(1010)ZnO. In fact, 

cross-sectional TEM and SAD reveal that the growth plane of ZnO on 

(114) LaAlO3 is (1340) which is an unconventional nonpolar plane 

observed for the first time. The room temperature PL spectrum of the 

ZnO film exhibits NBE at 3.29eV with FWHM of 87.5meV, suggesting 

that the (1340)ZnO has good optical characteristics.  

In the last topic, the growth of m-plane ZnO on LaAlO3 substrate 

has been explored. Based on atomic arrangement of the (112) LAO which 

has a miscut angle of 35.26° from (001), it is shown that (112) LAO has 

better fit with m-plane ZnO by the same concept of substrate engineering 
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as presented for (114) LAO with (1340)ZnO. The lattice mismatch of 

(112) LAO with m-plane ZnO is small as 2.9 % in the direction //CZnO 

and 0.9%⊥CZnO. Structural characterization by AFM, RHEED and XRD 

2θ and ψ-scan shows that the growth of m-plane ZnO on (112)LaAlO3 by 

PLD is in epitaxy with good crystallinity. The room temperature PL data 

also illustrate NBE at 3.28 eV. Therefore, it is suggested that (112) 

LaAlO3 can be a promising substrate for (1100) ZnO growth. 
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ᇞᇞᇞᇞᖴᖴᖴᖴ 

ӧύࣽଣ୍ܺ 16 ԃࡕǴࡐᄪ۩ૈӧԛӣډᏢਠкႝǶϖԃъޑ

ਔ໔όᆉอǴՠӧ೭૶ᏫΚᆶᡏΚഢࡷڙᏯޑ໘ࢤǴዴჴךࢂΓғਓ

ำύԏᕇനεǴΨനԖԋޑߏਔයǶӧ೭٤Вη္Ǵനགᖴޑ൩ךࢂ

׷ЎᏂ໡ǵൻൻ๓ᇨǵӢྕࡋᄊޑᏤԴৣǴ஭ҥ௲௤ǶдჹᏢғࡰޑ

ޑၸำύǴ৖౜ჹᏢೌޑزॺ଺ࣴךᏤࡰ௲ǴόමԖ΋ѡೢᜤǹӧࡼ

୲࡭ǴԖ๱εৣޑ॥ጄǶԴৣ଺Ꮲୢޑᆒઓᆶᄊࡋ੿ךࢂॺ߄ޑ౗Ƕ

ӧ೭ٿ߈ίঁВη္ǴᗨฅπբӆԆǴԴৣΨ೿Ꮓໆ௨рਔ໔ࡰᏤ

Ǵ؂΋ԛ೿ךޑᗺ঍ႤόᡫࡰऐЈޑ૸௲Ǵд೿аനεޑǶ؂΋ԛך

ག᝺ڙ੻ঘభǶૈ ၶډ೭ኬޑӳԴ Ǵৣ੿ࢂΟғԖ۩ǶԴ ǴৣᖴᖴாǼ  

ҁፕЎૈֹԋǴךाགᖴ೚ӭΓڐޑշǺ२Ӄךाགᖴஐᓄӧ

TEM ϩ݋Бय़ڐޑշǶӧךวޑ߄Ў᝘ύǴ೚ӭ LAO ୷݈ኬޑࠔഢ

ᇙǴߚதԖࡷᏯ܄Ǵ೿ࢂҗд౗ӃֹԋǴ੿ࢂ TEM ஑ৎǶךᗋाག

ᖴ৚ࡏǵד౰ǵᆢ໋ǵ᝼හ฻Ꮲ׌ॺӧ AFMǵXRDǵPLϷ඲ᡏ่ᄬ

ϩ݋฻Бय़ޑᔅԆǴᡣޑךวૈ߄໩ճֹԋǶΨགᖴη໋ӧ PLD ԋ

ךշǴωૈᡣҁፕЎ໩ճбఌǶќѦाགᖴڐޑϷፕЎጓ௨฻πբߏ

ᆶႴ࡭ЍޑாॺܭమྍӃғǴҗ׵ߏಔ߻റγϷࢩ୯ࢫߏǴಔ۔ߏޑ

ᓰǴᡣךԖوុ࡭Πѐޑ୏ΚǶ 
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ಃಃಃಃ΋΋΋΋കകകക 

 

ᆣፕᆣፕᆣፕᆣፕ 

 

1-1 ቨૈሜ਼ϯނъᏤᡏቨૈሜ਼ϯނъᏤᡏቨૈሜ਼ϯނъᏤᡏቨૈሜ਼ϯނъᏤᡏ:਼ϯᎋ਼ϯᎋ਼ϯᎋ਼ϯᎋ 

ύځӀǵႝǵᅶ฻ቫय़΢ǴܭӦ೏ᔈҔݱъᏤᡏቶނԃ਼ٰϯ߈

а਼ϯᎋ׷਑നڙᢋҞǶᗨฅǴ਼ϯᎋࢂၸѐ܌ዕޕϐъᏤᡏ׷਑Ǵ

ᑫ፪ǶӧၸѐزЇଆ೚ӭࣴޔΦаٰ΋ߏ 5~10ԃ໔Ǵᜢ਼ܭϯᎋϐ

Ǵ٠Ъӧ߄൩Ԗ؂ԃຬၸ2000ጇፕЎวزࣴ INSPEC܈web of science

ၗ਑৤ύ൩ಕᑈԖ 26000ጇа΢ϐፕЎൔ֋Ƕ೭Ьा਼ࢂϯᎋӧࣽᏢ

Ϸπ཰΢ঋڀΑቶޑݱᔈҔ੝܄ǶٯӵᡂߔᏔ(varistor)ǵ਻ᡏགෳ

Ꮤǵ೸ܴᏤႝጢ(TCO)฻ǹќѦǴᗋԖճҔᓸႝ੝܌܄໒วрӚԄӚ

ኬϐ߄य़ᖂݢϡҹǴӵۯᒨጕ(delay line)ǵᘠݢᏔ(SAW filter)฻Ƕҗ

Ǵё᏾ӝᜪКႝၡԿᑈᡏϯǴӵ೸ܴ܄ഢ೸ܴъᏤᡏϐ੝ڀϯᎋ਼ܭ

ᖓጢႝ඲ᡏ(Transparent Thin Film Transistor, TTFT)ᔈҔǶ 

ѦӀԿ๋ܭЬᡏϐЬाᖿ୏ΚǴӧزࣴࣁයа਼ϯᎋъᏤᡏբ߈

ᙔӀวӀሦୱϐᔈҔወΚǶҗ਼ܭϯᎋӧྕ࠻ΠڀԖቨޔޑௗૈሜ

(3.37eV)Ǵ٠Ъځᐟη״ᑛૈ(exciton binding energy)ଯၲ 60 meVǴଯ



 

2 

 

਑Ǵේϯㄿ(29 meV)ǶӢԜǴ਼׷ࢃᙔқӀΒཱུᡏϐܴܭᔈҔ߻Ҟܭ

ϯᎋϦᇡࢂࣁ҂ٰёڗжේϯㄿ(GaN)ޑόΒΓᒧǴߚத፾ӝբࣁอ

 ਑Ҕ[1, 2]Ƕ׷วӀϡҹϷᙔǵ๋ѦӀႜ৔ᔈϐߏݢ

਼ϯᎋҁࣁي nࠠъᏤᡏǴऩᄞᚇаόӕޑϡનǴஒ཮Ԗόӕ܄

፦ౢғǶٯӵǺᄞᚇ᎑܈⥲཮ᏤठࡐଯޑᏤႝ܄ǵᄞᚇ᎖཮ڀԖ៓ᅶ

ڀϡન཮ޑ฻฻ǶӢԜǴ਼ϯᎋᄞᚇόӕ܄Ԗᅶڀ፦ǵᄞᚇᒰ཮܄ޑ

Ԗ೚ӭόӕޑᐱ੝܄፦ǶӢԜǴ਼ ϯᎋߚࢂதᜤளૈӕਔᏱԖӀǵႝ ǵ

ᅶܭ΋ޑيъᏤᡏ׷਑ǶԜѦǴ਼ϯᎋૈޑሜελΨёаᙖҗᄞΕځ

ӕ௼ϡનᇸٰܰޑፓ᏾Ƕٯӵᄞᙿ(Cd)ёፓ᏾ૈሜҗ 3.3 eVफ़ډ 2.9 

eVǴԶᄞᗔ(Mg)ёஒૈሜவ 3.3 eVፓϲԿ 4.1 eVǶӢԜǴճҔ਼ϯ

ᎋ(ᙿᗔ)ಔԋᡂϯૈፓᡂૈሜϐ੝܄Ǵёᇙբра਼ϯᎋࣁЬޑӭख़

ໆηϔ่ᄬӵ ZnxMg1-xO/ZnO[3,4]ᆶ ZnxCd1-xO/ZnO[5,6]Ǵ೭٬ள

਼ϯᎋ࣬ᜢ׷਑ǴӧวӀૈሜፓ᏾΢ёаԖ׳ӭޑᡂϯ܄Ƕ 

ќѦ਼ϯᎋᆶේϯㄿԖ๱࣬ӕޑ඲ᡏ่ᄬǴѬॺϐ໔ޑ඲਱όϰ

ଛࡋ໻ 1.8%Ǵ೭٬ள਼ϯᎋԖᐒ཮ԋࣁԋߏේϯㄿϐ୷݈Ƕҗ਼ܭ

ϯᎋڀഢ೭٤ᙦ൤ޑёᔈҔ܄ǴҞ߻ѝሡլܺԋೌמߏᆶ่඲ࠔ፦ୢ

ᚒǴ҂ٰᔈҔౢܭ཰ஒుڀወΚǶ 

ԋၲࣁ ZnO วӀΒཱུᡏᔈҔϐჴ౜Ǵ߈ය਼ܭϯᎋ׷਑Бय़࡚

ࣁ΋ځЬᚒԖΒǶزլܺϐࣴࡑ p਼ࠠϯᎋϐᇙഢǶҞ߻Ԗ೚ӭࣴز
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᛾ჴǴ೸ၸ㯉ᚇ IA ௼ϡન(ӵ Li, Na, K)ǵIB ௼ϡન(ӵ Cu, Ag, Au)

аϷ VA ௼ϡન(N, P, As, Sb)฻БԄёᕇள p਼ࠠϯᎋ[7]ǶฅԶҗܭ

਼ϯᎋ׷਑ԋߏਔǴϺғڀԖ਼ޜલаϷᎋ interstitials Զౢғࡼᡏ

(donor)લഐǴ཮ុ࡭ᆶ p ࠠ ZnOፄӝǴᏤठε೽ҽ p ࠠ౜ຝѝอኩ

Ӹӧ 1~2ঁДǶऩӧπำ΢คᛙۓёғౢϐ p਼ࠠϯᎋǴ೭ஒ٬ள਼

ϯᎋ׷਑ӧวӀϡҹᔈҔ΢ᎁၶᝄख़౟ᓍǴܭ࡚ࢂլܺϐ᝼ᚒǶ 

ǶӵӕේϯㄿวӀΒཱུᡏӧᔈߏϯᎋϐԋ਼܄ཱུߚ፦ࠔଯࣁΒځ

Ҕ΢ϐว౜Ǵ໺಍а c-ື (<0001>)ԋߏϐේϯㄿ/ේϯ⥲ㄿໆηϔǴӢ

Ԗϣ܄ཱུࡌ(spontaneous polarization)ठวϐႝ൑Ǵ཮೷ԋวӀΒཱུᡏ

ᒏ܌วӀໆηਏ౗Πफ़аϷวӀᓎ᛼ϐआ౽(redshift)ϐ౜ຝǶԜջځ

ϐໆηֽज़ϐў༣լਏᔈ (Quantum Confinement Stark EffectǴ

QCSE)Ƕ೭ӧڰᄊวӀϡҹ܈ႜ৔ᔈҔ΢Ψࡑ࡚ࢂլܺޑ᝼ᚒǶԖ೚

ӭࣴز᛾ჴǴճҔ܄ཱུߚ඲य़(mय़܈ aय़)ϐԋߏёլܺ QCSEਏᔈǴ

຾Զε൯ගଯໆηਏ౗[8]ǶӢԜǴ໒วଯࠔ፦܄ཱུߚ඲य़ϐԋמߏ

ೌǴࢂҞ߻዗ߐϐࣴزፐᚒǶԶ਼ϯᎋբࣁΠ΋жԖወΚϐอߏݢว

Ӏ׷਑Ǵ໒วଯࠔ፦܄ཱུߚ඲य़ϐԋೌמߏǴஒࢂख़ाว৖Бӛϐ

΋Ƕ೭ΨࢂҁፕЎటుΕ௖૸ϐЬືǶ 

 

 ᄬࢎ୏ᐒᆶፕЎزᄬࣴࢎ୏ᐒᆶፕЎزᄬࣴࢎ୏ᐒᆶፕЎزᄬࣴࢎ୏ᐒᆶፕЎزࣴ 1-2
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Ҟ߻໒ว܄ཱུߚ඲य़਼ϯᎋԋߏЬाϩٿࣁБय़Ǻ΋ࢂ௦Ҕ਼ϯ

ᎋൂ඲୷݈຾Չӕ፦ድ඲ԋߏǶҗܭ౜໘ࢤёድ඲ᔈҔϐ cືൂ඲਼

ϯᎋ୷݈ǴځЁκ֡λޔܭ৩ 2 әǴԶ܄ཱུߚ඲य़ϐൂ඲਼ϯᎋ୷

݈Ǵځѱ୧Ёκ׳λЪ׳ᜤᕇளǴӢԶज़ڋΑӕ፦ድ඲ϐჴҔёՉ

඲य़਼ϯᎋǶӢЁκ܄ཱུߚБԄ໒วߏа౦፦ድ඲ԋࢂǶќ΋Бय़܄

ᆶԋҁၨڀᝡݾΚǴࡺ೴ᅌډڙख़ຎ٠֎ЇΑ೚ӭࣴ׫زΕǶҞ਼߻

ϯᎋ܄ཱུߚ඲य़ϐЎ᝘ว߄Ьाࣁ m य़Ϸ aय़Ƕځύ໒ว m य़਼ϯ

ᎋ܌௦Ҕϐ୷݈Ԗ m य़ᙔᝊҡ (sapphire)[9]ǵ MgO [10]аϷ

LiAlO2[11,12]฻ǶԶ໒ว aय़਼ϯᎋ܌௦Ҕϐ୷݈Ҟ߻ѝԖ r य़ᙔᝊ

ҡ[13]Ƕ౲ޕڬ܌Ǵᖓጢᆶ୷݈໔ϐ඲਱தኧϰଛࡋǴࢂቹៜድ඲ࠔ

፦ޑᜢᗖӢનǶ΢ॊ೭٤୷݈ε೽ҽ඲਱όϰଛ࣬ࡋ྽ଯǴᏤठౢғ

ଯલഐஏࡋǹࢂ܈܌ӧଯྕΠ዗ᛙ܄ۓό٫Ǵܰ׎ԋࣚय़ቫǶӢԜǴ

Ҟ٠߻ค፾ӝ౦፦ድ඲ԋ܄ཱུߚߏ඲य़਼ϯᎋϐ୷ Ǵ݈೭ჹ໒วଯਏ

ૈϐ ZnO วӀϡҹԶقǴቹៜࣗ႐ǶӧҁፕЎύǴ௖൨ૈӕਔᅈى

඲਱தኧϰଛࡋΞڀഢଯ዗ᛙ܄ۓϐ୷݈Ǵаԋ܄ཱུߚߏ඲य़਼ϯ

ᎋǴࢂҁࣴޑزЬा୏ᐒǶ 

ҁፕЎЬाࢂӧ௖૸а୷݈πำᢀۺԋ܄ཱུߚߏ඲य़ϐ਼ϯᎋ

ᖓጢϷ࣬ᜢࣴزǶךॺᒧ᏷ၸѐதҔܭԋߏଯྕຬᏤ׷਑ϐ᎑ለ㘧

(LaAlO3)ൂ඲Тբࣁ୷ Ǵ݈٠аેፂႜ৔ᗓጢ(Pulsed Laser Deposition, 
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PLD)ೌמჴ౜܄ཱུߚ඲य़ϐ਼ϯᎋድ඲ԋߏǶӧҁፕЎύǴ܌ගр

ϐ୷݈πำᢀۺǴջࢂԵቾၮҔ୷݈(᎑ለ㘧ൂ඲)ϐόӕୃϪ(miscut)

य़Ǵځ٬඲਱தኧϩձᆶ aय़ǵmय़਼ϯᎋϐόϰଛࡋനեǶҁࣴز

ᒧ(001)ۓǵ(114)ǵ(112)᎑ለ㘧඲य़բࣁԋߏϐѳѠ(template)Ǵჴሞ

ԋ܄ཱུߚߏ඲य़ϐ਼ϯᎋǴ٠௖૸ځ༾ᢀԋߏϐ่ᄬǶӧϩ݋ᖓጢБ

य़Ǵ٬Ҕଯૈႝηᙅ৔(RHEED)᠘਼ۓϯᎋϐ่඲БՏϷԋߏኳԄǴ 

X Ӏᙅ৔᛼(XRD)ᆶऀ೸Ԅႝηᡉ༾᜔(TEM)ϩ݋᠘਼ۓϯᎋᖓጢԋ

׎य़߄፦Ϸ༾ᢀ่ᄬǹ٬ҔচηΚᡉ༾᜔(AFM)ᢀჸᖓጢࠔ඲य़ǵߏ

ᇮǵӀठᑻӀӀ᛼(PL)аϩ݋ᖓጢϐӀᏢ੝܄Ƕ 

ҁፕЎϣ৒ӅϩࣁΎകǶಃ΋കЬाࢂᆣፕϷࣴز୏ᐒᆶፕЎࢎ

ᄬǶಃΒകࣁЎ᝘ӣ៝Ƕ२Ӄଞჹ਼ϯᎋϐ୷ҁ੝܄຾Չ௖૸Ǵ຾Զ

ᇥܴᠼᎋ᝜(Wurtzite)่ ᄬڰԖϐཱུ܄ϐԋӢϷჹځӧวӀϡҹᔈҔ

ϐቹៜǹௗ๱૸ፕ܄ཱུߚ඲य़Ǵёլܺϣࡌໆηֽज़ϐў༣լਏᔈϩ

ҁࢂ਑Ǻ᎑ለ㘧ൂ඲Ǵ׷ǶќѦǴ୷݈ߏϯᎋϐԋ਼܄ཱུߚ฻аϷ݋

 Ƕ܄੝ځ୷݈πำϐЬືǴஒ཮ᆕ᏾ᇥܴځϯᎋ਼܄ཱུߚߏύԋزࣴ

ಃΟകેࣁፂႜ৔ᗓጢচ౛ϐ၁ಒϟಏᆶ௓ڋᡂӢ௖૸ǴаϷа

PLD БԄԋ਼ߏϯᎋ׷਑࣬ᜢЎ᝘ϐӣ៝ǴҁፕЎ࣬ᜢჴᡍ೛ഢӵ

PLD-500 ำҭ཮଺၁ಒϟಏǶќѦҭ৖Ңаࢬ಍฻ǴаϷᗓጢس

PLD-500س಍ܭ r-sapphire୷݈ԋ܄ཱུߚߏϐ a-plane ZnOϐ่݀Ƕ 
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ಃѤകԿಃϤകޑϣ৒Ǵஒ၁ಒᇥܴҁፕЎ΋سӈޑჴᡍ่݀ᆶ

૸ፕǶӧಃѤകύǴךॺ௖૸а᎑ለ㘧(001)඲य़բࣁ୷݈ԋфԋߏ

р aय़਼ϯᎋϐ࣬ᜢࣴزǴ٠௖૸ԋࡋྕߏϐਏᔈǶӧԜ୷݈܌ԋߏ

ϐ a य़਼ϯᎋǴӢ୷݈ࣁБ׎ჹᆀаठԖٿᅿ඲ୱ(dual-domains)ԋ

 ǶޔǴЪ۶Ԝ࣬ϕࠟߏ

ϐߏለ㘧(001)඲य़ԋ᎑ܭ੃ନࣁಃϖകύЬा૸ፕǴܭ aय़਼ϯ

ᎋǴ཮ౢғٿᅿ඲ୱӅӸϐୢᚒǶҁࣴزᒧ᏷ܭ᎑ለ㘧ൂ඲[110]ݮ

ୃϪ 19.47°Ǵҭջ(114)඲य़Ǵբࣁ୷݈Ǵаۯ՜ځύ΋ືϐ඲਱த

ኧǴ٬ϐόჹᆀǶܭҁകύஒ຾Չ༾ᢀ่ᄬϩ݋Ǵ٠຾΋؁ዴۓԜߚ

рߏǴаᔈ᛾Ԝ୷݈඲य़೛ीёԋфԋ(1340)ࣁय़ߏԋځϯᎋ਼܄ཱུ

ൂ඲ୱ(single domain)ϐ਼܄ཱུߚϯᎋǶ 

ಃϤകύǴࢂ߾჋၂аၨଯࡋفϪय़:(112)Ǵаۯ՜᎑ለ㘧ൂ඲

୷݈඲਱தኧ٬ϐᆶ mय़਼ϯᎋ࣬ϰଛǶ٠ჴሞа PLDݤԋфԋߏ

р mय़਼ϯᎋᖓጢǶӕਔճҔ HRXRDǵTEM аϷ PL຾Չ඲ᡏࠔ፦

ᆶӀᏢՉ܄፦ϩ݋ǴаԜᔈ᛾(112)य़᎑ለ㘧ࣁࢂԖወΚբࣁԋߏ m

य़਼ϯᎋϐ୷݈ǶനࡕಃΎകࢂ߾ҁࣴزϐᆕӝ่ፕᆶ҂ٰ৖ఈǶ 



 

7 

 

1-3 ୖԵЎ᝘ୖԵЎ᝘ୖԵЎ᝘ୖԵЎ᝘ 

[1] A. Tsukazaki, A. Ohtomo, T. Onuma, M. Ohtani, T. Makino, M. 

Sumiya, K. Ohtani, S. F. Chichibu, S. Fuke, Y. Segawa, H. Ohno, H. 

Koinuma, M. Kawasaki, “Repeated temperature modulation epitaxy for 

p-type doping and light-emitting diode based on ZnO”, Nature Lett., 4 , 

42 (2005) 

 

[2] X.Q. Zhang, I. Suemune, H. Kumano, Z.G. Yao and S.H. Huang,”  

Room temperature ultraviolet lasing action in high-quality ZnO thin 

films”,  J. Luminescence,122-123, 828 (2007) 

 

[3]S.H. Park, D.l Ahn,” Spontaneous and piezoelectric polarization 

effects in wurtzite ZnO/MgZnO quantum well lasers”, Appl. Phys. Lett. 

87, 253509 (2005)  

  

[4] J.M. Chauveau, M. La¨ugt, P. Vennegu`es, M. Teisseire, B. Lo, C. 

Deparis, C. Morhain and B. Vinter,”Non-polar a-plane ZnMgO/ZnO 

quantum wells grown by molecular beam epitaxy”, Semicond. Sci. 

Technol. ,23, 035005 (2008) 

 

[5] C.Y. Liu, Y.C. Liu,” Photoluminescence of CdxZn1−xO films grown on 

sapphire substrate by PLD technique”, J. Alloys and Compounds, 482, 

393 (2009) 

 

[6] W. F. Yang, B. Liu, R. Chen, L. M. Wong, S. J. Wang, and H. D. 

Sun,” Pulsed laser deposition of high-quality ZnCdO epilayers and 

ZnCdO/ZnO single quantum well on sapphire substrate”,  Appl. Phys. 

Lett. 97, 061911 (2010) 



 

8 

 

[7] V. Avrutin, D. J. Silversmith and H. Morkoc, “Doping Asymmetry 

Problemin ZnO: Current Status and Outlook”, Proceedings of the 

IEEE,98, 0018 (2010)  

 

[8] P. Waltereit, O. Brandt, A. Trampert, H. T. Grahn, J. Menniger, M. 

Ramsteiner, M. Reiche, and K. H. Ploog, “Nitride semiconductors free of 

electrostatic fields for efficient white light-emitting diodes”, Nature , 406, 

865 (2000) 

 

[9] Ching-Shun Ku, Hsin-Yi Lee, Jheng-Ming Huang, and Chih-Ming 

Lin,” Epitaxial Growth of m-Plane ZnO Thin Films on (10-10)Sapphire 

Substrate by Atomic Layer Deposition with Interrupted Flow”, Cryst. 

Growth & Design, communication, 10, 1460 (2010) 

 

[10] E. Cagin, J. Yang, W. Wang, J. D. Phillips, S. K. Hong, J. W. Lee, 

and J. Y. Lee,” Growth and structural properties of m-plane ZnO on 

MgO(001) by molecular beam epitaxy”, Appl. Phys. Lett. 92, 233505 

(2008) 

 

[11] Mitch M.C. Chou, Liuwen Chang, Hsiao-Yi Chung, Teng-Hsing 

Huang, Jih-Jen Wu, Chun-Wei Chen, “Growth and characterization of 

nonpolar ZnO (1 0 -1 0) epitaxial film on g-LiAlO2 substrate by chemical 

vapor deposition”, J. Cryst. Growth, 308, 412–416 (2007) 

 

[12] Mitch M.C. Chou, Liuwen Chang, Da-Ren Hang, Chenlong Chen, 

Da-Sin Chang, and Chu-An Li “Crystal Growth of Nonpolar m-Plane 

ZnO on a Lattice-Matched (100) γ-LiAlO2 Substrate”, Cryst. Growth & 

Design,, 9, 2073 (2009) 

 



 

9 

 

[13] S.K. Han, S.K. Hong, J.W. Lee, J.Y. Lee, J.H. Song, Y.S. Nam, S.K. 

