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ⱦכⱶ╩ ™√ ה ה ⌂ ─  

        

        

ה 1  

⅜ ─ ♃כ♦ ─ │⁸ ⌐╟╢≤ 2018 5 ─ ♄►fi꜡כ♦♪כ♃ │

29.7% ─ 12.5 ♥ꜝⱦ♇♩ ≤ ₁ ⇔≡™╢⁹ ▬fi♃כⱠ♇♩ ╛☻ⱴכ♩ⱨ◊fi─

⁸ ─≤⌂☻ⱦכ◘ ⌐ ™ ╙ ♃כ♦ ─ ⅜ ↄ≤ ↕╣≡™╢⁹↓─╟℮⌂

╩ ⅎ╢Ⱡ♇♩꞉כ◒┼─ ≤⇔≡⁸ ⌂╢ ⌐ ⅎ⁸♦כ♃ ─ ⌐ ∆╢

╩ √∑⁸ ⌐ ∆╢↓≤⅜ ╘╠╣╢⁹ 

≤ ⁸ ─ ≤⇔≡ ⱦכⱶ⅜№╢⁹ ⱦכⱶ│

√⌂ ─ ≤⇔≡ ↕╣≡⅔╡⁸ ─ ⌐ ∂≡ ∆╢↓≤≢⁸ ∞↑≢⌂ↄ

⁸ ⌂ Ⱡ♇♩꞉כ◒─ ⌐ ≢⅝╢≤ ↕╣╢⁹ ≢│⁸ ⱦכⱶ

╩ ™√ ה ה ⌂ Ⱡ♇♩꞉כ◒─ ╩ ≤⇔⁸ ─ ⌐ ⇔≡ ╩ ℮⁹ 

(1) ⱦכⱶ─  

(2) ⱦכⱶ─ ⱨ□▬Ᵽ ♪כ⸗─  

(3) ⱦכⱶ⌐ ⇔√  

2 ⱦכⱶ 

ⱦכⱶ≤│ ─ ╩ ™≡ ⱦכⱶ⌐ Orbital Angular 

Momentum, OAM╩ √∑√ ─↓≤≢№╢[1] ⁹ ≤╙ ┌╣╢⁹ 1⌐ ∆╟℮⌐⁸ ⱦ

│ⱶכ ─ ╩ ∟⁸ ╖ ℮ ─ ≢ m⅜ ╕╡⁸ ⌂╢ m─ ╩ ≈ⱦכⱶ│

™⌐ ⇔≡™╢↓≤⅜ ≢№╢⁹⇔√⅜∫≡⁸ ⌂╢ m─ⱦכⱶ∕╣∙╣⌐ ╩ ∑≡ ∆

╢↓≤⅜ ≢№╡⁸ ™╠╣≡⅝√ ─ ≢№╢ ⁸ ⁸ ⁸ ⌐ ← √⌂

─ ≤⇔≡ ↕╣≡™╢⁹↓─ √⌂ ╩ ─ ⌐ ∂≡ ∆╢↓≤≢⁸

∞↑≢⌂ↄ ⁸ ⌂ Ⱡ♇♩꞉כ◒─ ⌐ ≢⅝╢≤ ↕╣≡™╢⁹ 

ά σ ά ς ά ρ ά π ά ρ
 

ⱦכⱶ╩ ≠↑╢╠∑╪ ─  

3 ⱦכⱶ─  

(OAM) ⱦכⱶ│⸗כ♪ ─ ╩ ⅛⇔√ ⅜ ≢№╢⁹ ⌐ ⇔√ OAM

ⱦכⱶ│⁸ ⌐⅔™≡ ⱦ♇♩╩ ∆╢√╘⌐ ∆╢ ⅜№╢⁹ ⌂

◓fi▫♥כ♁♪כ⸗≡⇔≥ ⅜ ↕╣≡™╢[2] ⁹ ◓fi▫♥כ♁♪כ⸗─↓│≢ ╩ ™╢ ⌐⁸

─ ─ ─ ⅜ ⌐≥─╟℮⌂ ╩ ⅎ╢⅛╩ ⇔⁸ ─

╩ ∆╢⁹ ⅎ≡⁸ ╩ ∆╢ ╩ ∆╢⁹ ⇔√OAM ⱦכⱶ⅛╠ ─

╩ ⇔⁸∕╣⌐ ≠™≡ ≢OAM ⱦכⱶ─ ה ╩ ⇔ ⌐ ∆╢ ╩

20182045
過去なし



 

