
1.
2.
3. PIN

Light-Emitting Diode
LED (Laser Diode LD) PIN APD

[13, 14, 15]

2.1

LED
LED 30 ∼ 60nm

≈ 100◦

LED LD LD ≥10mW
30% ∼ 50% Δλ = 0.1 ∼ 1.0nm

> 20GHz

P N PN

LED LD P-I

4.1 a b LED LD P − I LED P − I
LD Ith I > Ith Ith

P I

4.2 Ith
LED LD

ηw
PN —

PN —

LED LD

LED 4.3 LED
λP

Δλ LED 30 ∼ 40nm 4.3
λP LED

4.4
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4.1: (a) LD P-I (b) LED P-I

I/mA

P
O

↼
m
W

↽

Ic

4.2: LD

λP DFB DBR LD
λP

LED LD

LED
LED 4.5

LED LED LED
LED

LED
LED LED

(-3dB) LED
LD
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2.2

PIN APD
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4.5: LED

Avalanche Photodiode
InGaAsP

1.

2.
3.
4.

PIN

PN

PN PN
4.6(a) PN

PN P N
hf ≥ Ke

4.6(b)
P N

PN P
N N P

P
N 4.6(c)

PN
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4.6: PN (a) PN (b) (c) PN

d
P (d) = P (0) exp(−αd) (4.1)
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4.7: PIN

4.7 PIN P N
I PN
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LP

LN

=
DN

DP

(4.2)

DP DN P N LP LN P N PIN
P I N PN I

DN � DP , LP � LN (4.3)

I I W
I N

W W τcr τrc W

τrc = W/v (4.4)

v τrc PIN W

PIN P
N I I

InGaAs I InP P N PIN 4.8
InP 1.35eV InGaAs 1.3 ∼ 1.6μm

InGaAs I 1.3 ∼ 1.6μm
InGaAs 1.3μm 1.55μm

Au
P–InP

I–InGaAs

N–InP

Substrate N+–InP

4.8: InGaAs PIN

PIN
hf Eg

hf > Eg fc λc

λc λc Si-PIN
1.06μm 0.85μm Ge-PIN InGaAs-PIN 1.7μm
1.3μm 1.55μm

PIN
PIN

R

R = IP/Pin

Pin IP R
A/W η

η =
—

=
(IP/q)

(Pin/hf)
= R

hf

q
(4.5)

PIN mW
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PIN PN PIN
PN

(
) Si-PIN

100V PIN 10 ∼ 30V

APD

PN
( 3 × 105V/cm)

4.9 APD P N P+ N+
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- APD
〈M〉

APD APD PIN

R0 = 〈M〉IP
P

= 〈M〉(η q

hf
)

1
APD PIN μw

APD
PIN

PIN

APD
VB APD VB

APD
APD APD

APD
APD

RC

3.1

P-I
1550nm 1310nm F P P I

1. 1550nm F-P P-I

(a) 1550nm LDC1 OPM

(b) OPM OPM/mW (RTO) 1mW
(c) LD1 (MOD) (ACC) 1550nm

(Ic) 0
(d) 0 30mA 0.5mA P ∼ I

2. 1550nm F-P

3.2 PIN

1. PIN

(a) InGaAs PIN PD PSG
PIN

(b) PSG HVS PD 100nA
(c) 0 56V 2V Ir ∼ Vr PIN

2. PIN

(a) 1550nm LD1
(b) , 1550nm OPM
(c) LD1 ACC 0.2mW
(d) 1550nm PIN −10V PIN

IP
(e) PIN

1.
2. PIN PIN

3. APD
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1.
2.

3. 30mm
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