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Abstract 

We analyze transmission characteristics and near-field patterns of 
metallic gratings at different polarizations. We not only study the resonance 
transmission, but also focus on the transmission mechanism at Rayleigh 
wavelength where the standing wave is excited by incident wave. For 
P-polarization (TM), the standing wave causes surface charge redistribution, 
which results in null transmission. However, for S-polarization (TE), the 
constructive interference between incident wave and standing wave leads to 
high transmission. The calculation results are in good agreement with 
experiments. 
 We show that the metallic gratings can be designed as optical filters for 
different polarizations by tuning the resonance wavelength of Fabry-Perot 
mode. 
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ಃ΋കಃ΋കಃ΋കಃ΋ക    ཷፕཷፕཷፕཷፕ    

1.1 ङඳϟಏ 

 Ӏ೯ၸ੟ᕳނޑ౛კႽǴ೏ᆀࣁᙅ৔ǴനԐࢂҗੇ׳γ(Christiaan 

Huygens)܌ගрǴࡕځҗ຤੓Ը(Augustin-Jean Fresnel)܌অ҅Ǵ೏

ᆀ׳ੇࣁγɡ຤੓Ըচ౛ǴΨ൩؂ޑ߻ݢࢂ΋ᗺࣣёຎࣁౚय़ޑݢᗺ

ӀྍǴԶӧҺՖ΋ᗺਁޑ൯ελࣣёҗ೭٤ౚय़ޑݢ᠄у܌ளрǴӵ

კ1.1[1]ǶԶ೭ঁ୷ҁཷှۺញΑ೚ӭჴᡍ΢ᢀჸޑډ౜ຝ(ൂ੟ᕳǵ

Ӏ࢐)ǴԶ׳ᝄᙣޑीᆉёҗլ׆಻ϻ(Gustav Robert Kirchhoff)܌

ගрપໆᙅ৔౛ፕٰᇥܴǴӵკ1.2[1, 2]Ǵځଷ೛ࡀჿࣁό೸ܴ

(opaque)ǴΨ൩ࢂΕ৔ݢคऀݤ೸ࡀჿǴՠΨό཮೏ϸ৔Ǵࡺӧࡀჿ

΢ਁޑݢ൯ࣣࣁ႟ǴԶӧ੟ᕳύਁޑ൯ελ཮฻ӕܭΕ৔ݢǴ೸ၸ΢

ॊଷ೛Ǵӆှݢ୏БำԄǴऀ߾೸ݢёҗ਱݅ۓ౛(Green's theorem)

ٰඔॊǴԶள่݀ޑډӕኬૈᆶჴᡍ่݀Ϸੇ׳γɡ຤੓Ըচ౛֍

ӝǶ 

 
კკკკ1.1 1.1 1.1 1.1 ੇ׳γɡ຤੓Ըচ౛ඔॊӀ೯ၸຼය܄੟ᕳޑᙅ৔Ϸυੋ౜ຝ[1]Ƕ 
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კკკკ1.2 1.2 1.2 1.2 լ׆಻ϻޑપໆᙅ৔౛ፕჹܭӀ೯ၸൂ΋Ͼୢࢰᚒޑᜐࣚచҹ[2]Ƕ 

 ฅԶவ΢ॊޑᇥ ǴܴךॺёаளޕԐයޑᙅ৔౛ፕࢂόԵቾႝᅶݢ

ᔈҔ[3-7]ϷޑԃٰӀᏢϡҹ΢߈ቹៜǴฅԶޑаϷᜐࣚచҹਁୃޑ

Ebbesenࣴزဂӧຼයߎ܄ឦϾࢰତӈ΢ᢀჸډ౦தऀ೸ޑ౜ຝ[8]Ǵ

٬ள΋ᆢຼයߎ܄ឦ੟ᕳޑᐒڋख़ཥᕇளख़ຎǶԜѦǴ΢ॊޑޣٿჴ

ᡍ౜ຝࣣჹႝᅶࣣਁୃޑݢԖࡐம܄٩࣬ޑǴжך߄ॺคݤ೸ၸપໆ

ᙅ৔౛ፕٰှ݋ԜୢᚒǶԶԖ᠘ܭપໆᙅ৔౛ፕޑόىǴ೚ӭࣴزი

໗ว৖ΑԵቾӛໆϷ׷਑ᜐࣚచҹޑᄽᆉݤǴႽࢂԖज़ਔୱৡϩݤ

(FDTD)[9]ǵᝄᙣӀݢጠӝϩݤ݋(RCWA)[10]аϷ௦ҔݢᏤኳᄊ

(Waveguide mode)ޑ୷ۭ৖໒ݤ(Modal expansion)[11]Ǵ΢ॊޑБݤ

ࣣૈᆶჴᡍ౜ຝ֍ӝǶҗܭ΋ᆢ่ᄬޑΕ৔ӀѝाԵቾ΋ঁБӛ΢ޑ

ᘋ୏Ǵ࣬ჹܭΒᆢ่ᄬԶقǴीᆉၸำၨᙁܰǴӢԜԖ࣬྽ӭزࣴޑ

ი໗ଞჹߎឦӀ࢐຾Չࣴ[24-12]زǶ 
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1.2 ҁࣴزҞޑ 

ଞჹ΋ᆢຼය܄੟ᕳςԖ࣬྽ቶزࣴޑݱǴฅԶε೽ϩࣴز೿๱ख़

 ,೸ঢ়ॶ[12-17ऀޑΠݩރޑឦ௨ӈߎܭ൑БӛѳՉႝݢ௖૸Ε৔ܭ

20, 23, 24]ǶԜѦǴр౜ӧႜճߏݢ(Rayleigh wavelength)ऀޑ೸

ΠǴၸݩރޑឦ௨ӈߎܭޔ᝼[25-31]ǶќѦӧႝ൑ࠟݾॶϝԖ೚ӭك

ѐࣴزख़ᗺ೿๱ख़ܭFabry-Perotኳᄊޑ౜ຝǴԶ۹ౣΑ੟ᕳࡋࠆᇻλ

 Ƕ[22 ,21 ,18]ݩރޑߏݢܭ

 ӢԜҁࣴزଞჹٿᅿόӕޑਁୃޑΕ৔Ӏ຾Չ૸ፕǴճҔ୷ۭ৖໒

όܭ୷ۭǴჹޑᅿόӕࠠᄊٿǴϟಏΑݩރǴԶଞჹόӕ݋຾Չϩݤ

Եቾߎឦཞ઻ݩރޑǴճҔݢᏤኳᄊٰඔॊֹऍᏤᡏݩރޑǴԶჹܭ

Եቾߎឦཞ઻Ǵ߾௦Ҕຼය܄ቫ่ރᄬޑ୷ۭ׎ԄǶ૸ፕ่ᄬх֖ό

у୷݈Ϸу΢୷݈ߚޑჹᆀ่ᄬǴ٠ଞჹႜճऀޑߏݢ೸كॶ຾Չᙶ

మǴ٠૸ፕࡋࠆᇻλߏݢܭਔǴႝ൑ѳՉܭ੟ᕳ௨ӈऀޑ೸ᐒڋǶԶ

നࡕ೸ၸ੟ᕳύFabry-PerotኳᄊǴךॺۓໆ΢ඔॊଞჹόӕୃਁБӛ

 БଞǶޑ೛ीӀᏢϡҹٮՏ࿼Ǵаගޑ೸ঢ়ॶऀځ

 

 

 

 



4 

 

ಃΒಃΒಃΒಃΒകകകക    ीᆉБݤीᆉБݤीᆉБݤीᆉБݤ    

2.1 ୷ۭ৖໒ݤ 

җ୔ୱ(΋)Ε৔ǴԶ٩ྣݢҢǴႝᅶ܌ᄬӵკ2.1่ޑ݋ॺाϩך 

ႝ൑ୃਁБӛǴёϩࣁS-ݢϷP-ݢǴԶ୔ୱ(΋)Ϸ୔ୱ(Ο)ёޜࣁ਻

ᄬǶϩձჹΟঁ୔่܄යຼޑԋ׎ឦᆶ੟ᕳߎࣁϟႝ፦ǴಃΒቫࢂ܈

ୱᒧр੝ޑۓ୷ۭǴӆ೸ၸ᠄у೭٤୷ۭ٠಄ӝᜐࣚచҹǴջёளр

ӧ؂ঁ୔ୱႝޑ൑ᆶᅶ൑ϩѲǴӢԜ२ӃךॺѸ໪Ӄפр؂΋ቫޑ୷

 ҢԄǶ߄ۭ

    

კკკკ2.1 2.1 2.1 2.1 ߎឦӀ࢐ҢཀკǴ୔ୱ(΋)Ϸ୔ୱ(Ο)ёޜࣁ਻ࢂ܈ϟႝ፦Ǵ୔ୱΒᆢߎ

ឦᆶ੟ᕳ׎ԋຼޑය่܄ᄬ Ǵҗ୔ୱ(΋)Ε৔ǴਥᏵୃਁБӛёϩࣁS-ݢϷP-ݢǴ

୔ୱ(΋)Ϸ୔ୱ(Ο)ޑϟႝ߯ኧࣁ��Ϸ��ǴԶ୔ୱ(Β)ύǴߎឦ߄Ңࣁ������Ǵ੟

ᕳ߄Ңࣁ�	�
�Ƕ 

 

 

 

 



5 

 

2.1.1 ୷ۭ׎Ԅ 

1.ѳय़ݢ 

 ჹܭ୔ୱ(΋)Ϸ(Ο)ךॺёаճҔѳय़׎ޑݢԄٰ଺ࣁ୷ ǴۭԶ௢

ᏤޑၸำЬा[32]٩ྣࢂǴჹܭS-ݢϷP-ݢǴႝځ൑׎ԄϩձࣁǺ 

 
( ) ( ) ,

,

0
1

1

0

x gik xv
S g

x

x e
L

 
 = −
 
 
 

E  2-1a 

 

( ) ( )

( )

,

,

,

,

1
1

0 x gik xv
P g

x
x g

v
z g

x e
L

k

k

 
 
 
 =
 
 − 
 

E  2-1b 

 Ǻࣁကۓޑ�,���,�Ϸ�ύځ

 
,

2 g
x g

x

n
k Sin

c L

πω θ= +  2-2a 

 ( )
2

2
, , , 1, 3v

z g v x gk k v
c

ωε = − = 
 

 2-2b 

᏾ኧǴg=1,2,3…NǴNࣁ��ϟႝ߯ኧǴԶࣁ��ύځ ୷ݢॺ٬Ҕѳय़ךࢂ

ڗѳՉϩໆᒧޑॺӧԵቾᜐࣚచҹਔǴଞჹᅶ൑ךᕴኧǶऩޑۭ ẑ ×H�Ǵ

ԶߚH�Ǵۓ٠ကаΠୖኧǴ߾ीᆉૈ୼೏ε൯ࡋᙁϯǶ 

 ( ) ,

,

01
1

x gik x

S g

x

x e
L

 
 − 

F ≜  2-3a 
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 ( ) ,

,

11
0

x gik x

P g

x

x e
L

 
 
 

F ≜  2-3b 

 ǺࣁѳՉϩໆϩձёቪޑ൑ᆶᅶ൑ႝ߾

 
( ) ( ) ( ), , ,
v

S g S gx x=E F�  2-4a 

 
( ) ( ) ( ), , ,
v

P g P gx x=E F�  2-4b 

 ( ) ( )
( )
,( )

, , ,
0

ˆ
v

z gv
S g S g

ck
z x x

Zω
× = −H F�  2-4c 

 ( ) ( )( )
, , ,

0

ˆ v v
P g P gz x x

Z

ε
× = −H F�  2-4d 

 ൑ǺႝޑǴӢԜ୔ୱ(΋)Ϸ୔ୱ(Ο)לߔޑύޜ੿ࣁ��ύځ

 ( ) ( )( )(1) (1)
, ,(1) (1) (1) (1)

, , , ,
,

, z g z gik z ik z

g g g
S P g

x z x a e b eσ σ σ
σ

−

=

= +∑ ∑E E� �  2-5a 

 ( )
( ) ( ) ( )( )(3) (3)

, ,

(3)

(3) (3) (3)
, , , ,

,

,

z g z gik z L ik z L
g g g

S P g

x z

x a e b eσ σ σ
σ

− − −

=

= +∑ ∑

E

E

�

�

 2-5b 

ᅶ൑ё߄ҢࣁǺ 

 ( )
( )( )(1) (1)

, ,

(1)

(1) (1) (1)
, , , ,

,

ˆ ,

ˆ z g z gik z ik z
g g g

S P g

z x z

z x a e b eσ σ σ
σ

−

=

×

= ×∑ ∑

H

H

�

� −−−−
 2-6a 

 ( )
( ) ( ) ( )( )(3) (3)

, ,

(3)

(3) (3) (3)
, , , ,

,

ˆ ,

ˆ z g z gik z L ik z L
g g g

S P g

z x z

z x a e b eσ σ σ
σ

− − −

=

×

= ×∑ ∑

H

H

�

� −−−−
 2-6b 
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2.ѳՉߎឦ݈ݢᏤ 

 ଞჹ୔ୱ(Β)Ǵҗ่ܭᄬԖຼය܄ǴӢԜךॺёӃԵቾൂ΋ຼයϣ

୷ۭ߄ҢԄǶԜѦǴऩךॺԵቾޑᓎࢤՏܭ༾܈ݢӂᇲݢǴԜਔߎឦ

ឦ݈ߎ୔ୱ(Β)ёճҔѳՉ߾ऍᏤᡏǴֹࣁཞ઻ёа೏۹ౣǴёຎޑ

ܭԄ଺৖໒ǴӢԜჹ׎ޑᏤ(Parallel-plate waveguide)ݢ TE Ϸ TM

 Ǻ[33]ࣁԄёቪ׎୷ۭځ

 