2 

 

⇔⁸ ◦Ⱶꜙ꜠כ◦ꜛfi≢ ∆╢⁹ 

OAM ⱦכⱶ╩ ™√ ≢│⁸ ─ ─ ∞↑≢⌂ↄ⁸ ─

─ ╠⅞⅜ ≢ OAM ⱦכⱶ─ ⅜ ╣≡ ⅜ ∆╢↓≤╙ ⌂ ≢№╢[3] ⁹

∕↓≢ ≢│⁸ ─ ╠⅞⌐╟╢ ─ ╩ ∆╢ ╙ ∆╢⁹ ─ ╠⅞

│ ⁸ ⁸ ⌂≥─ ≢ ה ⌐ ⇔ ⌂ ╢ ™╩∆╢√╘⁸╛│╡ ⌐ ∆

╢ ⅜№╡⁸ ⇔√OAM ⱦכⱶ⅛╠ ╠⅞─ ╩ ⇔⁸∕╣⌐ ≠™≡ ≢ OAM ⱦכ

ⱶ─ ╩ ⇔ ⌐ ∆╢ ╩ ⇔⁸ ◦Ⱶꜙ꜠כ◦ꜛfi≢ ∆╢⁹ 

 

╢↑⅔⌐◓fi▫♥כ♁♪כ⸗ 3-1 ─ ─ ─ ≤  

⌐ ∆╟℮⌐⁸╕∏ ≤⇔≡ ─ ⅜∏╣╢ ≤⁸ ≤ ⅜

∑∏⌐ ⅜∏╣╢ ╩ ⇔√⁹ 

Lateral displacement Angular deflection

Mode sorter Mode sorter

Ὀ

Ὀ

‪

‎

Ὀ : HorizontalὈ : Vertical

OAM Tx OAM Tx

‪: Horizontal‎: Vertical

Ὀ σÍÍ ‎ ρπʈÒÁÄ

(a) (b)
 

≤ ─  

 

₁─↓╣╕≢─ ─ ⁸ ⌐ ⇔≡│ ─╟℮⌂ ╩ ╠⅛⌐⇔≡⅝√[4, 5]⁹ (a) ⌐

∆ │ ⱦכⱶ─ ─⅔╟∕±20% ╕≢ ≢⅝⁸ ≢ ™╠╣╢ ◐꜡

─ ≢№∫≡╙ ≢─ ⅜ ≢№╢↓≤╩ ╠⅛⌐⇔√⁹ (b) ⌐ ∆

│ 1000 ─ 5.7 100ⱴ▬◒꜡ꜝ☺▪fi ⌐ ⅎ╢ ⅜№╢↓≤⅜ ⅛∫√⁹ │ ≢⁸

⌐ ∆╢ ╩ ∆╢ ⅜№╢↓≤╩ ╠⅛⌐⇔√⁹ ─ Ȃ⌐ ∆╢

╩ ⌐ ∆⁹ ─↓⁸╡⅔≡∫≥╩(XT)◒כ♩☻꜡◒│⌐ ⅜ ↕™╒℮⅜ ↄ⁸ ≢⅝╢ XT

≤⇔≡- 3dB╩ ∆╢≤⁸ │ 1000 ─ 5.7 100ⱴ▬◒꜡ꜝ☺▪fi ⌐ ⅎ╢ ⅜№╢⁹ 

Acceptable XT 
below -3 dB

OAM

 

─  

 

20182045
過去なし
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↓╣╠─ ─ ⁸ ─ ⅜ ≢№╢√╘⁸ ─ ≢│ ╩ ⌐∆