Chang, T. Minegishi, T. Yao,” Structural and optical properties of 

non-polar A-plane ZnO films grown on R-plane sapphire substrates by 

plasma-assisted molecular-beam epitaxy”, J. Cryst. Growth, 309,121 

(2007)  

 

[14] Jun Zou, Shengming Zhou, Changtai Xia, Xia Zhang, Fenglian Su, 

Guanliang Peng, Xiaomin Li, Jun Xu, “Optical properties of ZnO thin 

film on g-LiAlO2 substrate grown by pulsed laser deposition”, Thin Solid 

Films, 496, 205 (2006) 



 

10 

 

 

ಃΒകಃΒകಃΒകಃΒക 

Ў᝘ӣ៝Ў᝘ӣ៝Ў᝘ӣ៝Ў᝘ӣ៝ 

 

2-1 ਼ϯᎋ׷਑਼ϯᎋ׷਑਼ϯᎋ׷਑਼ϯᎋ׷਑ 

2-1.1 ୷ҁ୷ҁ୷ҁ୷ҁ܄፦܄፦܄፦܄፦ 

਼ϯᎋࣁቨૈሜϐ II-VI ௼਼ϯނъᏤᡏ׷਑Ǵ่ځ඲ࠠᄊឦܭ

ҥБᡏᎋଢᎋ᝜(zinc blende)ࢂ܈ϤБ඲ޑᠼᎋ᝜(wurtzite)่ ᄬǶଢ

ᎋ᝜่ᄬϐ਼ϯᎋǴѝԖӧ࣬ჹଯᓸޑᕉნύωૈளډǴ٠όᛙۓǶ

ӢԜǴЬाϐᛙࣁ࣬ۓϤБ඲ޑᠼᎋ᝜(wurtzite)่ ᄬǶޜځ໔ဂ(space 

group)ࣁ P63m ( 4
6vC )ǴځϯᏢᗖೀܭᚆηᗖᆶӅሽᗖޑύ໔ރᄊǶપ

፦ϐ਼ϯᎋࣁқՅ඲ᡏǴӧଯྕރᄊև౜఩໳ՅǴ΋૓๊ࣁࢂጔᡏǶ

ࣁϟႝதኧځ 8.75Ǵஏࣁࡋ 5.67g/cm3[1]Ƕނ౛܄፦၁ӵ߄ ҢǶ܌2-1

კ ݮࣁҢǴচηቫ௨ӈБԄ܌ϯᎋϐ่ᄬҢཀკǶӵკ਼ࣁ2-1 cື

Бӛᎋᆶ਼চηҬඹޑѳय़Ǵа…ABABAB…ޑБԄ୴᠄Ǵ඲਱த

ኧ a = 3.249 ÅǴc = 5.206 ÅǶ਼ϯᎋϐૈሜҗ O-2ϐᅈ஥ 2Pႝηૈ໘
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ک Zn+2ϐޑޜ 4Sૈ໘܌ಔԋǶሽ஥ᆶᏤႝ஥ϐ໔ޑ࿣஥(ջૈሜ)ࣁ

3.2~3.4eVǶӢԜӧྕ࠻ΠǴᅈىϯᏢᏊໆКޑપ፦਼ϯᎋ๊ࣁࢂጔ

ᡏǶ਼ϯᎋൂ඲୷݈ёаҗН዗ݤ(hydrothermal)ԋߏள[2]ډǴҞ߻

ςԖໆౢϯޑ cय़਼ϯᎋൂ඲୷݈Ǵځ୘୧Ёκςၲ 2मәǴѝόၸ

ሽ਱΢ၨ΋૓ൂޑ඲୷݈ଯऊኧ७ǴӢԜჴҔ܄ϝڙज़Ƕ਼ϯᎋڀԖ

ଯᅙᗺϷ዗ᛙ܄ۓǴԜѦڀ٠Ԗଯޑᐟη่ӝૈ(exciton binding 

energyǴ60 meV)Ƕᆶځдቨૈሜ׷਑࣬К(GaNǺ28 meVǴZnSǺ19 

meV)Ǵ਼ϯᎋޑᐟη่ӝૈၨε(၁ӵ߄ߕ 2-2)[3]ǶӢԜǴ೏ᇡࣁӧ

ᄊวӀϡҹᆶڰߏݢอࣁวӀਏ౗ၨଯǴ፾ӝբځႜ৔ܭΠᔈҔྕ࠻

ႜ৔ΒཱུᡏǶ 

ӧ΋૓҅தޑԋߏᕉნΠԋߏр਼ٰޑϯᎋǴӢࣁӧԋޑߏਔং

ਔதՔᒿ๱ҁ፦ޑલഐǴӢԜ֡ࣁ nࠠޑъᏤᡏǶฅԶǴԜલഐౢ܌

ғϐႝηᐚ٠ࡋόᛙۓǴ཮ᒿ܌ೀᕉნԶׯᡂǴӢԶቹៜځჴҔ܄Ƕ

Ԗ᠘ܭԜǴ਼ϯᎋёаᙖҗᄞᚇ IIIA ϡન(Al,Ga, In)ёаளډଯᏤႝ

౗ᆶଯӀᏢऀ೸౗ޑ੝܄Ƕӧ೚ӭϼ໚ૈႝԣБय़ςԋфᔈҔځ೸ܴ

Ꮴႝϐ܄፦[4]ǴаڗжதҔϐ਼ϯ⥲ᒴ(ITO)Ƕ 

 

2-1.2 ਼ϯᎋ਼ϯᎋ਼ϯᎋ਼ϯᎋวӀᐒڋวӀᐒڋวӀᐒڋวӀᐒڋ 
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਼ϯᎋޑᐟว஥(emission band)ёаϩࣁΠӈ൳ᅿǺ๋ѦӀ୔

(UV emissionǴ3.3 eV)ǵᆘӀ୔(green emissionǴ2.34 eV)ǵआӀ୔

(red emissionǴ1.62 eV)Ǵ΋૓ٰᇥ UV emissionޔࢂௗᜢ߯ډวӀϡ

ҹޑวӀࠔ፦ǴԶ green emission਼ډڙࢂϯᎋᖓጢ่඲ࠔ፦ӳᚯޑ

ቹៜǴӢԜҞࢂ߻а೭ٿᅿޑᐟว஥ၨத೏ࣴزǴځวӀᐒڋϩձ

௖૸ӵΠǺ 

UV emission 

਼ϯᎋޑ UV emission ЬाԖٿᅿǺ΋ᅿࣁ band-to-band 

emission [5] Ǵচ౛ࣁѦуૈໆஒሽ஥ύႝޑηᐟวԿᏤ஥ǴԶҗܭ

ᐟวᄊύႝޑηόᛙۓǴӢԜႝηܰҗᏤ஥௞ӣሽ஥Զૈໆޑញܫ

аӀ׎ޑԄܫрǶӵკ 2-2 ࣁ߾Ң [6]Ƕќ΋ᅿ܌ exciton emission 

[7]Ǵ਼ܭϯᎋޑᐟη่ӝૈ࣬྽ଯǴӢԜྕ࠻ΠޑᐟηёᛙۓӸӧ

ԶόܰϩᚆǴexciton emissionࢂᙖҗᐟη៌ޑᎂԶၲډӀޑᐟวǶ

ନΑᐟη཮ቹៜᐟวӀѦǴ׷਑่ޑ඲܄፦ᆶϣ೽ᔈΚ֡཮ቹៜ UV 

emissionޑமࡋᆶঢ়ॶૈໆ(peak position)[5]Ƕ 

Green emission 

Green emissionΞᆀ deep-level emissionǴЬाว৔ϐૈໆࣁ

2.3~2.5 eVǶϐځ߻วӀӢન౲ᇥ઱મǶନΑᚇ፦㯉ᚇӵ Cuϡન཮Ԗ

ᆘӀܫ৔Ѧ[8]ǴᘜયளډёૈޑচӢ׷ࣁ਑ҁ፦લഐ(native defects)
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લ(VOޜ೷ԋǶҁ፦લഐЬाԖ਼܌ᎂ៌ޑ
0,VO

-1,VO
-2)ǵᎋচηޜલ

(VZn)ǵ໔ሜࠠᎋલഐ(Zni)ǵ໔ሜ਼ࠠલഐ(Oi)ǵڗжࠠલഐ਼લഐ(OZn)

฻Ƕ 

ၸѐԖ೚ӭࣴزǴൔᏤᆘӀܫ৔ЬाٰԾޜ਼ܭલ[9,10]Ǵ٠Ъ਼ࢂ

ϯᎋϺғࣁ n-typeϐЬӢǶฅԶǴ਼ޜલࣁ deep donor level(ऊӧᏤ

஥Πጔऊ 0.7eV)ǴӧᛙۓᄊΠ VOόёૈӧྕ࠻Π࿶җ዗ૈᐟวԋࣁ

Ꮴ஥ႝηǶӢԜǴόёૈࣁ ZnOϺғࣁ n-typeᏤႝϐٰྍǶA.Janotti

฻Γ[11]ൔᏤزࣴځว౜ӧ n-type௃ݩΠ(Fermi level > 3eV)ਔ਼ޜલ

(VO)ϐ formation energy ௗ߈ 4eVǴӢԜғԋϐᐒ౗όଯǶՠࢂॶள

΋ගࢂޑǴ਼ޜલӧ p-type ZnOύϐ formation energyϸԶեӧǶӵ

კ 2-3ǴӚᅿҁ፦લഐӧ Zn richΠځ formation energyᜢ߯܌ҢǶ਼

લӧޜ p-type ZnOύёૈ཮ࢂύک acceptorϐٰྍǶќѦ A.Janotti

฻ΓᇡࣁǴ਼ϯᎋԖᆘӀܫ৔ϐЬӢКၨԖёૈޑҁ፦લഐࢂ VZnǶ

Ӣࣁӧ n-type௃ݩΠǴVZn ϐ formation energyӧӚҁ፦લഐύനե

(~1.8v)Ǵӵკ ҢǶӢԜ܌2-3 VZnӸӧϐᐚࡋനଯǶLooK ฻Γ[12,13]

аჴᡍ᛾ჴӧ n-type ZnOύᎋޜલޑӸӧǶԜҁ፦લഐҁي൩ࢂ deep 

acceptorsǴૈځ໘Տӧሽ஥΢ጔऊ 0.87eV[11]ǴӢԜόёૈࢂ shallow 

acceptorǶSekiguchi฻Γ[14]аణႝዀჴᡍǴޔௗ᛾ܴᎋޜલ൩ࢂ ZnO

ᆘӀܫ৔ϐЬӢǶၸำύǴдॺаణႝዀჹ ZnO य़բೀ౛Ǵаύ߄
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લϐޜᎋک acceptorǴӢࣁణޑ㯉ᚇёаתࢂᄽ donor ϐ੝15]܄, 

16]Ƕ໔ሜࠠᎋલഐ(Zni)ϐ formation energyӧ n-type ZnOύҭߚதଯ

(ӵკ 2-3)ऊԖ 6 eVǴӢԜӧѳᑽރᄊΠࢂόӸӧܭ ZnOǴ٠Ъࢂ

shallow donorځᚆηϯૈໆऊࣁ 30meV[17]Ƕ 

ځҁ፦લഐޑдځ     formation energy ֡ ࣬྽ଯǴӕਔΨόࢂҁࣴ

 ϐЬືǴӢԜόӆᝩុ௖૸Ƕز

 

2-2 ᠼᎋ᝜่ᄬϐཱུ܄ᠼᎋ᝜่ᄬϐཱུ܄ᠼᎋ᝜่ᄬϐཱུ܄ᠼᎋ᝜่ᄬϐཱུ܄ 

җ਼ܭϯᎋӧྕ࠻ΠڀԖቨޔޑௗૈሜ(3.37eV)Ǵ٠Ъځᐟη״

ᑛૈ(exciton binding energy)ଯၲ 60 meVǴӢԜӧ๋ѦӀԿᙔӀวӀ

ሦୱ਼ϯᎋ΋ޔ֎Ї೚ӭࣴ׫ޣزΕǶ٠ЪǴ೏Ϧᇡࢂࣁ҂ٰёڗж

ේϯㄿ(GaN)࣬ ྽ڀወΚޑቨૈሜ׷਑Ǵߚத፾ӝբࣁอߏݢวӀϡ

ҹϷᙔǵ๋ѦӀႜ৔ᔈҔǶ ฅԶ਼ϯᎋᆶේϯㄿ׷਑֡ឦܭᠼᎋ᝜

่ᄬ(Wurtzite)Ǵऩа໺಍ c-ື(<0001>)Бӛድ඲ԋߏᇙբวӀϡ

ҹǴஒय़ᖏᆶේϯㄿ LED ࣬ӕϐໆηֽज़ў༣լਏᔈ(Quantum 

Confinement Stark EffectǴQCSE)Զफ़եځวӀਏ౗[18]ǶаΠஒа

ේϯㄿٯࣁᇥܴځ cືϐཱུ܄Ǻ 

໺಍ c-ື (<0001>)ԋߏϐේϯㄿٯࣁǴㄿቫᆶේቫϩձӸӧ(ӵკ

܄ㄿቫ஥҅ႝ(+)ේቫ஥ॄႝ(-)ǴӢԜ཮ౢғԾวϐཱུܭҢ)Ǵҗ܌2-4
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(spontaneous polarization, Psp) Ƕ ჴ ୍ ΢ а 10 ຼ ය ϐ (3nm 

In0.15Ga0.85N)/(7nm GaN)ӭख़ໆηϔ[19]ٯࣁǴ่ځᄬቫҢཀკӵკ

2-5(a)܌ҢǶӧคѦӧႝ൑ΠǴԜ౦፦ϟय़ቫ໔ϐཱུ܄җԾวཱུ܄Ϸ

ᔈᡂϐᓸႝ(piezoelectric polarization,Ppe)ཱུ܌܄ಔԋǶջ: 

P = Psp + Ppe              (2.1) 

ύᔈᡂϐౢғҗځ In0.15Ga0.85N ᆶ GaN໔ϐ඲਱தኧৡ౦ౢ܌ғǶԶ

Ԝ౦፦ϟय़ቫ໔ϐཱུ܄ᡂϯ൩཮Ԗႝ಻ౢғǴ׎٠ԋமϣႝࡌ൑

(1.75~2.15MV/cm)[20]Ƕ  

            ±͚= PInGaN – PGaN  (C m-2)         (2.2) 

Ԝໆηϔቫϐϣࡌமႝ൑཮೷ԋႝηϷႝڄݢځࢰኧ(wave functions)

߳ज़ϯԶϩᚆǴӵკ 2-5(b)܌ҢǶԜޜ໔ϩᚆϐႝηϷႝڄݢځࢰኧ

཮Ꮴठૈሜ໔៌ᎂϐᐒ౗फ़ե[21]Ǵ٠Ъૈሜ໔៌ᎂϐӀ᛼ౢғआ౽

౜ຝ (redshift)[21]ǶԜջ܌ᒏϐໆηֽज़ϐў༣լਏᔈ (Quantum 

Confinement Stark EffectǴQCSE)Ƕ 

Ԗ᠘਼ܭϯᎋᆶේϯㄿڀԖ࣬ӕϐᠼᎋ᝜่ᄬǴऩа cືБӛԋ

Ѹฅ཮Ԗߏ QCSEϐୢᚒǶF.Bernardini฻Γӧځว߄ϐൔ֋ύගډ

਼ϯᎋϐཱུϯ߯ኧϷᓸႝ߯ኧϩձ0.05-ࣁϷ 1.21 C/m2Ǵၨේϯㄿࣁ

ଯ(-0.029Ϸ 0.73 C/m2)[23]ǶԶ Morhain฻Γҭаਔ໔ှ݋ϐӀᐟӀ

᛼ϩ݋(time-resolved PL)ှ р݋ ZnO/Zn0.78Mg0.22Oໆηϔ่ᄬϐϣࡌ
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ႝ൑Ǵёၲ 0.9MV/cm[24]ǶӢԜǴ҂ٰऩ໒วଯਏ౗ ZnMgO/ZnO 

MQW วӀΒཱུᡏ܈ႜ৔ǴคёᗉխޑѸ໪լܺ܄ཱུځਏᔈǶ 

     

2-3  ϯᎋ਼܄ཱུߚϯᎋ਼܄ཱུߚϯᎋ਼܄ཱུߚϯᎋ਼܄ཱུߚ

լܺࣁ cय़ཱུ܄ਏᔈౢ܌ғϐ QCSEਏᔈǴ Waltereit฻Γ 2000

ԃܭ Natureว܄ཱུߚځ߄ mय़ InGaN/GaN MQWёܴᡉගଯځวӀ

ਏ౗ϷѐନӀ᛼आ౽ϐ౜ຝ[25]ǶќѦ Ni ฻Γܭ 2009ԃวزࣴځ߄

InGaN LEDϐϣ೽ໆηਏ౗(IQE)Ǵว౜܄ཱུߚ mືࣁ 68%Ǵၨ cື

(28%)ቚуຬၸٿ७а΢[26]Ƕ೭᛾ܴΑ੃ନཱུ܄ǵ෧եΑϣႝࡌ൑Ǵ

඲܄ཱུߚΕ׫วӀໆηਏ౗ϐख़ाБӛǶӢԜǴځගଯวӀΒཱུᡏࢂ

य़ޑԋೌמߏᆶ࣬ᜢࣴزǴཇᖿ዗ਗ਼Ƕ 

඲य़Ңཀკӵკ܄ཱུߚځ 2-6 аޑҢǶӕኬ܌ m य़  (3nm 

In0.15Ga0.85N)/(7nm GaN)ӭख़ໆηϔ[19]ٯࣁǴ่ځᄬቫҢཀკӵკ

2-7(a)܌ҢǴӢ In,Gaᆶ N Ҭᒱр౜٠คӵ c य़ϐቫ่ރᄬǴӢԜό

཮ԖӢཱུౢ܄ғϐϣႝࡌ൑Ƕკ 2-7(b)ཱུߚࣁ m य़ InGaN/GaNӭख़

ໆηϔ่ᄬኳᔕीᆉϐૈ஥კǶკύᡉҢӢคϣႝࡌ൑ϐቹៜǴႝ

ηǵႝૈࢰ஥և౜ჹᆀǴޔࣁࢂௗૈሜǶ٩Ԝё௢ᘐǴऩӧ่඲ࠔ፦

࣬ӕ௃ݩΠ໒ว܄ཱུߚ඲य़ ZnMgO/ZnOໆηϔ LEDǴӢޔࣁࢂௗૈ

ሜǴᔈ཮ၨཱུ܄඲य़(cय़) ϐ LED Ԗ׳ଯϐวӀਏ౗Ƕ 
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ԖޑЬा೏૸ፕ߻඲य़Ҟ܄ཱུߚᒏ܌ m य़Ϸ a य़ǶฅԶ܄ཱུߚ

य़ߚ٠ѝԖ a ܈ m य़ǴёૈࢂҞ܌߻ዕޕϐ୷݈΢คݤԋߏрځд

඲य़ǴӢԜۘ҂ว౜࣬ᜢЎ᝘ൔᏤځд඲य़Ƕკ 2-8.(a)ǵ (b)ϩձࣁ

ϯᎋ਼܄ཱུߚ a य़Ϸ m य़਼ϯᎋ่ᄬҢཀკǶܭკύёܴᡉᢀჸډ

Znᆶ Oӧѳय़΢֡Ϭр౜ǴӢԜ٠คཱུౢ܄ғǶ྽਼ϯᎋԋߏਔځ

c ືѳՉܭ୷݈य़(ջ፴ӧ୷݈΢)Ǵҗܭԋߏय़΢ϐ Zn ᆶ O ჹᆀр

౜൩όठౢܭғཱུϯ܄Ǵջёᆀ܄ཱུߚࣁ඲य़ǶӢԜǴ਼܄ཱུߚϯᎋ

ϝӸӧ೚ӭࣴޜز໔ॶள׫Ε௖૸Ƕ 

 

2-4  ߏϯᎋϐድ඲ԋ਼܄ཱུߚߏϯᎋϐድ඲ԋ਼܄ཱུߚߏϯᎋϐድ඲ԋ਼܄ཱུߚߏϯᎋϐድ඲ԋ਼܄ཱུߚ

    ӧᕕှ܄ཱུߚ඲य़ჹගଯໆηਏ౗ϐቹៜࡕǴௗ๱ךॺஒ૸ፕߚ

 Ǻߏ඲य़਼ϯᎋϐԋ܄ཱུ

Ҟ߻ӧ܄ཱུߚ඲य़਼ϯᎋϐԋߏሦୱޑว৖ǴԖӕ፦Ϸ౦፦ድ඲ٿБ

य़Ƕӧӕ፦ድ඲Бय़Ǵ౜໘ࢤѱ୧ድ඲ᔈҔϐൂ඲਼ϯᎋ୷݈Ьाࣁ

Cय़ǴନΑሽ਱ܳ຦ѦǴۘคݤගٮЁκεޔܭ৩ 2әϐ ZnOൂ඲Ǵ

܈඲य़(a܄ཱུߚ mय़)ϐ ZnOൂ඲୷݈׳߾όҔፋǴځѱ୧Ёκ׳λ

Ъ׳ᜤᕇளǶନԜϐѦǴట຾Չଯࠔ፦ϐӕ፦ድ඲Ǵൂ඲୷݈ϐ߄य़

ೀ౛ำׇҭࢂᜢᗖୢᚒǶӢԜǴҗܭ΢ॊϐୢᚒǴज़ڋΑӕ፦ድ඲ϐ

ჴҔёՉ܄Ƕ 
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ӧ౦፦ድ඲ԋ਼܄ཱུߚߏϯᎋБय़Ǵ߈ԃٰЎ᝘วߚ߄தӭǴځ

Ьाϐ០୏ΚࣁǴऩૈլܺԋୢೌמߏᚒΞᒧჹ୷݈Ǵ൩ૈғౢрε

Ёκϐ܄ཱུߚ ZnO ᖓጢǴӧπ཰ᔈҔၨڀወΚǶаԋߏ a य़਼ϯᎋ

௦Ҕϐ୷݈ԖځǴٯࣁ r-य़ᙔᝊҡ(sapphire)[27]ǵ⑲ለ⿉(SrTiO3)[28]

฻ǶԶ m य़਼ϯᎋϐЎ᝘วߚ߄தϿǴ܌௦Ҕϐ୷݈Ԗ

LiAlO 2[29,30]ǵmय़ᙔᝊҡ[31]Ϸ MgO[32]Ƕ 

ӧ aय़਼ϯᎋԋߏБय़ǴҗܭᙔᝊҡڀԖ዗ᛙ٫܄ۓǵ୘୧Ёκ

εаϷሽ਱ӝ౛ϐᓬ༈ǴӢԜനத೏௦ҔǶฅԶ r-य़ᙔᝊҡΨԖόճ

Ǵᖓޕڬ܌தଯǶ౲ߚࡋ඲਱தኧᆶ਼ϯᎋϐόϰଛځࢂલᗺǴ൩ޑ

ጢᆶ୷݈໔ϐ඲਱தኧϰଛࡋǴࢂቹៜድ඲ࠔ፦ޑᜢᗖӢનǶr-य़ᙔ

ᝊҡޑ඲਱ൂϡࣁࡋߏ 4.76 Å x 5.12 Å ᆶ aय़਼ϯᎋ(5.63 Å x 5.21 

Å)ځόϰଛࡋӧࠟܭޔ CZnO ϷѳՉ CZnO БӛǴϩձ18 ࣁ% Ϸ 

1.8%Ƕ೭٬ளӧԋߏ a य़਼ϯᎋਔǴӢᔈΚ܌ठ཮ౢғଯஏࡋϐલ

ഐǴ຾Զቹៜ਼ϯᎋ่඲ࠔ፦Ǵज़ځڋᔈҔ܄ǶԶځдӵ SrTiO3 ฻

ൂ඲୷݈Ǵڙ߾ज़ܭ୘୧Ёκλ໻Ԗޔ৩ 1मәǴሽ਱ܳ຦ǴჴҔ܄

όଯǶӢԜǴाԋߏрଯࠔ፦ЪჴҔϐ aय़਼ϯᎋǴҞ߻ϝฅࢂᖑ႐

 ᏯǶࡷޑ

ӧ mय़਼ϯᎋԋߏБय़Ǵҗܭ඲਱ൂϡ3.25 ࣁࡋߏ Å x 5.21 ÅǴ

ϰଛЪ፾ӝԋߏϐ୷݈࣬྽ϿǶа m य़ᙔᝊҡٯࣁǴᆶ m य़਼ϯᎋ
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Кၨځ඲਱όϰଛࡋଯၲ 8.39%Ǵаठ܌ԋߏϐ਼ϯᎋځલഐஏࡋҭ

࣬྽ଯǹԶ MgO ୷݈ନΑ඲਱όϰଛࡋၨεѦǴӢࣁځБ඲(cubic)

่ᄬᏤठ܌ԋߏϐ ZnOև౜Ҭᒱр౜(textured)ϐ่ᄬ[32]Ǵคݤԋߏ

рൂ඲ǶԶҞ߻ၨதҔϐ୷݈ࣁ LiAlO 2Ǵ(001)य़ LiAlO 2඲਱ൂϡᆶ

mय़਼ϯᎋԖന٫ϐ඲਱ϰଛࡋǴӧɷCZnOϷ//CZnOБӛϩձ3.18ࣁ%

Ϸ 0.52%ǶฅԶǴԜൂ඲׷਑ᅙᗺե(1750°C)Ъᆶ਼ϯᎋϐ዗ᛙ܄ۓ

ό٫Ƕ྽ྕၲࡋ 600˚Cਔ Li ϡન཮Ԗᘉණ౜ຝǴᏤठϟय़ቫϐ׎ԋǴ

٠Ъ Li ܰԋ਼ࣁϯᎋϐుૈ໘㯉ᚇԶቹៜวӀ܄፦[33]Ƕ΢ॊϐӚ୷

݈ᆶ mय़਼ϯᎋϐ඲਱தኧόϰଛࡋǴ၁ӵ߄ 2-3Ƕ 

୷ܭ΢ॊϐፕᗺёޕǴҞ਼܄ཱུߚ߻ϯᎋ౦፦ድ඲ϐ౟ᓍӧۘܭ

҂Ԗֹऍϐ୷݈ǶӢԜǴࣁ໒ว܄ཱུߚ඲य़਼ϯᎋድ඲Ǵ൨׳؃፾ӝ

ԋ܄ཱུߚߏ඲य़਼ϯᎋϐ୷ Ǵ݈ӕਔڀഢ዗ᛙ܄ۓϷե඲਱தኧόϰ

ଛࡋϐ੝܄Ǵߚࢂத࡚ॐሡाޑǶ 

 

2-5 ᎑ለ㘧ൂ඲Ϸ܄ځ፦᎑ለ㘧ൂ඲Ϸ܄ځ፦᎑ለ㘧ൂ඲Ϸ܄ځ፦᎑ለ㘧ൂ඲Ϸ܄ځ፦ 

   ᎑ለ㘧 (LaAlO3, LAO)ǴҗڀܭԖቨૈሜ(5.6eV)ǵ፾ύޑϟதኧ

(~24)[34]ǵଯᅙᗺ(~2453K)аϷ዗ᛙ٫܄ۓϐᓬᗺǴЪૈ஥ offsetsჹ

ႝηࣁ 1.8eVǹჹႝ୏ࣁ 3.2eV[35]ǴӢԜزࣴࢂ႔ཱུϟႝቫаڗж

SiO2ޑ዗׷ߐ਑ǶќѦǴԜ਼ϯނᗨฅ๊ࢂጔᡏࠅև౜р੝ձԖ፪ޑ
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౜ຝǴٯӵ Akira Ohtomo฻Γ৖Ңځа LaAlO3ԋܭߏ SrTiO3୷݈܌