( )(2)
, ,

0

2 2
x x

i
TE i

x x

L a
n x

x
Sin

a a

π

 
 −   −  =     

  
   

E �  2-7a 

 

( )(2)
, ,

2 2

0

x x
j

TM j x x

L a
n x

Cos
x a a

π −  −      
=   
   
 
 

E �  2-7b 

i=1,2,3…IǴj=1,2,3…JǴځύ I Ϸ Jϩձࣁ TEϷ TM ୷ۭᕴኧǴԶޑ

ाݙཀࢂޑჹܭ TEǴ߯ځኧ�
όёࣁ႟ǴԶ TM ႟ǴՠԜࣁኧ��ё߯ޑ

ਔѸ໪४΢1/√2ǶӕኬԵቾ ẑ ×H߾�ё߄ҢࣁǺ 

 ( )
( )

( )
2
,(2) (2)

, , , ,

0

ˆ z i
TE i TE i

k
z x x

Z
c

ω× = −H E� �  2-8a 
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( ) ( ) ( )(2) (2)
, , , ,2

0 ,

ˆ
slit

TM j TM j

z j

cz x x
Z k

ω ε
× = −H E� �  2-8b 

Զ��,ࣁ�Ǻ 

 
( )

22
2
,

k
z k slit

x

n
k

c a

ω πε   = −   
   

 2-9 

ӢԜ୔ୱ(Β)ύႝ൑ᆶᅶ൑ޑ৖໒Ԅё߄ҢࣁǺ 

 ( )
( ) ( )

( ) ( )

( 2) ( 2 )
, ,

( 2 ) (2 )
, ,

(2)

(2) (2) (2)
, , , ,

(2) (2) (2)
, , , ,

,

z i z i

z j z j

ik z ik L z
TE i TE i TE i

i

ik z ik L z

TM j TM j TM j
j

x z

x a e b e

x a e b e

−

−

 = +
 

 + +
 

∑

∑

E

E

E

�

�

�

 
2-10a 

 ( )
( ) ( )

( ) ( )

( 2 ) ( 2 )
, ,

( 2 ) ( 2 )
, ,

(2)

(2) (2) (2)
, , , ,

(2) (2) (2)
, , , ,

ˆ ,

ˆ

ˆ

z i z i

z j z j

ik z ik L z
TE i TE i TE i

i

ik z ik L z

TM j TM j TM j
j

z x z

z x a e b e

z x a e b e

−

−

×

 = × −
 

 + × −
 

∑

∑

H

H

H

�

�

�

 
2-10b 

3.ຼය܄ቫ่ރᄬ 

 ՠऩाஒߎឦޑཞ઻યΕ૸ፕጄൎਔǴך߾ॺ൩คݤ௦ҔֹऍᏤᡏ

БำԄрวǴஒ୔ୱ(Β)࠶ॺёҗଭլγךԄǴӢԜୖྣ[34]׎Ꮴݢޑ

ຎٿࣁᅿ׷਑аຼය܄୴᠄ޑ୷ۭ׎ԄǴӧԜӃа TM ηǴTEٯࣁ ׎ޑ

ԄѝࢂҗTMั่݀ޑբঅׯǶӕኬԵቾკ2-1ࢎޑᄬǴ٠зr = ������ 

��
Ǵ

аܭߡஒीᆉ߄ҢԄᙁϯǶჹܭ TMǴ߾ж߄!�嘚!�Ϸ"#όࣁ႟Ǵ߾ଭ
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լγ࠶БำԄёᙁϯࣁǺ 

 

( ) 0

= y
x

Hi
E

x k zε
∂ −  ∂ 

 2-11a 

 

( ) 0

= y
z

Hi
E

x k xε
∂ 
 ∂ 

 2-11b 

 

0

= z x
y

i E E
H

k x z

∂ ∂ − ∂ ∂ 
 2-11c 

��ύځ = $/%ǴԶჹܭ΋ঁຼයǴε� ǺࣁҢ߄ '

 

( )
,

2 2

, 1
2 2

x x
metal

x
slit x

rL rL
x

x
rL r

x L

ε
ε

ε

 − ≤ ≤= 
  ≤ ≤ − 

  

 2-12 

೸ၸᡂኧϩᚆǴஒᅶ൑ϩࣁxБӛϷzБӛޑ४ᑈ"#�', ( = )�' ��( Ǵ

٠ଷ೛ᡂኧࣁΛǴ೸ၸжኧၮᆉ߾ёளрǺ

 
 ( ) ( )

2

2

Z z
Z z

z

∂
= −Λ

∂
2222  2-13 

җ 2-13 ளޕ���+'!ࣁԄ׎ޑ ),Λ( Ǵӆз!��', ( = -�' !'+�,Λ( Ǵ

ӆ஥ӣ 2-11 Ϸ 2-13  ёளрǺ߾

 ( ) ( ) ( )

( )
( ) ( )

0

2

0 2
0

1

X x
i x k V x

x

V x
ik X x

x x k

ε

ε

∂
= − ∂

  ∂ Λ = − − 
 ∂  

 2-14 
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२ӃԵቾӧߎឦ୔ୱǴ߾ 2-14 ёϯࣁǺ 

 ( ) ( ) ( )

( ) ( ) ( )

2
2 2

02

2
2 2

02

metal

metal

X x
k X x

x

V x
k V x

x

ε

ε

∂
= − − Λ ∂


∂ = − − Λ

 ∂

 2-15 

з. = /��������
0 − Λ0Ǵ߾ 2-15  ǺࣁҢ߄Ԅё׎ޑ೯ှޑ

 ( )

( )

0

0

2 2 2 2

2 2 2 2

x x metal x x

x x x x

metal

rL rL i k rL rL
X x X Cos x V Sin x

rL rL i rL rL
V x V Cos x X Sin x

k

εβ β
β
ββ β

ε

 −          = − + + − +           
           


−           = − + + − +                     

 2-16 

 Ǻࣁύ߯ኧځ

 ( ) ( )

( ) ( )

0

0

2 2 2

2 2 2

x x metal x
x x

x x x
x x

metal

rL rL i k rL
X X Cos rL V Sin rL

rL rL i rL
V V Cos rL X Sin rL

k

εβ β
β
ββ β

ε

−      = − + −     
     

 −      = − + −           

 2-17 

೸ၸ 2-16 Ϸ 2-17Ǵ߾ёቪрߎឦύޑ໺ᒡંତǺ 

 ( ) ( )

( ) ( )

0

0

2 2

2 2

metalx x
x x

x x
x x

metal

i krL rL
Cos rL Sin rLX X

irL rLSin rL Cos rLV V
k

εβ β
β

β β β
ε

−       −       
       =

−       −       
       

 2-18 

ԶᜪКܭ΢ॊޑБݤǴך߾ॺёаஒߎߚឦޑ೽ϩӕኬϯࣁ໺ᒡંତ

ҢԄǴзα߄ޑ = /�	�
���
0 − Λ0Ƕ߾ёளрǺ 

 

( ) ( )

( ) ( )

0

0

1
2

1
2

1 1
2

1 1
2

x

x

xslit
x x

x
x x

slit

r
X L

r
V L

rLi k
XCos r L Sin r L

i rLSin r L Cos r L V
k

εα α
α

α α α
ε

   −   
   

   −       

   − − −              =
    − − −          

    

 2-19 
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җ 2-18 Ϸ 2-19 ᄬԖ่ܭҢԄǴԶҗ߄໺ᒡંତޑёளр΋ঁຼය߾

ຼය܄ǴӢԜௗΠٰё೸ၸѲࢶᇲۓ౛(Bloch theorem)уΕຼය٠܄

ஒϩᚆᡂኧ؃рǴҗ 2-18 Ϸ 2-19 ёளрǺ 

 

1 2

1
2 2

1
22

x
x

x
x

r rLX L X

rLr VV L

      − −             = Ξ Ξ
        −−              

 2-20 

 ύځ

 ( ) ( )

( ) ( )

0

1

0

1 1

1 1

slit
x x

x x
slit

i k
Cos r L Sin r L

i
Sin r L Cos r L

k

εα α
α

α α α
ε

 − − ⋅ −       
 Ξ =
 − − −       
 

 

2-21a 

 

 ( ) ( )

( ) ( )

0

2

0

metal
x x

x x
metal

i k
Cos rL Sin rL

i
Sin rL Cos rL

k

εβ β
β

β β β
ε

− 
 
 Ξ =

− 
 
 

 2-21b 

җѲࢶᇲۓ౛ளޕǺ 

 

0

1
2 2

1
22

x

x
x

ik L Sin

x
x

r rL
X L X

e
rLr

VV L

θ

      − −             =
        −−              

 2-22 

җ 2-20 Ϸ 2-22 ё௢рǺ 

 
0

0
1 2

20
0

0

2

x

x

x
ik L Sin

ik L Sin
x

rL
X

e

e rL
V

θ

θ

  −        Ξ Ξ − =  
      −  

  

 2-23 
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ऩ΢ԄाԖߚѳΥှ(non-trivial solution)Ǵ߾ж߄Ǻ 

 0

0

0
0

0

x

x

ik L Sin

ik L Sin

e
Det M

e

θ

θ

   − =  
   

 2-24 

ёளр߾ TM  ҁቻॶБำԄ(eigenvalue equation)Ǻޑ

 ( ) ( ) ( )

( ) ( )

0 1

1
1 0

2

x x x

slit metal
x x

metal slit

Cos k L Sin Cos r L Cos rL

Sin r L Sin rL

θ α β

ε β αε α β
αε ε β

− −  

 
+ + − =    

 

 2-25 

೸ၸ 2-25 ܭёှрΛǴӢԜჹ߾ TM ԶقǴyБӛ൑ޑ୷ۭ׎ԄࣁϷ୔

ୱ(Β)ޑ৖໒׎ԄǺ 

 
( ) ( ) ( ) ( ) ( ) ( )2 2 2

, , ,, ll i L zi z
y TM l TM l TM l

l

H x z X x a e b e Λ −Λ = + ∑  2-26 

 ( ),

0
0,

0
1, 1,

,
2 2 2 2

, 1
2 2 2 2

TM l

x metal x x x
TM

x slit x x
TM TM x

X x

rL i k rL rL rL
Cos x V Sin x x

rL k rL rL r
U Cos x i V Sin x x L

εβ β
β

εα α
α

=

 −      + + + − ≤ ≤       
       


         − − − ≤ ≤ −                 

 2-27 

 ǺࣁҢԄ߄ޑύӚঁ߯ኧځ

 0

0,

1

2

xik L Sin

TM

e M
V

M

θ −=  2-28a 

 ( ) ( )0
1, 0,

metal
TM x TM x

i k
U Cos rL V Sin rL

εβ β
β

−= +  2-28b 

 ( ) ( )1, 0,
0

TM TM x x
metal

i
V V Cos rL Sin rL

k

ββ β
ε

−= +  2-28c 

 ( ) ( )

( ) ( )

1 1

1

x x

slit
x x

metal

M Cos r L Cos rL

Sin r L Sin rL

α β
ε β α β

αε

= −  

− −  
 2-28d 
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 ( ) ( )
( ) ( )

0
1

2
1

slit x x

metal x x

Cos rL Sin r Lik
M

Cos r L Sin rL

ε β β α
αβ αε α β

 −    = −  
+ −    

 2-28e 

Զჹܭ TE ԶقǴᜪКܭ΢ॊ؁ᡯǴ߾ёளрǺ 

 
( ) ( ) ( ) ( ) ( ) ( )2 2 2

, , ,, ll i L zi z
y TE l TE l TE l

l

E x z X x a e b e Λ −Λ = + ∑  2-29 

 ( ),

0
0,

0
1, 1,

,
2 2 2 2

, 1
2 2 2 2

TE l

x x x x
TE

x x x
TE TE x

X x

rL k rL rL rL
Cos x i V Sin x x

rL k rL rL r
U Cos x i V Sin x x L

β β
β

α α
α

       + + + − ≤ ≤       
       = 
         − + − ≤ ≤ −                 

 2-30 

 ǺࣁҢԄ߄ޑύӚঁ߯ኧځ

 0

0,

1

2

xik L Sin

TE

e
V

θ ψ
ψ

−=  2-31a 

 ( ) ( )0
1, 0,2

x
TE x TE x

rL k
U X Cos rL i V Sin rLβ β

β
 = = + 
 

 2-31b 

 ( ) ( )1, 0,
02

x
TE TE x x

rL
V V V Cos rL i Sin rL

k

ββ β = = ⋅ + ⋅ 
 

 2-31c 

 ( ) ( )

( ) ( )

1 1

1

x x

x x

Cos r L Cos rL

Sin r L Sin rL

ψ α β
β α β
α

= −  

− −  
 2-31d 

 ( ) ( )
( ) ( )

0
1

2
1

x x

x x

Cos rL Sin r Lik

Cos r L Sin rL

β β α
ψ

αβ α α β

 −    =  
+ −    

 2-31e 

Զ TE  ǺࣁҁቻॶБำԄޑ

 ( ) ( ) ( )

( ) ( )