╢↓≤╩ ⇔√⁹ ─ ╩ ⇔√ ⁸Ɽ▬꜡♇♩ⱦכⱶ╩ ™╢ ╩ ⇔√⁹

⌐ ─ ╩ ∆⁹ ╩♃כ♦ ╢ ⱦכⱶ≤│ ⌐⁸ ╩ ∆╢ ─Ɽ▬꜡♇

♩ⱦכⱶ╩ ™╢⁹ ╩ⱶכⱶ≤Ɽ▬꜡♇♩ⱦכⱦ♃כ♦ ≢ ∆╢↓≤≢⁸ ⱦכⱶ⌐

⇔™ ⅜ ↕╣╢⁹ ≢Ɽ▬꜡♇♩ⱦכⱶ╩ ⇔⁸∕─ ╩꜠fi☼╩ ™√ ⱨכ

ꜞ◄ ╩ ∆↓≤⌐╟╡ ∆╢⁹ ⇔√ ╩ ∟ ∆╟℮⌂ ╩ ⇔⁸ ⱦ♃כ♦

─⧵⌐ⱶכ ╩ ∆↓≤≢⁸ ─ ╩ ⅎ╢↓≤⅜≢⅝╢⁹ 

Tx

Pilot beam
       ά π
(X polarization)

Signal OAM beams

Rx1

Adaptive compensator

PBS

Spatial Fourier
transform by a lens

Camera

Pilot beam

Computer

Rx2

SLM1 SLM2 Lens

Mode sorter

Phase compensation 
pattern is displayed 
on SLM 1

Pilot position detection &
Compensation calculation

Pilot beam and 
signal OAM beams

:
:

Signal
OAM 
beams
(Y pol.)

 
─ ─  

 

─ ╩ ◦Ⱶꜙ꜠כ◦ꜛfi≢ ⇔√⁹ ⌐ ◦Ⱶꜙ꜠כ◦ꜛfi─ ╩ ∆⁹

⌂⇔≤ №╡≢ ↑⁸ ─ ⅜ ─ ⁸ ⅜ ─ ─ ╩ ∆⁹

─ ─ ™⅜ ╩◒כ♩☻꜡◒╢№≢ ⇔⁸ ⅜ ↕™╒≥( ⅜ ⌐ ™╒≥)

⅜ ⌂ↄ ⅜ ™↓≤╩ ∆⁹OAMⱦכⱶ─ ╩m=- 3,0,2 ─ ≢ ─ ╩ ⇔√ ⁸

№╡─ │ ⌐ ⅜◒כ♩☻꜡◒≡⇔ ≢⅝≡™╢↓≤⅜ ⅛╡⁸ ─ ╩ ⅎ≡

╩ ╘╢↓≤⅜≢⅝╢↓≤╩ ╠⅛⌐⇔√⁹ 

ά σ ά π ά ς

 

ה ─ ⌐ ◒כ♩☻꜡◒╢∆  

20182045
過去なし
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⌐ⱴכ♥ ∆╢ │₈ ₉ ⌐ ⇔≡⅔╡⁸ ≤⇔≡( 8)⁸ ≤

⇔≡( 9)⅜№╢⁹ 

 

