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ύЎᄔाύЎᄔाύЎᄔाύЎᄔा    

    ҁࣴࢂزճҔѳय़ݢ໒ݤ(plane wave expansion method)аϷ

ຬ(Supercell)ۺཷޑǴٰीᆉΒᆢӀηᡏ(photonic crystal)ύޑ

લഐᄊ(defect state)ǶࣴޑزჹຝڀࢂԖલഐޑΟفӀηᡏǴך

ॺаॊБݤीᆉΑӀηૈ่ᄬǵૈᄊஏࡋϷϩթǴ٠લഐ

ᄊૈ໘ᆶલഐޑъ৩Ϸϟႝ߯ኧϐᜢ߯Ƕ೭ࣴزନΑԖշܭϩҗ

લഐᄬԋޑӅਁ๚Ǵ҂ٰቶԿх֖ᚆय़ሀޑीᆉࡕǴΨૈᔈҔܭ

 ǶزࣴޑЈӀηᡏӀᠼޜ

 

ᜢᗖӷᜢᗖӷᜢᗖӷᜢᗖӷǺǺǺǺӀηᡏǵલഐǵຬ 
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Abstract 

We employed the plane-wave expansion method and the concept of 

supercell to study the defect state in two dimension photonic crystal of 

hexagonal lattice. The defect is defined by a different radius or dielectric 

constant in an otherwise perfect photonic crystal. We calculated the band 

structures to see how the defect modes evolve with these parameters. The 

density of states was also worked out to estimate the corresponding Q 

factor, which can also be perceived in the localized field distribution. 

These approaches can be easily adapted to systems containing an arbitrary 

defect. They can be used to analyze the photonic crystal fiber after being 

extended to the off-plane calculations in the future. 

 

Keywords: photonic crystal, defect, supercell 
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ǵǵǵǵᙁϟᙁϟᙁϟᙁϟ    

ՖᒏӀηᡏՖᒏӀηᡏՖᒏӀηᡏՖᒏӀηᡏ????    

   ȨӀηᡏȩࣁϟႝ߯ኧևຼය܄ᡂϯϐسǴ೯தࢂҗٿᅿа

ϐϟႝຼය܄௨ӈ܌ಔԋǴႝᅶݢӧسύණࡕǴᓎՏ

سӧݤኧ૰෧ǴคࡰυੋǴԶև܄ԋઇᚯݢϐႝᅶࢤݢ٤ࢌܭ

ϣሀǴӢԶӧᓎԋႝکηຼޑය܄Տૈϔᜪ՟ૈޑሜ[1]Ƕ 

 

    ӀηᡏঁࢂཥӜຒǴՠ٣ჴǴԾฅࣚԐςӸӧڀӀηᡏ่

ᄬϐسǴӵނύޑೈқҡ(opal)ǵੇύੇޑԴႵ(seamouse)يޑ

ЛڈǴԖϤف(hexagonal)ޑ༾่ᄬǴӢԶڀԖϩӀηૈሜǹ

ќѦǴӧВӀΠՅறߝޑጷጸǴવᆮᡒણΨڀԖӀηᡏ่ᄬǴϸ

рٰޑӀጕᒿߏݢϷΕׯࡋفᡂǴևᝨՅற[2]Ƕ 

ӧΓسБय़ǴШइӧӀᏢ൩ςᔈҔϐӭቫጢϟႝ፦

่ᄬǴ൩ࢂόשόԌޑᆢӀηᡏǴѝࣽࢂᏢৎޔ҂аȨᡏȩ

Fig.1 (a)ႝ ηૈޑ่ᄬᆶ (b)Ӏηૈ่ᄬკϐҢཀკ 
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ډޔϐǶࡑ࣮ 1989ԃ YablonovitchаϷ Gmitter२ԛаᢕϾޑ Al 2O3