0 1

1
1 0

2

x x x

x x

Cos k L Sin Cos r L Cos rL

Sin r L Sin rL

θ α β

β α α β
α β

− −  

 + ⋅ + ⋅ − =    
 

 2-32 
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2.1.2 ᜐࣚచҹ 

 ೸ၸ΢΋λ࿯ޑ௢ᏤǴךॺளрΑӚঁ୔ୱޑ୷ۭ׎ԄǴௗΠٰѸ

໪೸ၸᜐࣚచҹೱុஒӚঁ৖໒߯ኧ؃рٰǴҗ่ܭᄬԖຼය܄ǴӢ

ԜךॺѝाԵቾൂ΋඲਱(unit cell)ϣޑᜐࣚచҹǴԶຼය܄཮೸ၸ

Ѳࢶᇲۓ౛ளрǶ 

җଭլγ࠶БำԄޑ੝܄Ǵ྽όԵቾཞ઻ਔǴΨ൩ࢂϟႝ߯ኧࣁપ

ჴኧǴ߾ଭլγ࠶БำԄ཮ڀԖϵԯᆉ಄(Hermitian operator)ޑ੝

Ԗ຀ኧǴڀǴऩԵቾϟႝ߯ኧ܄Ԗ҅Ҭ੝ڀҢԄ߄ޑ୷ۭځࢂǴΨ൩܄

 ϰଛᜐࣚచҹ(matching boundaryܭჹ܄੃ѨǴԶ೭ঁ੝܄Ԝ੝߾

condition)ޑၮᆉ཮ԖࡐεޑቹៜǴӢԜаΠϩࣁόԵቾϷԵቾߎឦ

ཞ઻ঁٿ೽ҽٰ଺૸ፕǶ 

1.όԵቾߎឦཞ઻ 

 ႝ൑೽ϩ5-2ڗa嘚2-5bϷ 2-10aǴᅶ൑೽ϩ6-2ڗa嘚2-6bϷ 2-10bǴ

җᜐࣚచҹೱុǴך߾ॺёаளрǺ 

 ( )( )

( )( )
( )( )

( 2 )
,

( 2 )
,

(1) (1) (1)
, , , ,

,

(2) (2) (2)
, , , ,

(2) (2) (2)
, , , ,

z i

z j

g g g
S P g

ik L
TE i TE i TE i

i

ik L

TM j TM j TM j
j

x a b

x a b e

x a b e

σ σ σ
σ =

+

= +

+ +

∑ ∑

∑

∑

E

E

E

�

�

�

 
2-33a 
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 ( )( )

( )( )
( )( )

( 2 )
,

( 2 )
,

(3) (3) (3)
, , , ,

,

(2) (2) (2)
, , , ,

(2) (2) (2)
, , , ,

z i

z j

g g g
S P g

ik L
TE i TE i TE i

i

ik L

TM j TM j TM j
j

x a b

x a e b

x a e b

σ σ σ
σ =

+

= +

+ +

∑ ∑

∑

∑

E

E

E

�

�

�

 
2-33b 

 ( )( )

( )( )
( )( )

( 2 )
,

( 2 )
,

(1) (1) (1)
, , , ,

,

(2) (2) (2)
, , , ,

(2) (2) (2)
, , , ,

ˆ

ˆ

ˆ

z i

z j

g g g
S P g

ik L
TE i TE i TE i

i

ik L

TM j TM j TM j
j

z x a b

z x a b e

z x a b e

σ σ σ
σ =

×

= × −

+ × −

∑ ∑

∑

∑

H

H

H

�

�

�

−−−−

 
2-33c 

 ( )( )

( )( )
( )( )

( 2 )
,

( 2 )
,

(3) (3) (3)
, , , ,

,

(2) (2) (2)
, , , ,

(2) (2) (2)
, , , ,

ˆ

ˆ

ˆ

z i

z j

g g g
S P g

ik L
TE i TE i TE i

i

ik L

TM j TM j TM j
j

z x a b

z x a e b

z x a e b

σ σ σ
σ =

×

= × −

+ × −

∑ ∑

∑

∑

H

H

H

�

�

�

−−−−

 
2-33d 

җֹऍᏤᡏޑᜐࣚచҹளޕǴჹܭѳՉБӛႝ൑Ǵ΋ঁຼයϣ೿Ѹ໪

ೱុǴԶჹܭᅶ൑ԶقǴځѝԖӧ੟ᕳύωೱុ(
������ 

0
~ ���4�� 

0
)ǴӢ

Ԝჹႝܭ൑Ǵӧୁٿჹܭѳय़ݢ୷ۭբϣᑈǴҗ 2-33a Ϸ 2-33b ёள

рǺ 

 

( ) ( ) ( )
( ) ( ) ( )

( 2 )
,

( 2 )
,

(1) (1)
, ,

*(2) (2) (2)2
, , , , ,

2

*(2) (2) (2)2
, , , , ,

2

x x

z i

x x

x x

z j

x x

S g S g

L a
ik L

L a TE i S g TE i TE i
i

L a
ik L

L a TM j S g TM j TM j
j

a b

x x dx a b e

x x dx a b e

+

−

+

−

+

 
= + 

 

 
+ + 

 

∑ ∫

∑ ∫

E F

E F

�

�

 
2-34a 
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( ) ( ) ( )
( ) ( ) ( )

( 2)
,

( 2)
,

(1) (1)
, ,

*(2) (2) (2)2
, , , , ,

2

*(2) (2) (2)2
, , , , ,

2

x x

z i

x x

x x

z j

x x

P g P g

L a
ik L

L a TE i P g TE i TE i
i

L a
ik L

L a TM j P g TM j TM j
j

a b

x x dx a b e

x x dx a b e

+

−

+

−

+

 
= + 

 

 
+ + 

 

∑ ∫

∑ ∫

E F

E F

�

�

 
2-34b 

җ 2-33c Ϸ 2-33d ёளрǺ 

 

( ) ( ) ( )
( ) ( ) ( )

( 2)
,

( 2)
,

(3) (3)
, ,

*(2) (2) (2)2
, , , , ,

2

*(2) (2) (2)2
, , , , ,

2

x x

z i

x x

x x

z j

x x

S g S g

L a
ik L

L a TE i S g TE i TE i
i

L a
ik L

L a TM j S g TM j TM j
j

a b

x x dx a e b

x x dx a e b

+

−

+

−

+

 
= + 

 

 
+ + 

 

∑ ∫

∑ ∫

E F

E F

�

�

 
2-34c 

 

( ) ( ) ( )
( ) ( ) ( )

( 2 )
,

( 2 )
,

(3) (3)
, ,

*(2) (2) (2)2
, , , , ,

2

*(2) (2) (2)2
, , , , ,

2

x x

z i

x x

x x

z j

x x

P g P g

L a
ik L

L a TE i P g TE i TE i
i

L a
ik L

L a TM j P g TM j TM j
j

a b

x x dx a e b

x x dx a e b

+

−

+

−

+

 
= + 

 

 
+ + 

 

∑ ∫

∑ ∫

E F

E F

�

�

 
2-34d 

ஒ 2-34 ϯંࣁତ׎ޑԄǴ߾ёቪࣁǺ 

 ( )(1) (1) (2) (2)
EA B M A DB+ = +  2-35a 

 ( )(3) (3) (2) (2)
EA B M DA B+ = +  2-35b 

�ύંତ5ځ� Ϸ6�� ϩձࣁ৖໒߯ኧޑӈંତ 

 ( )(1) (1) (1) (1) (1)
,1 , ,1 ,, ..., , , ...,

T

S S N P P NA a a a a=  2-36a 

 ( )(2) (2) (2) (2) (2)
,1 , ,1 ,, ..., , , ...,

T

TE TE I TM TM JA a a a a=  2-36b 

 ( )(3) (3) (3) (3) (3)
,1 , ,1 ,, ..., , , ...,

T

S S N P P NA a a a a=  2-36c 
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 ( )(1) (1) (1) (1)
,1 , ,1 ,, ..., , , ...,

T

S S N P P NB b b b b= (1)(1)(1)(1)
 2-36d 

 ( )(2) (2) (2) (2) (2)
,1 , ,1 ,, ..., , , ...,

T

TE TE I TM TM JB b b b b=  2-36e 

 ( )(3) (3) (3) (3)
,1 , ,1 ,, ..., , , ...,

T

S S N P P NB b b b b= (3)(3)(3)(3)
 2-36f 

Զ78Ϸ9ࣁǺ 

 [ ] [ ]
[ ] [ ]

11 12, ,

21 22, ,

g i g j

E

g i g j

M M
M

M M

 
=  
 
 

 2-37 

 [ ]
[ ]

, '

, '

0

0

TE I Ji i

J I TM j j

D
D

D

×

×

 
=  
 
 

 2-38 

<ࣁ=×;ύ0ځ × ?ࣁ;×=႟ંତǴԶ0ޑ? ×  :ࣁ႟ંତǶηંତϩձቪޑ<

 [ ] ( ) ( )*(2)2
11 , , ,,

2

x x

x x

L a

L a TE i S gg i
M x x dx

+

−= ∫ E F�  2-39a 

 [ ] ( ) ( )*(2)2
12 , , ,,

2

x x

x x

L a

L a TM j S gg j
M x x dx

+

−= ∫ E F�  2-39b 

 [ ] ( ) ( )*(2)2
21 , , ,,

2

x x

x x

L a

L a TE i P gg i
M x x dx

+

−= ∫ E F�  2-39c 

 [ ] ( ) ( )*(2)2
22 , , ,,

2

x x

x x

L a

L a TM j P gg j
M x x dx

+

−= ∫ E F�  2-39d 

 [ ] ( 2)
,

', '
z iik L

TE iii i
D e δ=  2-40a 

 [ ]
(2)
,

', '
z jik L

TM jjj j
D e δ=  2-40b 

Զჹܭᅶ൑ԶقǴ߾ჹݢᏤޑ୷ۭբϣᑈǺ 



18 

 

 ( )
( ) ( ) ( )

( ) ( ) ( )

( 2 )
,

(2)
, (2) (2)

, ,

(1)
*, (2) (1) (1)2

, , , , ,

2

*(2) (1) (1)2
, , , , ,

2

z i

x x

x x

x x

x x

ik Lz i
TE i TE i

L a
z g

L a S g TE i S g S g
g

L a

L a P g TE i P g P g
g

ck
a b e

ck
x x dx a b

x x dx a b

ω

ω

+

−

+

−

− ⋅

 
=  

 

 
+  

 

∑ ∫

∑ ∫

F E

F E

�

�

−−−−

−−−−1111
(1)(1)(1)(1)
z,gz,gz,gz,g

ɓɓɓɓȿȿȿȿ

ckckckck

 
2-41a 

 ( )
( ) ( ) ( )

( ) ( ) ( )

( 2 )
,(2) (2)

, ,(2)
,

(1)
*, (2) (1) (1)2

, , , , ,
2

*(2) (1) (1)2
, , , , ,

2

z j

x x

x x

x x

x x

ik L

TM j TM j
z j

L a
z g

L a S g TM j S g S g
g

L a

L a P g TM j P g P g
g

a b e
ck

ck
x x dx a b

x x dx a b

ωε

ω

+

−

+

−

−

 
=  

 

 
+  

 

∑ ∫

∑ ∫

F E

F E

�

�

slitslitslitslit

1111
(1)(1)(1)(1)
z,gz,gz,gz,g

ɓɓɓɓȿȿȿȿ

ckckckck

−−−−

−−−−

 2-41b 

 ( )
( ) ( ) ( )

( ) ( ) ( )

( 2)
,

(2)
, (2) (2)

, ,

(3)
*, (2) (3) (3)2

, , , , ,

2

*(2) (3) (3)2
, , , , ,

2

z i

x x

x x

x x

x x

ik Lz i
TE i TE i

L a
z g

L a S g TE i S g S g
g

L a

L a P g TE i P g P g
g

ck
a e b

ck
x x dx a b

x x dx a b

ω

ω

+

−

+

−

−

 
=  

 

 
+  

 

∑ ∫

∑ ∫

F E

F E

�

�

−−−−

−−−−3333
(3)(3)(3)(3)
z,gz,gz,gz,g

ɓɓɓɓȿȿȿȿ

ckckckck

 
2-41c 

 ( )
( ) ( ) ( )

( ) ( ) ( )

( 2)
,(2) (2)

, ,(2)
,

(3)
*, (2) (3) (3)2

, , , , ,
2

*(2) (3) (3)2
, , , , ,

2

z j

x x

x x

x x

x x

ik L

TM j TM j
z j

L a
z g

L a S g TM j S g S g
g

L a

L a P g TM j P g P g
g

a e b
ck

ck
x x dx a b

x x dx a b

ωε

ω

+

−

+

−

−

 
=  

 

 
+  

 

∑ ∫

∑ ∫

F E

F E

�

�

slitslitslitslit

3333
(3)(3)(3)(3)
z,gz,gz,gz,g

ɓɓɓɓȿȿȿȿ

ckckckck

−−−−

−−−−

 2-41c 

ᜪКႝܭ൑ޑ᏾౛БԄǴ2-41 ё᏾౛ࣁǺ 

 ( ) ( )(2) (2) (2) (1) (1) (1)
HY A DB M Y A B− = −  2-42a 

 ( ) ( )(2) (2) (2) (3) (3) (3)
HY DA B M Y A B− = −  2-42b 
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�	Α٬ંତᙁϯǴӃஒεࣁ�ቪࣁε0Ǵۓ٠ကǺ 

 ( )
( )
,

'
, '

v
v z k

S kk
k k

ck
Y δ

ω
  = 

 2-43a 

 ( )
( ) '