3-2 ─ ╠⅞⌐╟╢ ─ ≤  

OAM ⱦכⱶ╩ ™√ ≢│⁸3- 1⌐ ─ ─ ─ ∞↑≢⌂ↄ⁸

─ ─ ╠⅞⅜ ≢OAM ⱦכⱶ─ ⅜ ╣≡ ⅜ ∆╢↓≤╙ ⌂

≢№╢⁹∕↓≢ ≢│⁸ ─ ╠⅞⌐╟╢ ─ ╩ ∆╢ ╙ ⇔√⁹

─ ╠⅞│ ⁸ ⁸ ⌂≥─ ≢ ה ⌐ ⇔ ⌂ ╢ ™╩∆╢√╘⁸╛│╡

⌐ ∆╢ ⅜№╡⁸ ≢ ™√ ─Ɽ▬꜡♇♩ⱦכⱶ╩ ™╢ ⅜ ≢⅝⁸ ─ ⅜

ⅎ╢√╘ ⌐ ∫√⁹ 

⌐ ─ ╠⅞⌐ ∆╢ ─ ╩ ∆⁹ ≤ ⌐ ╩♃כ♦ ╢ ⱦכⱶ≤│

⌐⁸ ─ ╠⅞╩ ∆╢ ─Ɽ▬꜡♇♩ⱦכⱶ╩ ™╢⁹ ╩ⱶכⱶ≤Ɽ▬꜡♇♩ⱦכⱦ♃כ♦

≢ ∆╢↓≤≢⁸ ⱦכⱶ⌐ ⇔™ ⅜ ↕╣╢⁹ ≢Ɽ▬꜡♇♩ⱦכⱶ╩ ⇔⁸∕─

╩ ☿fi◘כ╩ ™≡ ∆╢⁹ ⇔√ ╩ ∟ ∆╟℮⌂ ╩ ⇔⁸ ♦

─⧵⌐ⱶכⱦ♃כ ╩ ∆↓≤≢⁸ ─ ╠⅞⅜ ≢ ∂╢ ─ ╩ ⅎ╢↓≤⅜≢⅝╢⁹ 

Free-space propagation
through turbulent air

Pilot beam

Spatial light 
modulator 2

OAM
receiver

Projection

Compensated
data beamPBS

Adaptive Compensation

Optical signal

Electrical signal

Data beam

Pilot beam:  X-pol.
Data beam:  Y-pol.

OAM
transmitter

Phase fluctuation 
detection

Phase 
compensation  
calculation

Spatial light 
modulator 1

l/2-plate

Wavefront 
sensor

PC

 

─ ╠⅞⌐╟╢ ─ ─  

 

─ ╩ ◦Ⱶꜙ꜠כ◦ꜛfi≢ ⇔√⁹ ─ ╠⅞│Modified von Karman ⸗♦ꜟ≢

⇔√ ╩fiכꜞ◒☻ ⱦכⱶ⌐ ⇔⁸∕─ ⱦכⱶ ⌐╟╢ⱨ꜠Ⱡꜟ ╩ ∆↓≤≢

╩ ⇔√[6 ] ⁹ ─ ╠⅞─ ↕╩ ∆Ɽꜝⱷכ♃⌐ Cn
2⅜№╡⁸↓─ ⅜ ⅝

™╒≥ ─ ╠⅞⅜ ↄ⁸ ↕™╒≥ ╠⅞⅜ ™ ╩ ≢⅝╢⁹ 

⌐⁸ ─ ╠⅞⌐ ∆╢ ─ ⌐╟╢ ─ ╩ ∆⁹ │⁸

─ⱶכⱦ♃כ♦ 3⅜ ⇔ↄ ≢⅝≡™╢⅛≢ ⇔√⁹ (a) ⌐ ∆╟℮⌐⁸ ╠⅞⅜⌂™

│⁸ ╩⇔⌂ↄ≡╙ ─ⱶכⱦ♃כ♦ 3⅜ ↄ ╣≡⅔╡⁸ ⅜ⱶכⱦ♃כ♦ ⇔ↄ

≢⅝≡™╢↓≤⅜╦⅛╢⁹ ⁸ (b) ╛(c) ⌐ ∆╟℮⌐⁸ ⅔╟┘ ™ ╠⅞─ ♃כ♦╩

ⱦכⱶ⅜ ∆╢≤⁸ ⌂⇔─ │ ─ⱶכⱦ♃כ♦ │ 3 ⌐╙ ⌐ ╣⁸ ⅜ ⌐

⌂╡⁸ ⅜ ↄ⌂╢↓≤⅜╦⅛╢⁹ ╩ ℮≤⁸ (d) ╛(e) ⌐ ∆╟℮⌐ 3─ ⅜

⇔≡⅝≡⅔╡⁸ ─ⱶכⱦ♃כ♦ ⅜ ∆╢↓≤⅜╦⅛╢⁹ (f) ╛(g) ─ │⁸Ɽ▬꜡♇

♩ⱦכⱶ─ ─ⱶכⱦ♃כ♦╩ ≤ ↕∑√ ⅜ ⅜ ™↓≤╩ ⇔≡™╢⁹ 

 

