
1.
2.

2.1

[13] 13.1

Laser

Laser beam

Transverse mode

Lateral mode

13.1:

0.15μm
TEM00

13.2
P ∼ I (kink) P ∼ I

:

I(r) = Imax exp[−2(r/w)2] (13.1)

I(r) w r Imax

r = w Imax 1/e2 ( 13.5%) 13.3

θ = 4λ/(πw) = 1.27λ/w (13.2)
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Laser

Laser beam

Transverse mode

Lateral mode

13.2:

r

N
or
m
al
iz
ed

p
ow

er

1

e2
= 0.135

ω ω

100%

0

13.3:

2.2

θa

θ⊥ =
4.05(n2

2 − n2
1) · d/λ

1 + 4.05(n2
2 − n2

1) · (d/λ)2/1.2
(13.3)

n2 d n1 λ d
13.3

θ⊥ ∼ 4.05(n2
2 − n2

1)d/λ (13.4)

(13.4) θ⊥ d d
θ⊥

(13.3) 1
θ⊥ ≈ 1.2λ/d (13.5)

(13.5) (13.2)
θ⊥ d

dg/dN
θ⊥

13.4

(n2
2 − n2

1)1/2

13.5
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Laser

Lens d0

θ

13.4:

Laser

Self-focusing fiber

13.5:

13.6(a)
13.6(b)

D
13.6(c)

Waist

P

N

P

Wave front

Side

(a)

Top

Waist
Virtual waist

D
(b)

P

P

N

(c)

13.6: (a) (b) (c)

2.3

Eg

Eg

13.7 Δλ Δν

Δλ = λ2/2ngL (13.6)

Δν = c/2ngL (13.7)

λ c ng

0.5 ∼ 1nm
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13.7

Wavelength λ0

(b)(a)

Wavelength λ0

13.7: (a) (b)

1.

(a) P − I
(b)
(c)
(d)

5 10−4 13.8
γ γ = 10−5

γ = 10−4 80% γ = 10−3

γ → 1

Wavelength Wavelength Wavelength

13.8: 250μm 2mW (a)γ = 10−3 (b) γ = 10−4 (c) γ = 10−5

2. 250μm γ = 10−4

q = 0
0.1nm/mA

3.
13.9 780nm

(FP)
DFB DBR
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P0 = 0.5mW

P0 = 1.0mW

P0 = 3.0mW

P0 = 5.0mW

R
el
at
iv
e
P
ow

er

Wavelength/nm

Single Longitudinal mode
Refractive index waveguide

(b)

P0 = 0.5mW

P0 = 1.0mW

P0 = 3.0mW

P0 = 5.0mW

R
el
at
iv
e
P
ow

er

Wavelength/nm

Multiple Longitudinal mode
Gain waveguide

(a)

13.9:

13.10 1300nm FP DFB
3dB

3dB

T = 25◦

Threshold

1mW

3mW

5mW

1290 1300 1310

R
el
at
iv
e
p
ow

er

Wavelength/nm

(b)

T = 25◦

×12 Threshold

×2 1mW

×1 3mW

×1 5mW

1290 1300 1310

R
el
at
iv
e
p
ow

er

Wavelength/nm

(a)

13.10: (a) FP (b)DFB

4. Eg

0.2∼0.3nm/◦C

3.1

1. 635nm LD1
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2. si-PD PD1.IN PD1 RTO 1mW
3. LD1 MOD ACC LD1 Ic 30.0mA
4. Si-PD 635nm 20mm
5. Si-PD PD1
6. ±5mm 0.5mm

7. ±5mm 0.5mm

3.2

1. 1550nm FP-LD LD1.OUT LD1 MOD ACC
Ic 0

2. 1550nm FP-LD 2mm 0.1mm
3. 1550nm FP-LD Ic 10 ∼ 40mA 5mA 1550nm FP-LD

1500 ∼ 1600nm 0.1nm

1.
2. 635nm
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