, '
,

v v
P kkvk k

z k

Y
ck

ωε δ  = 
 2-43b 

Զં߾ତ@�� ё߄ҢࣁǺ 

 
( )

( )

( )
, '

, '

0

0

v
S

k kv

v
P

k k

Y
Y

Y

  
  =      

 2-44 

Զંତ7AࣁǺ 

 [ ] [ ]
[ ] [ ]

† †

11 21, ,

† †

12 22, ,

g i g j

H

g i g j

M M
M

M M

 
 =
 
 

 2-45 

ӢԜᜐࣚచҹୢޑᚒ཮ᡂԋ 2-35 Ϸ 2-42 ѤঁંତԄǴஒ೭Ѥঁંତ

Ԅӧ࿶ၸжኧၮᆉǴ߾ёளрǺ 

 

( )
( )

(2)

(2)

1
(2) (1) (1) (2) (1) (1)

(3) (3)(3) (2) (3) (2)

2

2

H H H E H H E H H H

H HH H H H H E H

A

B

Y M Y M M Y M Y D M Y A

M Y BM Y M Y D M Y M Y

−

 
 
 

 + −  
 =  
 − +   

 2-46 

аϷ 

 ( )(3) (2) (2) (3)
EA M DA B B= + −  2-47a 

 ( )(1) (2) (2) (1)
EB M A DB A= + −  2-47b 

ӢԜҗΕ৔Ӏ׎ޑԄ๏5ۓ�� Ϸ5�� Ǵ߾ёҗ 2-46 ளр୔ୱ(Β)ޑ৖
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໒߯ኧǴӆҗ 2-47 ளрऀ೸Ϸϸ৔่݀ޑǴଷ೛Ε৔ݢҗ୔ୱ(΋)Ε

৔Ǵ߾ёз6�ё߾ӛໆ(Poynting vector)Ǵ׊ӑڵ႟ǴӢԜҗࣁࣣ �

ቪр S-ݢϷ P-ऀޑݢ೸౗Ǻ 

 

(3)

(3)
2(3),

,

, (1)
2 2(1) (1), 1

, ,(1)
, 0

Re

Re Re

z m
S m

S m
z n

S n P n
n n z n B

ck
a

T
ck

a a
ck

ω
ωε

ω
=

=
+∑ ∑

 
2-48a 

 

(3)

2(3)3
,(3)

,
, (1)

2 2(1) (1), 1
, ,(1)

, 0

Re

Re Re

P m
z m

P m
z n

S n P n
n n z n B

a
ck

T
ck

a a
ck

ωε

ωε
ω

=

=
+∑ ∑

 
2-48b 

ကgۓॺך = 1ਔǴ	�� = 0Ǵ2-2߾aύ��,� = �$/% D,�EǴ࣬྽ܭჹᔈ

ᆶݢ-S߾႟໘ऀ೸ǶԶޑSᆶP߄ϩձж߾�,FG,�ϷFH߾Ǵݢ႟໘ණ৔ډ

P-ޑݢ႟໘Ε৔ϩձёቪࣁǺ 

 ( )1
, 1S n na δ=  2-49a 

 ( )
(1)

1 ,
, 1

1

z n
P n n

ck
a δ

ω ε
=  2-49b 

ჹܭSԶقǴႝ൑БӛֹӄࢂӧyБӛ΢ǴฅԶჹܭPԶقǴႝ൑БӛԖ

х֖xϷzǴԶ׫ቹډxБӛ΢཮ӭ΋ঁК߯ٯኧc��,J
�� /$√��Ƕ 
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2.Եቾߎឦཞ઻ 

 ᜪКܭ΢΋࿯ीᆉၸำǴӕኬ೸ၸϰଛᜐࣚచҹǴ٠ஒБำԄϯࣁ

ંତ׎ԄǴՠӧԜךॺஒS-ݢᆶP-ݢϩ໒᏾౛ԋٿಔંޑତǴচӢԖ

ֹࢂ൑ޑTEᆶTMޕॺளךԄǴ׎୷ۭޑǴಃ΋Ǵҗीᆉ୔ୱ(Β)ঁٿ

ӄ҅ҬޑǴTEѝх֖"�ǵ!#Ϸ"�ǴԶTMѝх֖!�ǵ"#Ϸ!�ǴӢԜS-ݢ

Ε৔ѝ཮ጠӝډTEኳᄊǴԶP-ݢѝ཮ጠӝډTMǴӢԜஒSᆶPϩ໒ೀ౛

٠ό཮ቹៜीᆉ่݀ǶಃΒǴԵቾߎឦཞ઻ࡕǴ୔ୱ(Β)ޑ୷ۭѸ໪

೸ၸှҁቻॶୢᚒளрǴԶTEϷTMԖঁձޑҁቻॶБำԄ(2-25Ϸ

2-32)ǴӢԜࣁΑуזीᆉೲࡋǴךॺёଞჹΕ৔ୃਁόӕٰᒧۓ୔ୱ

(Β)܌ሡޑ୷ۭǶᖐٰٯᇥǴ྽ѝԖP-ݢΕ৔Ǵ߾ѝाှTMޑҁቻॶ

ୢᚒǴԶόሡाှTEޑǶ 

 (1).ંତၮᆉ 

 २Ӄ૸ፕ PݢǴ୔ୱ(΋)Ϸ୔ୱ(Ο)ӕኬҔѳय़ݢ৖໒ǴԶ୔ୱ(Β)

௦Ҕ 2-26Ǵ߾೸ၸᜐࣚచҹ!�Ϸ"#ೱុǴ߾ёளрΠӈѤచБำԄǺ 

 ( )

( ) ( ) ( )( )

, (1) (1)
, ,

2 2
, , ,

1
x n

l

ik x
P n P n

n x

i L
TM l TM l TM l

l

e a b
L

X x a b e Λ

+

= +

∑

∑
 2-50a 

 ( )

( ) ( ) ( )( )

, (3) (3)
, ,

2 2
, , ,

1
x n

l

ik x
P n P n

n x

i L
TM l TM l TM l

l

e a b
L

X x a e bΛ

+

= +

∑

∑
 2-50b 



22 

 

 ( )

( ) ( ) ( ) ( )( )

, (1) (1) (1)
, , ,

2 2
, , ,

2

1

1

x n

l

ik x
z n P n P n

n x

i L
TM l l TM l TM l

l

e k a b
L

X x a b e
xε

Λ

−

= Λ −

∑

∑
 2-50c 

 ( )

( ) ( ) ( ) ( )( )

,

(3)
, (3) (3)

, ,
3

2 2
, , ,

2

1

1

x n

l

ik x z n
P n P n

n x

i h
TM l l TM l TM l

l

k
e a b

L

X x a e b
x

ε

ε
Λ

−

= Λ −

∑

∑
 2-50d 

Զӧ೭္Ѹ໪ݙཀࢂޑǴ྽ߎឦޑϟႝ߯ኧࣁፄኧǴ߾୔ୱ(Β)୷ۭ

ؒԖ҅Ҭ܄ǶԜѦǴѳՉБӛႝޑ൑ᆶᅶ൑คፕࢂӧߎឦ୔ୱࢂ܈੟

ᕳ୔ୱ೿Ѹ໪ೱុǴӢԜόૈႽ΢΋λ࿯ჹႝܭ൑ೱុᆶᅶ൑ೱុϩ

ձ׫ቹډѳय़ݢϷݢᏤޑ୷ۭǶࡺჹܭ΢ӈѤచԄηǴёӧѰѓୁٿ

ӕ४΢ѳय़ޑݢ୷ۭ(
�

/��
K
��,L�)٠ᑈϩ΋ঁຼයǴ߾ёаளрǺ 

 ( ) ( ) ( )( ),
1

2 2(1) (1) 2
, , , , ,

2

1 x
x m l

x

r
L

ik x i L
rLP m P m TM l TM l TM l

l x

a b X x e dx a b e
L

 −  Λ 

−

 
+ = +  

 
∑ ∫  2-51a 

 ( ) ( ) ( )( ),
1

2 2(3) (3) 2
, , , , ,

2

1 x
x m l

x

r
L

ik x i L
rLP m P m TM l TM l TM l

l x

a b X x e dx a e b
L

 −  Λ 

−

 
+ = +  

 
∑ ∫  2-51b 

 ( )
( )

( )
( ) ( )( ),

(1)
, (1) (1)

, ,
1

1
2 2,2

, ,
22

x
x m l

x

z m
P m P m

r
L

ik xTM l i Ll
rL TM l TM l

l x

k
a b

X x
e dx a b e

xL

ε

ε

 −  Λ 

−

−

 Λ= −  
 

∑ ∫
 2-51c 

 ( )
( )

( )
( ) ( )( ),

(3)
, (3) (3)

, ,
3

1
2 2,2

, ,
22

x
x m l

x

z m
P m P m

r
L

ik xTM l i Ll
rL TM l TM l

l x

k
a b

X x
e dx a e b

xL

ε

ε

 −  Λ 

−

−

 Λ= −  
 

∑ ∫
 2-51d 
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ஒ΢ॊБำԄᙁϯંࣁତ׎ԄǷ٠ஒΟঁ୔ୱޑ୷ۭኧໆࣣ೛ࣁ NǴஒ

৖໒߯ኧϯࣁӈંତǺ 

 ( )( ) ( ) ( )
,1 ,, ...,

Tv v v
NA a aσ σ σ=  2-52a 

 ( )( ) ( ) ( )
,1 ,, ...,

Tv v v
NB b bσ σ σ=  2-52b 

ࣁύσځ S܈ PǴќѦӆஒഭᎩ߯ޑኧϯંࣁତǺ 

 [ ] ( ) ,
1

2
,,

2

1 x
x m

x

r
L

ik x
rL TM lm l

x

X x e dx
L

χ
 − 
 

−
= ∫  2-53a 

 [ ] ( )
( )

,
1

,2
,

22

x
x m

x

r
L

ik xTM ll
rLm l

x

X x
e dx

xL ε

 − 
 

−

ΛΩ = ∫  2-53b 

 [ ] ,
li L

mlm l
K e δΛ=  2-53c 

 
( )
,( )

,

v
z mv

H mlm l
v

k
Y δ

ε
  =   2-53d 

߾ 2-37 ёаᙁϯࣁǺ 

 ( )(1) (1) (2) (2)
P P TM TMA B A KBχ+ = +  2-54a 

 ( )(3) (3) (2) (2)
P P TM TMA B KA Bχ+ = +  2-54b 

 
( ) ( ) ( )1 (1) (1) (2) (2)

H P P TM TMY A B A KB− = Ω −  2-54c 

 
( ) ( ) ( )3 (3) (3) (2) (2)

H P P TM TMY A B KA B− = Ω −  2-54d 

ஒ 2-54 ᏾౛Ǻ 
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( ) ( )( )
( )( ) ( )

( )

( )

(2)

(2)

1 11 1 11 (1)

31 (3)3 31 1

2

2

TM

TM

H H H P

H PH H

A

B

Y I Y I K Y A

Y BY I K Y I

χ χ

χ χ

− − −

−− −

 
 
 

 Ω + Ω −  Ω =  
   ΩΩ − Ω +   

 2-55 

5HۓԄ๏׎Տંତ(Identity matrix)ǶҗΕ৔Ӏൂ̅ࣁύځ
�� 

Ϸ6H
�� 

Ǵ

೸ၸ 2-55 ৖໒߯ኧǴӆҗޑளр୔ୱ(Β)ૈ߾ 2-54a Ϸ 2-54b ளрऀ

೸Ϸϸ৔่݀ޑǴԶ႟໘ऀ೸Ϸ႟໘Ε৔߾ᆶ 2-48b Ϸ 2-49b ကۓޑ

࣬ӕǴӧԜόӆᙧॊǶ 

ჹܭ S-ݢǴ୔ୱ(Β)ڗ 2-29Ǵᜐࣚచҹࣁ"�Ϸ!#ೱុǴ٩ྣᆶ P-

 က΋ঁୖኧǺۓӕำׇǴԶѝሡाӭ࣬ݢ

 ( ) ( )
( )

,
1

,2
,

22

x
x m

x

r
L

ik xTM ll
rLm l

x

X x
e dx

xL ε

 − 
 

−

ΛΠ = ∫  2-56 

ஒΩඹඤࣁΠǴ߾ӕኬёှр S-ऀޑݢ೸౗Ƕ΢ϟಏΑԵቾߎឦཞ઻ޑ

୷ҁၮᆉǴಉౣٰ࣮ǴࢂցԵቾߎឦཞ઻Ǵځၮᆉၸำৡ౦όεǴฅ

Զჴሞ΢ԵቾΑߎឦཞ઻ࡕǴѸ໪٬Ҕ΋٤ीᆉמѯǴ٬ளၮᆉೲࡋ

Ϸᆒዴࡋε൯ගϲǴаΠٿλ࿯ϩձϟಏҁቻॶୢᚒϷख़᠄ᑈϩ

(overlap integral)ޑᙁϯǶ 

(2).ҁቻॶୢᚒ 

 ӧ؃୔ୱ(Β)ޑ୷ۭਔǴჹܭTEϷTM཮ԖٿಔҁቻॶБำԄ(2-25

Ϸ 2-32)Ǵ཮Ԗঁٿ੝܄Ƕ 

२ӃǴёаᢀჸډӧ҅۰ϷᎩ۰ڄኧύ཮х֖αϷβॶǴځёࣁፄኧ
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ॶǴҗ҅۰ϷᎩ۰ڄኧ੝܄ёளޕǴځፄኧ੝܄཮Ꮴठڄኧॶᡂϯቃ