20182045
過去なし
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0

1

2

3

4

0 1 2 3 4 5 6

0

1

2

3

4

0 1 2 3 4 5 6

0

1

2

3

4

0 1 2 3 4 5 6

LG0n

w0

OAM channel (azimuthal order of the received beam)

Í

ὅ ρπ
Í

LG03,w0=0.02     LG00,w0=0.02
LG00,w0=0.03     LG00,w0=0.04
LG00,w0=0.05     LG00,w0=0.06

Legendfor (d) and (e): Legend for (f) and (g):

(a)

(b)

(c)

(d)

(e)

(f)

(g)
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─ ╠⅞⌐ ∆╢ ─ ⌐╟╢  

 

⌐ⱴכ♥ ∆╢ │₈ ₉ ⌐ ⇔≡⅔╡⁸ ≤⇔≡(1) ⁸ ≤

⇔≡( 5)⅜№╢⁹ 

4 ⱦכⱶ─ ⱨ□▬Ᵽ ♪כ⸗─  

OAM ⱦכⱶ╩ ⱨ□▬Ᵽ ≢ ↕∑╢↓≤│⁸ ─ ⌐│ ≢№╢⁹OAM ⱦכ

ⱶ─ ≤⇔≡ ⌂Ᵽꜟ◒ ╩ ™╢ ≢│⁸ⱨ□▬Ᵽ ⌐ ∂╢ ─ ⅜№

╢⁹ ⱨ□▬Ᵽ ≢OAM ⱦכⱶ╩ ∆╢ ⅜ ≢№╡⁸ ₁│↓╣╕≢ ╩ ™

≡ ─ ≢№╢ ≢ ╩ ⇔⁸ ⇔√ ≢ ⱨ□▬Ᵽ╩ ↕∑⁸

ⱨ□▬Ᵽ⌐ ⇔√ ╩ OAM ⱦכⱶ⌐ ∆╢ ╩ ⌐ ⇔≡⅝√[ 7] ⁹ ≢│⁸╟╡ ─

OAM ⱦכⱶ╩ ⱨ□▬Ᵽ ≢ ♪כ⸗⁸╘√╢∆ ─ ⅔╟┘ ◦Ⱶꜙ꜠כ◦ꜛfi

╩ ℮⁹ 

Output 
fiber

Phase

Phase

Stripped 
GI fiberShear-mode 

PZTs horn

Input 
fiber

RF 
signal

Phase 

shifter

EVW 
attenuator

 

⌐╟╢ ⱨ□▬Ᵽ ♪כ⸗─  

20182045
過去なし



 

6 

 

ⱨ□▬Ᵽ ♪כ⸗─≢ │ ─ ≢ ℮⁹ │ ( Shear- mode PZT)≢ ⇔⁸↓─

≢ ⱨ□▬Ᵽ╩ ↕╢⁹ ─ ⱨ□▬Ᵽ⅛╠ 0 ─ OAM ⱦכⱶ╩ ⇔⁸

─ ┼≤ ∆╢ ⌐⁸ ⌐╟∫≡ ↕╣√ ⌐╟╡ ─ OAM ⱦכⱶ⌐ ↕╣╢⁹ 

─ ╩ ∫√ ╩ ⌐ ∆⁹ ─ⱪ꜡☿☻│ ⌐ ≢№╢─≢⁸ ≢│

∞↑╩ ⇔ ⌂ ⌐ ╘╢⁹ │ ≢№╢ ╩ ↕╣√™⁹ 

É Dielectric constant

ÉTotal dielectric constant
Ⱡ ‐ ɝⱠ

‐:dielectric constant of the fiber
ὴ :elasto-optic coefficient

Displacement ◊
induced by EVW

Strain 
tensor ╢

Dielectric 
change ɝ‐

 