 10000<)܄Ԗຬଯၩηᎂ౽౗ϐ੝ڀΒᆢႝη਻(2DEG)Ǵޑԋ׎

cm2/Vs)[36]ǶԾԜ֎Ї೚ӭࣴزი໗׫Ε࣬ᜢࣴزǶ᎑ለ㘧ൂ඲ନΑ

ሽ਱ޑᓬ༈ѦǴ୘ҔЁκςૈගٮ 4әа΢ϐൂ඲ТǴӢԜ࿶த೏௦

Ҕࣁԋߏ೚ӭᖓጢϐ୷݈ǶٯӵԋߏଯྕຬᏤ׷਑(YBCO) [37]Ϸ៓

 ਑(BaTiO3, BST)[38,39]฻Ƕ׷ႝ

᎑ለ㘧ឦ້ܭ⑲᝜(perovskite) ABO3 ࠠᄊϐ਼ϯނǴ่ځᄬࣁ

rhombohedral (ྕ࠻ܭΠёຎࣁБ඲, pseudo-cubic)Ǵޜ໔ဂࣁ R3cǴ

඲਱தኧࣁ 3.791ÅаϷ͉=͊=͋=90.066°[40]Ƕკ ለ㘧ൂ඲᎑ࣁ2-9

่ᄬҢཀკǶ྽ྕࡋϲԿ 400~500ʚਔǴ᎑ለ㘧ൂ඲཮຾ՉΒ໘่ᄬ

࣬ᡂϯԶԋࣁҥБ඲(ޜ໔ဂࣁ Pm3m)[41]Ƕځோ΋ޑલᗺࢂӸӧԖ

ᚈ඲౜ຝ(twinning)Ƕ೭ࢂӢࣁӧԋߏ඲ᡏਔǴҗଯྕհޑࠅၸำύǴ

่ᄬҗ cubicᙯᡂԿ rhombohedral཮ញܫᔈΚԶ׎ԋ{1 0 0}Ϸ{1 1 0}

ᚈ඲Ǵف֨ځϩձࣁ 0.181°Ϸ 0.251°[42]Ƕ 

΋૓ԶقǴABO3ࠠᄊϐ਼ϯނӧ(001)य़Бӛ཮р౜AO܈ BO2

ᗖ่ቫр౜ǶӕኬޑǴ(001)य़᎑ለ㘧ൂ඲཮Ԗ㘧਼य़ࢂ܈᎑਼य़Ӹ

ӧ[43](ځҢཀკ၁ӵკ2-10)Ǵ٠ϩձჹᔈLaO+1ϷAlO2
-1ǶӢԜǴ

(001)LaAlO3Ԗཱུౢޑ܄ғǴԜཱུ߄܄य़ϐ੝܄Ǵჹុࡕድ඲Ϸᗓጢ

ԋߏԖ๱ᜢᗖޑ܄շ੻ [44] Ƕ O. Grizzi฻ΓၮҔ TOF-SARS 
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(Temperature-resolved time-off light scattering and recoiling 

spectrometry)аϷAFM ᢀჸډ (001)LaAlO3߄य़ᗖ่ᆶྕࡋԖᜢ

[45]Ƕ྽ྕࡋλ150ܭʚаΠਔ߄य़ᗖ่ࣁAl-Oय़ǹԶྕࡋε250ܭʚ

ೌמѝԖLa-Oय़Ӹӧ[46]ǶFrancis฻Γаcrystal truncation rod (CTR)߾

ࣁᙯඤǴ٠Ъࡋय़ว౜ǴAl2OϷLaOᗖ่य़཮ᒿྕ߄LaAlO3(001)زࣴ

ё଍ၸำ[47]ǴځύLaOय़࣬ࢂჹၨᛙۓय़[44]Ƕ 

᎑ለ㘧ൂ඲ڀഢεЁκǵӝ౛ԋҁаϷ΢ॊ೚ӭᓬ౦੝፦Ǵ٠Ъ

඲य़਼ϯᎋ܄ཱུߚ໒วࣁத፾ӝբߚǴӢԜز፦ςԖుΕࣴ܄ᜢ࣬ځ

ԋߏϐ୷݈Ƕ 
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კ 2-1.਼ ϯᎋ wurtzite่ᄬҢཀკ 

 

 

კ 2-2. ZnOૈ໘៌ᎂҢཀკ 
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კ 2-3.਼ ϯᎋϐӚҁ፦લഐځ formation energyᆶ Fermi levelϐᜢ߯

კ[10]Ƕ 

 

 

 

 

კ 2-4.ේϯㄿ่ᄬҢཀკǶѰკୁࣁຎკǹѓკࣁ΢ຎკǶёܴᡉᢀ

ჸډ cय़ේϯㄿځ Gaᆶ N ϩቫӸӧǶ 
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კ 2-5.(a)ࣁԖཱུ܄ cय़ϐ InGaN/GaNໆηϔ่ᄬҢཀკǶځύᡉҢ

ϐཱུ܄ P཮ౢғϣႝࡌ൑ Eǹ(b)٩ࣁ InGaN/GaNໆηϔ่ᄬኳᔕी

ᆉрϐૈ஥კǶკύϐႝηǵႝૈࢰ஥ڙϣႝࡌ൑ቹៜԶୃ౽Ƕ
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კ 2-6.Wurtzite่ᄬύ܄ཱུߚ඲य़Ǵaय़Ϸ mय़ϐҢཀკǶ 

 

კ 2-7. (a)܄ཱུߚࣁ mय़ϐ InGaN/GaNໆ ηϔ่ᄬҢཀკǶҗܭ In,Ga

ᆶ N Ҭᒱр౜аठ٠คཱུ܄ Pౢғǹ(b)٩ࣁ mय़ InGaN/GaNໆηϔ

่ᄬኳᔕीᆉрϐૈ஥კǶკύϐႝηǵႝૈࢰ஥ჹᆀǴޔࣁࢂௗૈ

ሜǶ 
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კ 2-8.(a)܄ཱུߚࣁ aय़਼ϯᎋǹ(b)܄ཱུߚࣁ mय़਼ϯᎋ่ᄬҢཀკǶ

კύёᢀჸډ Znᆶ Oӧѳय़΢֡Ϭр౜Ƕ 
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კ 2-9.᎑ለ㘧ൂ඲ൂϡ่ᄬҢཀკ 

 

                    (a)                             (b) 

 

კ 2-10.(001)य़᎑ለ㘧ൂ඲߄य़চηӸӧԖٿᅿ௨ӈ:(a)ࣁ㘧਼य़(b)

 य़Ƕ਼᎑ࣁ
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ಃಃಃಃΟΟΟΟകകകക

 

ેፂႜ৔ᗓጢೌמᆶ਼ϯᎋϐԋેߏፂႜ৔ᗓጢೌמᆶ਼ϯᎋϐԋેߏፂႜ৔ᗓጢೌמᆶ਼ϯᎋϐԋેߏፂႜ৔ᗓጢೌמᆶ਼ϯᎋϐԋߏ 

 

3-1 ેፂႜ৔ᗓጢેፂႜ৔ᗓጢેፂႜ৔ᗓጢેፂႜ৔ᗓጢೌמೌמೌמೌמ 

3-1.1 ᙁϟᙁϟᙁϟᙁϟ 

    ેፂႜ৔ᗓጢ(Pulsed Laser Deposition, PLD)Ξᆀႜ৔গᚆ؈ᑈ

(laser ablation)Ǵࢂឦނܭ౛਻࣬؈ᑈ(Physical Vapor Deposition)ޑ΋

ᅿǶᙖҗેፂႜ৔ૈᐟวрႢނ׷፦٠ᙯࣁಈηႝዀԶ؈ᑈ(ԋߏ)

ᖓጢϐ΋ᅿБԄǶӢԜǴ೭ᅿޔௗճҔેፂႜ৔྽բ׷਑ᇃᗓϐૈໆ

आᝊҡႜ৔໒วԋܭӕ΋ਔයǶҗࣁǴᆶႜ৔ϐวܴৡόӭೌמޑྍ

фǴಃ΋ঁаેፂႜ৔ԋߏϐჴᡍҗ Smith and Turnerܭ 1965ԃ৖Ң

[1]Ƕ1970~1980ԃжǴ΋ޔԖ΋٤а PLD ԋ࣬ߏᜢϐࣴុ࡭ز຾Չ

ύǴѝ࣬ࢂ྽Ԗज़Ǵ໻ऊ 100ጇѰѓޑፕЎว߄Ƕډޔ 1980ԃжࡕ

යǴଯྕຬᏤ਼ϯ׷ނ਑೏วܴǴӄШࣚӚӦӵОӵಽӦ࣬ݾว৖ଯ

ྕຬᏤԋߏӝԋ[2]ೌמǶPLDೌמӆԛډڙख़ຎǴ٠Ъख़ཥ೏ׯ೷Ƕ

Քᒿଯૈໆอેߏݢፂႜ৔ϐว৖ǴPLDБԄၱԋࣁᗓጢድ඲ԋߏϐ

ճᏔǶ 
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ӧၸѐ 15~20ԃ໔ǴPLD ໒วΠ΋ШжӚԄࣁς೴ᅌว৖ೌמ

ӚኬᔈҔ׷਑Ǵനڙ៿߆ϐԋೌמߏǶԜ΋ԋೌמߏϐ܌аډڙቶݱ

ࡋаϷᇙำೲ܄ࢲǵፓ᏾႟܄ഢӭфૈڀӕਔيҁځࣁ࿍ǴЬाӢߙ

׷ҺՖܭᕇளϐୢᚒǴ൳ЯёᔈҔ(target)׷ǶѝाૈլܺႢ܄฻੝ז

਑ϐԋߏǶҞ߻ PLD ߏԋܭςᔈҔೌמ :ଯϟႝቫ׷਑Ƕ (ӵ

Gd2O3,)[3]ǹъᏤᡏ׷਑Ƕ(ӵ ZnO, GaN฻)[4,5]ǹߎឦ׷਑Ƕ(ӵ Ti, 

Hastelloy฻)[6,7]ǹଯϩη׷਑[8]ǹࣗԿғϯ׷਑฻[9]ǶӢԜǴPLD

ϷᔈҔሦୱǴૈز୤΋ૈӧࣴࢂೌמ ӕਔঋڀቶࡋϷుࡋϐ׷਑ӝԋ

 Ƕೌמ

 

3-1.2 ેፂႜ৔ᗓጢϐેፂႜ৔ᗓጢϐેፂႜ৔ᗓጢϐેፂႜ৔ᗓጢϐᓬᓬᓬᓬᗺᗺᗺᗺ 

კ 3-1 ΋૓ࣁ PLD ࿶ӀᏢ״಍๚ᡏϐ่ᄬკҢཀკǶႜ৔Ӏس

᜔ТᆫขࡕǴ΋૓а 45 λǴૈࡐᆫขᗺܭय़Ƕҗ߄׷ႢܭΕ৔فࡋ

ໆஏߚࡋதଯǴ៎ᔐႢ߄׷य़ౢғႝዀϯಈη(ջ plume plasma)ර୷

݈БӛቔวǶӵკ ಈηǵ஥ႝಈηа܄ҢǶԜಈηႝዀ֖Ԗύ܌3-2

Ϸႝη฻ځ୏ૈߚதଯऊԖ 10-100 eV ό฻ǶPlumeౢޑғǴЬाࢂ

ٰԾଯૈໆಈηᆶ਻ᡏϩηናᔐౢࡕғϐႝηૈ໘៌ᎂǶӢԜࡋߝځ

ᆶᕉნ਻ᓸԖᜢǶ 
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PLDೌמӧ਼ϯނድ඲Бय़ǴගٮΑ೚ӭޑᓬᗺǴځύޑ΋٤ᓬ

ᗺځࢂдԋೌמߏǴӵϩη״ድ඲ೌמ(MBE)ǵᘢᗓݤ(sputtering)܈

ࢂᓬᗺϐ΋൩ځǶޑఈლವϷ܌฻(MOCVD)ݤᑈ؈ឦԖᐒ਻࣬ߎࢂ

ಔԋᙯ༬(Stoichiometry Transfer)ǺPLDճҔזೲેፂႜ৔Ǵёӧߚத

อਔ໔ϣஒૈໆᏉᆫܭӀηǴ٠ౢғΑߚதଯঢ়ॶૈޑໆǶӢԜ೏গ

ᚆϐނ፦ё೏ᇃวǴӧόׯᡂҺՖಔԋΠ຾ՉᗓጢǶ೭ᅿֹӄᙯ༬Ⴂ

ࢂਔ(਑׷ӵଯྕຬᏤ)ނӧ຾Չፄᚇӭϡ਼ϯࢂಔԋϐᓬᗺǴ੝ձ׷

ϯޑѤϡࢂ፾ӝᇙբΟϡࣗԿࡐݤǶӢԜǴેፂႜ৔ᗓጢޑதख़ाߚ

ӝނǶ 

ᙖҗଯࢂ΋૓ೌמǺPLDߏԋࡋჹၨեྕ࣬ܭёࢂᓬᗺϐΒ൩ځ

ૈેፂԄႜ৔(ӵ KrF, ArFႜ৔)Ӏྣ৔Ⴂ׷Ǵ٬Ⴂ߄׷य़ౢғႝዀϯ

ਏᔈԶቔวрႢ׷ಈηǴԜಈη܌᝶֖ϐଯ୏ૈёமϯ߄य़ϐෞ౽

[10]ǶӢԜǴၨځдድ඲ԋߏБԄǴӵߎឦԖᐒ਻࣬؈ᑈ(MOCVD)Ǵ

ё࣬ܭჹեྕԋߏǶࣗԿܭӧྕ࠻Πջёድ඲ԋ[11,12]ߏǶ 

ࢂϩᓸёፓ௓Ǻ೭਼ࣁᓬᗺϐΟځ PLD ᓬ༈Ǵҗޑ྽ε࣬ೌמ

ǴӢԜ๚ᡏϣϐ਻ᡏ਻ᓸё׷Ⴂܭ๚ᡏѦଯૈેፂႜ৔Ε৔ࢂໆૈܭ

ፓᡂϐ୏ᄊጄൎߚதεǶᗓጢਔ๚ᡏ਻ᓸёճҔ຾਻ሚፓ᏾Ǵጄൎҗ

ຬଯ੿ޜ(UHV)ډε਻ᓸΚǴଛӝᇙำሡाа௓่ڋ඲࣬ޑᛙۓϷ҅

ዴ਼ޑಔԋКǶ೭ঁ੝܄Ǵଞჹόӕ׷਑౦፦ԋߏਔǴሡाόӕ਼ϩ
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ᓸаᆢ่ځ࡭඲࣬Ǵ੝ձԖਏҔǶ྽س಍ᏹբӧե਼ϩᓸΠǴႢႝ׷

ዀಈηޑѳ֡Ծҗ৩൩཮ቚߏǴԜਔѳ֡Ծҗ৩ᇻຬၸႢ׷ᆶ୷݈໔

ຯᚆਔǴջёᆀࣁႜ৔ϩη״ድ඲س಍(Laser MBE)Ƕ೯த Laser MBE

಍֡཮ᘉቚس RF਼ႝዀྍ(RF plasma source)ྣ৔୷݈Ǵܭድ඲ਔံ

к਼ϡનԶόԿܭቹៜ๚ᡏޑ੿ࡋޜǶ 

PLDೌמᗨа΢Ԗ೚ӭᓬᗺǴՠϝฅԖځόܰլܺϐલᗺǶځ΋

൩ࢂԖᅀރಈη(droplets)ౢ ғǶ೯தаેፂႜ৔ᗓጢԋߏਔ೿཮Ԗᅀ

ڗϷЁκϩթࡋஏޑԋ׎ಈηౢғǴЁκऊԖ༾ԯ฻ભǶԶԜಈηރ

ǵેፂਔቨ(pulse width)аϷᕉნ਻(fluence)ࡋǵྣߏݢፂႜ৔ેܭ،

ᓸǶ೭׎٤ԋޑಈηǴ೯தό཮ჹᖓጢޑѮᢀނ౛܄፦ԖቹៜǴՠࢂ

༾ԯЁκಈηܰ೷ԋ׷਑ϐᅅႝǴӢԜჹܭᇙբӀႝϡҹԶقǴஒࢂ

ᝄ৚ୢޑᚒǶࣁᐄှԋӢ٠फ़եᅀރಈη׎ԋϐஏࡋǴԖ೚ӭࣴزჹ

Ԝ຾Չ௖૸ǶCraciun ฻Γว౜ၮҔၨޑߏݢߏႜ৔ᗓጢ཮ౢғၨӭ

ޑಈη[13,14]ǶаΒ७ᓎޑ Nd:YAG ႜ৔(532nm)ᆶ KrF ྗϩηႜ৔

(248nm,20ns)բКၨǴว౜ܭޣࡕᗓጢਔౢ܌ғಈηஏࡋϿߚதӭǶ

ќѦǴેፂႜ৔ࡋྣޑҭ཮ቹៜ dropletsޑஏࡋǶऩፓեેፂႜ৔ϐ

গᚆᖏࣚॶਔ(threshold for ablation)ǴёԖਏ׷Ⴂܭ໻ଯځǴ٬ࡋྣ

फ़ե dropletsޑஏࡋǶฅԶ೭཮឴࣊௞ PLDౢݤғଯૈಈηϐᓬᗺǴ
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ӢԜၲࣁଯࠔ፦ᗓጢѸ໪բִڐǴ౛གྷϐેፂႜ৔ྣࡋ(ૈໆஏࡋ)ᔈ

ࣁ 1~2J/cm2 [15]Ƕ 

ќѦǴેፂႜ৔ᗓጢೌמќ΋εޑલᗺǴ൩ࢂόܰ؈ᑈрεय़ᑈ

ԶЪ֡ϬޑᖓጢǴ೭ஒᝄख़ज़ౢځڋ཰ᔈҔޑว৖Ƕόၸ߈ԃٰǴς

Ԗ೚ӭቷ୘໒วрёа؈ᑈޔ৩ 3~6әय़ᑈЪ֡ϬϐᐒѠǶдॺନΑ

ၮҔёѳ౽ޑϸ৔᜔ТǴӧႢ׷΢౽୏ႜ৔ӀᆫขᗺǴ٠ᙯ୏Ⴂ׷а

ቚуႢ׷ᅙᇑ֡ޑϬࡋǴӧ୷݈Бय़߾຾Չѳ౽ᆶᙯ୏ёำԄϯа੃

੃ࡎό֡Ϭ܄Ƕӕਔำׇ௓ڋ೬ᡏҭёගܹځӭႢ௓ޑڋჴҔ܄Ƕ 

 

3-1.3 ԋߏᐒڋᆶख़ाޑ௓ڋᡂӢԋߏᐒڋᆶख़ाޑ௓ڋᡂӢԋߏᐒڋᆶख़ाޑ௓ڋᡂӢԋߏᐒڋᆶख़ाޑ௓ڋᡂӢ 

PLD ӈس΢Ǵ៎ᔐ೷ԋ΋׷Ⴂܭаᆫขϐેፂႜ৔ӀΕ৔ೌמ

਑ᅙཞ׷ࡴϸᔈၸำǴхޑ (ablation)ǵᅙϯ (melting)ǵؓϯ

(evaporation)ǵᆶᐟว (excitation)ǵᚆηϯ (ionization)ౢғႝዀ

(plasma)Ǵനނࡕ፦؈ᑈډ୷݈΢׎ԋᖓጢǶа਼ϯ׷ނ਑ޑᗓጢᆶ

ድ඲ٯࣁǴેځፂႜ৔ᗓጢᐒڋЬाёϩࣁΠӈ൳ঁ໘ࢤǺ 

(1) Ⴂ߄׷य़ϐ֎ԏǵᅙϯᆶؓϯǺ྽ႜ৔Ӏϐф౗ஏޑࡋεܭႢ׷

य़Ӣ֎ԏӀηԶౢғ߄׷Ӏઇᚯᖏࣚॶ(damage threshold)ǴႢޑ

ᅙϯǵؓϯǶ 
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(2) ႝ ዀౢғǺؓϯނޑ፦ᝩុᆶႜ৔ӀբҔౢғෞᚆޑᚆηᆶႝ

ηǴ٠Ъౢғႝዀ(plasma)Ƕ 

(3) ႝ ዀ৔рǺౢғႝޑዀаႢޑ׷ѳय़ݤӛໆБӛቔрǴ׎ԋОӀ

(plume)Ƕࡋߝځǵރ׎ελᆶᕉნ਻ᓸԖᜢǶаԋ਼ߏϯٯࣁނǴ

೯தӧଯ਼ϩᓸΠǴPlumeࡋߝၨߝǴރ׎ၨቨԶᏉᆫǹϸϐऩܭ

ե਼ϩᓸΠ߾ǴPlumeࡋߝၨ఩Ǵރ׎ၨߏԶวණǶ 

(4) ႝ ዀ؈ᑈǺ०Չ΋ࢤຯᚆႝޑዀ໒ߕۈ๱ӧ୷݈߄य़΢Ƕ 

(5) ᖓጢ׎ԋǺಈηനࡕናᔐ୷݈߄य़ǴѨѐ୏ૈԶ֎ߕӧ୷݈߄य़Ǵ

ख़ཥ୴᠄ᗖ่ԋᖓጢǶ 

ќѦǴӧ PLD ၸำύǴԖ൳ঁख़ाޑ௓ڋᡍୖኧ཮ቹៜ؈ډᑈ

ᖓጢϐࠔ፦Ǵځख़ाୖኧϩձࣁǺ୷݈ྕࡋ(Ts)ǵેፂႜ৔ϐૈໆஏ

ࡋ (excimer laser energy density)ǵ਼਻ϩᓸ (PO2)ǵႜ৔ޑख़ፄ౗

(repetition rate)ǵેፂႜ৔ߏݢаϷ୷݈ࠔ፦ᆶᅿᜪǶаΠஒ೴΋ᇥ

 ቹៜǺځܴ

1. ୷݈ྕࡋ(Ts)Ǻ 

୷݈ۓ،ࡋྕޑΑᗓጢಈηޑ౽୏౗(mobility)ǴԜቹៜΑᗓډ୷

݈΢ޑಈηૈցவ୷݈΢ᕇளى୼ૈޑໆǴаठૈӧ୷݈߄य़ෞ

඲ᡏ่ᄬǶऩޑ፾྽Տ࿼Զᕇளന٫ډ౽ plume plasmaϐૈໆό

 ቹៜǶޑ፦ஒԖЬाࠔځϷߏցድ඲ԋૈܭჹࡋਔǴ୷݈ྕى
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2. ેፂႜ৔ϐૈໆஏࡋ(excimer laser energy density)Ǻ 

ႜ৔ϐૈໆஏۓ،߾ࡋΑவႢ׷ᘢᗓрಈηޑԋϩᆶಔԋКٯǴ

ซӵᘢᗓၸำύόӕϡનϐ sputter yieldࣣ όӕǴѸ໪ႜ৔ϐૈໆ

ஏࡋεܭগᚆᖏࣚॶǴ܌ځᗓᖓጢಔԋᆶႢ׷ω཮΋ठǶаԋߏ

਼ϯᎋٯࣁǴҗܭগᚆᖏࣚॶӧ 0.25~0.7J / cm2[16]ǴӢԜനத٬

Ҕૈޑໆஏࡋጄൎεౣӧ 1~2J / cm2ϐ໔Ƕ 

3. ਼਻ϩᓸ(PO2)Ǻ 

ӧ PLDၸำύǴӢᗓጢᕉნࣁ੿ޜаϷଯྕޑጔࡺǴᏤठቔᘢр

ٰϐಈη਼ځচη৒ܰණѨ௞ǴԶᏤठ؈ᑈ਼ޑϯނᖓጢύલ

਼Ǵ਼ಔԋКٯόىԶׯᡂ׷਑܄፦Ƕӵԋ਼ߏϯᎋਔǴ਼ϩᓸ

ཇե܌ԋߏϐᖓጢ਼ځલഐஏࡋཇଯǴᏤठ׷਑ϐႝηᐚࡋ൩ཇ

ଯǶӢԜǴ፾྽਼ޑ਻ံкӧ؈ᑈଯࠔ፦਼ϯނᖓጢࢂѸाޑǶ 

4. ႜ৔ޑख़ፄ౗(repetition rate)Ǻ 

ેፂႜ৔ޑख़ፄ౗ᆶᖓጢ่ޑ඲ೲ౗ԖᜢǴ೯தٰᇥድ඲ೲ౗а

؂ࣾኧঁষ(Å)٫ࣁǶၨଯޑख़ፄ౗ᘢᗓрٰޑಈηიၨεǴԶၨ

եޑख़ፄ౗ᘢᗓрٰޑಈηიၨλǶӢԜǴKaidashev ฻Γ٬Ҕ

KrF ྗϩηႜ৔ϐեख़ፄ౗ (1Hz)ٰܭ຾Չ ZnO ᖓጢԋਡ

(nucleation)؈ᑈǴϐࡕӆፓଯԿ፾྽ޑख़ፄ౗(10Hz)а຾Չድ඲ԋ
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 ፦ᆶၨଯϐႝηᎂ౽౗(>150 cm2/Vs)ࠔϐᖓጢᕇԖၨ٫ߏԋ܌Ǵߏ

[17]Ƕ 

5. ેፂႜ৔ߏݢ:  

தҔϐྗϩηႜ৔Ԗ:XeCl(304nm), KrF(248nm), ArF(193nm)฻Ƕ

а PLD຾Չόӕ׷਑ϐድ඲ԋߏਔǴᆶ܌ځᒧ᏷ϐႜ৔ߏݢԖ࣬

྽εޑᜢ߯ǶٯӵǴటድ඲ԋߏቨૈሜ׷਑Ǵځ௦Ҕϐႜ৔Ӏη

ૈໆനӳଯܭႢ׷ϐૈሜǴωૈѺᘐϩηᗖ่Ǵख़ཥ௨ӈድ඲Ƕ

ց߾ቔᘢрޑಈηიεǴჹ؈܌ᑈϐᖓጢѳ᏾ࡋϷ่඲ࠔ፦ܰԖ

ॄय़ቹៜǶ 

6. ୷݈ᅿᜪᆶࠔ፦Ǻ 

୷݈ᅿᜪޑᒧ᏷Ǵࢂ߾ᒧ᏷඲਱தኧǵ඲ᡏ่ᄬǵ዗ᑩ๞߯ኧᆶ

టᗓᖓጢ࣬߈ǴӵԜၨૈᙁϯᡂӢа຾ՉᗓጢԋߏǶќѦ୷݈ޑ

 ǶߏǴҭ཮ቹៜᖓጢϐድ඲ԋࡋమዅᆶѳ᏾ޑय़߄፦ӵࠔ

 

3-2 аааа PLD ድ඲ԋ਼ߏϯᎋድ඲ԋ਼ߏϯᎋድ඲ԋ਼ߏϯᎋድ඲ԋ਼ߏϯᎋ 

PLD ܭೌמ 1980ԃжଆ೏εໆ٬ҔܭӝԋଯྕຬᏤᖓጢǶӧ೭

ၸำύว౜ԜБݤԖ೚ӭᓬ౦੝܄Ǵ܌ځԋޑߏᖓጢࠔ፦٫ԶЪϯᏢ

ीໆКྗዴǴӢԜΨ໒ۈᔈҔ؈ܭᑈځд਼ϯނᖓጢǶӧԋ਼ߏϯᎋ

Бय़ǴҞ߻ςԖ೚ӭزࣴޑი໗٬Ҕ PLD ࠔрଯߏӚԄ୷݈ԋܭݤ
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፦਼ޑϯᎋ࣬ᜢᖓጢǴаᔈҔܭӚᅿሦୱǶٯӵբࣁ೸ܴᏤႝጢ

(Transparent Conducting Oxide)ᔈҔ[18]аϷᅶ܄ᔈҔ[19]ϐ׷਑฻Ƕ

ՠࢂε೽ҽ਼ϯᎋᖓጢޑᔈҔǴѝሡाӭ඲่ᄬ(polycrystalline)ջ

ёǴ٠όϼӧཀጢቫϣ่ᄬޑલഐǶ྽Եቾ҂ٰஒ਼ϯᎋᔈҔܭวӀ

ϡҹǴӵ LED  ፦ϐድ඲ᖓጢǶࠔрଯߏႜ৔ਔǴ൩Ѹ໪ԋ܈

җܭεЁκǵեԋҁޑԵໆǴε೽ҽа PLD ϯᎋድ਼ߏԋೌמ

඲ᖓጢǴЬा٬ࢂҔ c-य़ Al2O3(0001)ൂ ඲բࣁԋߏ୷݈ǶᗨฅǴԜ

୷݈ӧ aືБӛᆶ਼ϯᎋϐ඲਱όϰଛࡋଯၲ 18%ǴKaidashev฻Γ

ޑߏԋ܌Ǵݤߏ؁ᡯԋٿԜ୷݈ճҔܭ c य़਼ϯᎋࠔ፦࣬྽ӳǴځ

X-Ӏᙅ৔ rocking curveъଯቨёၲ 256 arcsec [17]ǶќѦ Ohkubo฻

Γа laser MBEݤǴܭ c-sapphire΢٬Ҕ੝ձϐ߄य़ೀ౛ೌמǴளډ

চη฻ભޑѳ᏾ࡋǴӢԜ܌ளډϐଯࠔ፦਼ϯᎋځ X-Ӏᙅ৔ rocking 

curveϐъଯቨ׳եǴ໻ 14 arcsec [20]Ƕ 

ӧځд୷݈Бय़ǴВҁ Kawasaki௲௤ࣴزი໗ӧե඲਱ৡ౦ޑ

ScAlMgO4୷݈΢(0.09%)Ǵԋߏрଯࠔ፦਼ޑϯᎋᖓጢǴځ X-Ӏᙅ৔

ϐъଯቨࣁ 39 arcsec[21]Ǵၨ ZnOൂ඲୷݈٫ࣁ(65arcsec)Ƕӧ GaN

୷݈Бय़Ǵҗܭ඲਱όϰଛࡋ໻ 1.8%ǴӢԜ Vispute฻Γёаள਼ډ

ϯᎋ rocking curve FWHMࣁ 180 arcsec[22]Ƕᆕӝ΢ॊჴٯǴёـ୷

 ቹៜǶޑ܄ۓ،ድ඲ᖓጢԖ๱ޑ፦ࠔଯߏ඲਱ϰଛᆶցǴჹԋޑ݈
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ӧ܄ཱུߚय़਼ϯᎋϐԋߏБय़Ǵа PLD ԋߏϐЎ᝘ว٠߄ό