༧ᇙբр༾ޑࢤݢݢΟᆢӀηᡏ่ᄬǴܴΑӀηૈ่ᄬޑӸ

ӧǴ٠ΑӀηᡏᏹӀሀޑёૈ[3]܄ǴᏢೌࣚωεᖐΕԜ

Бय़زࣴޑǶ 

 

ӀηᡏϐલഐᄊӀηᡏϐલഐᄊӀηᡏϐલഐᄊӀηᡏϐલഐᄊ    

ӧӀηᡏύЇΕલഐǴӧӀηૈሜύрၨεૈޑᄊஏ

ӧӀηૈሜύрલഐᄊǶલഐᄊ೯ࢂǴΨ൩ (Density of state)ࡋ

தԖଯ Qॶ(quality factor)ǵ࣬ઞऀޑӀ(transmission spectra)Ǵ

аϷԖޜ໔߳ज़܄Ǵ٠ЪᆶӀਁୃޑԖᜢǴӢԜёаҔբӅਁᏔǵୃ

ਁТǵӀᠼǴΨё٬ҔࣁӧҺՖԔΠόԖᒟཞޑӀݢᏤ

[4]ǴԶӀηᡏӀᠼ(Photonic crystal fiber, PCF)[5]ΨёຎࣁԖલഐޑ

ᐉӛΒᆢӀηᡏǶ 

ಔԋ܌ࢊϟႝࣁۓჹຝޑزԵǴஒࣴୖࣁॺаӀηᡏӀᠼך

дځа܈ନ౽ࢊϟႝޑǴஒύЈس(فᆀΟ߫)فϤޑ

ǴӆᔈҔຬ܄ޑفΟزॺӃࣴךжԶԋલഐ(defect)Ƕڗ

ޑౣٰीᆉځຬૈ่ᄬǶຬࢂᅿ٬Ҕၨεຼޑයٰ

Ԗज़ελ܈ѯǴதҔٰीᆉ֖લഐמᅿޑ՟คຼය߈

(finite-sized)ޑӀηᡏǴӵԜٰߡёаճҔԜ༤ᅈঁޜ໔Ƕ
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ϐࡕӧຬύЇΕঁલഐǴׯᡂલഐޑЁκǵ܈ރϟႝ߯ኧǴ

ᢀჸૈ่ᄬ(લഐᄊ)ޑᡂϯǴӧ҂ٰёஒள่ޑډፕᔈҔӧӀη

ᡏӀᠼޑᚆय़ૈ่ᄬीᆉǶ 

 

    ݤϷीᆉБ܄سݤϷीᆉБ܄سݤϷीᆉБ܄سݤϷीᆉБ܄س

    ीᆉӀηᡏϐӀηૈ่ᄬǴၮҔڰډᄊނύೀႝηޑ

ຼය܄ՏૈϔۺཷޑǴхࡴॹޜ໔(reciprocal lattice space)ǵѲٚ

స(Brillouin zone)ǵѲᇲڄኧ(Bloch function)ᆶഡҥယᙯඤ

(Fourier transform)[6]Ƕ 

    Ӏηᡏຼځࡪය܄ԖᆢǵΒᆢǵΟᆢϐϩ(ӵ Fig.2[7]܌Ң)Ǵ

ϩձжس߄ӧঁǵΒঁϷΟঁБӛڀԖຼය܄ǴԶךॺزࣴ܌

 ЬǶࣁӀηᡏӀᠼǴӢԜаፕΒᆢӀηᡏޑΒᆢࢂޑ

 

    Ӏηૈ่ᄬीᆉБݤӭǴКၨதࣁޑـѳय़ݢ໒ݤ(plane 

wave expansion method, PWE)[8]ǵሀંତݤ(transfer matrix 

method)[9]ǴϷਔୱԖज़ৡϩݤ(finite difference time domain method, 

Fig.2 ӚᅿᆢࡋϐӀηᡏҢཀკǹόӕᚑՅж߄όӕϟႝ 
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FDTD)[10]Ƕځύаѳय़ݢ໒ݤനܰϩسނޑཀ఼Ǵӧำ