⌐╟╢ u╩ ╘⁸∕↓⅛╠ ↕╣╢ ─♥fi♁ꜟ S╩ ⇔⁸ ⌐ ⱨ□▬Ᵽ─

─ Ⱥɚ╩ ∆╢⁹ ⱨ□▬Ᵽ─ ⅜ ∆╢↓≤│ ─ ⌐ ⇔⁸∕↓╩ ╢

─ ⅜ ∆╢↓≤⌐⌂╢⁹↓╣⌐╟╡ OAM ⱦכⱶ─ ≢№╢ ╩ ∂↕∑╢↓≤⅜≢⅝⁸⸗

♪כ ⅜ ♪כ⸗⁹╢№≢─╢╣↕ ╩ ⅜כⱤ꞉≥┼♪כ⸗─≤╠⅛♪כ⸗─≤⁸⌐╘√╢∆

∆╢⅛╩ ♪כ⸗∆ ♪כ⸗⁸╩ ╛ ⁸OAM ╩ ⇔≡ ∆╢≤

─╟℮⌐⌂╢⁹ 

É Mode coupling equation

É Mode coupling coefficient

É Phase matching condition

‍ ‍ Ὧ

É OAM matching condition

,' ,'  %67 
e.g. :  2 =  0 + 2

ὃ : Existing rate of Optical mode

‍ : Incident optical mode propagation constant 
‍ : Converted optical mode propagation constant

Ὧ : Elastic vortex wave propagation constant 

 

⇔√ ╩ ♪כ⸗⌐ ─ ╩ ◦Ⱶꜙ꜠כ◦ꜛfi≢ ⇔√⁹╕∏ ╘⌐ ⅜OAM╩

≈⅛≥℮⅛╩ ⅛╘√⁹ m=1─ ⌐╟╡ ∂╢ u─ ⅔╟┘ ╩ ⌐

∆⁹∕╣∙╣─ ╩ ╢≤⁸ ⌐ ⅜ ⇔≡™≡ ─ ╩ ≈↓≤⅛╠⁸↓

╣⌐╟╡ ⅜ OAM╩ ≈↓≤⅜ ≢⅝√⁹ 

20182045
過去なし
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ό ό ό

όό ό

 

m=1─ ⌐╟╡ ∂╢ u─ ⅔╟┘  

 

╕√ m=2─ ⌐╟╡ ∂╢ u─ ⅔╟┘ ╩ ⌐ ∆⁹ ⌐

⌐ ⅜ ⇔≡™╢⅜⁸m=1≤│ ⌂╡m=2≢│ 0⅛╠ 2ɥ╩ 2 ╡ ⇔≡⅔╡⁸ ─

╩ ≈↓≤⅛╠⁸ ⅜╛│╡OAM╩ ≈↓≤⅜ ≢⅝√⁹ 

ό ό ό

όό ό

 

m=2─ ⌐╟╡ ∂╢ u─ ⅔╟┘  

 

⌐ ⌐╟╢ ♥fi♁ꜟ S─ S1 S6─ ⅝↕╩ ⇔√⁹ ⅛╠ ⅛╢╟℮⌐⁸

m=1─ ⌐╟╢ ♥fi♁ꜟ│ S6 ─ ⅜ ╩ ∟⁸ m=2─ ⌐╟╢ ♥fi♁ꜟ

│ S1,S2, S6─ ⅜ ™ ╩ ≈↓≤⅛╠⁸∕╣∙╣─ ♪כ⸗⅜ ⌐ ⅝ↄ ∆╢ ⅜

™≤ ⅎ╠╣╢⁹ 

20182045
過去なし
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ὶ‘Í

S
tr

a
in

[
]

 

⌐╟╢ ♥fi♁ꜟ S─ ─ ⅝↕─ⱨ□▬Ᵽ  

m=1─ ⁸ m=2─  

 