ӭǶT. Koida฻Γ[23]аႜ৔ MBE ܭೌמ r-sapphire܌ԋߏϐ aय़਼

ϯᎋځ X-ray rocking curve(FWHM)ёၲ 1100 arcsecǶS. Zhou[24]฻Γ

჋၂аόӕܭ r-sapphire୷݈Ǵ(302)LiAlO2 ୷݈΢а  5J/cm2ǹ5Hz

చҹܭ 500°Cа΢ԋߏр aय़਼ϯᎋǶᆕӝа΢ፕॊǴѝाԖӝ፾ޑ

୷݈ǴPLDೌמዴჴڀԖԋߏଯࠔ፦਼ϯᎋൂ඲ᖓጢϐወΚǶ 

 

3-3 аааа PLAD-500 ܭ಍سܭ಍سܭ಍سܭ಍س r-sapphire ԋ਼ߏϯᎋԋ਼ߏϯᎋԋ਼ߏϯᎋԋ਼ߏϯᎋ 

ޑதҔ߻аҞࢂǴ२Ӄߏԋޑ඲य़਼ϯᎋൂ඲ᖓጢ܄ཱུߚزࣴࣁ

r-sapphireբࣁ୷݈Ǵ຾Չድ඲ჴᡍǶаΠஒ৖Ң܌ԋߏ a य़਼ϯᎋ

ൂ඲ϐԋߏచҹᆶ׷਑ϩ݋Ǻ 

 

3-3.1 ԋߏచҹԋߏచҹԋߏచҹԋߏచҹ 

௦Ҕϐ܌      2 मәޔ৩ϐ a-sapphire୷݈Ǵ࿶ٿၰ዗Ч✉Ϸ΋ၰ

዗౦ЧᎇమࡕࢱǴ֌ଳ٠Ꮓೲ࿼Ε੿ޜ๚ϣǶࡌܭҥङඳ਻ᓸɩ1x10-7 

torr ਔ໒ۈ຾Չ඲Ту዗ᆶញ਻(850°C/1hr)Ǵֹԋࡕջफ़Կԋࡋྕߏ

(750°C)ԋ਼ߏϯᎋǶ٬܌Ҕϐ਼ϩᓸ(PO2)ࣁ 20mTorrǴԋߏਔ໔֡ࣁ

60ϩដǶKrF ྗϩηႜ৔ᏹբచҹ3:ࣁHz/500mJ, ୷݈ᆶႢ׷ຯᚆߥ

࡭ 7ϦϩǶ 
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 ݋ϩ݋ϩ݋ϩ݋਑ᆶ่ᄬϩ׷਑ᆶ่ᄬ׷਑ᆶ่ᄬ׷਑ᆶ่ᄬ׷ 3-3.2

     კ 3-3 ܭߏԋࣁ r-sapphireϐ਼ϯᎋኬځࠔ X Ӏᙅ৔͐-2͐ϩ

ܭკǶკύϐঢ়ॶૻဦЬाٰԾ݋ sapphire୷݈аϷ(1120)ZnOǴ٠

คځд඲य़ӸӧǶᡉҢԜచҹёԋߏрપ࣬ aय़਼ϯᎋǶࣁዴۓҁኬ

ϐࠔ a य़਼ϯᎋࢂցൂࣁ඲Ǵௗ๱຾Չ X Ӏᙅ৔͟ف௟ඔϩ݋Ƕკ

ଞჹࣁ3-4 ZnO(103)य़຾Չϐ͟ف௟ඔϩ݋კǶკύܭ 0~360°ጄൎϣ

໻р౜ٿಔ{103}ૻဦǴᡉҢԜኬࠔᔈൂࣁ඲ᖓጢǶࣁᕕှԜ a य़਼

ϯᎋϐ่඲ࠔ፦Ǵа X Ӏᙅ৔ϐ rocking curve(͠ -scan)ϩ݋ϐǴӵკ

ࣁъଯቨځҢ܌3-5 1327 arcsec(0.37°)Ƕ 

ᇮǴа׎य़߄ځ௖૸ࣁ tapping mode AFMϩ݋ϐǶӵკ ܌3-6

ҢԜኬࠔϐ߄य़׎ᇮӵచጕ่ރᄬǴа X-ray Phi-scanዴᇡߏځచރ

Бӛࣁ c ືǴᡉҢԜኬࠔᔈ࣬ൂࣁ(ൂ඲)ԋߏϐ਼ϯᎋǶϩ߄ځ݋य़

ಉᕫࡋϐ RMSॶऊࣁ 4nmǶќѦǴа TEM ϩځ݋༾ᢀ่ᄬǶკ 3-7

ZnOϐᄒय़[0001]ݮࠔԜኬࣁ TEM ቹႽǶёమཱ࣮рࣚय़మ݋คࣚय़

ቫӸӧǶጢࠆऊࣁ 230nmǴё௢ᆉрԋߏೲ౗ऊࣁ 3.8nm/minǶკ 3-8

ZnO Zoneືϐ[0001]ݮࣁ TEM ᏷୔ᙅ৔კǶҗკύϐᙅ৔ᗺё௢р

਼ϯᎋᆶ r-sapphireϐድ඲ԋߏᜢ߯Ǵջ: (1120)ZnO//(1102)sappǹ

[0001]ZnO//[0111]sappϷ[1 100]ZnO//[21 10]sappǴӵკ  ҢǶ܌3-9

ྕྕྕྕ࠻࠻࠻࠻ 3-3.3 PL ϩ݋ϩ݋ϩ݋ϩ݋ 
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    аྕ࠻ϐӀठᑻӀӀ᛼ሺϩ݋ԜኬࠔϐӀᏢ܄፦Ǵӵკ 3-10 ܌

ҢǴځঢ়ॶр౜ӧ 3.31 eVǴъଯቨࣁ 118meVǶӧ҂㯉ᚇޑ௃ݩΠǴ

ᡉҢځᖓጢӢᆶ୷݈໔ӸӧԖၨଯϐ඲਱όϰଛǴᏤठᓸᔈΚౢғǴ

аठК cय़਼ϯᎋԖၨଯϐঢ়ॶ[23]Ƕ 

 

3-4 ჴᡍ೛ഢᙁϟჴᡍ೛ഢᙁϟჴᡍ೛ഢᙁϟჴᡍ೛ഢᙁϟ 

3-4.1 PLD-500 ેፂႜ৔ᗓጢس಍ેፂႜ৔ᗓጢس಍ેፂႜ৔ᗓጢس಍ેፂႜ৔ᗓጢس಍ 

Ԗ᠘߻ܭॊᇥܴǴҁࣴزၮҔ PLD ߚǴа຾Չ܄ϐᓬ౦੝ೌמ

਑Ӏႝϡҹϐ׷ϯᎋ਼ࣁǴයఈ҂ٰૈԋߏϯᎋᖓጢϐድ඲ԋ਼܄ཱུ

୷݈(template)Ƕҁࣴ٬܌زҔϐ PLD ೛ഢ޹ࣁើ DCA Ϧљᇙ೷ޑ

PLD-500ࠠᐒѠ(ӵკ 3-11)Ƕځᗓጢय़ᑈǴᙖҗ೚ӭቚу໶ࡋϐ೛ी

ёၲޔ৩ 3मәǶӢԜǴҁࣴزϐԋ݀ჹ҂ٰᏤΕໆౢᔈҔǴ࣬྽ڀ

ԖወΚǶаΠஒϟಏ PLD-500س಍Ǻ 

    ҁس಍җঁٿ੿ޜ๚܌ಔԋǴځ΋ྗࣁഢ๚ (preparation 

chamber)ǴଛഢคݨԄ Scroll pump(Scroll-300)Ϸ Turbo pump(Varian 

V70)Ƕ၂Тҗε਻ၩΕਔёҗԜࡌҥ੿ޜǶځΒࣁԋߏ๚(growth 

chamber)Ǵଛഢ Scroll pump(Scroll-300)Ϸ Turbo pump(Varian V550)Ƕ

җܜܭ਻౗ଯၲ 550L/secǴёࡌҥ 1x10-8 Torrϐङඳ਻ᓸǶࡑԋߏ၂
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ТӼးܭ඲Т܍ၩ০Ǵёᙖҗ໺ᒡᐒᄬ໺Կԋߏ๚Ǵа຾Չ΋سӈԋ

 ำׇǶߏ

ҁ೛ഢϐᏹᕵу዗း࿼(heating manipulator)җᅹϯޖ(SiC) у዗

Ꮤಔԋ(ӵკ 3-12 Πёу዗ԿݗҢ)Ǵӧ਼֖਻܌ 1000°CǶӕਔǴࡑ

ᗓ၂Тё຾Չ௽ᙯаϷѳ౽ำׇ௓ڋǴаቚуᗓጢਔϐ֡ϬࡋǶႢ০

೽ҽ೛ीёගٮΟТ 2मәႢ׷ӕਔӼးǴ೸ၸѦ೽ᒧႢ௓ڋᐒᄬ،

ёፓ௓ԾᙯᙯೲǴа֡ϬগᚆႢ׷ᗓጢၸำύǴႢܭ਑Ƕ׷ᗓጢϐۓ

 Ƕڮගଯტ׷

ќѦǴႜ৔Ӏ״ϐᏤӀϷᆫขಔҹǴࢂҗٿಔϸ৔᜔΋Тᚈс೸

ಔԋ(ӵკ܌᜔ 3-13)Ƕځύനࡕ΋Тϸ৔᜔җ۳ൺԄ؁຾ଭၲ௓ڋǴ

аׯᡂႜ৔Ӏ៎״ᔐႢޑՏ࿼ǴӵԜё֡׳ϬগᚆႢ׷Ǵ٠٬ᗓጢਔ

֡Ϭ୔ၲ 3मәޔ৩ጄൎǶ 

Ǵ੝ձᘉቚݩރߏϐԋࡕ߻ᗓጢܭय़߄၂Т݋ᖏ൑(in-situ)ϩࣁ

ଯૈႝη״ᙅ৔ሺ(RHEED)Ƕҁ೛ഢࣁ Specs RHD-30س಍ёᏹբܭ

10~30kVǴஒܭ 3-3.3࿯၁ॊǶќѦǴҁ PLD-500س಍ϐૈໆྍᒧҔ

lambda Physik COMPex205ྗ ϩηႜ৔Ǵϸᔈ਻ࣁ KrF ёගߏݢٮ

248nm/25nsϐు๋ѦӀǴᒡрфૈໆёၲ 700mJǶӕਔǴᒡрӀख़ፄ

౗ёၲ 50HzǴߚࢂதଯਏૈϐႜ৔ྍǶӵკ ҢǶԜႜ৔ᒡр܌3-14

ࣁރ׎ 24x10 mm2ϐં׎Ǵ࿶೸᜔ᆫขࡕय़ᑈᕭλࣁ 2.5x9 mm2Ƕа
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தҔϐ 500mJᒡрૈໆीᆉǴ៎ځᔐႢ׷ϐૈໆஏࡋӧόԵቾૈໆ

ཞ઻ਔࣁ 2.2J/cm2Ƕՠႜ৔ӀΕ৔຾๚ᡏϐ੿ޜຎื׷፦ࣁ UV grade 

fused silicaǴځ UV ࢤݢ 248nmऀޑ೸౗ࣁ 90~93%[25]ǶӢԜǴჴሞ

΢ᗓጢਔΕ৔Ⴂ׷ϐႜ৔ૈໆஏࡋǴᔈόεܭ 2.0J/cm2Ƕ 

 

3-4.2 ਼ϯᎋ਼ϯᎋ਼ϯᎋ਼ϯᎋᗓጢድ඲ࢬำᗓጢድ඲ࢬำᗓጢድ඲ࢬำᗓጢድ඲ࢬำ  

ҁፕЎ܌૸ፕϐ ZnOԋߏჴᡍځᗓጢድ඲ࢬำᇥܴӵΠ: 

1.୷݈మࢱ 

ஒ 2मәޔ৩ϐൂ඲୷݈аฆݦϐ዗Ч✉੆ݰమࢱ 5ϩដٿԛǴϐࡕ

ҥڅ੆ܭݰ዗౦Чᎇ(ऊ 90°C)Ǵऊ 5ϩដڗࡕҥջаේ਻ᄳ֌ଳǶ 

2.ၩΕ PLDس಍੿ྗޜഢ๚(preparation chamber) 

ӧమࢱ୷݈߻ሡӃஒྗഢ๚ឲᅈේ਻(venting)Ǵమࡕࢱϐࡑᗓ୷݈

ᔈᏃೲၩΕ੿ޜ๚Ƕ 

 ޜҥଯ੿ࡌ.3

ᜢഈේ਻ࡕӃа߻ભคݨԄᔅ੅ࡌҥ߃ભ੿ޜԿ 1X10-2torrǴϐࡕ௴

୏ࡕભϩη෮፺ᔅ੅(turbo-pump)ࡌҥଯ੿ޜԿ<1x10-6 torrǶ 

4.໺ᒡԿԋߏ๚(growth chamber) 

྽੿1>ၲࡋޜx10-6 torrਔǴѺ໒႔ሚஒࡑᗓ୷݈а໺ᒡ෇໺ଌԿԋߏ

๚Ǵ٠຾Չ΢ၩ܍ၩᏔ؁ᡯǶֹԋࡕஒ඲Т፿࿽ᔞТᜢഈǴаٛЗ඲
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Т߄य़ԦࢉǶӧѺ໒႔ሚ߻ԋߏ๚ϣ੿ࡋޜऊࣁ 1x10-8 torrǴӧֹԋ

඲Т΢ၩࡕ੿ࡋޜᔈλܭ 2x10-7 torrǶ 

5.຾Չ୷݈ϲྕ 

೛ྕۓ௓Ꮤϲफ़ྕำԄǴЬाӧ 600°C аΠϲྕೲ౗೛ࣁۓ 8°C 

/minǹ600~750°Cࣁ 5°C /minǹ750~900°Cࣁ߾ 3°C/minǴаᗉխӧу

዗ၸำύǴ๚ᡏ੿࡚ࡋޜቃᡂϯԶቚуԦࢉᐒ౗Ƕ 

7.௴୏ႜ৔዗ᐒ 

ӧࡑᗓ඲Тၲటᗓྕ܈ࡋႣ೛у዗ࢬำ߻ջᔈӃஒྗϩηႜ৔໒ᐒ

Ⴃ዗ǶLambda Physik COMPex205ϐྗϩηႜ৔ሡႣ዗ 8ϩដωૈ໒

຾Չۈ lasingǶ዗ᐒࡕջ຾Չႜ৔ф౗Ϸख़ፄ౗೛ۓǶ୷ҁ΢ҁࣴز

ϐୖኧ֡ϩձ೛ࣁۓ 500mJϷ 3HzǶ 

8.௴୏Ⴂ০௽ᙯфૈ٠ᒧۓటᗓႢ׷ 

Ⴂ০ϐ௽ᙯ௓ࣁۓڰڋ 12rpmǴ٠ᒧۓႢࣁ׷ ZnOջё௴୏Ƕ 

9.௴୏ϸ৔᜔ಔѳ౽фૈ 

 ϸ৔᜔ಔѳ౽ޑҞޑӧᏤЇႜ৔״ѺӧႢ׷όӕՏ࿼аගଯ֡Ϭ

ѳځጄൎϣаխႜ৔ѺрႢѦǶӕਔۓǴӢԜሡዴᇡѳ౽Չำӧ೛ࡋ

౽ၮ୏ϐᓎ౗೛ࣁۓ 0.2HzǶ 

10.຾Չႜ৔Ⴃᗓ 
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ዴࡑۓᗓ୷݈ϐ፿݈ೀܭᜢഈރᄊࡕջё຾ՉႢ׷ႣᗓǴਔ໔֡೛ۓ

ࣁ 5ϩដ(3Hz)ǶځҞࣁޑమନႢ߄׷य़ԦࢉаϷᛙۓႜ৔ᒡрф౗Ǵ

 ௗΠٰϐድ඲ᗓጢբྗǶࣁ

10.๚ᡏݙΕ਼਻ 

Ε਼਻аፓ᏾๚ᡏ਼ϩᓸݙۈਔǴ໒ࡋᗓጢྕۓႣၲࡋ୷݈ྕܭ

(PO2)Ƕҁჴᡍ΋૓೛ࣁۓ 20 mTorrǶӧΠݙΕ਻ᡏ߻Ǵ໪Ӄዴᇡፓ࿯

႔ሚ೛Կ 200(ӄ໒ࣁ 1000)аϷଯ਼ᒳ౟਻ሚ໒௴Ǵௗ๱໒௴຾਻୏

਻ሚǴ༾ፓ needle valeԿ๚ᡏᕴᓸࣁ 20mTorrǶ 

11.௴୏୷݈ѳ౽Ϸ௽ᙯኳԄ 

໒௴୷݈ѳ౽Ϸ௽ᙯኳԄǴᙯೲऊࣁ 12rpmǶ୷݈ѳ౽ၮ୏ࢂϩձ೛

ۓ X БӛǺᓎ౗ࣁ 0.2HzǴՉำ(Amplitude)ࣁ 5cmǹY Бӛ߾೛ۓᓎ

౗ࣁ 0.3HzǴՉำ(Amplitude)ࣁ 5cmǶ᏾ӝ୷݈௽ᙯၮ୏аቚу໶ࡋǴ

ගଯ 2κޔ৩а΢ϐ֡ϬࡋǶ 

12. ௴୏ႜ৔຾Չድ඲ 

ӧ΋Ϫ൩ុࡕ໒ۈ຾Չᗓጢድ඲ࢬำǴ२ӃѺ໒ࡑᗓ඲Т፿݈Ǵϐࡕ

Πႜ৔ࡪ start ᗖ٠໒ۈीਔǶၸำύ໪ዴۓႜ৔៎ᔐႢౢ܌׷ғϐ

PlumeރᄊǶࡑႣۓᗓጢਔ໔่״ҥջࡪΠႜ৔ stopᗖֹԋᗓጢǶ 

 

3-4.3 In-situ RHEED  ಍س಍س಍س಍س
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    ଯૈϸ৔Ԅႝηᙅ৔(Reflection High Energy Electron Diffraction, 

RHEED)த೏ᔈҔܭድ඲ਔᖓጢ੝܄ϩ݋Бय़Ƕ೭ࢂҗځܭჹኬࠔ

ёၲচη݋ϩࡋಉᕫޑय़߄த௵᎒Ƕ೯தߚ݋ᇮϩ׎ᄬᆶ่ޑय़߄

ቫ฻ભࡋ݋ှޑǴӢԜRHEEDࢂ΋ঁӭфૈԖਏ߄ޑय़ϩ݋πڀǶ 

    RHEEDϐπբБԄǴࢂஒ 5-50KeVႝޑηݮ๱൳ЯѳՉ၂Т߄

य़Ε৔Ǵႝη཮೏၂Т׷਑ϐ඲਱่ᄬ܌ϸ৔Ǵናᔐჹय़ϐᑻჿԶԋ

ႽǶଛഢ RHEEDϐ PLD ಍่ᄬҢཀკӵკس ҢǶԜਔႝη܌3-15

ऊѝԖفӢΕ৔״ தభǴऊߚࡋ೸ుऀޑǴႝηࡋ1-3 2-3ቫচηు

தభǴϸ৔ႝߚࡋԖଯૈໆǴՠӢऀ೸ుڀηᗨႝޑǶӢԜǴϸ৔ࡋ

ηૻޑဦѝឫ஥߄य़ޑᙅ৔ૻဦǶऩ၂Т߄य़ѳ᏾Ǵϸ৔ႝη཮ӧᑻ

ჿ΢׎ԋܴᡉమޑ݋చރᙅ৔კǶϸϐǴऩ၂Т߄य़ಉᕫ߾ӧᑻჿ΢

ԋϐᙅ৔კ཮ၨኳጋǶRHEEDᙅ৔ёҗ׎ Bragg LawǴΨ൩ࢂ k'- k = 

G (reciprocalvector)ٰ ှញځᙅ৔კǶკ ࣁ3-16 RHEEDᙅ৔൳Ֆᜢ

߯[26]Ƕځύკ 3-7 (a)ୁࣁຎკǹ(b)ࣁ΢ຎკǶ၂Т࿶ RHEEDႝη

Ε৔ϩ݋Ǵऩൂࢂ඲߄य़Ǵځϸ඲਱(reciprocal)ևೕރ݅߾(rod)ǴԜ

ਔ Ewald sphereႝޑηΕ৔БӛǴΨ൩ࢂ koӛໆޑБӛǴ٩ྣჴሞޜ

໔БՏΕ৔ǴԜਔ Ewald sphereᆶϸ඲਱࣬Ϫೀࣁ΋سӈޔޑచǴ࣬

྽ܭவႝηΕ৔Бӛ࣮ϸ඲਱ǴԜёຎࣁϸ඲਱ୁޑຎკǴԜᆀޔࣁ

చᙅ৔კȐStreak PatternȑǶ 
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    ҁࣴ٬܌زҔϐ RHEEDࣁ Specs RHD-30ଛഢܭ DCA PLD-500

಍(ӵკس Ң)Ƕҁ܌3-17 RHEEDࣁ UHV ฻ભ٬Ҕϐး࿼Ǵόࡌ᝼

ܭեࡋޜ੿ܭ 1x10-6 torr٬ҔǶځᏹբୃᓸጄൎࣁ 0~30kVڀ٠Ԗႝ

ηԄᆫขϷፓ᏾ႝη״Бӛф ǴૈӕਔܭѦ೽ଛഢᅶ៓ံᓭး࿼аխ

ႝηр৔Бӛڙ๚ᡏᅶ܄ቹៜǶҁࣴزத٬ҔԜ RHEEDس಍຾Չᖏ

൑(in-situ)ድ඲ԋࡕ߻ߏϐ߄य़ϩ݋Ǵჹܭᗓጢድ඲ԋٰزࣴߏᇥࢂ

΋εշ੻Ƕ 

 

3-4.4  ӀठӀठӀठӀठᑻᑻᑻᑻӀӀӀӀӀӀӀӀ᛼ሺ᛼ሺ᛼ሺ᛼ሺ(Photoluminescence, PL) 

ӀठᑻӀӀ᛼ϩزࣴࢂ݋ъᏤᡏ׷਑ނ౛੝܄നதҔޑБݤϐ

΋Ǵ܌ځளϐӀ᛼ύݢঢ়ߏݢޑǵமࡋϷъଯቨ฻ୖኧǴ֡ᆶኬޑࠔ

ಔԋǵ่඲ک܄લഐஏࡋԖᜢǶ࿶җૈໆଯܭኬૈࠔሜޑѦٰӀྍᐟ

วǴ٬ளচҁӧሽ஥ႝޑηǴԖᐒ཮៌ᎂ׳ډଯૈ໘ǹӢԜǴӧচҁ

ჹǴӵࢰႝ-ჹǶ೭ಔႝηࢰႝ-ԋႝη׎ǴԶࢰ੮Π΋ঁႝߡሽ஥ޑ

݀аᒟ৔ጠӝ(radioactive recombination)ޑБԄ่ӝǴ൩ёаܫр΋ঁ

ӀηǶԜѦǴΨёૈࢂа዗ૈځ܈дૈໆޑБԄܫрǶჹܭӢᒟ৔ጠ

ӝԶܫрޑӀǴӢࢂځҗѦٰӀྍޑᐟว׎܌ԋޑǴ܌а೯தᆀϐࣁ

ȨӀठᑻӀȩ(Photoluminescence)Ƕځচ౛ӵΠ: 
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྽ᐟวӀྍྣ৔ӧࡑෳኬࠔ΢ǴճҔΕ৔ӀηૈໆεܭъᏤᡏ׷਑ϐ

ૈሜǴஒႝηҗሽ஥(valence band)ᐟวډ໺Ꮴ஥(conduction band)Ƕ

Զӧߚதอޑਔ໔ϐϣǴε೽ϩޑଯ໘ႝη(ႝࢰ)཮ᙖҗញܫᖂη܈

ࢰӆᙖҗႝηႝࡕനեૈ໘Ǵϐޑ໺Ꮴ஥(ሽႝ஥)ډдၸำǴိϯځ

ჹӆ่ӝ(electron-hole pair recombination)ԶܫрᑻӀ 

ӵკڋᎂᐒ៌ځ  :ࡴ৔่ӝၡ৩хܫځҢ[27]Ƕ܌3-18

(a)Ꮴႝ஥ႝηᆶሽ஥ႝࢰӆ่ӝ៌ᎂ 

(b)ӧࡼηૈ໘(donor level)ႝޑηᆶሽ஥ႝࢰӆ่ӝ៌ᎂ 

(c)ӧᏤႝ஥ႝޑηᆶ௤ηૈ໘(acceptor level)ࢰႝޑӆ่ӝ៌ᎂ 

(d)ᙖҗύ໔ૈᄊ໔ౢғόวӀϐ៌ᎂǴԜਔаᖂηණኞૈໆǶ 

ҁࣴ٬܌زҔྕ࠻ޑӀठᑻӀӀᓎ᛼ሺࢂаߏݢ 325nmޑਾᙿ

ႜ৔բࣁᐟวӀྍǴ࿶೸᜔ᆫขΕ৔ܭኬࠔ΢ǴԶኬ܌ࠔᒟ৔рޑᑻ

Ӏ࿶җ᜔ނԏӀᏤΕϩӀሺύှ݋ǴӆஒӀૻဦଌ຾ CCD ቚமૻ

ဦǴ٠ஒᒡрૻဦӕਔගډٮᙹ࣬ܫεᏔ(lock-in amplifier)٬ϐᆶӀ

ၡ΢ޑᄒݢᏔ(chopper)ӕ؁ǴаගଯૻဦჹᚇૻޑКǴനࡕаႝတᛤ

рӀ᛼ૻဦǶځໆෳ೛ഢ่ᄬҢཀკӵკ 3-19[28]Ƕ 
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კ 3-1.΋૓ PLD  ಍ϐ๚ᡏ่ᄬҢཀკس

 

 

კ 3-2. KrFႜ৔៎ᔐ ZnOႢౢ܌׷ғϐ plumeቹႽ 
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კ ܭ .3-3 r-sapphire ԋߏϐ ZnOځ X-ray͐-2͐ϩ݋კ 

 

 

კ ܭ.3-4 r-sapphire ԋߏϐ ZnO ځ X-rayφscan ϩ݋კ 
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კ ܭ.3-5 r-sapphireԋߏϐ ZnOځ X-ray͠-scanϩ݋კ 

 

 

კ ܭ.3-6 r-sapphireԋߏϐ ZnO߄ځय़ AFM ϩ݋ቹႽ
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კ ܭ.3-7 r-sapphireԋߏϐ ZnOځᄒय़ TEM ቹႽ 