ԄኗቪΨၨܰЋǴ܌аԜࣴز൩аѳय़ݢ໒ݤीᆉǵϩΒᆢ

Ӏηᡏૈ่ᄬ[11]ǶԜѦǴӀηᡏޑϟႝϩѲڀѳ౽ჹᆀک܄

ਔ໔ϸᄽჹᆀ܄ǾǴ೭٤ჹᆀ܄ёᙁϯीᆉǴӕਔΨࣁϩӀηૈ

่ᄬϐख़ा٩ᏵǶ 

 

ΒΒΒΒǵǵǵǵӀηૈፕӀηૈፕӀηૈፕӀηૈፕ    

                ीᆉႝᅶݢሀୢޑᚒǴךॺத٬Ҕଭլථ࠶ᅟБำԄ

(Maxwell’s equations)ǶӧคԾҗႝᆶႝޑࢬݩΠǴMKS ଭլޑڋ

ථ࠶ᅟБำԄӵΠǺ 

0),( =⋅∇ trD
vv

                                               (1) 

0),( =⋅∇ trB
vv

                                               (2) 

t

trB
trE

∂
∂−=×∇ ),(

),(
vv

vv
                                         (3) 

t

trD
trH

∂
∂=×∇ ),(

),(
vv

vv
                                         (4) 

ύEځ
v
ᆶH

v
ϩձжႝ߄کᅶǴD

v
ᆶB

v
ϩձжႝ߄೯ໆکᅶ೯ໆஏ

 Ƕࡋ

    εϩޑӀηᡏឦߚܭᅶ܄Ǵ܌аёаޔௗᡣᅶᏤܭ

ޜᅶᏤ(permittivity of free space)0µ Ǵךॺа 0ε ж߄ႝޜ
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(permittivity of free space)Ǵ ( )ωε ,r
v

ж߄ϟႝڄኧ(dielectric function)Ǵ

ऩ ( )ωε ,r
v

ᒿᓎׯᡂόεǴ߾ᅶ೯ໆஏࡋᆶႝ೯ໆஏࡋё߄ҢࣁǺ 

( ) ( )ωµω ,, 0 rHrB
vvvv

=                                           (5) 

( ) ( ) ( )ωεεω ,, 0 rErrD
vvvvv

=                                         (6) 

 ЬБำԄǺޑᅶ܈చϩձѝ֖ႝٿډǴёளࡕаԄηע

{ } )()(
)(

1
2

2

rE
c

rE
r

vvvv

v
ω

ε
=×∇×∇                                    (7) 

)()(
)(

1
2

2

rH
c

rH
r

vvvv

v
ω

ε
=









×∇×∇                                   (8) 

    җܭӀηᡏϐϟႝϩթڀԖޜ໔ຼය܄ǴջǺ 

)()( rTr
vvv εε =+                                               (9) 

ύځ 332211 auauauT
vvvv

++= ᆀࣁѳ౽ӛໆǴ ia
v ᆀࣁ୷ҁӛໆǴ iu Һࣁ

ཀኧǴ࣬ჹϟႝڄኧޑॹኧҭຼࣁයڄኧǴջǺ 

)(

1

)(

1

rTr
vvv εε

=
+

                                            (10) 

ॺஒךीᆉӀηૈ่ᄬǴݤ໒ݢΑаӛໆѳय़ࣁ 1/ )(r
vε բഡҥယ

໒Ǻ 

∑ ⋅=
G

rGiG
r

)exp()(
)(

1 vvv

v κ
ε

                                     (11) 

ύځ 332211 bvbvbvG
vvvv

++= ᆀࣁॹӛໆǴ ib
v
୷ҁॹӛໆǴࣁᆀ߾

a
v
ǵb

v
ϐ໔ሡᅈىǺ 

kji

kj
i aaa

aa
b vvv

vv
v

×⋅
×

= π2                                           (12) 
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    )(G
v