⌐⁸ ≤ ─ ╩ ∆↓≤╩ ∫√⁹↓╣│ ─╟℮⌂ ╩ ↄ↓≤≢

╦⅛╡⁸ ≤ ─ ⅜ ⇔≡™╢ ⅛╠ ⅜ ⌂ ─ ╩ ∆╢↓≤

⅜≢⅝╢⁹╕∏ m=1─ ╩ ™≡⁸ ⌂ OAM ⱦכⱶ≢№╢ꜝ◕כꜟ●►◦▪fi(LG)ⱦ

♪כ⸗─ⱶכ ╩ ⅎ√ ─ ╩ ═╢⁹ ⌐ LGⱦכⱶ─ 0(LG00)≤ 1(LG10)╩ ⌐

∆╢ ─ ≤⁸LG10≤ 2(LG20)╩ ⌐ ∆╢ ─ ╩ ∆⁹ ─ ─

⅛╠ ⅛╢╟℮⌐⁸LG00≤ LG10 ♪כ⸗─ │ 0.3918 MHz─ ╩ ™⁸LG10≤ LG20 ─⸗

♪כ │ 0.3925 MHz─ ╩ ™╢↓≤≢ ≢⅝╢↓≤╩ ⇔√⁹ 
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│ ⌐ ↕╣╢ⱦכⱶ─ ⅜LGⱦכⱶ≤│ ⌐│ ⌂╢√╘⁸ ⌂ ─OAM ⱦכⱶ╩ ℮⁹
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⌐ⱴכ♥ ∆╢ │₈ ₉ ⌐ ⇔≡⅔╡⁸ ≤⇔≡( 11)⁸