ਗ਼ǴᖐٰٯᇥǴᎩ۰ڄኧύ஥ 100iǴCos(100i)ǴځኧໆϷ཮ၲ 1043Ǵ

ӢԜךॺӧ؃ҁቻॶΛਔǴ٩ྣ่ᄬୖኧޑόӕǴځѸ໪ྗዴԿλኧа

Π 20 Տа΢Ǵωૈ٬ҁቻॶБำԄዴჴࣁ 0Ǵඤقϐω಄ӝᜐࣚచҹǶ 

ॺᢀჸךԛǴځ 2-25 Ϸ 2-32 ฻ဦѰୁڄޑኧ੝܄ǴճҔቺᎹኳࠠ

(Drude model)ٰඔॊߎឦޑϟႝ߯ኧǴڗል଺ࣁጄٯǴځԾҗႝηᐚ

ࣁࡋ 8.47x1028 (m-3)ǴᏤႝ౗(conductivity)ࣁ 5.69x107 (s/m)ǴԶ่

ᄬୖኧӈܭკύǴԶᕵືڄڗኧޑჴ೽೽ϩǴ่݀ӵკ 2.2 ҢǶӵ܌

Ӄ܌߻ගޑډǴᕵືᡂϯޑ൯ࡐࡋεǶԜѦǴҁቻॶࣁፄኧǴ࣬྽ܭ

՜Ǵஒ؂ঁਥ٩ׇှрǶऩۯॺᗋѸ໪ᒿ̻2۳ॄॶךाှፄኧਥǴࢂ

ҔനޔௗݤှޑǴӧፄኧѳय़΢೸ၸФႥݤǴኜஏ໣ޑ໒ۈ՗ीॶ

(initial guess)ٰှ،ԜୢᚒǴ߾཮࣬྽઻ਔǴӢԜךॺѸ໪ҔԖਏ

౗ޑБٰݤ๏ۓ໒ۈ՗ीॶǶךॺёа೸ၸޔࡐᢀޑБډၲٰݤ೭ঁ

ҞޑǶӧԜаӂᇲݢ୔ٯࣁࢤǴς̻࣬ޕ྽۳̰ࢂܭБӛޑ໺ሀதኧǴ

ӧԜ୔ࢤǴߎឦᆶޜ਻ޑϟႝ߯ኧৡ౦࣬྽εǴӢԜှрٰ̻ޑѝ཮

Ԗٿᅿ௃׎Ƕ΋ঁࢂӧޜ਻ύ໺ሀ่݀ޑǴԜݩރёҔݢᏤኳᄊٰႣ

ෳှჴኧ೽ϩǴԜѦჴ೽Ѹۓᇻεܭ຀೽ǴԶќ΋ঁࢂӧߎឦύ໺ሀ

຀೽ۓॺёаᙹךǴӢԜۓ،܌ཞ઻ޑឦߎ຀೽཮җݩރǴԜ่݀ޑ

ୢޑ΋ᆢࣁрჴኧ೽ϩǴӢԜஒচҁΒᆢѳय़΢ှਥୢᚒϯᙁפӆࡕ
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ᚒǶ 

 

კკკკ 2222....2222 ࣁ਻ਔǴ(a)ޜࣁልǴ੟ᕳύࣁ਑׷ឦߎ TM(2-25) (b)ࣁ TE(2-32) ҁቻॶ

БำԄޑჴ೽໨Ƕ 

(3).ख़᠄ᑈϩ(overlap integral)ޑᙁϯ 

 ંତၮᆉύх֖Οঁख़᠄ᑈϩ(Ω嘚χϷΠ)Ǵ྽୷ۭޑڗኧໆࡐӭǴ

ᏤठંତࡐεਔǴ߾ၮᆉ཮࣬྽઻ਔǴӢԜѸ໪ஒख़᠄ᑈϩᙁϯǴа

࿯࣪ၮᆉਔ໔Ǵ ӧԜаχٯࣁǺ 
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ӕኬჹഭΠΟ໨բᙁϯёளрӵ΢Ԅ࣬྽ჹᆀ่݀ޑǴӢԜךॺۓက

аΠୖኧӆ຾ՉᙁϯǺ 
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Ԝૈε൯ᕭอၮᆉਔ໔Ǵӕኬჹܭ S-ݢΨૈ຾Չ࣬ӕޑೀ౛Ƕ 
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ಃΟಃΟಃΟಃΟകകകക    ౛ፕϩ݋Ϸჴᡍჹྣ౛ፕϩ݋Ϸჴᡍჹྣ౛ፕϩ݋Ϸჴᡍჹྣ౛ፕϩ݋Ϸჴᡍჹྣ    

 ҁࣴزი໗ჹܭу΢୷݈ߎޑឦӀऀޑ࢐೸ᓎ᛼ςԖᙦ൤ޑჴᡍ

ԋ݀[35]Ǵҁക࿯ޑҞࢂޑ೸ၸಃΒകϟಏޑीᆉБԄǴᢀჸ٠ှញ

ჴᡍ่݀ǶԶᜢܭჴᡍୖኧǴךॺᒧۓ᎑բߎࣁឦǴޖբࣁ୷݈׷਑Ƕ

җܭჴᡍ΢ऀ೸ᓎ᛼Ьाࢂပӧӂᇲݢ୔ࢤǴӢԜаΠޑ౛ፕीᆉ่

݀ЬाࢂаόԵቾߎឦཞ઻ǴΨ൩ࢂԵቾֹऍᏤᡏࣁݩރޑЬǴԶԖ

Եቾߎឦཞ઻ޑ೽ϩ཮ӆ੝ձ኱ҢрٰǶаΠ௶ॊ२ӃᇥܴP-ݢϷS-

୔༧Ǵ٠ӆ୔ϩঁٿΕ৔ݢ-Ε৔ϷSݢ-PࣁǴௗ๱ӆϩ܄୷ҁ੝ޑݢ

 ӆᆶჴᡍ೽ϩ଺ჹྣǶࡕ଺૸ፕǴനݩރᅿٿόу୷݈ϷԖу୷݈ࣁ

3.1 P-ݢϷS-ޑݢ୷ҁ੝܄ 

 ӧჴሞҔፄᚇޑӛໆीᆉբϩ߻݋Ǵҁλ࿯Ӄ௶ॊ΋ᆢᆶΒᆢຼය

 Ƕ܄୷ҁ੝ޑݢ-ϷSݢ-ΠPݩރৡ౦аϷ΋ᆢޑࢰϾ܄

3.1.1 ΋ᆢᆶΒᆢຼය܄Ͼࢰ 

 ကǺۓᏤኳᄊٰᇥܴǴ२ӃݢޑॺёճҔ΋ᆢϷΒᆢך 

 2 2
0 zk k k⊥= +  3-1 

നޑ�໺ሀБӛǴkܭޔࠟࣁᏤ໺ሀБӛǴԶkTݢѳՉࣁБӛޑ��ύځ

λॶࢂҗkTۓ،܌Ǵ࣬྽۳ܭzБӛό໺ሀǴԶkTࢂҗݢᏤᄒय़ᑈελ

΋ъǴӢԜ྽ޑߏݢനεࣁቨѸ໪܈ଯځచҹǴݢᎫࢂǴΨ൩ۓ،܌

ᄒय़ᑈຫεਔǴ߾৒೚ߏݢຫεǴᄒЗᓎ౗ຫեǴϸϐǴ߾ᄒय़ᑈຫ
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λǴ߾ᄒЗᓎ౗ຫଯǶӢԜჹܭΒᆢԶقǴځԖᄒय़ᑈज़ڋǴ؂ঁࡺ

ኳᄊѸۓԖᄒЗᓎ౗ǴԶჹܭ΋ᆢԶقǴځѝӧ΋ঁᆢࡋ΢Ԗज़ڋǴ

ќ΋Бӛคज़ۯ՜ǴԶᄒय़ᑈคज़εǴӢԜ཮ӸӧᄒЗᓎ౗ࣁ႟ޑኳ

ᄊ(TEM mode)Ƕ 

 
კკკკ3.1 3.1 3.1 3.1 ቨࣁࡋaxޑѳՉߎឦ݈ݢᏤϷߏቨӚࣁaxǵazߎ׎ંޑឦݢᏤ໔ଯ໘໨੝܄

 КၨǶޑ

 ќ΋Бय़Ǵҗႝ൑ޑᜐࣚచҹёளޕǴΒᆢߎឦݢᏤӧঁٿБӛ΢

ࣣԖज़ڋǴ཮Ꮴठځኳᄊ཮х֖ঁٿБӛႝޑ൑ୃਁǴჹܭ΋ᆢߎឦ

ܭҢǴჹ܌ύ΋ᅿႝ൑БӛǴӵკ3.1ځTEϷTMࣣѝ཮Ӛх֖ځᏤǴݢ

ѳՉߎឦ݈ݢᏤ(Parallel-plate waveguide)Ǵځଯ໘TEኳᄊѝх֖

΋ঁୃਁБӛǴԶჹߎ׎ંܭឦݢᏤ(Rectangular waveguide)Ǵ߾х
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֖ԖঁٿБӛਁୃޑǶӢԜჹܭΒᆢߎឦຼය܄ϾࢰԶقǴคፕΕ৔

P-ࢂ܈ݢS-ݢǴࣣ཮ጠӝډϾࢰύޑTEϷTMኳᄊǴӢԜคڗݤϾࢰύ

੝ޑۓኳᄊٰᇥܴऀ೸௃׎Ǵՠჹܭ΋ᆢຼය܄੟ᕳǴP-ݢᆶS-ݢΕ

৔ਔǴѝ཮ঁձጠӝډ੟ᕳύޑTM܈TEኳᄊǴӢԜךॺёаଞჹΕ৔

ୃਁБӛޑόӕǴঁڗձݢޑᏤኳᄊٰႣෳऀځ೸ՉࣁǶ 

3.1.2 ΋ᆢ่ᄬޑ୷ҁ੝܄ 

ݢௗऀ೸Ǵ྽ޔࢂΕ৔Ӏ߾ਔǴ߈ᆶ੟ᕳελ࣬ߏݢᢀٰ࣮Ǵ྽ޔ 

Ҭϕբޑ୼ᢀჸ੟ᕳᆶΕ৔Ӏૈ߾ௗऀ೸཮Πफ़Ǵޔ੟ᕳਔǴܭεߏ

ҔаϷჹऀܭ೸ӀޑቹៜǶჹܭP-ݢΕ৔Ǵ཮ጠӝډ੟ᕳύޑTMኳᄊǴ

Զჹܭ΋ᆢ่ᄬԶقǴTMനե໘ޑኳᄊࣁTEMǴӵკ3.2(a)܌ҢǴTEM

ኳᄊ٠ؒԖᄒЗᓎ౗Ǵࡺ੟ᕳቨࡋΠफ़ਔǴ٩ฅ཮Ԗё໺ሀޑኳᄊǶ

ԶჹܭS-ݢԶقǴ੟ᕳύനե໘ޑTEኳᄊ཮ӵკ3.2(b)܌ҢǴӧٿᆄ

Ѹ໪ࢂ࿯ᗺǴӢԜ཮ԖᄒЗᓎ౗Ǵࡺ྽ߏݢᇻεܭ੟ᕳਔǴΕ৔Ӏค

 ೯ၸ੟ᕳǴ཮೷ԋֹӄϸ৔Ƕݤ

 
კკკკ3.2 3.2 3.2 3.2 ѳՉߎឦ݈ݢᏤύǴ(a)TMϷ(b)TEനե໘ኳᄊႝޑ൑ҢཀკǶ 
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ќ΋Бय़ǴP-ႝޑݢ൑Бӛܭޔࠟࢂ੟ᕳ௨ӈБӛǴ΋૓ᇡ࣬ࣁჹ

ឦӀ࢐ǴЬाߎܭҬϕբҔၨமǴӢԜჹޑᆶ੟ᕳݢ-ǴPقԶݢ-Sܭ

 Ƕ่݀ޑΕ৔ݢ-ЪPߏݢܭ೿ပӧ੟ᕳλزࣴ

3.2 P-ݢΕ৔ 

ჹܭP-ݢΕ৔ݩރޑǴ΋૓നத૸ፕऀޑ೸ᓎ᛼Ǵӵკ3.3܌ҢǴ

੟ᕳቨࡋax=0.15LxϷࡋࠆL=0.15LxǴԶΕ৔ӀޔࠟࣁΕ৔Ǵᢀჸ႟໘ऀ

೸Ǵߏݢҗ0.91.1ډ७ຼයǴӧΕ৔ӀߏݢӧຼයਔǴ཮Ԗ΋ঁऀ೸

೸ঢ়ॶǴԶԜऀޑઞࡐ΋ঁጕቨࣁ߾යਔǴຼܭεౣߏݢॶǴԶӧك

ऀ೸ঢ়ॶނޑ౛ᐒڋςԖߚதቶزࣴޑݱǴӧԜךॺҔࡐอޑጇ൯ᙁ

ൂϟಏځ੝܄Ƕ 

 
კკკკ3.3 3.3 3.3 3.3 ax=0.15LxǴLϩձ0.15ࣁLxϷ0.01LxǴP-ޑݢ႟໘ऀ೸ᓎ᛼Ƕ 
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Ԝऀ೸ঢ়ॶౢޑғǴനቶݱ೏ௗނޑڙ౛კႽࢂ຤ᒍӅਁ(Fano 

resonance)[36, 37]Ǵаკ3.4ٰᇥܴǴΕ৔Ӏ཮࣮ٿډᅿόӕޑᄊ

(state)Ǵ΋ঁࢂჹᔈډೱុᄊǴځжޔ߄ௗऀ೸܈ϸ৔Ǵќ΋ঁࢂᚆ

ණ(discrete)٠Ъࢂҗຼය܄੟ᕳ܌ගޑٮᄊǴ྽ႝᅶݢΕ৔ਔǴ཮

ᐟว೭ٿᅿᄊǴԶ೭ٿᅿᄊ۶Ԝ໔཮Ԗࡌ೛܄Ϸઇᚯޑ܄ҬϕբҔǴ

ӢԜ཮׎ԋ΋ঁكॶᆶঢ়ॶᆙᎃऀޑ೸ᓎ᛼Ƕ୷ܭ΢ॊނޑ౛კႽǴ

ऀ೸ঢ়ॶ཮ჹᔈຼډය܄੟ᕳ΢ޑᄊǴӢԜךॺёаᙖҗׯᡂόӕΕ

৔ٰفளрຼය܄੟ᕳޑՅණᜢ߯(dispersion relation)Ƕ 

 