κ ёճҔഡҥယޑᙯඤளډǺ 

rdrGi
rV

G V

vvv

v

v
)exp(

)(

11
)(

0

0

⋅−∫=
ε

κ                                 (13) 

0V жൂ߄ՏϐᡏᑈǶ )(G
v

κ ኧϐϩթϷॹӛໆϐڄϟႝܭ،ڗ

ελǴک่ޑᄬԖࡐεϐᜢᖄ܄ǴӢԜᆀ่ࣁᄬ߯ኧ(structure 

factor)Ƕ 

    җႝܭᅶݢӀηᡏύևຼය܄ᡂϯϟႝ߯ኧණǴёճҔ

Ѳᇲচ(Bloch Theorem)ஒႝᆶᅶቪԋǺ 

∑ +=
G

rGkiGErE ])(exp[)()(
vvvvvvv

                                  (14) 

∑ +=
G

rGkiGHrH ])(exp[)()(
vvvvvvv

                                 (15) 

ஒ(11)ǵ(14)ǵ(15)ԄжΕ(7)ǵ(8)ԄύуаǴёளǺ 

)()}(){()()(
2

2

GE
c

GEGkGkGG
nk

kn
nk

G

vvvvvvvvvv
vv

v

ωκ =′×′+×′+′−−∑
′

                (16) 

)()}(){()()(
2

2

GH
c

GHGkGkGG
nk

kn
nk

G

vvvvvvvvvv
vv

v

ωκ =′×′+×′+′−−∑
′

              (17) 

ύځ k
v
ӛݢޑಃѲٚస(first Brillouin zone)ࢂ ǵໆn  ኧ(bandૈࢂ

index)Ƕ(14)ǵ(15)Ԅࣁሽޑ(equivalent)ҁቻБำԄǴ 22 / c
nk
vω Ӆࣁ߾

ӕޑҁቻॶǶ 

    ΒᆢӀηᡏ൩ځࢂϟႝڄኧӧঁٿᆢࡋຼڀය܄ǴԶഭΠޑ

ঁᆢࡋۓࣁॶǶऩךॺஒႝᅶݢϐሀ߳ज़ܭ xy ѳय़Ǵҗܭ

)(r
vε ᆶ z คᜢǴ߾ )(rE

vv
ᆶ )(rH

vv
ҭόᒿ z ື০ॶׯᡂǴёஒ߄ޣٿҢ
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ࣁ )(// rE
vv
ک )(// rH

vv
Ƕ 

    ஒ(3)ǵ(4)ԄႝᅶΟঁБӛϩໆǴճҔ(5)ǵ(6)ԄޑᡂኧϩᚆǴ

ёளډаΠԄηǺ 

( )//2

2

//2

2

2

2

//

)(
)(

1
rE

c
rE

yxr zz

vv
v

ω
ε

=








∂
∂+

∂
∂−                                                                                                                     (18)    

( ) ( ) ( )//2

2

//
//////

)(
11

)(

1
rH

c
rH

yryxrxr zz

vv
vvv

ω
εεε

=








∂
∂

∂
∂+

∂
∂

∂
∂−                                                                     (19)    

ёஒ(18)ǵ߾໒Ǵݢॺஒբഡҥယ໒Ǵӆஒႝǵᅶаѳय़ך

(19)ԄϩձϯࣁǺ 

)()()(
2

2

//

2

//////// GE
c

GEGkGG zz
G

vvvvvvvv

v

ωκ =′′+′−∑
′

                                                                                                (20)    

( ) ( ) )()()(
2

2

////////////// GE
c

GHGkGkGG zz
G

vvvvvvvvvv

v

ωκ =′′+⋅+′−∑
′

                                                                    (21)    

ύځ //k
v
ک //G

v
ж߄Ѭॺࣣࣁӧ xy ѳय़ޑӛໆǶҗӈΒԄǴݮό

ёऊϯѲٚసޑᜐࣚׯᡂόӕϐ //k
v
ॶǴीᆉрჹᔈޑՅණᜢ߯Ǵ൩

ёளֹډૈޑ่ᄬ[11]Ƕ 

 