≤⇔≡( 4)⁸( 7)⁸( 10)⁸ ≤⇔≡(2) ⅜№╢⁹ 

5 ⱦכⱶ⌐ ⇔√  

ⱦ♇♩╩ ⌐ ∑≡ ∆╢√╘⌐│ ╩ ™ ╩ ∆╢ ⅜№╢⁹ Ⱡ♇♩꞉כ◒⌐⅔

™≡ ─ ╛ ⌐ ∂≡ ⌂╢ ⅜ ╦╣≡⅔╡⁸Ⱡ♇♩꞉כ◒╩ ™≢ ∆╢

⌐│ ╩ ∆╢ ⅜№╢⁹ ─ Ⱡ♇♩꞉כ◒≢│↓─ ♃כꜟ╩ ≢ ╩ ∆

╢↓≤≢ ∫≡™╢⁹≈╕╡⁸ ≤⇔≡ ⇔√╙─╩ ⇔ⱦ♇♩ ╩ ⇔⁸ ⌐ √⌂Ⱡ

♇♩꞉כ◒⌐ ∆╢ ⌐ ⌂╢ ≢ ╩ ╡ ∆╢≤™℮ ≢№╢⁹⇔⅛⇔↓─ ≢│

♃כꜟ ≢ ∂╢ ה ─ ╛ ⌐ ⅜⅛⅛╡⁸Ⱡ♇♩꞉כ◒─ ╛ ╩

╗ ≤⌂╢⁹∕↓≢ ≢│ ╩ ∆╢↓≤⌂ↄ ─╕╕ ╩ ∆╢↓≤≢

╛ ╩ ╢⁹ ≢│↓╣╕≢ ₁─ ╩ ⇔≡™╢⅜⁸ ⌐ ⇔≡

⇔√ │↓╣╕≢ ⇔⌂™⁹⇔√⅜∫≡⁸ ≢ ≢ ╘≡ ∆╢⁹OAM ⱦכⱶ│ ≤

⅜ ™√╘⁸ ⌐ ∆╢ ⌂ ⌐╟╢ ╩ ⇔⁸ ╩ ∆╢⁹ 

≢ ≤∆╢ │ 2 ( Binary Phase- Shift  Keying, BPSK)⅛╠ 4

( Quadrature Phase- Shift Keying, QPSK )┼─ ≤∆╢⁹ ⌐⁸ⱴ▬◔ꜟ♁fi ⌐╟╢ BPSK

⅛╠ QPSK┼─ OAM ⱦכⱶ ─ ╩ ∆⁹BPSK ╩ⱢכⱨⱵꜝכ≢ 2≈⌐ ↑⁸∕╣

∙╣╩Ⱶꜝכ≢ ⇔≡ ∆↓≤≢ ╩ ↓⇔⁸QPSK ⌐ ∆╢╙─≢№╢⁹ │ ₁⅜

⌐ ⇔√ [8] ╩ ⇔≡⅔╡⁸BPSK⅛╠QPSK┼─ ⅜ ⌐╟∫≡ ≢№╢

↓≤⅜ ⅛∫≡™╢⁹ ≢│↓╣╩ ╩ ∆╢ OAM ⱦכⱶ⌐ ⇔⁸ ─╦∏⅛⌂

∏╣⅛╠ↄ╢ ⅜⁸ ⌐≥─╟℮⌂ ╩ ⅎ╢⅛╩ ⇔√⁹ 
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όὶȟᾀȟὸ ό ὶȟᾀ Ὢὸ ὭɝὸὩ Ὡ
 

≤ ↕╣⁸Ὢ│ BPSKⱤꜟ☻ ─ Ɽꜟ☻ ⁸• πȟ“≢№╢⁹ │ OAM ⱦכⱶ─ ≢№

╡⁸ z≤⇔ ό ὶὩ ≢ ↕╣╢⁹ ⌐╟╡ QPSK ⌐ ∆╢ │ ≢ ↕╣╢⁹ 
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∆⌂╦∟⁸1≈─ BPSK ╩ ɥ/2 ∞↑ ↕∑⁸ ⇔√╙℮ 1≈─ BPSK ≤ ╩≤╢↓≤≢

20182045
過去なし



 

11 

 

↕╣╢⁹↓↓≢ ‫ɝὸ Ὧɝᾀ ς“ή    ή πȟρȟςȟȣ ≤⅔ↄ≤⁸ 
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≤⌂╡⁸ ─╦∏⅛⌂ ∏╣⅛╠ↄ╢ │⁸OAM─ ⌐ ╩ ⅎ╢↓≤⌂ↄ⁸

∆╢ 2≈─ BPSK ─ ≤⌂∫≡ ╣╢↓≤⅜ ⅛∫√⁹ 

 ∕↓≢ ◦Ⱶꜙ꜠כ◦ꜛfi≢│⁸2≈─ BPSK ⌐ ╩ ⇔√ ⌐⁸ ─ QPSK

⅜ ╠╣╢⅛≥℮⅛╩ ⇔√⁹ ⌐ ∆◦Ⱶꜙ꜠כ◦ꜛfi ≢│⁸ⱴ▬◔ꜟ♁fi ╩ 3dB◌

ⱪꜝ≤ ה ◦ⱨ♃≢ ⇔√⁹ BPSK ⌐ⱡ▬☼╩ ⇔⁸ ↕╣√ QPSK ╩

⇔√ ꜟ♩◒ⱬכꜝ◄⁸ ( EVM)≤™℮ ╩ ™≡ ╩ ⇔√⁹EVM│ ⅜♀꜡⌐ ≠ↄ╒≥◄

⅜כꜝ ⌂ↄ ⌂ ╩ ∆⁹ 

 
◦Ⱶꜙ꜠כ◦ꜛfi ⁹ⱴ▬◔ꜟ♁fi ╩ 3dB◌ⱪꜝ≤ ה ◦ⱨ♃≢ ⁹ 

 

 ⌐ ◦Ⱶꜙ꜠כ◦ꜛfi ╩ ∆⁹ ─ │ ⌐ ∆╢ EVM ≢№╡⁸ ⅜ 0 ⅔

╟┘ 180 ≢ EVM כꜝ◄⅜ FEC limit ╩ ™⌂⅜כꜝ◄⁸╡ ⅜ ≢№╢↓≤╩

⇔≡™╢⁹╕√ ─ │ 0 ⁸45 ⁸90 ⁸135 ⁸180 ⌐⅔↑╢QPSK ╩ ⇔≡⅔

╡⁸0 ≤ 180 ⌐⅔™≡ QPSK ─ ⌐⌂∫≡™╢↓≤⅜╦⅛╢⁹∕╣ ≢│ ™≡™√╡⁸

⅜ 3 ⌐⌂∫≡™√╡⇔≡⁸QPSK ≤│ ⅎ⌂™⁹⌂⅔⁸0 ≤ 180 ⌐⅔™≡QPSK ─
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