 

 

კ ܭ.3-8 r-sapphireԋߏϐ ZnOځ TEM ᏷୔ᙅ৔კ
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კ 3-9. ZnO ԋܭߏ r-sapphire ϐ่ᄬҢཀკ 

 

 

კ 3-10. ZnO ԋܭߏ r-sapphire ϐӀठᑻӀӀ᛼ϩ݋
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კ 3-11.ҁࣴ٬܌زҔϐ DCA PLD-500 ࠠႜ৔ᗓጢ೛ഢǶѰᜐᐊआՅނ

ᡏࣁ KrF ྗϩηႜ৔Ƕ 

 

კ 3-12. PLD-500س಍ϐ၂Тᏹᕵу዗ಔҹ
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კ 3-13. PLD-500س಍ϐӀᏢಔҹ 

 

 

კ 3-14. Lambda Physik COMPex 205KrFྗϩηႜ৔ 
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კ 3-15.ଛഢ RHEEDᙅ৔ሺϐ PLDس಍Ңཀკ 

 

 

კ 3-16.RHEEDᙅ৔൳Ֆᜢ߯Ƕკύᑻჿ΢ჹᔈܭ Ewald sphereϐጕ

చࣁᙅ৔மࡋനޑߝՏ࿼Ƕ(a)ୁࣁຎკǹ(b)ࣁ΢ຎკǶ[26]
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კ 3-17.(a)ҁࣴ٬܌زҔϐ DCA PLD-500س಍܌ଛޑ RHEED 

gun(RHD-30) (b)ଛӝ RHD-30ϐႝη״௓ڋး࿼
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კ 3-18.ӀठᑻӀፄӝϐၡ৩Ңཀკ[27] 

 

 

კ 3-19 ӀठᑻӀӀ᛼ሺး࿼Ңཀკ[28] 
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ಃಃಃಃѤѤѤѤകകകക

 

11)܄ཱུߚ܄ཱུߚ܄ཱུߚ܄ཱུߚ 20)ZnO ඲य़਼ϯᎋܭ඲य़਼ϯᎋܭ඲य़਼ϯᎋܭ඲य़਼ϯᎋ(001)ܭ඲य़᎑ለ㘧ൂ඲඲य़᎑ለ㘧ൂ඲඲य़᎑ለ㘧ൂ඲඲य़᎑ለ㘧ൂ඲

୷݈ϐԋߏ୷݈ϐԋߏ୷݈ϐԋߏ୷݈ϐԋߏ 

 

4-1 ЇقЇقЇقЇق 

ӵಃΒക܌ॊǴа໺಍ c-ື ԋߏϐ਼ϯᎋǴ཮ԖӢཱུౢ܄ғϐϣ

඲य़ϐ਼ϯ܄ཱུߚߏ൑ԶቹៜวӀΒཱུᡏϐวӀਏ౗ǶӢԜǴԋႝࡌ

ᎋࢂҞ߻໒วڰᄊวӀϡҹޑख़ा᝼ᚒǶ 

  ҁകϐࣴزǴЬाࢂ௦ҔၸѐதҔܭԋߏଯྕຬᏤ਼ϯނᖓጢ

ϐ୷݈Ǵ᎑ለ㘧ൂ඲(ނځ౛੝܄ςܭಃΒക၁ॊ)ǴၮҔ(001)ځ඲य़

ᆶ a य़਼ϯᎋϐ඲਱όϰଛࡋ(lattice mismatch)ߚதλϐ੝܄Ǵԋф

ԋߏр aय़਼ϯᎋǶځ඲਱όϰଛࡋीᆉӵΠ: 

(5.205-5.361)/5.361 = -2.90% (//C) 

(5.627-5.361)/5.361 = 4.96% (ɷC) 



 

71 

 

LaAlO3 (001)඲य़ᆶ ZnO aय़ϐ඲਱ᜢ߯Ǵёҗځচη௨ӈҢཀ

კளޕǴӵკ 4-1 ҢǶၸѐමԖЎ᝘ൔᏤ௦Ҕ(001)LaAlO3܌ ൂ඲ԋ

ߏ GaN[1, 2]Ǵՠࢂ೿ѝԖᢀჸډ c-ື GaNޑԋߏǶฅԶӧ ZnOԋߏ

Бय़ۘ߾คҺՖЎ᝘ൔᏤǶҗ߻ॊϐե඲਱όϰଛࡋ՗ीǴᔈёԋߏ

р܄ཱུߚ aय़ ZnOǶܭҁക௦ҔેፂԄႜ৔ᗓጢמ Ǵೌ(001)ܭLaAlO3

ൂ඲୷݈ჴሞᡍ᛾ԋߏ a य़ ZnO ϐёՉ܄Ƕ٠൩܌ԋߏϐ਼ϯᎋᖓ

ጢ߄ځय़ǵ่඲ࠠᄊϷ༾ᢀ่ᄬ଺຾΋؁၁ಒϩ݋ǶќѦǴҭଞჹό

ӕԋࡋྕߏϐቹៜբ௖૸Ƕ 

 

4-2 ჴᡍ؁ᡯჴᡍ؁ᡯჴᡍ؁ᡯჴᡍ؁ᡯ 

ҁകჴᡍ܌௦Ҕϐ୷݈ࣁ 2 әޔ৩ࣁࡋࠆ 0.5mm ϐ(001)य़

LaAlO3 ᚈय़ܙӀϐൂ඲ТǶԋߏᖓጢ߻Ӄ࿶዗Ч✉Ϸ౦Чᎇమࢱ

 ǴԿᓸΚ<1x10-7ޜ੿ܜ಍ύسޜೲၩΕ੿זǴࡕǴаේ਻֌ଳǶϐࡕ

torrǴջ຾Չ੿ޜញ਻Ǵ850ʚ/1hr ຾Չᗓጢድ඲ำࡋྕߏफ़Կԋࡕ

ׇǶҁࣴزϐԋࣁࡋྕߏ 150ǵ300ǵ450 ǵ750ʚϷ 850°Cԋߏ΋λ

ਔǹ਼ϩᓸచҹ߾ᆢ࡭ӧ 20 mTorrǶӚኬࠔԋߏచҹǴ၁ӵ߄ߕ΋Ƕ

ଞჹ܌ԋߏϐᖓጢኬࠔǴа RHEEDٰϩځ݋όӕԋߏచҹϐ߄य़ރ

Ǵ٠аݩ X Ӏᙅ৔(XRD) 2θϷ͝ف௟ඔϩ݋௖૸ځԋ่ߏᄬǶќѦǴ

аচηΚᡉ༾᜔(AFM)຾Չኬ߄ࠔय़׎ᇮϐ௟ඔϩ݋Ƕௗ๱аᐉᄒय़
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ऀ೸Ԅႝηᡉ༾᜔ (TEM) ቹႽаϷ᏷୔ᙅ৔კ (selected area 

diffraction patternǴSADკ)ϩ݋аዴځۓᖓጢ aय़ ZnOϣय़(in-plane)

ԋߏ௨ӈᜢ߯ǶനࡕаӀठᑻӀӀᓎ᛼(PL)ϩ׷ځ݋਑ӀᏢ੝܄Ƕ 

 

4-3 ่݀ᆶ૸ፕ่݀ᆶ૸ፕ่݀ᆶ૸ፕ่݀ᆶ૸ፕ 

4-3.1 ᖓጢ่඲ԋߏᖓጢ่඲ԋߏᖓጢ่඲ԋߏᖓጢ่඲ԋߏ 

ҁ࿯ଞჹ਼ϯᎋԋ(001)ܭߏLaAlO3 ୷่݈ځ඲ԋ่ߏᄬ຾Չϩ

ࣁచҹࡋྕߏԋࠔ૸ፕǶኬ݋ Ts= 750°CǶ 

θ-2θ XRD ϩ݋ϩ݋ϩ݋ϩ݋ 

ᕕှࣁ ZnOܭ LaAlO3 (001)य़୷่݈ځ඲य़ϐԋߏᜢ Ǵ߯ךॺа

Ts = 750°Cϐኬࠔ຾Չ XRD θ-2θϩ݋Ƕӵკ ϐᙅࠔҢǴԜኬ܌4-2

৔ૻဦЬा(1120)ܭྍࢂZnOǴځѬӵ(0001) ZnOᙅ৔ૻဦ൳Яคݤ

ᢀჸډǶԜ่݀ᡉҢǴа(001)LaAlO3 ୷݈ёԋфԋߏрપ፦ a-य़਼

ϯᎋᖓጢǶ೭Ьाࢂҗ(001)ܭLaAlO3 ୷݈Ԗ዗ᛙ٫܄ۓǴЪځ඲਱

தኧᆶ਼ϯᎋϰଛࡋଯϐ੝܄ǶҗԜᡉҢǴԜ୷݈ࢂԖወΚԋཱུߚߏ

܄ a-य़਼ϯᎋϐൂ඲୷݈Ƕ 

φف௟ᅲϐف௟ᅲϐف௟ᅲϐف௟ᅲϐ XRD  

ᜢ߯ǴёҔߏᕕှ aय़਼ϯᎋᆶ୷݈ϐድ඲ԋࣁ X Ӏᙅ৔ሺϐ

φف௟ᅲфૈᔠຎ่ځ඲่ᄬǶკ ࣁ4-3 750°Cԋߏϐ aय़਼ϯᎋᆶ
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(001)LaAlO3୷݈ځ X Ӏᙅ৔ሺϐ φف௟ᅲკ᛼Ƕܭ ෳளϐ܌360°~0

(1013)ZnOϷ(202)LAOᙅ৔ঢ়Ǵ֡ԖѤಔૻဦǴᡉҢԜ aय़਼ϯᎋ

և౜Ѥख़ჹᆀ(4-fold symmetry)ǶԜᆶ aय़਼ϯᎋԋܭߏ r-sapphireϐ

่݀ᄒฅόӕ(Βख़ჹᆀ)Ƕᡉฅ(001)ܭLaAlO3୷݈܌ԋߏϐ਼ϯᎋᔈ

Ԗٿಔ{10 13}Ӹӧ(ϩձаόӕკਢ኱Ң)Ǵ٠ЪԜٿಔ{10 13}ZnO

ϐ͝فৡऊ ǶԜ೽ҽ၁ಒϐࡋ90 φ௟ᅲᙅ৔ૻဦϐࡋفीᆉፎୖ᎙

ୖԵЎ᝘[3]Ƕҗа΢ϐໆෳ่݀Ǵё௢ᘐр(001)ܭLaAlO3 ϐߏԋ܌

aय़਼ϯᎋǴᔈԖٿᅿ඲ୱ(dual domains)ӸӧǶᜪ՟ᚈ඲ୱ ZnOԋߏ

ൔᏤමҗޑ Bellingeri฻Γܭ STO୷݈΢ᢀჸ[4]ډǶ 

RHEED pattern ϩ݋ϩ݋ϩ݋ϩ݋ 

LaAlO3(001)ܭߏᕕှ਼ϯᎋԋࣁ ୷݈΢߄ځय़่඲ݩރǴ௦Ҕ

15 kVႝη״ϐϸ৔Ԅଯૈႝηᙅ৔ϩ݋(RHEED)Ƕკ ״ηႝࣁ4-4

җऊ3˚Ε৔فჹᔈόӕϐ඲ТΕ৔φفǴ܌ளϐRHEED patternsǶკ

ύόӕϐΕ৔ φ Ե኱૶Ƕკୖࣁа᎑ለ㘧඲Тືӛࢂف 4-4(a)Ϸკ

4-4(c)ႝځη״Ε৔فϩձ[110]ࣁLAO Ϸ[ 110]LAOǴკ 4-4(b)ႝځ߾η

LAOǶвಒᢀჸკ 4-4(a)Ϸკ[010]ࣁΕ৔Бӛ״ 4-4(c)ёว౜ࢂޣٿӕ

ᜪკ׎Ǵ٠Ъᙯ୏඲Т΋୮(0~360˚)Ǵዴۓ཮ԖѤಔख़ፄკਢև౜Ǵ

ջѤख़ჹᆀǶԜ่݀ᆶ΋૓ܭ r-sapphire܌ԋߏϐ aय़਼ϯᎋࣁΒख़

ჹᆀǴᄒฅόӕǶԜѦǴݮ๱[110]LAO Ε৔ႝη܌ᢀჸډϐ RHEED 
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pattern(კ 4-4(a))ځጕచፄᚇǴൂߚ٠પࣁ cື਼ϯᎋϐᙅ৔ૻဦǶ࿶

Кჹ cϷ m ືϐᙅ৔კǴԜ RHEED კਢᔈࣁ cϷ mືӛ(zone axis)

ӅӸϐ่݀ǶᡉҢԜ਼ϯᎋᗨа׎ಔᙅ৔კٿ aືԋߏǴӢ୷݈ࣁҥ

Б่ᄬǴ߄ځय़চη௨ӈࣁѤБჹᆀϐࡺǴ٬ள aय़਼ϯᎋٿᅿ඲ୱ

ԋߏϐᐒ౗࣬ӕǴᏤठ cືϷ m ື ZnOӕਔӅӸԋߏǶ࣬ᜢϐ਼ϯ

ᎋԋ(001)ܭߏLaAlO3ځ RHEED patternsᇥܴҢཀკ၁ӵკ 4-5(b)Ƕ 

 

4-3.2 ༾่ᄬϩ݋༾่ᄬϩ݋༾่ᄬϩ݋༾่ᄬϩ݋ 

AFM ϩ݋ϩ݋ϩ݋ϩ݋ 

ܭزࣴࣁ LaAlO3 (001)୷݈ԋߏ ZnOϐ߄य़׎ᇮǴךॺ௦Ҕচη

Κᡉ༾᜔Ǵа tapping mode຾Չϩ݋Ƕ܌ளϐ߄य़চηΚᡉ༾კႽ

(5x5µm)Ƕӵკ 4-6(a)܌ҢǶZnO၂Т߄य़׎ᇮևҬᒱ L Ǵ೭ߏԋ׎

ᆶ਼ϯᎋܭ r-sapphire΢аൂ඲ୱԋ܌ߏև౜ϐచጕރόӕǶ೭ёૈ

ǴᏤठࡺჹᆀϐ׎Бࣁय़่ᄬ߄Ӣ୷݈ࢂ a-य़਼ϯᎋݮ๱ືঁٿӛჹ

ᆀԋ܌ߏ೷ԋǶځ L-׎ᚈᖉ ZnO ԋߏϐືӛǴ࿶ѳय़Ԅ(plan-view)

ଯှ݋སຎഁ(Dark Field) TEMቹႽϩ݋ёዴۓᆶٿಔ cືϐ֨فऊ

և ӵკ)ࡋ45 Ң)[5]Ƕკ܌4-7 4-6(b)ࣁკ 4-6(a)ϣਣጕ୔ϐܫεკǶ

ӵ኱Ң L ϐᚈᖉᆶ׎ c ऊևف֨ື ϐࡋय़ಉᕫ߄ځǶќѦǴෳࡋ45
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֡Бਥॶ(RMS)ऊࣁ 3.5nm(٠҂ӧԜკҢ)ǴᡉҢԜԋߏచҹ٠҂ᓬ

ϯǶ 

 

TEM ༾ᢀ่ᄬϩ݋༾ᢀ่ᄬϩ݋༾ᢀ่ᄬϩ݋༾ᢀ่ᄬϩ݋ 

კ 4-8 ࣁ ZnO/(001)LaAlO3ኬࠔϐᐉᄒय़ TEM ϩ݋Ƕკ 4-8(a)

๱<110>LAOݮ״ηႝࣁ Бӛ܌ளϐܴຎഁ(Bright Field)TEMቹႽǶკ

ύё࣮рόӕ඲ಈϐܴᡉჹКǴ٠Ъӧ਼ϯᎋᆶ LaAlO3୷݈໔ϐࣚ

य़ܴዴ٠คύ໔ቫӸӧǶკ 4-8(b)ࣁԜ၂Т[110]ݮLAO zone axisϐ᏷

୔ᙅ৔კǶвಒϩ݋ԜკǴё࣮рԜ਼ϯᎋڀԖ m ືᆶ c ືӅӸԋ

ځϐ౜ຝǶߏ m ືᆶ c ືᙅ৔ᗺϩձаჴጕߏБ׎Ϸ຀ጕϤᜐ׎኱

ҢϐǶԜ่݀܌և౜ϐᚈ඲ୱԋߏ౜ຝёᆶӃ߻ RHEEDϷ AFM ϩ

ᄒय़݋຾΋؁Ǵаଯှ׳ᔈǶڥϐ௢ፕ࣬݋ TEM ቹႽϩ݋(ӵკ

4-8(c))Ǵёܴᡉ࣮рӧ LaAlO3 ୷݈ᆶ਼ϯᎋϐࣚय़߈Яևচηભϐ

ѳ᏾Ǵ٠คܴᡉϐࣚय़ቫӸӧǴᡉҢჹԋ਼ߏϯᎋԶق LaAlO3ࢂό

ᒱϐ୷݈׷਑ǹԶკ 4-8(c)ёమཱᢀჸ਼ډϯᎋϐ mືᆶ cື඲ಈӅ

Ӹϐ౜ຝǴЪ඲ಈ໔ϐࣚय़ࢂೱុޑǶќѦკ 4-8(c)ϐλკࣁ TEM

ჹᔈ୔ϐזೲഡճယᙯඤ(Fast Fourier TransformǴFFT)ᙅ৔კǴҗԜ

ᎃϐ඲ಈϩձԖ࣬ۓዴ׳ m ືᆶ c ືϐᙅ৔ૻဦǶӢԜǴҗа΢ϐ

ϩ݋ё᛾ܴܭ LaAlO3୷݈܌ԋߏϐ a य़਼ϯᎋǴࣁᚈ඲ୱԋߏЪ࣬
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ϕࠟޔϐ่ᄬǶԶ ZnOᖓጢᆶ LaAlO3 in-planeϐ඲ӛ௨ӈᜢ߯ࣁǺ

[0001]ZnO // [110]LAO аϷ [1100]ZnO // [110]LAOǶҗа΢ϩ݋ёᘜય

ኳԄӵკߏԋځ 4-9Ңཀკ܌ҢǶ 

PL วӀ੝܄ϩ݋วӀ੝܄ϩ݋วӀ੝܄ϩ݋วӀ੝܄ϩ݋ 

LaAlO3(001)ܭ௖૸݋ϩࣁ ୷݈܌ԋߏϐ਼ϯᎋᖓጢځӀᏢ܄

፦ǴךॺаӀठᑻӀӀᓎ᛼ሺ(PL)ྕ࠻ܭΠෳໆځวӀ੝܄Ƕӵკ

ܭډҢǴёܴᡉᢀჸ܌4-10 3.30eVԖ΋மࡋଯϐૈ஥ᜐጔܫ৔ૻဦ

(Near Band edge Emission, NBE)ӸӧǴ٠ЪคܴዴϐᆘӀܫ৔ૻဦǶ

΋૓ܭ r-sapphire୷݈ԋߏϐ aय़਼ϯᎋǴӢ඲਱όϰଛࡋଯԶԖଯ

ஏࡋϐલഐǴคёᗉխԖܴᡉϐᆘӀܫ৔ૻဦǶҗԜ PLໆෳᡉҢǴ

௦Ҕϐ(001)LaAlO3୷݈Ӣᆶ܌ॺך a य़਼ϯᎋϐ඲਱όϰଛࡋեԶ

Ԗၨ٫ϐӀᏢ܄፦Ƕӕਔკ 4-9ϐૈ஥ᜐጔܫ৔ૻဦځъଯቨ(FWHM)

ऊࣁ 112 meVǴᆶܭ r य़ᙔᝊҡ୷݈ԋߏϐ a य़਼ϯᎋϐ่݀࣬߈

[6]ǶҗԜ PL ϩ݋ᇥܴǴ(001)ܭLaAlO3୷݈ԋߏϐ a य़਼ϯᎋǴᗨ

Ԗ࣬ϕࠟঁٿޑޔ඲ୱӅӸԋߏԶቚуΑ೚ӭ඲ࣚ(boundaries)Ǵՠ՟

Я٠όӢԜቚуલഐஏࡋǴԶቹៜుૈᄊȐdeep level statesȑϐ៌ᎂ

 ፦Ƕ܄

 

4-3.3 ԋࡋྕߏਏᔈԋࡋྕߏਏᔈԋࡋྕߏਏᔈԋࡋྕߏਏᔈ 
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ેፂԄႜ৔ᗓጢݤϐᓬᗺӧܭǴӢ๋ѦӀႜ৔܌ගٮϐଯૈໆܰ

೏ܭ ZnO Ⴂ׷֎ԏǴڀࡺԖёܭၨեྕࡋ຾Չድ඲ԋߏϐወΚǶࣁ

ࣁచҹࡋྕߏԋۓϯᎋǴϩձ೛਼܄ཱུߚߏԋࡋόӕྕܭزࣴ 150ǵ

300ǵ450ǵ750Ϸ 850°C฻ 5ঁόӕྕࡋǶӕਔࣁᕕှ܌ԋߏϐ၂Т

඲य़Ǵҭ௦Ҕ่ځ XRD θ-2θϷ RHEEDϩ݋Ƕ 

θ-2θ XRD ϩ݋ϩ݋ϩ݋ϩ݋ 

კ ځϐ਼ϯᎋࡋྕߏӧ(001)LaAlO3୷݈΢Ǵόӕԋࣁ4-11 XRD 

θ-2θᙅ৔კǶӵკ܌ҢǴନ 150°CϷ 850°CኬࠔѦǴځᎩ 300~750°C

ԋߏϐኬ֡ࠔև౜ a-ື ϐ਼ϯᎋǴԶ c-ື ϐ਼ϯᎋૻޑဦ൳Яคݤୀ

ෳډǶёܴᡉ࣮рǴ150°Cԋߏϐኬ߾ࠔև౜ cືᆶ aື਼ϯᎋᙅ৔

ૻဦӅӸǴЪ cື਼ϯᎋၨமϐ౜ຝǶԶ Ts = 850°CኬࠔᗨฅԖၨଯ

ϐ(1120)ZnOᙅ৔ૻဦǴՠϝฅԖ٤೚ c-ື ϐ਼ϯᎋӸӧǶ೭ёૈࢂ

ӢࣁଯྕݩރΠǴPLD๚ᡏϣ೽ញ਻(out-gasing)೷ԋϐԦ܌ࢉठǴ܈

ଯྕᏤठࢂ 3DԋߏǴ٬ளԋߏ඲ືԖֽ೽ϐᡂ౦ǶќѦǴԖЎ᝘ൔ

ᏤၸǴ୷݈ྕࡋऩεܭ 250°CǴ߾ LaAlO3 (001)य़୷݈߄य़চηࢂҗ

㘧-਼(La-O)ᄬԋǹԶྕࡋեܭ 150°CǴ߾୷݈߄य़ࢂҗ᎑-਼(Al-O) ᄬ

ԋ[7]Ƕӵკ ࣁय़௨ӈϐ਼ᆶ਼(O-O)ᗖ໔ຯϩձ߄ᅿٿҢǴ೭܌2-10

2.68 Ǻ (Al-O)ǵ 5.36Ǻ (La-O)ǶӵԜǴaय़਼ϯᎋӢځ඲਱தኧ٬ฅǴ

᎑ለ㘧߄य़চηࢂа㘧-਼(La-O)௨ӈޣ(඲਱όϰଛࡋ 3~5%)Ǵၨܰ
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ԋߏр aय़਼ϯᎋǶ೭Ψ൩ࢂ྽୷݈ԋܭࡋྕߏ 300~750°CǴ֡ёԋ

рપ࣬ߏ aय़਼ϯᎋϐЬाӢનǶऩ྽ԋࣁࡋྕߏ 150°CਔǴԜਔ୷

ԋѳᑽय़׎௨ӈǴ਼ᆶ਼ᗖ໔ຯၨλǴӢԜၨܰ(Al-O)਼-᎑ࣁय़߄݈

(cय़)਼ϯᎋԋߏǶќѦǴϩ݋ Ts = 750°Cԋߏϐኬځࠔ ω௟ᅲϐ X

Ӏ rocking curve (ӵკ 4-12)Ǵځъଯቨऊࣁ 0.48Ǵ̊ЪځѳՉ Cືᆶ

ޔࠟ CືБӛϐъଯቨǴ֡คܴᡉৡ౦ǶԶӧ r-sapphire΢܌ԋߏϐ

GaNӢࣁᖓጢԖߚ฻ӛᔈΚӸӧǴᒿ๱ X-rayΕ৔Бӛ߾Ԗܴᡉόӕ

ϐъଯቨ [8]ǶԜ่݀ᡉҢǴ(001)ܭLaAlO3୷݈ԋߏϐ aय़਼ϯᎋǴ

ӢԖҬᒱϐ඲ୱӅӸԶӧᔈΚБय़׎ԋၨ฻ӛȐisotropicȑϐ܄፦Ƕ 

RHEED ᙅ৔კϩ݋ᙅ৔კϩ݋ᙅ৔კϩ݋ᙅ৔კϩ݋ 

    კ 4-13 ๱ݮΠྕ࠻ځǴࡕߏΠԋࡋόӕྕܭϯᎋ਼ࣁ

[110]LAO ϐ RHEEDᙅ৔კǶӵკ܌ҢǴځύ Ts = 150°C ϐ RHEED

ᙅ৔კև౜۱ރҬᒱጕచǴ߄ҢԜኬࣁࢂࠔӭ඲(poly crystalline)ԋ

ǴԜᆶߏ X Ӏ θ-2θᙅ৔კ᛼ᡉҢϐ c ືᆶ aືషӝӅӸϐ่݀࣬ڥ

ᔈǶќѦ Ts = 300~850°Cϐ RHEEDკځᙅ৔ᗺǴҗၨอޑጕࢤᒿ๱

ԋࡋྕߏቚଯև౜೴ᅌࣁߏ܎ጕచރϐᖿ༈Ƕځύ Ts=850°C ϐ၂Т

Ԗന٫ϐ RHEED patternև౜Ƕ߄Ңྕࡋཇଯ܌ԋߏϐᖓጢ่ځ඲ࠔ

፦ཇ٫ǴԜёҗ XRD ϐ rocking curve(XRC)ϐᒿྕࡋᡂϯϐъଯቨ

(FWHM)ኧᏵளډӑ᛾Ǵӵკ  ҢǶ܌4-14
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4-4 ่ፕ่ፕ่ፕ่ፕ 

1. а XRD ϩ݋ԋܭߏ LaAlO3 (001)य़୷݈ϐ਼ϯᎋǴዴᇡځё

ԋߏрપ፦ aय़਼ϯᎋǶҗ XRD φف௟ඔǵRHEEDǵAFM ܴᡉளᢀ

ჸډǴ਼ϯᎋаٿᅿ඲ୱ࣬ϕࠟޔԶӅӸԋߏǶӧѳՉ[110]ܭLAO Б

ӛӕਔԖ mືϷ c ື਼ϯᎋԋߏǶ TEM SADϩ݋ёዴځۓԋߏБ

ӛ[0001]ࣁZnO // [110]LAO аϷ [1100]ZnO // [110]LAOǶќѦ PLϩ݋

ҭև౜மࡋଯϐૈ஥ᜐጔܫ৔ૻဦ(band edge emission)ܭ 3.30 eVǶ 

2.ӧԋࡋྕߏਏᔈБय़Ǵว౜ Ts = 300~750ʚྕࡋጄൎϣёளપ

࣬ϐ aय़਼ϯᎋǶԶ Ts = 150ʚచҹܴ߾ᡉ׎ԋ cय़ᆶ aय़ӅӸϐӭ

඲ࠠᄊǶ೭Ьा(001)ࢂLaAlO3 ୷݈ྕࡋऩεܭ 250°CǴ୷݈߄य़চ

η่ᄬҗAl-OᙯᡂԋLa-O܌ठǶྕ aय़ZnO XRCϐFWHMځཇଯࡋ

ཇեǴՠࢂ Ts = 850°CచҹԋߏǴᗨฅ FWHM Ԗനեϐ 0.45°Ǵՠϝ

ฅԖ٤೚ c-ື ϐ਼ϯᎋӸӧǶ 

࿶җа΢ϐϩ݋Ǵ(001)LaAlO3୷݈җڀܭഢྕࡋᛙ٫܄ۓЪځ඲

਱தኧᆶ਼ϯᎋϰଛࡋଯϐ੝܄ǴࢂԖወΚԋ܄ཱུߚߏ a-य़਼ϯᎋϐ

ൂ඲୷݈Ƕ 
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߄ 4-1ǵܭ LAO(001)୷݈ԋߏ ZnO ኬࠔచҹ 