ΟΟΟΟǵǵǵǵीᆉԖલഐϐΟفीᆉԖલഐϐΟفीᆉԖલഐϐΟفीᆉԖલഐϐΟف 

Ǵऩυਥ༝ف௨ӈԋΟࢊҗΒᆢϟႝ༝ࢂسޑزॺࣴך    

ǴҭջঁൂՏझύ֖فԋΟಔǴύѧ֖ԖલഐǴࣁࢊ

Ԗӭਥϟႝ༝ࢊǶଷۓ༝ࢊъ৩ࣁ ar Ǵύѧલഐ༝ࢊъ৩ࣁ dr ځ)
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ύલഐΨёࣁБځ܈ࢊдόೕރ߾ϐϟႝࢊ)Ǵ༝ޑࢊϟႝ߯ኧࣣࣁ

aε Ǵङඳϟႝ߯ኧࣁ bε Ǵύѧલഐ༝ޑࢊϟႝ߯ኧࣁ dε ǴΛࣁϟႝࢊ

໔ຯǴൂՏதኧ(lattice constant)ࣁ aǶӵ Fig.3܌ҢǶ 

 

Fig.4(a)ࢂ༝ࢊև҅Ϥࠠف௨ӈޑຬǴځ୷ҁӛໆ 

1 2

3
( ,0),      ( , )

2 2

a
a a a a= =r r                             (22) 

 Ǻࣁॹӛໆޑჹᔈ܌

)
3

2
,0(

2
     ),

3

1
,1(

2
21 a

b
a

b
ππ =−=

rv
                         (23) 

ಃ໘Ѳٚసӵ Fig.4(b)܌ҢǴԶόёᙁϯѲٚసࣁ MKΓ ൎԋ܌

 ୱ[12]ǶفΟޑ

Fig.3 ϣ֖Οف௨ӈϟႝ༝ࢊϐ҅ϤفຬǴঁൂ

ՏझύԖ 36ਥϟႝࢊǴᙖҗׯᡂύѧޑਥ༝ࢊϐъ

৩ࢂ܈ϟႝ߯ኧٰԋલഐǶ 
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җܭຬύ֖ߚதӭਥϟႝ༝ࢊǴԶ

ЪᗋाЇΕલഐǴ࣬ ၨܭᙁൂޑΟفٰ

ளፄᚇࡐӭǴӢԜךॺ௭కှݤԶаኧॶ

Бݤीᆉ่ᄬسኧ )( //G
v

κ Ƕբݤךॺࢂஒ

ᑈϩጄൎ(ջൂՏ)ಒϩԋӭᗺǴղ

ᘐᗺ܌ӧՏǴрځჹᔈϐϟႝ߯ኧॹ

ኧǴ४ࡰኧӆՉಕуǶ 

ϩޑϟႝॶسॺ२Ӄाղᘐך่ᄬǴૈޑΑीᆉຬࣁ

թǶךॺஒᗺঁٿ۳ࣁӛໆԶϪޑǴಔԋঁǴӆ

ᄒӭᎩޑϩǴԋࣁঁ҅Ϥޑفӵ Fig.5ǶࣁΑᗉխीᆉ

ਔ໔ၸߏǴډ٠ၲᆒዴޑीᆉǴךॺஒ Fig.5܌ϪޑঁηǴ

ӆಒϩԋ 1010× ҽǴीᆉр၀ᗺϣޑѳ֡ϟႝॶǴךॺᆀࣁԪ໘

ϪݤǴԜݤёаש૱ղᘐՏܭଯեϟႝॶᜐࣚޑϟႝॶଯեǴԶߚ

๊ჹޑଯեϟႝॶǴӢԜёа෧Ͽ܌ሡᗺኧǴीᆉໆၟ෧ϿǴΨ

             (a)                            (b) 