კკკკ3.4 3.4 3.4 3.4 ΋ᆢຼය܄੟ᕳჹᔈډ຤ᒍӅਁނޑ౛კႽǶ  

 य़ႝዀη (surface߄ឦᆶϟႝ፦ϟय़཮ӸӧԖߎӧޕॺςך

plasmon polaritons)ǴԶ྽ଷ೛ߎឦֹࣁऍᏤᡏਔǴ߄߾य़ႝዀη཮

όӸӧǴฅԶ೸ၸ่ᄬԖຼය܄Ǵ߾཮Ӹӧᜪ߄य़ႝዀη(spoof 

surface plasmon)ǴځՅණᜢ߯ё߄ҢࣁǺ 
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 ( ) ( ),0 ,0

1 2n
SPP x x

dielectric x

n
k c k

L

πω
ε

= +  3-2 


ύ�Uځ���V�W
Vࣁ୔ୱ(΋)܈୔ୱ(Ο)ޑϟႝ߯ኧǴԶӧԜࣣ೛1ࣁǶ 

 

კკკკ3.5 3.5 3.5 3.5 P-ऀޑݢ೸ᓎ᛼ᒿkx0ᡂϯޑीᆉ่݀Ǵ੟ᕳቨࣁࡋax=0.15LxǴԶࡋࠆϩձ

ჹຼයࡋࠆΑှࢂޑL=0.15Lx (b) L=0.25Lx (c)L=0.35Lx (d)L=0.45LxǴҞ (a)ࣁ

 ቹៜǶޑ੟ᕳՅණᜢ߯܄

२Ӄᢀჸკ3.5(a)Ǵऀځ೸ঢ়ॶߝޑ஥ݮ๱ωGHH
��� ϩѲǴඤقϐǴ

ӧԜ่ᄬୖኧΠǴऀ೸ঢ়ॶࢂҗ่ᄬຼޑය੝ౢ܌܄ғǴԶ྽ࡋࠆ೴

ᅌቚуਔǴ߾Ε৔ӀନΑ࣮ډНѳБӛຼޑය܄ѦǴΨ࣮ޔࠟډБӛ

คᜢǴжف஥཮೴ᅌᆶΕ৔ߝҢǴ܌ਏᔈǴӵ3.5(b)(c)(d)ޑ೷ԋ܌

Fabry-PerotӅਁǴԶҗޑ੟ᕳύࢂኳᄊǴΨ൩ޑ೷ԋ܌΋੟ᕳൂࣁ߄

ኳޑғౢ܌܄ጕቨ཮Кຼයځډϸ৔౗եǴӢԜёᢀჸޑय़߄΢Πܭ
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ᄊቨǶӢԜჹܭP-ݢΕ৔Ǵ߾཮ӸӧٿᅿኳᄊǴ΋ঁڀԖຼය੝܄Ǵ

ќ΋ঁൂࢂ߾΋੟ᕳ܌ᏤठޑǶԶௗΠٰךॺёа೸ၸᢀჸځ൑ࠠ຾

΋؁ᕕှ೭ٿᅿኳᄊޑ੝܄ǴԵቾࠟޔΕ৔Ǵკ3.6(a)ࣁax=0.15LxϷ

ځय़Ǵჹᔈ߄๱ӧ΢Πߕ൑ᆙஏځډ൑ϩѲǴёᢀჸႝޑL=0.15Lxࡋࠆ

ё߾L=0.45LxǴࡋࠆax=0.15LxϷࣁǴԶკ3.6(b)่݀ޑ೷ԋ܌܄යຼࣁ

ᢀჸډόӕܭკ3.6(a)Ǵႝځ൑Ьा໣ύӧ੟ᕳϣ೽Ƕ 

 

კკკკ3.63.63.63.6    ੟ᕳቨࣁࡋax=0.15LxǴǴǴǴࡋࠆϷΕ৔Ӏߏݢϩձࣁ(a) L=0.15Lxǵλ=1.012Lx 

(b) L=0.45Lxǵλ=1.28LxǴӧP-ޔࠟݢΕ৔ݩރΠǴऀ೸ঢ়ॶՏ࿼܌ჹᔈޑډ൑ࠠ

კǶ 

Զҗკ3.7ǴךॺёᢀჸߎឦֹߚޑऍਏᔈǴӧԜӕኬࢂԵቾࠟޔ

Ε৔ǴճҔቺᎹኳٰࠠඔॊߎឦޑཞ઻ǴځБำԄӵΠǺ 

 ( ) ( )
2

1 p

i

ω
ε ω

ω ω γ
= −

+
 3-3 

კ3.7ύωp9ࣁڗ eVǴᡂ୏γ0.1ࣁǵ0.01Ϸ0.001 eV(΋૓ؼᏤᡏǴωp
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ऊӧ810ډ eVѰѓǴԶγऊ0.01ࣁ eVޑኧໆભǴаልٯࣁǴωp10.8ࣁ eVǴ

Զγ0.02ࣁ eV)Ǵٰᢀჸཞ઻ޑਏᔈǶკ3.7(a)Ǵё࣮рҗຼܭය܌܄

ᏤठޑኳᄊǴႝځ൑ᆙஏߕ๱ܭ΢Π߄य़ǴӢԜߎឦཞ઻ቚу཮٬ள

ܭ೸ঢ়ॶِೲΠफ़ǴӕਔՔᒿ๱ጕቨቚуǴԶკ3.7(b)Ǵჹऀځ

Fabry-PerotኳᄊǴऀځ೸౗ϷጕቨЬाҗ΢Π߄य़ޑϸ৔౗ۓ،܌Ǵ

 ቹៜၨλǶځឦཞ઻ჹߎࡺ

 
კკკკ3.73.73.73.7    ੟ᕳቨࣁࡋax=0.15LxǴǴǴǴࡋࠆϩձࣁ(a) L=0.15Lx (b) L=0.45LxǴӧP-ࠟݢ

 ᡂϯǶޑឦཞ઻ቚуߎΠǴ႟໘ऀ೸ঢ়ॶᒿ๱ݩރΕ৔ޔ

а΢௶ॊΑӅਁऀ೸ޑკႽϷऀ೸੝܄ǴԶऀ೸ঢ়ॶޑ੝܄ᆶຼය

ი໗଺૸ፕǴӢԜаΠόӆ຾΋زᜢ߯ςԖ࣬྽ӭࣴޑ੟ᕳ่ᄬ໔܄

؁௶ॊǶ 

3.2.1 όу୷݈ऀޑ೸੝܄ 

 ΢ॊϟಏΑ P-ݢ೸ၸᐟว߄य़ޑኳᄊٰऀၸߎឦӀ࢐ǴԶௗΠٰ

ឦߎයਔǴԜਔຼܭᇻλځᕭλǴ٬ࡋࠆ੟ᕳעǺऩࢂޑॺा૸ፕך
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Ӏ࢐཮תᄽ࡛ሶኬفޑՅǻךॺӃᢀჸऀځ೸ᓎ᛼ޑ੝܄Ǵӵკ 3.3Ǵ

੟ᕳቨࡋ ax=0.15LxǴԶࡋࠆ Lҗ 0.15Lxᕭ෧ࣁ 0.01LxਔǴךॺёаว

౜ऀ೸ঢ়ॶ੃ѨΑǴΨ൩ࢂኳᄊ੃ѨΑǴжߎ߄ឦ੟ᕳჹܭΕ৔Ӏѝ

 ॶ٩ฅӸӧǶكՅǴฅԶԜਔऀ೸فޑᄽᘋ୏תࢂ

 
კკკკ3.83.83.83.8    (a)ቨࣁࡋax=0.15LxǴࣁࡋࠆL=0.01LxǴ྽λ=LxਔǴᎫݢӧz=0ޑϩѲǴ(b)

ӧλ=LxਔǴP-ݢΕ৔܌ᐟว1+ޑϷ-1໘ණ৔ݢϐ໔࣬ჹᜢ߯ޑҢཀკǶ 

ǴΨ൩ߏݢႜճࣁᆀߏݢวғځǴݩ௃ޑՏ࿼҅ӳပӧλ=Lxޑॶك 

Y,��ډύǴჹᔈ(b)2-٬2ࢂ
�� 

ύ�YځǴߏݢޑ႟ࣁ � Z1ǶԶଞჹԜऀ೸

҂όܴǴԶӧۘ߻Ҟڋᐒޑი໗૸ፕǴฅԶ੿҅زॶςԖ࣬྽ӭࣴك

Ԝךॺό೴΋ᇥܴςว৖ނޑ౛კႽǴԶࢂ೸ၸךॺޑीᆉБԄǴஒ

ᢀჸޑډ౜ຝ፟ϒނځ౛კႽǶ 

җ2-2(b)ளޕǴԜਔ��,Y
�� 

ٰ౛კႽёҔკ3.8(b)ނځ႟Ǵࣁӳ҅ࣁ

ᇥܴǴჹܭP-ݢΕ৔Ǵځх֖ႝ൑!�ǵ!�Ϸᅶ൑"#Ǵ��,Y
�� 

߄ж߾႟ࣁ

+1Ϸ-1໘ޑණ৔ݢό۳zБӛ໺ሀ܈ሀ෧ǴϸԶᙯᡂ߄ݮࣁय़+xϷ-xБ
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ӛՉ຾ݢޑǴԶঁٿϸБӛՉ຾ݢޑ཮׎ԋᎫݢ(K
�ᆶK�
�࣬уǴ཮

ǴҗႝޕՏԖᜢ)Ǵҗᜐࣚచҹள࣬ۈଆޣٿኧǴᆶڄᎩ۰܈ԋ҅۰׎

ᅶࣁݢᐉݢచҹٰ࣮ǴԜᎫݢѸࣁۓ!�൑܌ᄬԋǴԶஒ!�൑ਁޑ൯ჹ

Ε৔ݢ຾Չᘜ΋ࡕǴ߾ளډკ3.8(a)่݀ޑǴᎫຼޑݢයҗ੟ᕳຼය

ჹݢԜᎫࣁցࢂǴࢂޑॺԖᑫ፪ך࿯ᗺǴӢԜࣁǴ٠ӧ੟ᕳೀۓ،܌

ϸ৔ǴӢԜё೸ၸ൑ࠠკ຾ډჹᔈߏݢΕ৔ӀԖቹៜǴᏤठԜΕ৔ܭ

ՉుΕޑΑှǶ 

 

კკკკ3.93.93.93.9    ࣁߏݢλݩރޑΠǴӀΕ৔ֹܭऍᏤᡏݩރޑǴ(a)ႝࣁ൑ᆶᅶ൑࣬ჹᜢ߯

კ (b)ਔ໔ӧ1/4ຼයਔǴႝ൑ޑϩѲݩރ (c)ਔ໔ӧ0ਔǴᅶ൑ޑϩѲݩރǶ 

ӣ៝΋ΠႝᅶᏢύǴӀΕ৔ֹܭऍᏤᡏѳय़ݩރޑǴӵკ3.9܌ҢǴ

ӕኬ཮׎ԋᎫݢǴҗᜐࣚచҹёаޕၰǴӧႝ൑ޑ࿯ᗺՏ࿼཮ပӧ0嘚

0.5λаϷλǴ ᅶ൑ޑ࿯ᗺՏ࿼཮ပӧ0.25λаϷ0.75λǴԜѦႝ൑ᆶᅶ

൑཮Ԗਔ໔࣬Տৡ90ࡋǴΨ൩ࢂৡ΋ঁiǴж߄ *Re[ ]×E H ႟Ǵ࣬྽ࣁ
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Ǵӵკݩރޑ੟ᕳ܄Ԗຼයډό໺ሀЪόཞ઻ૈໆǶӣݢᎫډᔈڥܭ