 

 

ኬࠔጓဦ ԋࡋྕߏ(Ts) ਼ϩᓸ(PO2) ่඲܄ 

A 150 20 mTorr poly 

B 300 20 mTorr a-plane 

C 450 20 mTorr a-plane 

D 750 20 mTorr a-plane 

E 850 20 mTorr a-plane 
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         კ 4-1. (001)य़᎑ለ㘧Ϸ a-य़਼ϯᎋ߄य़ϐচη௨ӈҢཀკ 

 

კ 4-2.а Ts = 750ʚܭ LAO (001)୷݈ԋߏϐ਼ϯᎋځXRD θ-2θᙅ৔

კ᛼Ƕ 



 

84 

 

 

კ ࣁ.4-3 750ʚΠܭ᎑ለ㘧(001)୷݈ԋߏϐ਼ϯᎋځ X-Ӏᙅ৔ሺϐ φ

ۓ௟ᅲკ᛼Ƕᙅ৔ૻဦᒧف ZnO(1013)Ϸ LAO(202)
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კ 4-4.਼ ϯᎋԋܭߏ᎑ለ㘧(001)ϐ RHEED patternǶႝځηݮ״๱

(a)[110]LAOǴ(b) [010]LAOǴ(c)[110]LAO БӛΕ৔Ƕ 
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კ 4-5.(a)਼ ϯᎋԋܭߏ᎑ለ㘧(001)ϐ RHEED patternǶ(b)ᙅ৔ᇥܴҢ

ཀკǶᡉҢ਼ϯᎋϐ cϷ mືᙅ৔ᗺӅӸǶ 
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კ 4-6.(a)਼ࣁϯᎋԋܭߏ᎑ለ㘧(001)୷݈ϐ AFM ቹႽǶ߄ځय़ಉᕫ

ࣁϐ֡Бਥॶ(RMS)ऊࡋ 3.5nmǶԜኬࠔϐԋߏచҹ٠҂࿶ന٫ϯǶ(b)

εკǴӵ኱Ңܫკ(a)ਣጕ୔ϐࣁ L ϐᚈᖉ׎ c ື਼ϯᎋ֨فऊ 45  Ƕࡋ
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კ 4-7. ZnO/LAO(001) dark field plan-view HRTEMቹႽ[6] 
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კ 4-8. ᐉᄒय़ TEM ϩ݋Ƕ(a) BFቹႽǴ(b)ᖓጢᆶ୷݈ϐᒧ୔ᙅ৔კǴ

(c)ᖓጢᆶ୷݈ࣚय़୔ୱϐᄒय़ HRTEMቹႽǶ
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კ ߏLaAlO3୷݈ԋ(001)ܭ 4-9 a-plnae ZnOϐᚈ඲ୱ่ᄬᜢ߯ǹ(a)

ኳԄҢཀკߏচη௨໗ϐ΢ຎკ(b)ԋࣁ
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კ ܭ.4-10 Ts = 750ʚԋߏϐ ZnO/(001)LAO PLӀ᛼ϩ݋ 
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კ 4-11. ਼ϯᎋԋ(001)ܭߏय़᎑ለ㘧୷݈΢ځόӕԋࡋྕߏϐ XRD 

θ-2θკ᛼ 
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კ 4-12. ZnO/(001)LAOځόӕΕ৔فϐ XRD rocking curveϩ݋ 
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კ ๱[110]LAOݮࡋྕߏόӕԋܭϯᎋ਼ࣁ.4-13 ϐ RHEEDᙅ৔კǶ 
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კ 4-14. όӕྕࡋΠԋߏϐ਼ϯᎋځ X-ray rocking curveϐъଯቨॶ 
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ಃϖകಃϖകಃϖകಃϖക

 

 य़᎑ለ㘧ൂ඲୷݈य़᎑ለ㘧ൂ඲୷݈य़᎑ለ㘧ൂ඲୷݈य़᎑ለ㘧ൂ඲୷݈(114)ܭߏϯᎋԋ਼ܭߏϯᎋԋ਼ܭߏϯᎋԋ਼ܭߏϯᎋԋ਼(1340)܄ཱུߚ܄ཱུߚ܄ཱུߚ܄ཱུߚ

 

5-1 ЇقЇقЇقЇق 

඲य़ϐේϯㄿໆηϔϡҹǴё੃ନ܄ཱུߚᡉҢزԃٰǴ೚ӭࣴ߈

Ꮴठϐໆηֽज़܌ǴԖਏլܺϣᗖႝ൑(polarization)܄਑ϐԾวཱུ׷

ў༣լਏᔈ(QCSE)ǴаගܹวӀϡҹϐਏ౗ᆶ෧եआ౽౜ຝ[1-2]Ƕ

ӢԜǴᜢ܄ཱུߚܭ඲य़਼ϯᎋ׷਑ϐԋೌמߏϐ໒วǴഢڙᢋҞǶϐ

܄ཱུߚ୷݈Ǵ຾Չࣁॺ௦Ҕ(001)य़ϐ᎑ለ㘧ൂ඲բךಃѤകǴܭ߻

਼ϯᎋԋߏϐ࣬ᜢࣴزǶ่݀ځǴӧ 300~750ʚԋࡋྕߏጄൎёԋф

ԋߏрપ፦ aय़਼ϯᎋǶӧۘ҂բచҹᓬϯΠǴԜ aय़਼ϯᎋϐ่඲

፦Ϸࠔ PL ϩ݋ᡉҢǴ᎑ለ㘧ൂ඲୷݈ԖወΚᓬܭ r य़ᙔᝊҡ୷݈Ƕ

ฅԶǴԋ(001)ܭߏय़᎑ለ㘧ൂ඲ϐ਼ϯᎋǴᗨฅࢂપ፦ aय़ԋߏǴӢ

୷݈߄य़চη௨ӈևБ׎ჹᆀϐࡺǴ٬ளԜ aय़਼ϯᎋև౜ᚈ඲ӛϐ

่ᄬ(domains structure)ԋߏǶᜪ՟ϐ౜ຝӧ SrTiO3Ϸ(LaSr)(Al,Ta)O3 
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(LSAT)୷݈ǴමԖ࣬ᜢϐࣴزൔᏤ[3-5]ǶฅԶǴԜᚈ඲ӛ่ᄬԋߏ

ϐ਼ϯᎋᖓጢǴ཮ቚу೚ӭϐ඲ࣚǴ೭ჹ܄ႝܭ໺ᏤБय़ஒԖ΋ۓϐ

ቹៜǶӢԜǴటஒ᎑ለ㘧ൂ඲୷݈௢৖Կπ཰ᔈҔǴլ਼ܺ܄ཱུߚϯ

ᎋևᚈ඲ӛ่ᄬԋୢߏᚒǴ༈ӧѸՉǶ 

ύ΋ືϐ඲਱தځ՜ۯॺᄬགྷр:ऩךᚈ඲ӛ่ᄬୢᚒǴ،ှࣁ

ኧǴаઇᚯ୷݈ϐБ׎ჹᆀᜢ߯Ƕ྽୷݈ᆶ a य़਼ϯᎋჹᔈϐືٿ

΋Бӛൂ࡭඲਱தኧ࣬ϰଛǴ൩ёᆢځ a य़਼ϯᎋԋߏǴаլܺᚈ

඲ӛԋୢߏᚒǶԶᕇளൂ඲࣬(single domain)પ፦ൂ඲ aय़਼ϯᎋᖓ

ጢǶ 

ӵՖۯ՜୷݈ځύ΋ືϐ඲਱தኧ? аΠஒ଺၁ಒᇥܴ: 

җܭ᎑ለ㘧ൂ඲่ᄬ΢ᗨࣁ rhombohedral่ ᄬǴՠϝёຎࣁБ඲ 

(pseudocubic)ኳࠠуа૸ፕǶӵಃѤക܌ॊǴऩ௦Ҕ(001)य़ϐ᎑ለ

㘧ൂ඲բࣁ୷ Ǵ݈ᆶ aय़਼ϯᎋϐ඲਱தኧόϰଛࡋϩձ3 ࣁ % (ѳ

Չ cZnO)Ϸ 5 %(ɷcZnO)Ƕკ ࣁ5-1 aय़਼ϯᎋԋܭߏ᎑ለ㘧ൂ඲୷݈

ϐᜢ߯ҢཀკǶځ aय़਼ϯᎋϐ୷ᘵൂϡࣁ CZnO x 3 aZnO = 5.205Ǻ 

x 5.627ǺǴӵკ 5-2(a)ǹԶচҁ(001)य़ϐ᎑ለ㘧ൂ඲ϐ[110]Бӛϐ

ൂϡࣁ 2 a x 2 a = 5.360Ǻ x 5.360ǺǶऩૈۯ՜୷݈ځύ΋ືϐ඲

਱தኧ٬ϐόϰଛࡋफ़եǴӵკ 5-2(b)܌Ңа׎ԋόჹᆀ܄Ǵ܌߾

ԋߏϐᖓጢஒԖᐒ཮аൂ඲ୱ(single domain)ԋߏǶ 
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კ 5-3.(a)ࣁа᎑ለ㘧ൂ඲௹Ϫف θځٯࣁϪय़ҢཀკǶ྽௹Ϫࣁف θ

ਔǴճҔΟڄفኧཷۺǴёளځ௹य़ࡋߏᆶᜐߏᒿ θ ᡂϯϐᜢ߯(ӵ

კ 5-3.(b)܌Ң)ǶջԜ௹Ϫف θ җ tan-1(δL/L)ۓ،܌Ǵ௹य़ࡋߏ X ᆶ

ᜐߏ L ϐᜢ߯ࣁ: 

X = L/cosθ 

ӢԜǴۯࣁ՜᎑ለ㘧ൂ඲[110]Бӛϐ඲਱தኧǴӵკ 5-3(a)Ϸ(b)

فҢǴቚу௹Ϫ܌ θ ߄ߕǶࡋߏϐ୷݈ߏёளၨ߾ 5-1 Ӛᅿ᎑ለࣁ

㘧ൂ඲᏾ኧϪय़ϐ௹Ϫفǵ඲਱தኧϷᆶ a य़਼ϯᎋϐ඲਱தኧό

ϰଛࡋኧᏵǶӵ߄ߕ 5-1 ኧᏵᡉҢǴ྽௹Ϫࣁف 19.47ਔ̊Ǵջ(114)

य़᎑ለ㘧ൂ඲Ǵёளᆶ a य़਼ϯᎋԖനեϐ඲਱தኧόϰଛࡋǴ໻

1.02%(ɷCZnO)Ƕ 

җа΢ϐϩ݋ǴճҔ LAO ඲਱ᆶ ZnOϰଛϐ੝܄Ǵऩӧድ඲מ

ೌଛӝΠǴ᏾ӝ PLDݤϐᓬᗺǴႣයԖёૈ(114)ܭय़ LAO ൂ඲୷ Ǵ݈

ԋߏрൂ඲ӛ aय़਼ϯᎋድ඲ᖓጢǶҁകஒଞჹԋߏ඲य़ǵᖓጢ༾ᢀ

่ᄬаϷӀႝ੝܄฻Ǵ଺ుΕ௖૸Ƕ  

 

5-2 ჴᡍ؁ᡯჴᡍ؁ᡯჴᡍ؁ᡯჴᡍ؁ᡯ 

਼ϯᎋᖓጢԋߏБय़Ǵ௦Ҕ DCA-500ϐેፂԄႜ৔ድ඲೛ഢǶځ

ङඳ਻ᓸࢂҗϩη෮፺ᔅ੅ܜԿ 1x10-8 torr аΠǶӧᗓጢድ඲ϐ߻Ǵ
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Ӄஒ 2 मәޔ৩ࠆऊ 0.5mmϐ(114)य़᎑ለ㘧ൂ඲ǴӃ࿶ԖᐒྋᏊమ

ଯၲࡋޜ๚ᡏ੿ࡑ๚ᡏϣǶޜௗၩΕ੿ޔࡕ֌ଳܭǴ(ᒵߕӵ)ำׇࢱ

੿ࡕޜǴ጗ᄌϲྕ(8ʚ/min)Կ 850ʚ຾Չ੿ޜញ਻ऊλਔࡕफ़Կ 750

ʚ຾ՉᗓጢԋߏǶᖓጢેܭፂԄႜ৔ድ඲ԋߏϐచҹࣁǺႜ৔ᓎ౗

3HzǴф౗ஏࡋऊ 2~3J/cm2 ǹ਼ϯᎋᖓጢԋߏϐ਼ϩᓸ(PO2)ࣁ 20 

mTorrǹԋߏਔ໔ࣁ 60ϩដǶ 

ᖓጢϩ݋Бय़Ǵӧኬࠔᖓጢԋࡑࡕߏफ़Կྕ࠻Ǵޔௗܭ੿ޜ๚ϣ

а RHEED຾Չ߄य़ᙅ৔ϩ݋ǶϐڗࡕрኬࠔǴа XRD ຾Չ่඲ᙅ

৔ϩ݋а௖૸ځԋߏ඲य़ǶAFM Ϸ SEMϩ݋аᕕှኬ߄ࠔय़׎ᇮၗ

ૻǶќѦǴҔ TEM ᄒय़ϩ݋а௖૸ድ඲ԋߏϐ༾ᢀ่ᄬǶനࡕа PL

ໆෳϩ݋ԜᖓጢϐӀᏢ܄፦Ǵ٠ᆶ r-य़ᙔᝊҡ୷݈΢ԋߏϐ਼ϯᎋբ

КၨǶ 

 

5-3 ่݀ᆶ૸ፕ่݀ᆶ૸ፕ่݀ᆶ૸ፕ่݀ᆶ૸ፕ 

୷߄ߕܭ 5-1ϐϩ่݀݋Ǵځ᎑ለ㘧ൂ඲ӚୃϪय़Ϸືӛ኱Ңϐ

Ңཀკӵკ 5-4Ƕࣁዴۓ᎑ለ㘧(114)Ϫय़ϐচη௨ӈᜢ߯ǴրΓ௦Ҕ

CrystalMaker@ ঺း೬ᡏ຾ՉኳᔕǶa य़਼ϯᎋϷ(114)य़᎑ለ㘧߄य़

চη௨ӈᜢ߯Ǵϩձӵკ ࣁҢǶaय़਼ϯᎋϐ඲਱ൂϡ܌5-5 5.205Å 

x 11.261ÅǴԶ᎑ለ㘧(114)Ϫय़ϐ඲਱ൂϡࣁ 5.364Å x 11.367ÅǶᏵԜ
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ёளӧࠟޔ CZnoБӛԖനեϐ඲਱όϰଛ(1%)ࡋǶӢԜǴႣ՗ድ඲ԋ

 Ƕߏ୴᠄ਔǴ໻཮٩΋ᅿБӛԋߏ

 

5-3.1 RHEED ϩ݋ϩ݋ϩ݋ϩ݋ 

კ 5-6 ځय़᎑ለ㘧ϐ਼ϯᎋᖓጢ(114)ܭߏԋࣁ RHEED ϩྣ݋

ТǶკ 5-6(a)ǵ(c)ϩձႝࣁηۯ״๱[0001]ZnO Ϸ[0001]ZnOΕ৔ϐᙅ৔

კǶКჹ c ື਼ϯᎋᙅ৔ኳᔕკǴ٠բᙯ୏΋ࡋف(ӵკ 5-7(a))Ǵё

మཱ࣮рკ 5-6(a)ᆶԜᙅ৔ኳᔕკཱུ࣬ࣁ՟Ƕ೭߄ҢԜ਼ϯᎋᖓጢϐ

cືዴჴѳՉܭ୷݈߄य़ǴԶа܄ཱུߚ඲य़ԋߏǶӕਔǴҭёᇥܴԜ

਼ϯᎋᖓጢϐ aືᆶ୷݈ϐࠟޔБӛߚ٠ѳՉǴᔈӸӧ΋֨͐فǶऩ

຾΋؁ᙯ୏඲ТԿ 180 ਔ̊Ǵջёᢀჸ࣬ډ՟ϐ RHEED კਢǴӵკ

5-6 (c)܌ҢǶԜΒკ 5-6(a)Ϸ(c)Ǵϩձև౜ӛѰϷӛѓୃᙯ θفϐ౜

ຝǶҗԜǴ׳ёዴۓԜ਼ϯᎋᖓጢǴᗨฅځ cືѳՉܭ୷݈߄य़ԋߏǴ

ՠ aືᆶ୷݈ࠟޔБӛև θ֨فǶӢԜǴԜ܄ཱུߚ඲य़਼ϯᎋൂߚ٠

પࣁ aय़Ǵځԋߏय़ϝሡբ຾΋؁ዴᇡǶќ΋Бय़Ǵҗᙯ୏඲Т 180˚

р౜࣬՟კ׎Ǵ߄ҢԜ਼܄ཱུߚϯᎋࣁΒख़ჹᆀ(2-fold symmetry)Ƕ

җԜёղᘐǴԜ਼ϯᎋᖓጢᔈൂࣁ඲ӛ(single domain)ԋߏǶԜ่݀

ᆶךॺϐ܌߻ႣයǴᙖҗ੃ନ୷݈Б׎ჹᆀ܄Ǵё٬਼ϯᎋևൂ඲ӛ

ԋߏϐ௢ෳ࣬֍ӝǶკ 5-6(b)ႝࣁηۯ״๱ࠟޔ c ືБӛΕ৔(ջ m
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ືБӛ)ϐ RHEEDᙅ৔კǶՠࢂǴ࿶Кჹ਼ϯᎋϐ aືᙅ৔ᗺ(ӵკ

5-7(b))Ǵว౜၀კᆶკ 5-6(b)ߚத࣬՟Ƕ೭ёૈࢂӢ਼ϯᎋ aືᆶ୷

Бӛևޔ݈ࠟ θ~17˚֨ Ǵ٬ளف m ືᆶ୷݈ࠟޔБӛϐ֨فၨλ(m

ືᆶ aື֨ 30∘)ǴΞ RHEEDႝηᄳΕ৔فԖ 2~3°ǶӢԜǴႝη״

Ε৔فᆶ਼ϯᎋϐ mື֨فऊࣁ 10°ǴᏤठ RHEEDკ׎ϐև౜ၨௗ

߈ aືᙅ৔კϐ่݀ǶRHEEDႝηᄳΕ৔Ϸ਼ϯᎋ඲य़ϐ࣬ᜢҢཀ

კǴ၁ӵკ  ҢǶ܌5-8

 

5-3.2 AFM ϩ݋ϩ݋ϩ݋ϩ݋ 

ܭߏ௖૸ԋࣁ LAO(114)ϐ ZnO ᖓጢ߄ځय़׎ᇮǴךॺа AFM

ϩ݋ϐǶӵკ ځǴЪރచߏᇮև౜׎य़߄ҢǴ਼ϯᎋ܌5-9 cືё࿶

җ XRD ෳۓрǴӵკϣ܌኱ҢǶԜᆶа PLDܭ r य़ᙔᝊҡ୷݈΢܌

ԋߏϐ a य़਼ϯᎋ࣬՟(ӵკ 3-6)Ƕ ӢԜǴղᘐܭ LAO(114)ԋߏϐ

ZnOᖓጢᔈൂࣁ඲ӛ(single domain)ԋߏǶќѦట௖૸߄ځय़ଆҷރ

Ǵаݩ line profileϩ݋ϐǶӵკ5-10Ǵёܴᡉ࣮рǴ߄य़΢؂΋చރ

ቨࡋऊࣁ 40nmǴ ٠Ъϩթ๱ 10~20nmελό΋ϐ਼ϯᎋᗭಈǴ߄

ҢԜԋߏచҹ٠҂ᓬϯǶԶ ZnO ᖓጢ߄य़ಉᕫࡋ(RMS)ऊࣁ 1.34 

nmǴϝԖׯ๓ޜ໔Ƕ 
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5-3.3 XRD ϩ݋ϩ݋ϩ݋ϩ݋ 

 җܭԜ਼܄ཱུߚϯᎋᖓጢϐ a ືᆶ୷݈ࠟޔБӛӸԖ΋֨ف

(~17°)Ǵӧ XRD ໆෳ 2θܭ 0~120௟̊ඔጄൎϣ֡คᙅ৔ૻဦǶӢԜǴ

ղᘐԜ਼ϯᎋ඲य़ឦଯࡋفᙅ৔य़Ƕࣁ௖૸Ԝ਼ϯᎋᆶ୷݈ځድ඲ԋ

ᜢ߯Ǵ௦Ҕߏ ω/2θኳԄ຾Չϩ݋Ƕӵკ 5-11(a)܌ҢǴ྽ፓ᏾၂Тϐ

ωفǴ߾ 2θໆෳёෳள᎑ለ㘧(020)Ϸ ZnO(1120)ૻ ဦӕਔр౜ǹԶ

კ 5-11(b)߾ᡉҢ᎑ለ㘧(112)Ϸ ZnO(1100)ૻ ဦӕਔр౜ǶҗԜໆෳ

่݀ё௢ᘐǴᖓጢᆶ୷݈ځԋߏᜢ߯ࣁǺ (001)LAO//(112 0)ZnO Ъ

(112)LAO//(1010)ZnOǶ 

຾΋؁ᕕှᖓጢᆶ୷݈ድ඲ᜢ߯Ǵа׳ࣁ X Ӏᙅ৔ pole figure

ϩ݋ϐǶკ ჹࣁ5-12 ZnO(1011)຾Չ pole figure௟ඔϐ่݀Ƕӵკ܌

Ң ZnO(1011) ӧ 0~360°ѝр౜΋ಔૻဦǶᡉҢԜ਼ϯᎋԋߏ඲य़Ǵ

ᗨᆶܭ r य़ᙔᝊҡ΢ԋߏϐ aय़਼ϯᎋόӕ[6]Ǵՠаځድ඲ჹᆀ܄Զ

ឦΒख़ჹᆀǴҗԜ᛾ܴق LaAlO3(114)୷݈܌ԋߏϐ਼ϯᎋǴൂࣁࢂ

඲ୱ(single domain)ԋߏϐൂ඲Ƕ 

 

5-3.4 TEM ༾ᢀϩ݋༾ᢀϩ݋༾ᢀϩ݋༾ᢀϩ݋ 

LAO(114)ܭߏᕕှԋࣁ      ୷݈ϐ਼܄ཱུߚϯᎋځ༾ᢀ่

ᄬǴаऀ೸Ԅᄒय़ႝηᡉ༾᜔ϩ݋ᖓጢᆶ୷݈ϐድ඲ᜢ߯Ƕკ 5-13(a)
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ளϐᄒय़ܡ܌ᄊΠރຎഁ(bright field)ܴࣁ TEM ቹႽǶკύϐࣚय़మ

ධܴዴǴᡉҢ٠คύ໔ቫ(interlayer)ӸӧǶ߄Ң᎑ለ㘧ൂ඲୷݈ӧ 750

ʚԋߏచҹΠڀഢᓬ౦ϐ዗ᛙ܄ۓǶԶ਼ϯᎋᖓጢϐࡋࠆऊࣁ

500nmǴа 60ϩដԋߏਔ໔ीᆉǴёளԋߏೲ౗ࣁ 8.34 nm/minǶკ

5-13(b)਼ࣁϯᎋᖓጢᆶ LAO(114)୷݈ϐᒧ୔ᙅ৔კ(SAD)Ƕ၀კϐႝ

η״Ε৔඲ືࣁѳՉ਼ܭϯᎋϐ c ືБӛ(ҭ[110]ࣁLAO Бӛ)Ƕკύ

਼ϯᎋϷ᎑ለ㘧ϐᙅ৔ᗺϩձаόӕϐጕచ኱ҢǴёܴᡉ࣮р : 

(002)LAO//(1120)ZnO ǹ(110)LAO//(1010)ZnOаϷ(114)LAO//(1340)ZnOϐድ

඲ԋߏᜢ߯ǶҗԜǴё،ۓϐۘ߻คݤዴۓϐ਼܄ཱུߚϯᎋ඲य़ࣁ

(134 0)ǶќѦǴკ 5-13(b)ύаᙔጕ኱Ң LaAlO3 ඲य़ёమཱ࣮р

LAO(001)඲य़٠҂ᆶ ZnO(1120)ѳՉǴځԋߏБӛϝԖ΋֨فǶԜ

ᆶಃѤകύ܌ᢀჸډϐ่݀Ǵ(1120)ZnO //(002)LAOǴԖ܌όӕǶ 

ᘜય᏾ӝ΢ॊϐድ඲ԋߏᜢ Ǵ߯ёаკ5-14ϐ਼ϯᎋᆶLAO(114)

୷݈ԋߏᜢ߯Ңཀკ߄ҢϐǶ 

 

5-3.5 PL ӀӀӀӀ᛼ϩ݋᛼ϩ݋᛼ϩ݋᛼ϩ݋ 

ᙖҗ߻ॊϩ݋ёዴܭۓ LAO(114)୷݈ёԋфԋߏрൂ΋඲ӛϐ

਼ϯᎋǶᗨฅԜ਼ϯᎋϐԋߏ඲य़Ǵߚ٠ӵ΋໒܌ۈႣයϐ aय़ǴԶ

඲य़Ƕკ܄ཱུߚࢂǴՠϝฅ(1340)ࢂ ܭߏԋࣁ5-15 LAO(114)ϐ਼ϯ
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ᎋྕ࠻ځϐ PLӀ᛼კǶკύёᢀჸډӧύߏݢ୔Ǵ٠คܴᡉϐᆘӀ

ૻ৔(green-emission)ܫ ဦǶЬঢ়Տ࿼ӧ 3.29 eV (377 nm)ǴԜวӀߏݢ

ሜᜐጔ(near band edge, NBE)ϐૈ໘៌ᎂૈ߈ௗࣁჹᔈϐӀηૈໆ܌

ΠǴԜݩठǶӧ҂㯉ᚇϐ௃܌ NBEॶၨܭ r-sapphire΢ԋߏϐ a-plane 

ZnOࣁե(3.31 eV)Ƕӵკ 3-10Ƕ೭ёૈࢂԜ(1340)܄ཱུߚ਼ ϯᎋᖓጢ

ਔԖၨեϐᔈΚǴӢԜၨคӀ᛼ᙔ౽(blue shift)ϐ౜ຝǶᜪ՟ߏԋܭ

ϐ౜ຝӧԖᔈΚϐ a-plane GaNම೏ᢀჸ[7]ډǶӕਔǴԜᖓጢځวӀ

ঢ়ϐъଯቨऊࣁ 87.5 meVǶԜᆶ Yasuhiro Kashiwaba฻Γ[8]܌ว߄

ܭ a य़਼ϯᎋൂ඲୷݈ϐӕ፦ድ඲่݀࣬྽(85meV)Ǵ߄ҢԜ(1340)