Fig.4(a)җևΟف௨ӈޑϟႝ༝ࢊᆶύѧલഐ܌ಔԋޑຬӀη

ᡏǶ(b)ಃ໘ѲٚసǴҗ MKΓ ൎԋޑΟࣁفόёऊϯѲٚస

[13]Ƕ 

 

Fig.5 җᗺ܌ൎԋ

Ǵᄒѓᆶޑ

ѰΠঁٿΟفǴԋ҅ࣁ

ϤفǶ 
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٬ϟႝॶϐϩթ׳уྗዴǴၲډᕭอीᆉਔ໔ՠΞૈᆢଯᆒዴޑҞ

 Ƕޑ

ॺ٬ҔךǴࡋीᆉೲזΑуࣁ fast method [14]Ǵஒ܌ीᆉрٰޑ

ϟႝ፦ϩթ )(r
vε ӸԋંତǴஒځΕ(13)Ԅύ 

rdrGir
V

G V

vvvvv
)exp()(

1
)(

0

0

⋅−∫= εη                             (24) 

ӆჹཥ่ޑᄬسኧંତ )(G
v

η  ϸંତځڗ

)()(1 GG
vv

κη =−                                              (25) 

ள่ډᄬسኧ )(G
v

κ ǴжΕԄη(20)ǵ(21)ջёளډҁቻБำԄǴीᆉ

рૈ่ᄬǴӆीᆉૈᄊஏࡋаϷϩթ[12]Ƕ 

    Ӏηૈᄊஏࡋ ρ  (density of photon states, DOS)ջൂࣁՏᓎΠ

 [15]ࣁҢ߄ӀηૈᄊኧҞǴኧᏢѬёޑӸӧ܌

( )( )∑ −=
BZ

k
1

v
ωωδρ                                           (26) 

ӢԜҗϦԄ(24)ǴךॺीᆉӀηૈᄊஏޑࡋБԄࣁ:ჹಃѲసϣ

ჹᔈ܌ӛໆݢрঁݤ໒ݢኬǴӆаѳय़ڗӛໆ֡ϬݢᇲѲޑ

 ीኳᄊኧҞჹૈໆϐϩթǶࡕҁቻኳᄊǴฅޑ

 



三角晶格光子晶體缺陷態之研究 

                                    14       逢甲大學學生報告 ePaper(2011年) 

ѤѤѤѤǵǵǵǵ่݀ϩ่݀ϩ่݀ϩ่݀ϩ    

ϪᗺኧаϷѳ܌ॺӧᒧךǴࡋΑଓीᆉໆϿԶόѨᆒྗࣁ

य़ݢኧਔѸڗளש૱Ƕޜ໔܌Ϫᗺኧа Ϫ܌Ǵྗࣁ187750

ᗺኧࣁ 30100Ǵᇤৡςௗ߈ 0.054%ǴԶѳय़ݢኧҞа Ǵѳྗࣁ1687

य़ݢኧࣁ 967ਔǴᇤৡςௗ߈ 0.29%ǴԏᔙԿёௗޑڙጄൎǴ܌аӧ

аΠޑीᆉа೭٤ॶࣁीᆉ୷ྗǶ 

Fig.6(a)ࢂаॊޜ໔ᗺኧϷѳय़ݢኧीᆉளૈޑډ่ᄬ

კǴҗܭᅶୃཱུӧԜୖኧΠૈޑ่ᄬ٠ؒԖεૈޑሜаᢀჸલ

ഐᄊǴӢԜӧԜൔύѝගϷႝୃཱུޑݩǶךॺҗԜკёᢀჸډ

ႝୃཱུϯӧᓎ 1.590~2.623ϐ໔ԖঁૈሜǶFig.6(b)ࢂуΕঁ

લഐ܌ࡕள่݀ޑډǴӧૈሜύрΑঁલഐᄊǶҗܭதኧᆶ

ॹதኧޑ४ᑈࣁۓॶǴӧ೭္ޑຬϐதኧࣁϟႝࢊ໔

ຯޑ 6७ǴѲٚసᆶϟႝ༝ࢊъ৩ᡂࣁ 1/6ǴՅණԔጕזࡐ߇שǴ

ӢԜૈሜᆶલഐᄊޑՏӧൂՏΟفϐૈሜ 6७ଯޑӦБǶ 
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ъ৩җޑॺஒલഐך rd = 0ᅌׯᡂԿ rd = 0.5̻ Ǵ٠ᒵΠӚঁ