3.10Ǵ྽׎ԋᎫݢਔǴନΑԖ႟໘ޑϸ৔ϐѦ, +1Ϸ-1໘཮ගٮ!�൑Ǵ

ӢԜ᏾ᡏޑਏᔈ࣬྽ࢂܭᎫݢ೏ᙯΑ45فࡋǴӢԜёа࣮ډკύႝ൑

཮۳ࢂѰ΢ࢂ܈ѓΠǴӢԜӕኬޑਏᔈΨ཮ϸࢀӧᅶ൑΢Ǵև౜45ࡋ

ځǴࡕǴаϷԖ੟ᕳ܄੝ݢᎫޑय़߄ǴӢԜҗֹऍᏤᡏݢᎫޑБӛف

ණ৔܌ග1+ٮϷ-1໘, ךॺջё౒р൑ϩѲݩރޑǴӢԜჹႝܭ൑ᆶ

ᅶ൑ޑϩѲךࢂݩރॺૈ୼ႣයޑǴࡺவკ3.8٩ฅคݤளךډॺሡा

 ၗૻǶޑ

 
კკკკ3.103.103.103.10    λ=LxǴቨࣁࡋax=0.15LxǴࣁࡋࠆL=0.01LxǴP-ݢΕ৔ӀǴ(a) ਔ໔ӧ1/4

ຼයਔǴႝ൑ޑϩѲݩރ (b) ਔ໔ӧ0ਔǴᅶ൑ޑϩѲݩރǶ 

ௗΠٰǴךॺ೸ၸ!�ӧߎឦ߄य़ϩѲݩރޑǴΑှ੟ᕳຼය฻ݢܭ

λ=0.9ǵ1ǵ1.1 LxǴڗҢǴ܌Ǵӵკ3.11(a)ݩރϩѲޑय़ႝ಻߄Ǵ߈ߕߏ

ёว౜྽ऀ೸౗ቚуਔ, ӧ੟ᕳٿᆄޑz൑Ψ཮ၟ๱ቚу, ж߄Ε৔

ԋႝଽཱུ(dipole)ٰऀၸ׎಻Ǵႝޑୁٿ೸ၸགᔈ(induce)੟ᕳࢂݢ
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੟ᕳǴӧλ=LxǴᎫݢ཮٬ளӧ੟ᕳٿᆄޑz൑Πफ़, ׯϩଛߎډឦ΢БǴ

ӢԜ཮٬ளΕ৔Ӏคऀݤ೸ǴԶᢀჸკ3.11(b)Ǵჹܭλ=1.1LxǴႝ߾൑

ӧ੟ᕳୁٿԖஏ໣ႝޑΚጕǴԶჹܭλ=LxԶقǴႝΚጕஏ໣ޑՏ࿼཮ပ

ӧߎୁٿឦ΢БǶ 

 
კკკკ3.113.113.113.11 (a)λ=0.9ǵ1ǵ1.1 LxǴ߄य़ႝ൑EzޑϩѲݩރ (b) λ=1ǵ1.1 LxǴ᏾ᡏႝ

൑ޑϩѲݩރǶ 

3.2.2 уΕ୷݈ऀޑ೸੝܄ 

 ௗΠٰ૸ፕу΢ޖ୷݈ޑቹៜǴ٠ᆶჴᡍ଺ჹྣǴӵკ3.12Ǵ੟ᕳ

Οঁόڗጄൎऊӧ0.9~10 THzǴϩձࢤᓎޑᢀჸ߄µmǴж 24ࣁයຼޑ

ӕޑ੟ᕳελٰᢀჸᖿ༈ᡂϯǴځύ୤΋ޑёፓ߯ኧࣁ୷݈ޑϟႝ߯

ኧǴԶ೸ၸऀ೸كॶޑՏ࿼Ǵёளр11.2ࣁǴᆶ౛ፕॶ11.9ௗ߈Ƕ 
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კკკკ3.123.123.123.12 P-ݢΕ৔ǴLx=24 µmǴL=0.2 µmǴax=6ǵ8ǵ10 µmǴ୷݈׷਑ࣁSiǴჴᡍ

ໆෳᆶीᆉ่݀ޑჹྣკǴځύёፓୖኧࣁ୷݈ϟႝ߯ኧǴ๧ڗрޑॶ11.2ࣁǶ  

 
კკკკ3.133.133.133.13 Lx=24 µmǴL=0.2 µmǴax=6 µmǴP-ݢΕ৔ӀǴӧ(a) λ=Lx (b) λ=/ε�Lx ޑ

ႝ൑ϩѲკǶ 

ԶௗΠٰӧвಒᢀჸऀ೸ᓎ᛼Ǵ२Ӄҗ2-2(b)Ǵ྽у΢୷݈ࡕǴ߾

୔ୱ(΋)Ϸ୔ୱ(Ο)׎ԋᎫߏݢޑݢϩ໒ΑǴ୔ୱ(΋)ࣁλ=LxԶ୔ୱ
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(Ο)ࣁλ=/ε�LxǶӧλ=LxӕኬԖᎫݢ೷ԋऀޑ೸كॶǴᆶόу୷݈ރޑ

൑ࠠკΨᆶკ3.10(a)΋ठǶԶӧλ=/ε�LxӕኬԖऀ೸നځӕǴԶ࣬ݩ

եॶр౜ǴԶ೭ᗺჹᔈࢂޑډ୔ୱ(Ο)୷݈׎ԋᎫޑݢచҹǴԶځ൑

ࠠკӵკ3.13(b)܌ҢǴӧ୔ୱ(΋)ǴΕ৔Ϸϸ৔׎ԋᎫݢǴԶຼයҗ

Ε৔ۓ،܌ߏݢݢǴԶӧ୔ୱ(Ο)ӧxБӛ+1໘Ϸ-1໘׎ԋᎫݢǴԶຼ

යҗ੟ᕳຼයۓ،܌ǴӢԜ೸ၸу΢୷݈Ǵךॺёа׳຾΋؁ዴۓǴ

Ꭻౢޑݢғ཮ઇᚯP-ऀݢၸ੟ᕳޑၡ৩ǴӢԜԖऀ೸كॶǴԶӧλ=/ε[
0
Lx

ӕኬԖ΋ঁऀ೸եᗺǴԜՏ࿼ჹᔈډ୔ୱ(Ο)2+ޑϷ-2໘׎ԋᎫޑݢ

చҹǶ 

 
კკკკ3.143.143.143.14 Lx=24 µmǴL=0.2 µmǴax=6 µmǴP-ݢΕ৔ӀǴीᆉύԵቾӄ೽ޑණ৔ݢ(total)

аϷൂપޑ႟໘໨(0th)ᆶჴᡍኧᏵ໔ޑКၨǶ 

 ჴᡍᆶ౛ፕ೽ϩԖ൳ೀό֍ӝޑӦБǴӧԜᇥ Ǵܴಃ΋ᗺǴҗკ3.14

ё࣮рǴໆෳ่݀཮ϟܭ႟໘(0th)ᆶԵቾӄ೽ණ৔ݢ(total)ݩރޑǴ

ж߄ᗨฅໆෳԖ೸ၸᆫข᜔٬ε೽ϩԏޑډӀࣁ႟໘Ǵՠᗋࢂ཮Ԗଯ
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໘໨ޑӀǴӢԜѝԖӧൂપ႟໘аϷ᏾ᡏऀ೸ॶࡐեਔǴჴᡍ཮ᆶी

ᆉֹӄ΋ठǶಃΒᗺǴҗຼܭයࢂԖज़ޑǴӢԜऀ೸كॶ٠ό཮ֹӄ

ᆶीᆉႣෳ࣬ޑӕǴԶࣁࢂ΋ঁѳ጗ޑԔጕǶ 

3.3 S-ݢΕ৔ 

3.3.1 όу୷݈ऀޑ೸੝܄ 

 
კკკკ3.153.153.153.15 S-ऀޑݢ೸ᓎ᛼Ǵ(a)ࣁࡋࠆۓڰL=0.01LxǴׯᡂቨࡋax=0.2~0.8 Lx (b) 

L=0.6LxǴax=0.8LxǴკύකკࣁλ=1.2Lxऀ೸ঢ়ॶΠ|Ey|ޑϩթǶ 

җ 3.1.2 ёளޕǴჹܭ S-ݢԶقǴځനե໘ޑኳᄊԖᄒЗᓎ౗Ǵ

ӢԜ྽ߏݢᇻεܭ੟ᕳਔǴΕ৔ࢂݢคݤ೯ၸޑǴӵკ 3.15(a)܌ҢǴ

Եቾ L=0.01Lx٠૸ፕࠟޔΕ৔Ǵ߾ቨࡋຫઞਔǴ߾᏾ᡏऀ೸ຫեǶԶ

ჹܭS-ݢӕኬѝाፓ᏾ள྽Ǵӕኬ཮ԖFabry-PerotӅ Ǵਁӵკ 3.15(b)

ࣁҢǴკύකკ܌ Ey൑ਁ൯ޑϩѲǴёᢀჸډ൑໣ύӧ੟ᕳύѧǴҗ

ௗऀ೸ǴӢԜऀ೸ঢ়ޔޑǴӢԜ཮Ԗεໆ߈ௗߏݢᆶࡋԜਔ੟ᕳቨܭ

ॶόܴᡉǶԶჹܭ Fabry-Perot ۓΠ΋ക཮ӧ଺ܭॺ཮ך܄Ӆਁ੝ޑ

ໆ΢ޑ૸ፕǴԶӧԜךॺा૸ፕࢂޑკ 3.15(a)ύǴӧλ=LxਔǴऀځ೸
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ঢ়ॶޑ੝܄Ƕ 

 
კკკკ3.163.163.163.16    (a)ቨࣁࡋax=0.8LxǴࣁࡋࠆL=0.01LxǴ྽λ=LxਔǴᎫݢӧz=0ޑϩѲǴ(b)

ӧλ=LxਔǴS-ݢΕ৔܌ᐟว1+ޑϷ-1໘ණ৔ݢϐ໔࣬ჹᜢ߯ޑҢཀკǶ 

җ P-ޑݢ૸ፕǴךॺளޕӧλ=LxਔǴ཮ౢғᎫ٠٬ऀݢ೸Πफ़Ǵ

ԶࣁՖӧ S-ݢύϸԶࢂჹᔈऀډ೸ঢ়ॶǻҗკ 3.16 ٰᇥܴǴڗ

ax=0.8LxϷࡋࠆ L=0.01Lx٠ԵቾࠟޔΕ৔ǴԜਔѝ཮Ԗ"�ǵ!#Ϸ"�Ǵ

ӧԜࢂճҔ!#೽ϩٰᇥܴǴԶҗᜐࣚచҹளޕǴ྽λ=LxǴ+1 Ϸ-1 ໘׎

ԋޑᎫݢ཮ࢂҗ!#܌ᄬԋǴკ 3.16(a)ύޑᙔՅჴጕࣁᎫޑݢϩѲǴԶ

җܭԜਔ 0ǵ+1 Ϸ-1 ϩѲٰΑှޑௗᢀჸਁ൯ޔॺёаךࡺǴ#!ࣁࣣ

Ѭॺϐ໔ޑυੋǴӵკ 3.16(a)ύ໵ՅჴጕǴԶ྽+1ǵ-1 ᆶ 0໘຾Չ

υੋਔǴё࣮ਁډ൯೏ख़ཥϩѲǴӧߎឦᆄਁޑ൯Πफ़Ǵӧޜ਻ޑՏ

࿼ਁ൯ቚуǴ೸ၸૈໆख़ཥϩѲၲԋऀ೸ࣁ ຼܭλߏݢਏ݀Ƕ྽ޑ1

යਔǴᎫݢᡂࣁණ৔ݢǴεຼܭයਔǴ߾ϯࣁ੃ණݢ(Evanescence wave)Ǵ

Ꭻݢ੝܄೿཮੃ѨǴ೷ԋ΢ॊਏᔈ੃ѨǴᏤठऀ೸౗Πफ़ǴӢԜऀ೸
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ঢ়ॶѝр౜ӧλ=LxǶԶ P-ऀݢ೸ঢ়ॶࢂ೸ၸӅਁޑБԄǴӢԜ཮Ԗጕ

ቨࡐλऀޑ೸ঢ়ॶǴԶ S-ऀޑݢ೸ঢ়ॶѝൂࢂપҗυੋౢ܌ғǴӢԜ

ό཮Ԗമউ૟ڄኧ(Lorentzian function)׎ޑԄǶ 

 
კკკკ3.173.173.173.17    ቨࣁࡋax=0.8LxǴࣁࡋࠆL=0.01LxǴS-ݢΕ৔ӀǴ྽λ=Lxႝޑ൑(Ey)ϩѲკǶ 

Զӕኬёᢀჸ൑ࠠკǴӵკ 3.17 ҢǴ۳܌ xБӛຼය܄җᎫ܌ݢ

ගٮЪ�ࣁ� 0Ǵж۳߄ zБӛคज़ۯ՜ǴԶ۳̰Бӛຼޑය܄җΕ৔ݢ

 ൯ϩѲǶਁޑჹᆀރԋᆛ׎ǴӢԜٮග܌
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3.3.2 уΕ୷݈ऀޑ೸੝܄ 

 
კკკკ3.183.183.183.18    у΢୷݈ࡕǴ᏾ᡏऀ೸੝܄ё୔ϩࣁΟঁ୔ࢤλ<Lx嘚Lx<λ</ε�LxϷλ>/ε�LxǴ

კύаጂဦٰ߄Ң၀୔ࢂࢤցх֖ଯ໘ණ৔ݢǶ 

 ӧ૸ፕჴᡍኧᏵ߻Ǵ२ӃךॺӃགྷႽуΕ୷݈ࡕǴऀ߾೸ᆶϸ৔཮

р౜ϙሶᡂϯǴаკ3.18ٰᇥܴǴҗ2-2(b)Ǵ྽у΢୷݈ࡕǴऀ೸੝

Οঁ୔ୱǺಃ΋Ǵλ<LxǴ୔ୱ(΋)Ϸ୔ୱ(Ο)ࣁᡂϯёεठϩޑߏݢᒿ܄

໘ନΑ႟໘ϐѦǴΨх֖ଯ໘ණ৔໨ǶಃΒǴLx<λ</ε�LxǴ୔ୱ(΋)