਼ϯᎋϐӀᏢ܄፦࣬྽ڀԖᝡݾΚǶќѦǴკ 5-12 ύ܌և౜ϐΟచ

Ԕጕϩձჹᔈ 2मә඲ТϐύЈᗺǵᜐጔаϷύᗺૻဦǶёమཱ࣮р

ԜΟૻဦख़᠄܄ଯǴᡉҢܭҁેፂႜ৔ᗓጢس಍܌ԋߏϐ(1340)਼ ϯ

ᎋൂ඲ᖓጢǴٿܭәޔ৩ጄൎϣ֡ځϬ٫܄ǴаԜёᇥܴ LAO(114)

୷݈ڀԖ௢৖ԿჴҔϐወΚǶ 

 

5-4 ่ፕ่ፕ่ፕ่ፕ 

ߏय़᎑ለ㘧୷݈ԋ(001)ܭլܺࣁ      aय़਼ϯᎋևᚈ඲ӛ่ᄬ

ԋߏϐୢᚒǴךॺஒ᎑ለ㘧ൂ඲ۯ๱<110>БӛբୃϪǴаۯ՜ൂБ

ӛ୷݈߄य़চη໔ຯǴ੃ନ୷݈ϐБ׎ჹᆀ܄Ƕ࿶ीᆉ(114)य़᎑ለ
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㘧ൂ඲ᆶय़਼ϯᎋԖനեϐ඲਱தኧόϰଛࡋǴ1.02%(ɷCZnO)Ƕܭ

(114) LaAlO3୷݈܌ԋߏϐ ZnOᖓጢǴа XRD ϩ݋᛾ჴࣁΒख़ჹᆀ

ϐൂ܄ཱུߚ඲Ƕჴሞԋߏϐ਼ϯᎋ඲य़Ǵ࿶ TEM ᒧ୔ᙅ৔ϩ݋ዴۓ

Ƕа(1340)ࣁ PL ໆෳ᠘ځۓӀᏢ܄፦Ǵளډ 3.29 eVϐௗૈ߈ሜᜐ

ጔૈ໘៌ᎂǶЪЬঢ়ϐъଯቨࣁ 87.5 meVǴᡉҢԜ(1340)܄ཱུߚय़਼

ϯᎋൂϐӀᏢ܄፦Ǵᓬܭ r य़ᙔᝊҡ୷݈܌ԋߏϐ aय़਼ϯᎋǶ׳຾

΋؁а PL ໆෳዴᇡٿځәޔ৩ጄൎϣϐᓬ౦֡Ϭ܄ǴаԜёᇥܴ

(114)LaAlO3୷݈ڀԖჴҔϐወΚǶ 
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߄ 5-1.Ӛᅿ᏾ኧϪय़ϐ௹Ϫفᆶ඲਱தኧ X ϐᜢ߯Ƕᆶ a य़਼ϯᎋ

ϐ඲਱தኧόϰଛࡋीᆉҭӈΕ߄ύǶ 
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კ 5-1. aय़਼ϯᎋԋܭߏ᎑ለ㘧ൂ඲୷݈ϐᜢ߯ҢཀკǶ 

 

კ 5-2. (a)ࣁ a-plane ZnOൂ ϡ่ᄬނ౛ЁκҢཀკǶ(b)᎑ለ㘧ൂ඲྽

௹Ϫف θϐ௹य़ࡋߏځ X ᒿ θᡂϯϐᜢ߯Ƕ 



 

109 

 

(a) 

 

(b) 

 

კ 5-3. (a)а᎑ለ㘧ൂ඲௹Ϫف θځٯࣁϪय़ҢཀკǶ(b)྽௹Ϫف θ

ϐ௹य़ࡋ ߏځᒿ θᡂϯϐᜢ߯Ƕ 
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კ 5-4. ᎑ለ㘧ൂ඲ӚୃϪय़Ϸືӛ኱ҢϐҢཀკǶ 

 

 

კ5-5. аCrystalMaker@຾Չኳᔕϐaय़਼ϯᎋϷ(114)य़᎑ለ㘧߄य़

চη௨ӈᜢ߯Ƕ 
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კ 5-6. ZnOᖓጢԋܭߏ LAO(114)ϐ RHEEDკǶ(a)ݮࣁ๱਼ϯᎋᖓ

ጢ+CБӛǴ(b)ݮࣁ๱਼ϯᎋᖓጢ mືБӛǴ(c)ݮࣁ๱਼ϯᎋᖓጢ-C

Бӛϐ RHEEDᙅ৔კǶ 
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(1120)ZnO azimuth(1120)ZnO azimuth

 

კ 5-7. ਼ϯᎋϐ(a) (0001) zoneື ǹ(b) (1120) zoneື ኳᔕᙅ৔კǶ 

(a) 

(b) 
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კ 5-8. RHEEDႝη״Ε৔Ϸ਼ϯᎋ඲य़ϐ࣬ᜢҢཀკ 
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კ 5-9. ZnOᖓጢԋܭߏ LAO(114)ϐ AFM ϩ݋კ 

 

კ 5-10. ZnOᖓጢԋܭߏ LAO(114)୷݈߄य़ϐ AFM ಒ೽ଆҷϩ݋

კǶ 

C 
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კ 5-11.ԋ(114)ܭߏय़᎑ለ㘧୷݈ϐ਼ϯᎋᖓጢځ XRD ᙅ৔კǶӧ੝

ۓ ωف௟ඔ 2θ ᓎ᛼ϩձёᢀჸډǺ(a)LaAlO3(001)ૻ ဦᆶ aय़ ZnO

ӅӸǹ(b) LaAlO3(112)ૻ ဦᆶ mय़ ZnOӅӸ 
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კ 5-12. ԋ(114)ܭߏय़᎑ለ㘧୷݈ϐ਼ϯᎋᖓጢځჹ(1100)ZnO pole 

figure௟ඔკ 
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     (a) 

(b) 

კ 5-13. ਼ϯᎋᖓጢᆶ LAO(114)୷݈ϐᄒय़ TEMǶ(a) BFቹႽǹ(b)

᏷୔ SADᙅ৔Ƕ 
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კ 5-14. ਼ϯᎋᆶ LAO(114)୷݈ԋߏᜢ߯Ңཀკ 

 

კ 5-15. ԋܭߏ LAO(114)ϐ਼ϯᎋྕ࠻ځ PLӀ᛼კǶკύ܌և౜ϐ

ΟచԔጕϩձჹᔈ 2मә඲ТϐύЈᗺǵᜐጔаϷύᗺૻဦǶ
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ಃϤകಃϤകಃϤകಃϤക

 

101)܄ཱུߚ܄ཱུߚ܄ཱུߚ܄ཱུߚ 0)਼ϯᎋԋ਼ܭߏϯᎋԋ਼ܭߏϯᎋԋ਼ܭߏϯᎋԋ(112)ܭߏय़᎑ለ㘧ൂ඲୷݈य़᎑ለ㘧ൂ඲୷݈य़᎑ለ㘧ൂ඲୷݈य़᎑ለ㘧ൂ඲୷݈ 

 

6-1 ЇقЇقЇقЇق 

܄Ǵ੃ନේϯㄿໆηϔวӀϡҹϐԾวཱུۺཷ܄ཱུߚԃٰЇҔ߈

(polarization)Ǵլܺϣႝࡌ൑аගܹϡҹϐวӀਏ౗Ǵςᕇठ೚ӭᓬ

౦ϐԋ݀[1Ǵ2]Ƕ੝ձࢂ Nakamuraܭ 2007ԃว߄໒วрຬଯࡋߝᆶ

ਏ౗ϐ๋ѦӀวӀΒཱུᡏ(402nm/250mW/41%)Ǵ൩ࢂӧ m य़ේϯㄿ

୷݈΢܌ԋߏϐ mय़ේϯ⥲ㄿ/ේϯㄿໆηϔ่ᄬ[3]ǶځѦ೽ໆηਏ

౗Ϸᒡрф౗ςჴሞຬၸ໺಍ԋ܄ཱུܭߏ cय़ϐ LEDǶԶӧᙔӀႜ৔

ว৖Бय़ǴJens Rass฻ΓൔᏤځໆෳόӕԋߏय़ϐේϯㄿႜ৔Ǵዴۓ

܄ཱུߚ m य़Ԗന٫ϐᖏࣚф౗ஏࡋ (threshold power density)Ǵ

1500KW/cm2 [4]ǶӢԜǴ܄ཱུߚ mय़ේϯㄿԋߏϐࣴزǴࢂ೚ӭࣴز

Γ঩׫ុ࡭ΕЈΚϐख़ᗺ໨Ҟ[5Ǵ6]Ƕ߈ԃٰǴ਼ϯᎋ೏ᇡڀࣁഢڗ
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жේϯㄿወΚϐ዗׷ߐ਑Ǵό໻ࢂӢૈሜᆶ่ᄬ࣬՟Ǵ׳ख़ाڀࢂޑ

Ԗၨේϯㄿ׳ଯϐᐟη่ӝૈ(>60meV), ೭٬ள໒วа਼ϯᎋ׷਑

ᔈҔወΚǶᆶڀ׳୷ᘵϐᙔӀႜ৔ࣁ GaN ࣬՟Ǵࣁஒ਼ϯᎋ௢৖Կ

ଯਏ౗วӀᔈҔǴ໒ว܄ཱུߚ m य़਼ϯᎋϐԋೌמߏᆶ࣬ᜢࣴزǴ

೴ᅌډڙᢋҞ[7Ǵ8]Ƕ 

а౦፦ድ඲ԋߏБԄ໒ว܄ཱུߚ m य़਼ϯᎋǴӢЁκᆶԋҁၨ

٠ค፾߻ҞܭΕǶҗ׫زЇΑ೚ӭࣴ֎ख़ຎ٠ډڙ೴ᅌࡺΚǴݾᝡڀ

ӝ౦፦ድ඲ԋߏ mय़਼ϯᎋϐ୷݈Ǵ೭ჹ໒วଯਏૈϐ ZnOวӀϡ

ҹԶقǴࣁࢂ΋ε౟ᓍǶӢԜǴ൨ૈפӕਔᅈى඲਱தኧϰଛࡋΞڀ

ഢଯ዗ᛙ܄ۓϐ୷݈Ǵаԋߏ m य़਼ϯᎋǴ࣬ࢂ྽࡚ॐሡाޑǶԖ

᠙ܭ፾ӝԋߏ m य़਼ϯᎋϐൂ඲୷݈ᚅӵǴ୷ܭಃϖകၮҔ୷݈π

ำᢀۺǴёᙖҗୃϪБԄаۯ՜୷݈඲਱ࡋߏǶӢԜǴܭҁകךॺϝ

ฅ௦Ҕଯ዗ᛙ܄ۓϐ᎑ለ㘧ൂ඲Ǵݮ๱<110>Бӛբ׳ଯࡋفϐୃ

ϪǴаۯ՜ൂБӛ୷݈߄य़চη໔ຯǴ٬ϐᆶ mय़਼ϯᎋ(1010)΋ື

ϐ඲਱தኧ࣬ϰଛǶаΠஒ၁ॊҁࣴزϐᢀۺᆶၲԋБԄǺ 

਼ϯᎋϐ m य़(1010)ǴܭϤБ඲่ᄬύϐҢཀკӵკ 6-1(a)܌

ҢǶځ mय़ൂϡϐচη໔ຯǴӵკ 6-1(b)܌ҢǴϩձࣁ 5.205 Å(cZnO)

Ϸ 6.498 Å (2aZnO)ǶԶচҁϐ(001)LaAlO3ൂځϡϐচη໔ຯϩձࣁ

5.360 Å x 5.360 Å (√2aLAO)Ƕᆶ mय़਼ϯᎋКၨǴځ඲਱όϰଛࣁࡋ
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2.9 % (//cZnO)Ƕۯࣁ՜਼ࠟܭޔϯᎋ cືБӛϐ඲਱໔ຯǴаௗ߈ 2aZnO

٠ளډၨ٫ϐ඲਱தኧϰଛǴၮҔ୷݈πำᢀۺǴݮ๱ LAO<110>Б

ӛբ θୃفϪǴࡋߏځӵკ 6-1(c)܌ҢǴځ΋ືҗ 5.360 Åۯ՜ࣁ x/cos

͐Ƕ Եቾ(114)ǵ(113)Ϸ(112)ΟঁୃϪय़ǴځҢཀკӵკ 6-2(a)܌ҢǶ

ኧᜢ߯ё௢ள(114)ǵ(113)ڄف౛ЁκёୖԵკ6-2(b)ǶҗΟނჹᔈϐځ

Ϸ(112)ΟঁୃϪय़܌ჹᔈϐୃϪفϩձࣁ 19.47°ǵ25.24°Ϸ 35.26°Ǵ

٠ीᆉ௢ளൂځϡࡋߏҗ 5.360 Åϩձۯ՜ࣁ 5.685 Å ǵ5.927 Å Ϸ 

6.566 ÅǶӵ߄ ԿفҢǴ྽ፓ᏾᎑ለ㘧ൂ඲ୃϪ܌6-1 35.26°Ǵջ(112)

඲य़ǴаԜीᆉёளᆶ mय़਼ϯᎋԖനեϐ඲਱தኧόϰଛࡋǴ0.9% 

(ɷcZnO)Ƕ 

ᕕှࣁ m य़਼ϯᎋᆶ(112)඲य़ϐ᎑ለ㘧ځচη໔௨ӈᜢ߯Ǵ௦

Ҕ CrystalMaker©೬ᡏ຾ՉኳᔕǴᒡΕ a = 3.791 Å ёள(112) LaAlO3

ځ Laচη໔ຯൂϡࣁ 6.577 Å x 5.360 Åǹ(1010)ZnOϐ Oচη໔ຯ

ൂϡࣁࡋߏ 5.206 Å x 3.249 ÅǴӵკ 6-3(a)ǵ(b)Ǵځ඲਱தኧόϰଛ

΢ॊϐԵໆǴа୷݈πำᢀܭϐ่݀ᆶ΢ॊୃϪϐᄬགྷ࣬֍ӝǶ୷ࡋ

ለ㘧ൂ඲ୃϪ᎑ܭۺ ᄬрϐࡌ܌35.26° (112)඲य़Ǵᔈࢂԋߏ

(1010)ZnO࣬྽ԖወΚϐ୷݈ǶௗΠٰǴа PLD(112)ܭݤLaAlO3୷

݈຾Չჴሞ ZnOϐԋߏᡍ᛾Ǵӕਔ຾΋؁ϩ࣬݋ᜢ่ᄬᆶ׷਑܄፦Ƕ 
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6-2 ჴᡍ؁ᡯჴᡍ؁ᡯჴᡍ؁ᡯჴᡍ؁ᡯ 

਼ϯᎋᖓጢԋߏБय़Ǵ௦Ҕ DCA-500ϐેፂԄႜ৔ድ඲೛ഢǶ

Կܜҗϩη෮፺ᔅ੅ࢂङඳ਻ᓸځ 1x10-8 torr аΠǶӧᗓጢድ඲ϐ

ǴӃஒ߻ 2 मәޔ৩ࠆऊ 0.5mmϐ(112)य़᎑ለ㘧ൂ඲ǴӃ࿶Ԗᐒྋ

Ꮚమࢱำׇ(ӵߕᒵ)Ǵܭ֌ଳޔࡕௗၩΕ੿ޜ๚ᡏϣǶࡑ๚ᡏ੿ࡋޜ

ၲଯ੿ࡕޜǴ጗ᄌϲྕ(8ʚ/min)Կ 850ʚ຾Չ੿ޜញ਻ऊ 1λਔࡕफ़

Կ 800ʚ຾Չᗓጢԋߏǹԋߏਔ໔ࣁ 60 ϩដǶᖓጢેܭፂԄႜ৔ድ

඲ԋߏϐచҹࣁǺႜ৔ߏݢᆶેፂቨࡋϩࣁ 248 nmϷ 25 nsǹેፂᓎ

౗ࣁ 3Hzǹૈໆஏࡋऊࣁ 1~2 J/cm2ǶќѦǴ਼ϯᎋᖓጢԋߏϐ਼ϩ

ᓸ(PO2)ࣁ 20 mTorrǶ 

ᖓጢϩ݋Бय़Ǵӧኬࠔᖓጢԋࡑࡕߏफ़Կྕ࠻Ǵޔௗܭ੿ޜ๚ϣ

а RHEED ຾Չ߄य़ᙅ৔ϩ݋Ƕ٬܌Ҕϐ RHEED ࣁ಍س Oxford 

Scientificϐ OS-RHEEDس಍Ǵځᏹբୃᓸࣁ 15kVǶϐڗࡕрኬࠔǴ

а Bruker D8 X-rayᙅ৔ሺ຾Չ่඲ᙅ৔ϩ݋а௖૸ځԋߏ඲य़ᆶድ

඲ᜢ Ƕ߯ௗ๱ၮҔ AFM ϩ݋аᕕှኬ߄ࠔय़׎ᇮၗ ǶૻќѦǴа JEOL 

2000FXऀ೸Ԅႝηᡉ༾᜔຾Չ TEM ᄒय़ϩ݋Ǵ٠௖૸ድ඲ԋߏϐ༾

ᢀ่ᄬǶനࡕаྕ࠻ PLໆෳ(ᐟวྍࣁ 325nm /35mW HeCdႜ৔)ϩ

 ፦Ƕ܄ԜᖓጢϐӀᏢ݋
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6-3 ่݀ᆶ૸ፕ่݀ᆶ૸ፕ่݀ᆶ૸ፕ่݀ᆶ૸ፕ 

6-3.1 X Ӏᙅ৔ϩ݋Ӏᙅ৔ϩ݋Ӏᙅ৔ϩ݋Ӏᙅ৔ϩ݋ 

ܭۓዴࣁ (112)LaAlO3 ԋߏϐ ZnO પ፦ࣁցࢂ඲य़่ځ

m-planeǴа XRD ϩ݋ϐǶკ 6-4(a)ࣁ XRD θ-2θ௟ඔკ᛼Ƕӵკ܌

ҢǴନΑ୷݈ૻဦѦѝԖ਼ϯᎋ(1010)Ϸ(2020)ᙅ৔ૻဦ೏ୀෳډǴ

ᡉҢԜኬࠔϐ่඲य़ᔈൂࣁપϐ m-plane ZnOǶࣁᕕှԜኬࠔϐ่඲

፦Ǵ຾΋؁а͠௟ඔ຾Չࠔ rocking curveϩ݋Ƕკ 6-4(b)ࣁ X Ӏ ω

௟ඔკ᛼Ǵ྽ X ӀΕ৔БӛѳՉᆶ਼ࠟܭޔϯᎋϐ Cືਔځ rocking 

curveϐъଯቨϩձࣁ 1476 arcsecϷ 2572 arcsecǶᡉҢԜ mय़਼ϯᎋ

ϝԖߚ฻ӛ܄ϐ่඲܄፦ǶԜ౜ຝᆶܭ r-य़ᙔᝊҡ୷݈ԋߏϐ aय़਼

ϯᎋ࣬՟Ƕ೭ёૈᆶ߄य़׎ᇮևచጕރԋߏԖᜢǶќѦԜ m य़਼ϯ

ᎋӧᆶ୷݈ଯϰଛݩރޑࡋΠǴX Ӏ͠ف௟ඔϐъଯቨ໻ၲ~ 0.4°Ǵ

ᡉҢځԋߏచҹԖፓ᏾ᓬϯϐޜ໔Ƕ 

LaAlO3 ϐ(112)ܭߏԋۓ຾΋؁ዴࣁ m य़਼ϯᎋࢂցൂࣁ඲ԋ

Ǵаߏ X Ӏ͝ف௟ඔԜኬࠔǶკ Ԝࣁ6-5 mय़਼ϯᎋځ X Ӏ φف௟

ඔკ᛼Ƕӵკ܌ҢǴ(110)ZnO (ջ aື)ૻဦܭ 0~360°͝ ௟ඔ໻р౜ف

2ঁૻဦঢ়ǶҗϤБ඲ᡏ่ᄬᜢ߯ёዴۓǴ܌ᔠෳϐኬࠔᔈࣁΒख़ჹ

ᆀϐ m य़਼ϯᎋǶ೭߄Ң(112)ܭLaAlO3 ܌ԋߏϐ m य़਼ϯᎋࣁࢂ
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ൂ඲ԋߏǶӵӃ܌߻ႣයǴ(112)LaAlO3 Ӣ඲਱தኧϰଛǴࢂԖወΚ

բࣁԋߏ mय़਼ϯᎋൂ඲ᖓጢϐ୷݈Ƕ 

 

6-3.2  RHEED ᙅ৔კ᛼ϩ݋ᙅ৔კ᛼ϩ݋ᙅ৔კ᛼ϩ݋ᙅ৔კ᛼ϩ݋ 

კ LaAlO3 ϐ(112)ܭߏԋࣁ6-6 mय़ ZnOځ RHEEDᙅ৔კǶځ

ύკ 6-6(a)Ϸ(b)ϩձႝࣁη0001>ݮ״>ZnOϷ<1210>ZnOΕ৔ϐ่

Ƕ݀࿶Кჹ cືϷaືϐZnOᙅ৔კǴ֡ ֍ӝǶќѦвಒᢀჸԜRHEED 

patternsǴёว౜ᗨࣁᗺރϩթՠςև౜ௗ߈ጕރ(streaky)Ǵ߄ҢԜኬ

ǴԖࡺచҹϐᓬϯǴӢ඲਱ϰଛϐߏᗨ҂࿶ԋࠔ 3D ර 2D ԋߏว৖

ϐ౜ຝǶӕਔǴӧܡឪ RHEED patternsਔǴᙯ୏඲Тϐ͟فǴᢀჸ

ډ 0~360ϐ̊໔໻р౜ 2ԛ࣬ӕკਢ(ӵკ 6-6(a)Ϸ(b))ǴҗԜ՘᛾Ԝ m

य़਼ϯᎋᖓጢᔈൂࣁ඲ୱԋߏϐൂ඲Ƕ 

 

6-3.3 চηΚᡉ༾᜔চηΚᡉ༾᜔চηΚᡉ༾᜔চηΚᡉ༾᜔(AFM)ϩ݋ϩ݋ϩ݋ϩ݋ 

ϐߏԋ܌Αှࣁ m य़਼ϯᎋᖓጢ߄ځय़׎ᇮݩރǴаচηΚᡉ

༾᜔௟ඔϩ݋ϐǶკ ࣁ6-7 mय़਼ϯᎋᖓጢ߄य़ϐ AFM ቹႽǶӵკ

ϐߏԋ܌ҢǴ܌ m य़਼ϯᎋᖓጢ߄ځय़ևచރԋߏǴᡉҢԜ਼ϯᎋ

ᔈൂࣁࣁ඲ୱԋߏǶԜᆶ RHEED patternϩࣁ݋Βख़ჹᆀ่ፕ࣬ڥ

ᔈǶќѦ࿶᏷୔಍ीځѳ֡ಉᕫࡋ(RMS)ऊࣁ 3.0 nmǴёᙖҗፓ᏾ԋ
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ኧٰफ़եୖߏ RMSॶǶკύӸӧԖ٤೚εЁκಈηǴёૈٰԾܭ PLD

ԋݤߏதޑـႢ׷ᘢ৔౜ຝǴdropletsǶ 

 

6-3.4 ऀ೸Ԅႝηᡉ༾᜔ϩऀ݋೸Ԅႝηᡉ༾᜔ϩऀ݋೸Ԅႝηᡉ༾᜔ϩऀ݋೸Ԅႝηᡉ༾᜔ϩ݋ 

௖૸(112)LaAlO3 ᆶࣁ mय़਼ϯᎋϐ໔ځ༾ᢀ่ᄬᜢ Ǵ߯аᄒय़

TEM ϩ݋ϐǶკ 6-8(a)ݮࣁ๱<0001>ZnOϐ bright field TEMቹႽǶ

ӵკ܌ҢǴ਼ϯᎋࡋࠆऊࣁ 180 nm٠Ъᖓጢᆶ୷݈໔ࣚय़మධǴ٠

คࣚय़ቫӸӧǶᡉҢԜ LAO(112)୷݈ܭ 800ʚԋߏచҹΠᆶ਼ϯᎋ

ϐ዗ᛙ٫ཱུ܄ۓǶკ 6-8(b)ࣁᖓጢᆶ୷݈ϐ᏷୔ᙅ৔კǶӵკ܌ҢǴ

ZnOϷ<110>LAO zoneື<0001>ܭᙅ৔ᗺ֡ёჹᔈځϐ୔ୱۓᒧ܌ ϐᙅ

৔კǶ܌Ԗᙅ৔ᗺ֡మධև౜Ǵ٠คځдᙅ৔ᗺр౜Ƕ߄ҢԜ਼ϯᎋ

ᖓጢൂࣁ඲ԋߏǴЪᖓጢᆶ୷݈ϐ໔ᔈคࣚय़ቫӸӧǶќѦёҗᙅ৔

ᗺዴᇡځ in-plane ድ඲ᜢ߯ࣁǺ (1010)ZnO//(112)LAOǹ (11 2 0)ZnO// 

(111)LAO аϷ[0001]ZnO // [110] LAOǶ 

    კ 6-9(a)ࣁа[0001]ZnO zoneືБӛᢀჸϐଯှ݋ᄒय़ TEM

ϩ݋ቹႽǶӵკ܌ҢǴ਼ϯᎋᖓጢᆶ LAO ୷݈໔ϐࣚय़మධǴዴค

ࣚय़ቫӸӧǶᡉҢаԜ(112)LAO ୷݈ԋߏϐ਼ϯᎋǴӢԜ୷݈ϐ዗

ᛙ٫ཱུ܄ۓǴࣁࢂᓬؼϐ୷݈ǶќѦǴკ 6-9(b)ࣁଯှ݋ᄒय़ TEM

ቹႽϐϸזೲഡճယᙯඤკ (Inverse Fast Fourier Transformation, 
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IFFT)Ƕკύࣚय़୔ϐ඲਱௨ӈ൳ЯֹऍௗӝǴ٠คᢀჸډৡ௨(misfit 

dislocations)ӸӧǶ೭ࢂҗܭԜБӛ ZnO ᆶ୷݈ϐ඲਱όϰଛߚࡋத

λ(໻ 0.9%)ǴӢԜৡ௨ஏߚࡋதեǴаठ൳ЯคݤᢀჸډǶ 

 

6-3.5 ӀठᑻӀӀӀठᑻӀӀӀठᑻӀӀӀठᑻӀӀ᛼ϩ݋᛼ϩ݋᛼ϩ݋᛼ϩ݋ 

ௗ๱Ǵаྕ࠻ϐӀठᑻӀӀ᛼(PL)ϩ݋Ԝ m य़਼ϯᎋځӀᏢ܄

፦Ƕӵკ ҢǴЬঢ়Տ࿼ӧ܌6-10 3.28eVǴԜࣁჹᔈϐૈ߈ሜᜐጔ(near 

band edge)ૈ ໘៌ᎂ܌ठǶӧ҂㯉ᚇϐ௃ݩΠǴёૈࢂԋࡋྕߏၨଯ

ᏤठԖၨుϐᚇ፦ૈ໘(impurity level)Ǵ٬ளЬঢ়ૈໆ۳եૈՏ౽Ƕ

ќѦӧ 2.0~2.3eV୔໔ԖલഐᏤठϐᆘӀՏ౽౜ຝǴᡉҢԜኬࠔϐԋ

 Ƕزኧࣴୖߏӈԋسచҹ٠҂ᓬϯǴॶளᝩុ຾Չ΋ߏ

җа΢่݀ᡉҢǴճҔ୷݈πำᢀۺ೛ीр፾ӝԋ܄ཱུߚߏmय़

਼ϯᎋϐLAO(112)୷݈Ǵᆶჴሞԋߏჴᡍ࣬֍ӝǶ೭ගٮ΋ঁख़ा

ૻ৲Ǵ൩ࢂǺёૈ້⑲᝜(perovskite)่ ᄬϐ඲ᡏǴѝाڀԖଯ዗ᛙۓ

඲य़਼܄ཱུߚᄬр಄ӝࡌϪय़Ǵջёୃځ೛ीۺǴ೸ၸ୷݈πำᢀ܄

ϯᎋ܈ේϯㄿԋߏϐѳѠǶ 

 