ЁκલഐޑલഐᄊᘜϯᓎՏǴჹલഐ༝ࢊъ৩բკǴளډ

Fig.7ǶԜ่݀ᆶୖԵЎ[4]ϕ࣬КၨǴҗૈܭ่ᄬीᆉБݤόӕ

ԶԖ٤༾ᇤৡǴՠᡂϯޑᖿ༈ߚத࣬߈Ƕவ่݀ёޕǴલഐᄊޑՏ

ᒿલഐ༝ࢊъ৩ޑελԶׯᡂǶԶ rdၲډऊ 0.38̻ аǴр

όѝঁޑલഐᄊǶӢԜёаளޕǴᙖҗׯᡂલഐޑЁκǴёа

 ᓎǶޑኞૈ܌ݢᅶႝڋ

ௗךॺӆᙖҗׯᡂલഐޑϟႝ߯ኧٰᢀჸલഐᄊᘜϯᓎ

ᡂϯǴҗޑ 1=bε ᡂԿׯ 20=bε ǴΨё࣮рલഐᄊᒿલഐϐϟႝ߯

ኧԶᡂǴӵ Fig.8܌ҢǶவ Fig.7ᆶ Fig.8ё࣮рલഐᄊёϩԋ߈Π

Бૈࡼޑηࠠ(donor-type)Ϸ߈Бૈڙޑηࠠ(acceptor- 

type)Ǵᜪ՟ъᏤᡏ㯉ᚇޑǶ 

(a)                                         (b) 

Fig.6 (a)ࣁคલഐϐຬ܌ीᆉрႝޑୃཱུૈ่ᄬკǺ 2.0=ar ̻Ǵ

13=aε Ǵ 1=bε Ƕ(b)ࣁӧຬޑύѧЇΕঁલഐ่݀ޑǶલഐ༝ޑࢊъ৩ࣁ

3.0=dr ̻ǴӧૈሜύрঁલഐᄊǶ 
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ϐࡕǴךॺीᆉԜຬسૈޑᄊஏࡋ(DOS)Ǵӵ Fig.9 ܌ҢǶᆶ

ૈ่ᄬკჹྣࡕёளޕӧ࣬ჹᔈૈࣁሜޑӦБόԖૈᄊӸӧǴԶ

ჹᔈډલഐᄊޑՏ߾рঁಒԶଯޑঢ়ॶ(peak)ǴϸᔈΑલഐ

ᄊԖᓎቨઞǵૈᄊஏࡋଯޑ܄Ƕ 

     

നࡕϩႝϩթޑკ(Fig.10 )Ǵёวޑϩթύӧલ

ഐ߈ߕޑǴԶךॺϩձीᆉΑՏૈܭሜύѧ(rd = 0.08̻ )ᆶᜐጔ(rd = 

0.17̻ લഐᄊϐϩթޑሜύѧૈܭՏࢂύঁલഐᄊǴวຫځޑ(

൩ຫࢂύǴՏૈܭሜᜐጔޑ߈ߕϩթҗܭϼၸௗૈ߈ǴӢԜၨ

ϩණǶࣁ
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Fig.9 લഐ༝ࢊъ৩ࣁ rd = 0.08̻ ਔૈޑ่ᄬᆶૈᄊஏࡋǴว

ՏૈܭሜύલഐᄊՏрΑঁಒԶଯޑঢ়ॶǶ 

DOS[a.v.] 
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ॺΨёа׳ჹྣӀηᡏӀᠼୖޑኧǴीᆉځᚆय़ૈ่ᄬǶ 
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