ѝഭ႟໘ǴԶ୔ୱ(Ο)٩ฅӸӧଯ໘໨ǴಃΟǴλ>/ε�LxǴ୔ୱ(΋)Ϸ

୔ୱ(Ο)ࣣѝх֖႟໘໨(ჹܭόу୷݈Ǵ่ᄬࣁჹᆀǴࡺѝ཮Ԗಃ΋

ঁᆶಃΟঁݩރ)ǶԶךॺԖᑫ፪ࢂޑǴӧҬࣚೀރޑᄊࣁՖǻӃᢀჸ

კ3.19ǴᆶP-࣬ݢӕڗ୷݈ϟႝ߯ኧ11.2ࣁǴ߾ኳᔕᆶჴᡍ่݀ࣁΜ

ϩ֍ӝǴԶௗΠٰϩձ૸ፕλ=LxϷλ=/ε�LxݩރޑǶ 

ӧλ=LxǴӵკ3.20(a)Ǵᗨฅ୔ୱ(΋)ӕኬԖᎫݢ੝܄ǴՠԜਔ୔

ୱ(Ο)ค׎ݤԋᎫݢǴӢԜႝ൑คݤԖਏ೯ၸ੟ᕳǶ٠Ъҗܭ୔ୱ(Ο)

Ԗଯ໘ණ৔໨Ǵૈࡺໆคݤ໣ύӧ႟໘Ǵ٠Ъ۳܈ߏݢߏอߏݢǴৡ
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౦ѝӧණ৔ޑࡋفόӕǴૈໆ٠ό཮ϩଛԿ႟໘Ǵऀࡺ೸ᓎ᛼΢ό཮

Ԗр౜ঢ়ॶ่݀ޑǶӧλ=/ε�LxǴӵკ3.20(b)ǴԜਔ୔ୱ(Ο)׎ԋᎫ

р౜ऀ೸ঢ়ॶǴԶόӕࡺ႟໘໨ǴډǴૈໆҗଯ໘໨೸ၸυੋ໣ύݢ

ԄǴ׎ޑݢԋᎫ׎୔ୱ(΋)Ϸ(Ο)ӕਔډၲݤคځǴݩރޑόу୷݈ܭ

ݤคࡺǴڋज़܌ϸ৔౗ޑനεॶ཮೏໒Ͼय़ᑈКаϷ୷݈ޑ೸౗ऀࡺ

׎୔ୱ(Ο)+2Ϸ-2໘ܭԾٰࢂঢ়ॶޑ೸౗ǴԶӧ1ᆶ3.4ϐ໔ऀޑ1ၲډ

ԋޑᎫݢǶ 

 

კკკკ3.193.193.193.19 S-ݢΕ৔ǴLx=24 µmǴL=0.2 µmǴax=18ǵ20ǵ22 µmǴ୷݈׷਑ࣁSiǴჴ

ᡍໆෳᆶीᆉ่݀ޑჹྣკǴځύёፓୖኧࣁ୷݈ϟႝ߯ኧǴ๧ڗрޑॶ11.2ࣁǶ 
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კკკკ3.203.203.203.20 Lx=24 µmǴL=0.2 µmǴax=22 µmǴS-ݢΕ৔ӀǴӧ(a) λ=Lx (b) λ=/ε�Lx ޑ

ႝ൑ϩѲკǶ 
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ಃѤಃѤಃѤಃѤകകകക    ᔈҔᔈҔᔈҔᔈҔ    

4.1 ᘠݢᏔ 

 ΢΋കς၁ಒ௶ॊP-ݢϷS-ऀݢၸ੟ᕳނޑ౛ᐒڋǴԶௗΠٰךॺ

ᘠݢ-ϷSݢ-Pډఈ೸ၸFabry-Perotኳᄊٰ೛ीϩձჹᔈ׆ࢂޑҞޑ

ᅿୃਁٿॺӆӣ៝ךՏ࿼Ƕ२Ӄޑ೸ঢ়ॶऀځໆ΢ႣෳۓᏔǴ٠ӧݢ

Ӏޑ୷ҁ੝܄ǴP-ݢԖTEMኳᄊǴջ٬྽੟ᕳቨࡋλߏݢܭਔǴ٩ฅӸ

ӧҗTEM܌ᄬԋޑFabry-PerotኳᄊǶԶჹܭS-ݢԶقǴځനեኳᄊԖ

ᄒЗᓎ౗ǴӢԜाӧ੟ᕳύԖё໺ሀޑኳᄊǴ߾Ѹ໪ᅈ2ىax>λǴा٬

ऀ೸ঢ়ॶֹӄҗ႟໘܌ଅ᝘Ǵ߾ж߄λ>LxǴࡺჹܭS-ݢǴाӧ႟໘Ԗ

Fabry-PerotޑӅਁঢ়ॶǴ߾Ѹ໪ᅈىax>(Lx/2)ǴՠӢࣁ੟ᕳቨࡋϼቨǴ

ҢǶӢ܌ଯǴӢԜऀ೸ঢ়ॶ٠όܴᡉǴӵკ3.15(b)ٯௗऀ೸໨Кޔ߾

Ԝךॺ཮Ԗୢঁٿᚒाှ،Ǵಃ΋ǴӵՖ٬S-ݢӧ੟ᕳઞݩރޑΠ٩

ฅӸӧё໺ሀኳᄊǴಃΒǴӵՖۓໆ΢Ⴃෳ೭٤ऀ೸ঢ়ॶޑՏ࿼Ƕ 

 

კკკკ4.1 4.1 4.1 4.1 ೸ၸӧ੟ᕳύ༤Εϟႝ፦Ǵૈ୼٬฻ਏߏݢᕭอǴ٠ૈ٬੟ᕳύޑᄒЗݢ

 ቚуǶߏ

 Զଞჹಃ΋ঁୢᚒǴךॺёճҔკ4.1ٰᇥܴǴ೸ၸӧϟႝ፦ύǴ
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Ӏޑ฻ਏߏݢᕭอǴӢԜךॺёӧ੟ᕳύ༤Ε፾྽ޑϟႝ፦ٰှ،ୢ

ᚒ΋ǶԶჹܭಃΒঁୢᚒǴӃଷ೛Ӏӧ੟ᕳύࢂόᆶѦࣚԖҬϕբҔǴ

ӢԜӧᕵӛϷᐉӛाᅈىᎫݢచҹǴӢԜाᅈىΠӈБำԄǺ 

 
22 2

2
slit

x

m n

L a

π π πε
λ

    = +     
     

 4-1 

ჹܭP-ݢԶقǴnനλॶ0ࣁǴԶS-ݢԶقǴനλॶ1ࣁǴӢԜޑޣٿӅ

 ǺࣁҢ߄ёϩձߏݢਁ

 

2 2

2
: 0

2
: 1

1 1
/ /

slit

x x

slit

x

x x x

L
n

L m L

n
L

L L a L

ελ

ελ


= → =



 = → =

    +       

P - polarized

S - polarized
 4-2 

Զ೸ၸ4.2Ǵךॺ߾ёႣෳঢ়ॶޑՏ࿼Ƕ 

 
კკკკ4.24.24.24.2    (a) P-ݢǴLx=24 µmǴax=0.05LxǴL=0.02Lx  (b)(b)(b)(b) S-ݢǴLx=24 µmǴax=0.374LxǴ

L=0.267LxǴ੟ᕳύϟႝ߯ኧ11.9ࣁǴӧࠟޔΕ৔ݩރΠǴБำԄ4-2՗ीॶᆶჴሞ

ၮᆉीᆉ่݀଺КၨǶ 

߾ঢ়ॶပӧλ=1.5LxǴࣁLx=24 µmǴԶεslit=11.9Ǵଷ೛Ҟ኱ࣁයຼڗ 
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ёளрკ4.2่݀ޑǴკύ຀ጕ܌2-4ࣁႣෳ่݀ޑǴёᢀჸځډᆶP-

ӧᆶ୔ୱ(΋)Ϸ୔ୱࣁᇤৡচӢځǴޑԖৡຯࢂჴሞঢ়ॶޑݢ-ϷSݢ

(Ο)ޑϟय़ϸ৔ਔǴ཮Ԗ࣬Տৡޑଅ᝘ǴӢԜჴሞा׎ԋᎫޑݢచҹ

 Ǻࣁ

 2 2 2zk L nφ π+ =  4-3 

жو߄ၸ΋ԛၡ৩ࡕǴӣډচᗺਔǴᆶ࣬ޑۈ߃Տ࣬ӕǴҗ຤੓ԸБ

ำԄளޕǴӧࠟޔΕ৔ܭޑϟ፦ਔǴϸ৔ࢂό཮Ԗ࣬ՏৡޑǴ࣬ࡺՏ

ৡߚ٠੟ᕳύޑϟႝ፦ᆶ୔ୱ(΋)Ϸ(Ο)ޑϟႝ߯ኧόೱុ܌ЇଆޑǴ

ԶࢂΕ৔ӀᐟวΑ੟ᕳύԖӚᅿБӛ໺ሀݢޑǴځӧϟय़ϸ৔܌೷ԋ

ԖᜢǴՠࡋࠆϷࡋቨޑελ཮ᆶ੟ᕳޑϐǴԜ࣬ՏৡقՏৡǴඤ࣬ޑ

ॺૈჹঢ়ךǴӢԜ೸ၸ4-2Ǵޑޕளݤคࢂ߻ӧ೸ၸำԄीᆉ܄ᜢᖄځ

ॶՏ࿼଺՗ीǴჴሞӆ೸ၸำԄӆ଺༾ፓǶ 
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ಃϖಃϖಃϖಃϖകകകക    ่่่่ፕፕፕፕ    

 ҁፕЎ೸ၸ୷ۭ৖໒ݤϩߎ݋ឦӀऀޑ࢐೸ᓎ᛼Ϸ߈൑൑ ǴࠠԶჹ

ߎᏤኳᄊаϷԵቾݢޑऍᏤᡏଷ೛ΠֹڗԄϩձ׎୷ۭޑ୔ୱ(Β)ܭ

ឦཞ઻ຼޑය܄ቫ่ރᄬǴԶ೸ၸ೭ٿᅿ୷ۭ٠མଛ୷ۭ৖໒ݤǴך

ॺ၁ಒ૸ፕόу୷݈аϷу΢୷݈ߚޑჹᆀ่ᄬǴ٠ಒϩࣁP-ݢϷS-

 ᜢ߯ǶޑΕ৔Ǵᇥܴୃਁᆶऀ೸ᓎ᛼໔ݢ

 ჹܭP-ݢΕ৔Ǵךॺ२Ӄ૸ፕԜس಍ޑӅਁऀ೸౜ຝǴ٠೸ၸԵቾ

όӕΕ৔ࡋفаϷߎឦཞ઻ǴᘜયрP-ऀݢ೸ঢ়ॶԖٿᅿᄒฅόӕޑ

੝܄Ƕќ΋Бय़٠ుΕ૸ፕ྽ߎឦࡋࠆᇻλܭӀ࢐ຼය嘚Ε৔Ӏߏݢ

฻ܭႜճߏݢਔऀޑ೸كॶނޑ౛კႽǴךॺᢀჸډӧԜచҹΠǴΕ

৔Ӏ཮ᐟว߄य़ޑᎫݢǴ߄٠٬य़ႝ಻ख़ཥϩѲǴ೷ԋऀ೸౗Πफ़ޑ

౜ຝǶԶ྽у΢୷݈ࡕǴ҅ϸ׎ୁٿԋᎫߏݢޑݢϩ໒ǴӢԜ཮ᢀჸ

 Ƕ่݀ޑჹᔈ࣬ډॶǴԶӧჴᡍ΢Ψளكӭऀ೸׳ډ

 ჹܭS-ݢΕ৔ǴӕኬᜢݙӧߎឦࡋࠆᇻλܭӀ࢐ຼයݩރޑǴךॺ

ว౜ӕኬӧႜճߏݢǴჹܭS-ݢϸԶऀࢂ೸ঢ়ॶǴԶځচӢࢂᎫݢᆶ

Ε৔׎ݢԋࡌ೛܄υੋǴ٬ૈໆख़ཥϩଛډ੟ᕳύǴᙖԜၲԋऀ೸౗

όӕǴӢߏݢޑݢԋᎫ׎ୁٿϸ҅ܭǴҗࡕǶԶ྽у΢୷่݈݀ޑ1ࣁ

Ԝᗨฅऀ೸ঢ়ॶӸӧǴՠ཮ډڙ୷݈аϷ໒Ͼय़ᑈКޑज़ڋǴ٬ளന

εऀ೸౗ค1ၲډݤǴ٠ӕኬӧჴᡍ่݀΢ளډᡍ᛾Ƕ 
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 Զനࡕ൩ᔈҔቫय़ԶقǴ೸ၸFabry-PerotӅਁۺཷޑаϷӧߎឦ

੟ᕳύ༤Εϟႝ፦Ǵךॺૈ୼ۓໆ΢ႣෳჹܭP-ݢϷS-ऀݢ೸ঢ়ॶޑ

Տ࿼ǴԶځᇤৡٰྍࢂӧ໒Ͼೀޑϸ৔܌೷ԋ࣬ޑՏৡǶ 
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Research on transmission mechanism of metallic 
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