6-4 ่ፕ่ፕ่ፕ่ፕ 
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а୷݈πำᢀܭۺ᎑ለ㘧ൂ඲຾ՉୃϪ 35.26°Ǵࡌᄬр(112)඲

य़Ǵёբࣁԋߏ m य़਼ϯᎋϐѳѠǶԜ୷݈ᆶ m य़਼ϯᎋԖനեϐ

඲਱தኧόϰଛࡋǴϩձࣁ 2.9 % (//cZnO)Ϸ 0.9%(ɷcZnO)Ƕ࿶җаႜ

৔ᗓጢድ඲ԋߏᡍ᛾Ǵ٠೸ၸ X Ӏᙅ৔ϩ݋ǵRHEEDϷ AFM य़߄

ϩ݋ዴᇡ܌ԋߏϐ਼ϯᎋ඲य़ࣁપ࣬(1010)ൂ ඲Ƕаऀ೸Ԅႝηᡉ༾

᜔ᄒय़ϩځ݋༾ᢀ่ᄬǴ௢ፕрᖓጢᆶ୷݈ϐድ඲ᜢ߯ࣁǺ

(1010)ZnO//(112)LAOǹ(1120)ZnO// (111)LAO аϷ[0001]ZnO // [110] LAOǶ 

ќѦǴа PLϩځ݋ӀᏢ܄፦ځ NBEঢ়ॶࣁ 3.28 eVǴᆶځд aय़਼

ϯᎋϐ่݀࣬྽Ǵՠϝ໪ᝩុ຾ՉԋߏచҹᓬϯࣴزǶ 

    җа΢ჴᡍ่݀ёЍ࡭Ǵ(112)य़᎑ለ㘧ൂ඲୷݈ࢂԋ܄ཱུߚߏ 

(1010) ZnO඲य़ԖᔈҔወΚϐ୷݈ǶӕਔǴ೸ၸ୷݈πำᢀۺ೛ीځ

ୃϪय़ǴѝाڀԖଯ዗ᛙ܄ۓϐ້⑲᝜(perovskite)่ ᄬ඲ᡏǴᔈё೛

ीࡌᄬр඲਱தኧௗ߈Ǵ಄ӝ܄ཱུߚ඲य़਼ϯᎋԋߏϐѳѠǶ೭ӧҞ

 ਑ᒧ᏷Ƕ׷ቨቶϐ׳ΑٮΠǴගݩӝ፾୷݈ᚅӵϐ௃߻
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߄ 6-1ǵόӕୃϪय़܌ჹᔈϐࡋفǵۯ՜ࡋߏϷᆶ m य़ ZnO ϐ඲਱

όϰଛࡋᜢ߯ 
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კ 6-1.(a) mय़਼ϯᎋܭϤБ඲่ᄬ඲य़ҢཀკǴ(b) mय़਼ϯᎋϐൂ

ϡЁκҢཀკǹ (c)җ(001)LAOрวаୃϪБԄۯ՜ځ΋ືϐࣁࡋߏ

x/cosθǶ 
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კ 6-2.᎑ለ㘧ൂ඲ϐ(a)όӕୃϪय़Ңཀკǹ(b)ӚୃϪय़ϐୁຎკϷ܌

ჹᔈϐނ౛ЁκǶ 
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კ6-3.аcrystal maker©܌ளϐ(a) (112)LAOᆶ(b) m-plane ZnOځচη

௨ӈᜢ߯Ƕ
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(b)  

კ 6-4. ZnOԋ(112)ܭߏLAO୷݈ځ XRD (a) θ-2θ௟ඔᆶ(b)ѳՉᆶࠟ

ܭޔ C ZnOϐ XRD ω௟ඔ(rocking curve)კǶ 

(a) 
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კ 6-5. ZnOԋ(112)ܭߏLAO୷݈ځ XRD ϐ φ-௟ඔკ᛼Ƕ 
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კ 6-6. ZnOԋ(112)ܭߏLAO୷݈ځ (a)ႝࣁηݮ״๱<0001>ZnOΕ

৔ǹ(b)ႝࣁηݮ״๱<1210>ZnOΕ৔ϐ RHEEDᙅ৔კǶ 
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კ 6-7. ZnOԋ(112)ܭߏLAO୷݈ځ AFM  ᇮቹႽǶ׎य़߄
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კ 6-8. ZnOԋ(112)ܭߏLAO୷݈ऀځ೸Ԅႝηᡉ༾᜔ᄒय़ϩ݋Ƕ(a)

๱<0001>ZnOϐݮࣁ BFᄒय़ቹႽǹ(b)ࣁ᏷୔ᙅ৔კǶ 
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კ 6-9.(a)ZnO ᖓጢᆶ(112)LAO ୷݈ݮ๱<0001>ZnO ϐଯှऀ݋೸Ԅႝ

ηᡉ༾᜔ᄒय़ϩ݋ቹႽǹ(b)ࣁ(a)ϐϸזೲഡճယᙯඤკǶ 
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კ 6-10. ZnOԋ(112)ܭߏLAO୷݈ྕ࠻ځ PLӀ᛼ϩ݋Ƕ 
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ಃಃಃಃΎΎΎΎകകകക

 

ᆕӝ่ፕᆶ҂ٰ৖ఈᆕӝ่ፕᆶ҂ٰ৖ఈᆕӝ่ፕᆶ҂ٰ৖ఈᆕӝ่ፕᆶ҂ٰ৖ఈ 

 

7-1 ᆕӝ่ፕᆕӝ่ፕᆕӝ่ፕᆕӝ่ፕ 

   ҁፕЎࣴزЬाа᎑ለ㘧ൂ඲׷਑ࣁЬᡏǴҗ୷݈πำᢀۺр

วǴ೛ीр፾ӝԋ਼܄ཱུߚߏϯᎋϐ୷݈Ǵ٠а PLD ჴሞᡍ᛾ೌמ

 Ο೽ҽٰ଺ᕴ่ǺࣁǶаΠϩ܄ёՉځ

 

7-1.1  زᎋϐࣴزᎋϐࣴزᎋϐࣴزϯᎋϐ਼ࣴߏϯय़᎑ለ㘧ൂ඲୷݈ԋ਼ߏϯय़᎑ለ㘧ൂ඲୷݈ԋ਼ߏϯय़᎑ለ㘧ൂ඲୷݈ԋ਼ߏय़᎑ለ㘧ൂ඲୷݈ԋ(001)ܭܭܭܭ

1. а XRD 2θ ϩ݋ዴᇡܭ LaAlO3 (001)य़୷݈Ǵёԋфԋߏрપ፦

a-plane ZnOǶ٠࿶ XRD φ ௟ඔǵRHEEDǵAFMف ϩܴ݋ᡉᢀჸ

ǴԜډ a-plane ZnOև౜ L-ࠠ੝ቻϐ׎ᇮЪаٿᅿ඲ୱ่ᄬӅӸԋ

 Ƕߏ
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2. TEM SAD ϩ݋ёዴځۓᖓጢϣय़(in-plane)ϐԋߏ௨ӈᜢ߯ࣁǺ

[0001]ZnO // [110]LAO  аϷ [1100]ZnO // [110]LAOǶ 

3.Ԝ a-plane ZnOаྕ࠻ PLϩ݋և౜மࡋଯϐ NBEॶܭ 3.30 eV ǹ

FWHM~112meVǶ٠ЪคܴᡉϐᆘӀว৔ૻဦǶ 

4.ӧԋࡋྕߏਏᔈБय़Ǵܭ Ts = 300~750ʚྕࡋጄൎϣёளપ࣬ϐ

a-plane ZnOǶԶ Ts = 150ʚచҹܴ߾ᡉ׎ԋ cय़ᆶ aय़ӅӸϐӭ඲ࠠ

ᄊǶ೭Ьा(001)ࢂLaAlO3୷݈߄य़চη่ᄬᒿྕࡋᙯᡂ܌ठǶӕਔǴ

ԋࡋྕߏཇଯځ a-plane ZnO XRCϐ FWHM ཇեǴՠࢂ Ts = 850°C

ԋߏచҹϝฅԖ٤೚ c-ື ϐ਼ϯᎋӸӧǶ 

 

7-1.2  زᎋϐࣴزᎋϐࣴزᎋϐࣴزϯᎋϐ਼ࣴߏϯय़᎑ለ㘧ൂ඲୷݈ԋ਼ߏϯय़᎑ለ㘧ൂ඲୷݈ԋ਼ߏϯय़᎑ለ㘧ൂ඲୷݈ԋ਼ߏय़᎑ለ㘧ൂ඲୷݈ԋ(114)ܭܭܭܭ

ஒ(001) LaAlO3୷݈ݮ๱<110>БӛբୃϪ 19.47°Ǵջ(114)य़Ǵ

аۯ՜ൂБӛ୷݈߄य़চη໔ຯǴ੃ନ୷݈ϐБ׎ჹᆀ܄Ƕ࿶ीᆉԜ

୷݈ᆶ a-plane ZnOԖനեϐ඲਱தኧόϰଛࡋǴ1.02%(ɷCZnO)Ƕа

PLD(114)ܭೌמLaAlO3୷݈຾Չԋߏᡍ᛾่݀ځӵΠǺ 

ϐߏԋ܌.1 ZnO ࿶ AFM ϩ݋ϐว౜߄य़և౜ߏచރǶ٠а RHEED

᛾ჴࣁΒख़ჹᆀϐൂ඲ୱԋߏǶҗ RHEED patternsᡉҢԜ਼ϯᎋᗨ

ฅځ cືѳՉܭ୷݈߄य़ԋߏǴՠځ aືᆶ୷݈ࠟޔБӛև΋ف໼௹Ƕ 
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2.࿶ XRD ω/2θ ϩ਼ځ݋ϯᎋᆶ୷݈ϐድ඲ᜢ߯ǴёаዴࣁۓǺ

(001)LAO//(1120)ZnOЪ(112)LAO//(1010)ZnOǶ 

3.ԋߏϐᖓጢ࿶ᐉᄒय़ TEM ᏷୔ᙅ৔ϩ݋ǴዴۓԜ਼܄ཱུߚϯᎋϐ

඲य़(1340)ࣁǶ೭ࢂҞ߻ว߄Ў᝘ύவ҂૸ፕၸ܄ཱུߚޑ඲य़Ƕ 

4. җྕ࠻ PLϩ݋ෳளԜ܄ཱུߚ඲य़ϐ NBEॶࣁ 3.29 eVǴЪъଯቨ

ӧԋߏచҹ҂ᓬϯΠёၲ 87.5 meVǶӕਔዴᇡٿځәޔ৩ጄൎϣϐ

ᓬ౦֡Ϭ܄ǴҗԜёᇥܴ(114)LaAlO3 ୷݈ӧԋ਼܄ཱུߚߏϯᎋБय़

ుڀჴҔϐወΚǶ 

 

7-1.3  زᎋϐࣴزᎋϐࣴزᎋϐࣴزϯᎋϐ਼ࣴߏϯय़᎑ለ㘧ൂ඲୷݈ԋ਼ߏϯय़᎑ለ㘧ൂ඲୷݈ԋ਼ߏϯय़᎑ለ㘧ൂ඲୷݈ԋ਼ߏय़᎑ለ㘧ൂ඲୷݈ԋ(112)ܭܭܭܭ

ஒ(001) LaAlO3୷݈ݮ๱<110>БӛբୃϪ 35.26°Ǵջ(112)य़Ǵ

аۯ՜ൂБӛ୷݈߄य़চη໔ຯǴ٬ϐᆶ mय़਼ϯᎋ(1010)Ԗനեϐ

඲਱தኧόϰଛࡋǴϩձࣁ 2.9 % (//cZnO)Ϸ 0.9%(ɷCZnO)ǶܭԜ୷݈

ӕኬа PLDೌמჴሞᡍ᛾ځԋߏ m-plane ZnOϐёՉ܄Ǻ 

1. ࿶ AFM ϩ݋ว౜߄य़և౜చރԋߏǴЪ RHEEDϩ݋ᡉҢΒ

ख़ჹᆀǴᡉҢԜ਼ϯᎋᖓጢൂࣁ඲ୱԋߏǶ 

2. җ XRD 2θ ᆶ͟ف௟ඔϩ݋Ǵዴ܌ۓԋߏϐ਼ϯᎋᖓጢࣁ

m-plane࣬ ϐൂ඲Ƕ 
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3. аᐉᄒय़ TEM ϩ݋᛾ჴԜ਼ϯᎋᖓጢൂࣁ඲ԋߏǴЪ٠คࣚ

य़ቫӸӧǶҗ᏷୔ᙅ৔ϩ݋ዴۓԜ਼ϯᎋᆶ୷݈ϐድ඲่ᄬ

ᜢ߯ࣁǺ (1010)ZnO//(112)LAO ǹ (11 2 0)ZnO// ( 111)LAO аϷ

[0001]ZnO // [110] LAOǶ 

4. җྕ࠻ϐӀठวӀ(PL)ϩ݋ෳளԜ܄ཱུߚ඲य़ϐૈሜ៌ᎂ

(band edge emission, NBE)ঢ়ॶࣁ 3.28 eVǶ 

җа΢่݀ϩ݋ᆶ૸ፕᡉҢǴ(112)य़᎑ለ㘧ൂ඲୷݈ࢂԋߚߏ

  ԖᔈҔወΚϐ୷݈ǶڀZnO඲य़Ǵ (1010) ܄ཱུ

ᆕӝ΢ॊϐ่ፕǴёᇥܴ೸ၸ୷݈πำᢀۺ೛ीୃځϪय़ӧ᎑ለ

㘧ൂ඲΢ёளډԋ਼܄ཱུߚߏϯᎋϐ୷݈Ƕ׳຾΋؁ǴΨ೚ѝाᒧ᏷

ჹ਼ޑϯൂނ඲ǴӵڀԖଯ዗ᛙ܄ۓϐ້⑲᝜(perovskite)่ ᄬ඲ᡏǴ

೛ी੝ۓϪय़ځ٬඲਱தኧௗ߈ǴᔈёԖቸࡌޑ܄ᄬр಄ӝ܄ཱུߚ඲

य़਼ϯᎋԋߏϐ୷݈ѳѠǴόठܭڋڙܭ౜Ԗϐ୷݈Ƕ೭ჹ҂ٰ౦፦

ድ඲ԋ਼܄ཱུߚߏϯᎋᔈҔ΢Ǵ໒៘Α׳ቨቶޑၡǶ 

 

7-2 ҂ٰ৖ఈ҂ٰ৖ఈ҂ٰ৖ఈ҂ٰ৖ఈ 

ҁፕЎЬा૸ፕа PLD ඲य़਼܄ཱུߚለ㘧ൂ඲୷݈຾Չ᎑ܭݤ

ϯᎋϐԋߏᆶ༾ᢀ่ᄬϩ݋Ƕפࣁ൨׳፾ӝԋ܄ཱུߚߏ඲य़਼ϯᎋϐ

୷݈Ǵᙖҗ୷݈πำᢀۺǴܭ᎑ለ㘧ൂ඲೛ीр(114)Ϸ(112)य़฻඲
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य़Ƕӕਔа PLD ǶฅԶӧ೭ၸำύǴӢ܄ჴሞᡍ᛾ҁᄬགྷϐёՉݤ

ϐߏӄय़຾Չ࣬ᜢԋݤёՉǴۘคځ৖Ңٰߏਔ໔ӢનǴЬाаԋࣁ

 Ƕز፦ගܹБय़ۘሡ଺ֹ᏾ࣴࠔӧࢂᆶ௖૸Ǵ੝ձزࣴ

ҁሦୱӧ҂ٰϐ৖ఈǴஒܭаΠᇥܴ٠ගୖٮԵǺ 

1. LAO(001): 

຾Չԋୖߏኧᓬϯ٬ள aय़਼ϯᎋࠔ፦ǵѳ᏾ࡋ฻ගܹǴ٠ё

ර aय़ ZnMgO/ZnOໆηϔ่ᄬԋߏ຾ՉࣴزǶ 

2. LAO(114): 

࣬ᜢԋୖߏኧϷቹៜᡂӢϐࣴزаගܹ(1340)ZnOϐࠔ፦Ƕҗ

፦ǵ༾ᢀ่ᄬ܄඲य़ǴӀᏢ܄ཱུߚၸϐ߄ӄཥ҂วࣁԜ඲य़ܭ

Ϸલഐᜪ࡚ࠠ֡ሡ׫Ε௖૸Ƕ 

3. LAO(112): 

җܭԜ୷݈ޑ඲਱தኧᆶ mय़਼ϯᎋ࣬྽ϰଛǴҞ܌߻ԋߏϐ

m-ZnOࠔ፦΢ϝԖׯ๓ޜ໔Ƕ࡚ ሡଞჹԋୖߏኧϐቹៜᡂӢ຾

Չ௖૸Ǵ٬ m-ZnO คۘ߻፦ளаගܹǶќѦҞࠔ m य़

ZnMgO/ZnO ໆηϔ࣬ᜢࣴز೏ൔᏤǴӢԜऩૈඓඝ ZnO Ϸ

ZnMgOԋୖߏኧԶ຾ՉᓬϯǴᔈёၠΕᜢܭ mय़ ZnMgO/ZnO

ໆηϔ࣬ᜢࣴزǶ 
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ନ΢ॊϐ೽ҽѦǴ߈ԃٰ GaN ౦றǴܫᄊวӀሦୱεڰ਑ӧ׷

ோ܄ཱུߚ඲य़ϐ౦፦ድ඲ӕኬӢคӝ፾ϐ୷ Ǵ݈Ꮴठࠔځ፦ۘ҂ૈၲ

π཰ϯϐा؃Ƕ೸ၸҁࣴܭز ZnOϐԋ݀܈೚ૈа ZnOբࣁ጗ፂቫ

ߏௗԋޔ܈ nonpolar GaN(112)ܭLAOǵ(114)LAO୷݈Ǵаँઇځ౦

፦ድ඲ϐ౟ᓍǶϐ߻මޔௗ܈а ZnOբࣁ጗ፂቫ(001)ܭLAO୷݈ԋ

рߏ a-plane GaNǴ่݀ځፎୖ᎙ߕᒵ΋ϷΒǶ 
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 ᒵ΋ߕᒵ΋ߕᒵ΋ߕᒵ΋ߕ

а PLD ߏLaAlO3ԋ(001)ܭೌמ a-plane GaN 

      ୷ܭܭಃѤകԋфԋߏрપ፦ϐ a-Plane ZnOǴҗܭ ZnO ᆶ

GaNϐ่ᄬ࣬՟ǴӢԜޔௗܭ௦Ҕ HVPEݤғౢϐ GaNӭ඲Ⴂ׷(પ

ࡋ ܭ(99.9% PLD-500س಍ԋߏ GaN/ (001)LAOǶ࣬ᜢϩ่݀݋ӵΠ: 

1.ԋߏచҹ: 

KrF ႜ৔ྣ500:ࡋmJ laser/3Hz/25ns, 

PN2=20mTorrǹTs=750ʚǴԋߏਔ໔ 20min 

Split condition: With N2/ N2 ECR plasma 

  ୷݈:2” (001)LaAlO3ᚈय़㟦Ӏ඲Т 

2.XRDϩ݋: 

ӵკ A-1(a)܌ҢǴGaN LaAlO3(001)ܭߏௗԋޔ ୷݈Ǵᗨฅ

(1120)GaN ޑЬࢂ XRD ૻဦՠϝԖமࡋόૈ۹ౣϐ(0001)GaNૻ

ဦǶᡉҢ่඲ࠔ፦Ԗׯࡑ๓ǶԶቚу N2 ECR Plasmaံ к N ϐߏԋ܌

a-plane GaN่ ඲ࠔ፦Ԗε൯ග Ǵܹӵკ A-1(b)܌ҢǶӢԜቚу N2 ECR 

plasmaӧ PLDԋߏ GaNਔԖܴᡉϐᇶշਏ݀Ƕ 

2. RHEEDϩ݋Ǻ 
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ӧֹԋ΢ॊ GaN ԋࡕߏа in-situ RHEED ϩ݋၂Т߄य़ӵკ

A-2(a)(b)܌Ңځ RHEED PatternsᡉҢѝа N2 ङඳ਻ԋߏϐ a-plane 

GaNևᗺރᡉҢ၀చҹΠࣁ 3D ԋߏ(ӵკ A-2(a))ǶN2 ECR plasma

ϐ၂Тځ RHEED patternܴ ᡉ࣮рၨځᙅ৔ᗺරጕރว৖Ǵ߄य़ѳ᏾

 ๓ǶׯᔈԖࡋ

3.TEMϩ݋Ǻ 

җܭቚу N2 ECR plasmaᇶշԋߏϐ GaN၂ТԖၨ٫ϐࠔ፦Ǵ

ӢԜаԜ၂Т຾Չ TEM ᄒय़ϩ݋Ƕӵკ A-3(a)܌ҢǴځ BFቹႽᡉ

Ң่ځ඲ࠔ፦ό٫ёૈԖࣚय़ቫӸӧǶკ A-3(b)ࣁ TEM ᏷୔ᙅ৔

კǴᡉҢځድ඲ԋߏᜢ߯ᆶ ZnO࣬՟ࣣԖᚈ඲ୱԋߏϐ౜ຝǶ 
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 ᒵΒߕᒵΒߕᒵΒߕᒵΒߕ

а ZnO጗ፂቫ(001)ܭLaAlO3ԋߏ a-plane GaN 

җܭ ZnOᆶ GaN֡ࣁ Wurtzite่ᄬЪ lattice mismatch໻ 1.8%Ǵ

ӢԜ ZnOᔈёբࣁԋߏ GaN࣬྽ԖወΚϐ጗ፂቫǶϐܭ߻ಃѤകς

૸ፕԋфԋԋߏрપ፦ a-ZnO ϐԋ݀ǴऩܭԜ ZnO buffer ΢ԋߏ

a-plane GaNᔈёׯ๓ߕᒵ΋܌૸ፕϐ GaNࠔ፦Ƕ 

1.XRDϩ݋Ǻ 

ӵკ A-4(b)܌ҢǴGaNޔௗԋ(001)ܭߏLaAlO3୷݈ǴᗨฅԖቚ

у N2 ECR Plasmaံ к N аׯ๓܌ԋߏϐ a-plane GaN่ ඲ࠔ፦Ƕՠ

ନԜϐѦቚу ZnO bufferǴӵკ A-4(a)܌ҢǴ܌ԋߏϐ a-GaNૻဦܴ

ᡉӦε൯ගܹǶᡉҢջ܄ཱུߚࢂ٬ a-planeǴZnOࢂԋߏ GaNᓬؼϐ

጗ፂቫ׷਑Ƕ 

2.RHEEDϩ݋Ǻ 

კA-5ֹࣁԋ΢ॊGaNԋࡕߏа in-situ RHEEDϩ݋၂Т߄य़ϐ

ᙅ৔კǶӵკA-5(a)܌ҢǴځRHEED PatternsᡉҢѝаN2 ECR plasma

Զค ZnO buffer܌ԋߏϐ a-plane GaNևᗺᙯጕރǴᡉҢ၀చҹΠϝ

ࣁ 3DԋߏǶԶቚу ZnO bufferϐ၂Тځ RHEED patternܴ ᡉ࣮рၨ
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Ң߄ว৖Ǵރᙅ৔ᗺܴᡉරጕځ ZnO bufferჹ a-plane GaNϐԋߏԖ

ܴᡉշ੻Ƕ 

3.AFM ϩ݋Ǻ 

კ A-6ࣁКၨԖค ZnO buffer܌ԋߏϐGaNځ AFM ᇮϩ׎य़߄

Ƕӵკ݋ A-6(a)܌ҢǴค ZnO buffer܌ԋߏϐ a-plane GaN߄ځय़ rms

ॶऊࣁ 12.6nmǶԶቚу ZnO buffer߄߾य़ rmsॶε൯फ़Կऊ 2nmǴ

ӵკ A-6(b)Ƕᡉـа ZnO bufferёܴᡉׯ๓߄य़ѳ᏾ࡋǴԜᆶ RHEED 

patternsϩ่݀݋ё࣬ϕӑ᛾Ƕ 

4.TEMϩ݋Ǻ 

җܭቚу ZnO bufferᇶշԋߏϐ GaN၂ТԖၨ٫ϐࠔ፦ǴӢԜ

аԜ၂Т຾Չ TEM ᄒय़ϩ݋Ƕӵკ A-7(a)܌ҢǴځ BFቹႽᡉҢځ

GaN่඲ࠔ፦٫Ъ ZnOᆶ LAO ୷݈໔ᔈคࣚय़ቫӸӧǶკ A-7(b)

ࣁ TEM ᏷୔ᙅ৔კǴځᙅ৔ᗺх֖ ZnOϷ GaNǴᡉҢځድ඲ԋߏᜢ

ࣣ߯Ԗᚈ඲ୱԋߏϐ౜ຝǶ 

5.PL ໆෳǺ 

ᕕှԜࣁ a-plane GaNϐวӀ܄፦Ǵаեྕ PL ϩ݋Ԗค ZnO 

bufferϐ၂ТǶӵკ A-7 ҢǴԖ܌ ZnO buffer ϐኬࠔԖܴᡉϐᑻӀܫ

৔ځ NBE ॶࣁ 376nmǶᡉҢԜ GaN/ZnO/LAO၂Т่ځ඲ࠔ፦٫Ǵ

ӢԜ ZnOዴჴࢂԋߏ GaNᓬؼϐ጗ፂቫ׷਑Ƕ 
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კ A-1.а PLD(00)ܭݤLaAlO3ԋߏ GaNځ XRD 2͐ ϩ݋Ƕ(a)ࣁѝ

Ԗ N2ΠԋߏǴ(b)ࣁቚу N2 ECR plasmaᇶշԋߏ
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კ A-2. а PLD(00)ܭݤLaAlO3ԋߏ GaN[110]ݮځLAO ϐ RHEED 

patterns.(a)ࣁѝԖ N2ΠԋߏǴ(b)ࣁቚу N2 ECR plasmaᇶշԋߏ
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კ A-3.ቚу N2 ECR plasmaᇶշԋߏϐ GaN/LAO(001)ځ(a)BF TEM

ϩ݋(b)TEM᏷୔ᙅ৔კ 
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კ A-4. (a)а ZnO bufferԋߏ GaN(001)ܭLaAlO3, (b)ค ZnO buffer

ߏௗԋޔ GaN(001)ܭLaAlO3ځ XRD 2͐ ϩ݋
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კ A-5. а PLD(00)ܭݤLaAlO3ԋߏ GaN[110]ݮځLAO ϐ RHEED 

patterns.(a)ࣁค ZnO bufferǴ(b)ࣁቚу ZnO bufferᇶշԋߏ
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კ A-6. а PLD(00)ܭݤLaAlO3ԋߏ GaNځ AFM (a).݋ᇮϩ׎य़߄

คࣁ ZnO bufferǴ(b)ࣁቚу ZnO bufferᇶշԋߏ
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კ A-7. ቚу ZnO bufferᇶշԋߏϐ GaN/ZnO/LAO(001)၂Тځ(a)BF 

TEM ϩ݋(b)TEM᏷୔ᙅ৔კ 
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კ A-8.КၨԖค ZnO bufferځ a-plane GaN၂Тϐեྕ 10KΠ PLໆ

ෳ


