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1-1
21 ADSL (Asymmetric Digital Subscriber Line) CATV
(Cable Tele-Vision) FTTH (Fiber To The Home)
2006 70 % ADSL FTTH
2001 5% 2006 50 %
FTTH 2007 1500
[1]
2
1. -
2.
1-1
[2] He-Ne 1957
[3]
1962
GaAs GaAsP [4~7]
GaAs pn
[4]
1960 GaAs InP  InAs
Alcm?



1-1.
1957 32
1960 35 0.69 um
( )
1961 36 He 0.63 um ( )
1962 37 GaAs 0.85 um
(GE IBM MIT)
1965 40 Co, 10.6 um
)
1969 44
80 dB/km ( )
1970 45 AlGaAs 0.85 um
( NEC) 20 dB/km ( )
1974 49 MCVD
0.47dB/km 1.3pm NTT
1975 50 InGaAsP
MIT
1979 54 InGaAsP MCVD
DFB 0.2dB/km 1.55pum NTT
loffe Alferov  [8] Bell
[]
GaAs AlGa,ASsq
AlGaAs
1000 A/cm?
Fe Cu OH
1970




80 dB/km

1970

1973

DFB

1970

0.2 dBkm

InP/InGaAsP

[22]

Gb/s

2000

20dB/km [10]
GaAs/AlGaAs
[11~15]
[16]
Buried Heterostructure : BH [17]
[18] 1975
[19]
OH GaAs/AlGaAs
0.85 um 1.55 um
[20] 1.2~1.6 um GaAs/AlGaAs
1976 MIT Lincoln Hsieh  InP/InGaAsP
[21] InP/InGaAsP
DFB [23] InGaAsP/InP
1990
1-2 [24]
km
1-2
10° Gb/s km
1-2 10 400 1
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1.8

1.55 um

Erbium Doped Fiber Amplifier :
[25,26] Wavelength Division Multiplexing : WDM

(Distributed Feedback Laser Diode :

Distributed Bragg Reflector Laser Diode : DBR-LD [27,28]
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1-4. FTTH
CATV NTT
1.5 um /
—

WDM |

AN

1.3 um

OSU : Optical Subscriber Unit

ONU : Optical Network Unit V-ONU
WDM : Wavelength Division Multi/Demultiplexer r=w=1
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1-8 “ FM > [39,40]

FM FM
1-8
A /FM AM
DFB FM
(Local ) 2
FM FM
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100 kHz
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FTTH
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FTTH
FTTH
1/3
DFB
50 cm™
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1.3 um
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InP

InP

1.2

@2.1)



Inl_xGaxASyP]__y (2.2)

E, =1.35+0.672x—1.091y +0.758x> +0.101y* +0.111xy — 0.580x>y — 0.159xy> +0.268x”y*

2.2)

(Double Heterostructure :

DH) [1] DH
n
p InP
DH
Buried Heterostructure : BH [2~4]
BH
DH
I um
2.3
2-1 2-2 BH
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1. MOVPE InGaAsP/InP DH ( 2-1)
1. n (001)InP 600°C 15 1.15 um 150 nm
n InGaAsP
1.2 InGaAsP 10 nm 0.7 % InGaAsP
6 nm 5~10
1.3 1.15 um 30nm p InGaAsP
1.4 400 nm p InP 1.3 pm 100 nom p InGaAsP
2. ( 2-2(a) ~ (b))
2.1 p InGaAsP 150 nm  SiN
InGaAsP
(Ag=1.3 um)
p-InGaAsP ()\‘g:]"s pm) 100 nm |<——p-InGaAsP 00 nm
p-InP 1400 nm & p-InP 400 nm
— p-InGaAsP 30 nm
p-InGaAsP (A;=1.15 ym) 30 nm InP
& 10 nm
E ( 6 nm/ 10 nm) =
= — 5,7,10 K 6 nm
n-InGaAsP (Ag=1.15 pm) 1150 nm
+— N-InGaAsP 150 nm
n-inP 2350 um
InP
@ (b)
2-1. DH (a) (b)

- 18 -



4um SiN
22 p InGaAsP p InP p InGaAsP
n InGaAsP n InP (HCI:CH;COOH:H,0,)
p InGaAsP 1.2 pm
2.5 um (HCI:H3;PO4) InP
3. ( 2-2(c))
(Liquid Phase Epitaxy : LPE) p InP n InP
SiN
LPE p InP 13um p InGaAsP
MOVPE p InGaAsP LPE p InP
4. ( 2-2(d)~(®)
4.1 CVD 300 nm  SiO,
SiO, ( 10~20
wm) Pt( 10 nm)/Ti( 50 nm)/Pt( :50 nm)
SiO, Pt/Ti/Pt
Ti( 50 nm)/Au( 100 nm)
4.2 InP ( :350 um—120 pm)
Au/Sn/Au/CrPtAu N, 420 °C 15 ( )

-19 -



(a) S'/N p-InGaAsP (d)

sio,

/—/N\
Si0,  PUTi/Pt sio,
(e X 1 //
(b)
/T—/N\
p-InGaAsP
© ®
Ti/Au
p-InP - -
/—N\
FF n-InP /111\
p-InP S
\ Au/Sn

2-2.

-20 -



24 1.3 um
24.1
1.3 um
2-1
0 ~1.0 %
6nm
1.0%
6 nm
242
(a)

[6,7]

InGaAsP

-21 -

1.15 pm

InGaAsP

6 nm

6 nm

(3]

InGaAsP 4

10 nm



PL Peak Shift Value(meV)

2-3(a) 77K
7 2-1
0~1.0 % PL 1.30
pm 1.31 pum 0% 1.0 %
PL 38 meV 24 meV 77K 10 meV
PL
N (PL Peak Shift Value)
o~ 4—
3 PL
g (PL Linewidth)
T
(nm)
60 =T 0 1 T 50 T T T T T T 70
|-— N=7 1 Aa/a=1.0%
50 - 5 7] 60
3l Sl
Ewnt 4 E 50
E I £330+
ke )\ RT o 0 -1 40
F¥ o 1 3
e 7 990 1 E2} 730
| 20 2 - >
| = =]
a L R 20
e _ A =
10? e s A 410
0 1 1 i 1 i | L 1 1 | 1 0 0
00 02 04 06 08 1.0 1.2 4 5 6 7 8 9 10 1
Compressive Strain (%) Well Number
(a) (b)
2-3. [6]
PL (@) (b)

-22 -



(8]

10 meV

2-3(b)

77K

10

77K AE

0.6 %

06% 0.8% 10

1.0 %

(b)

-23 .-

77K

1.0%

AE

7K

10

0 meV

5 7

10

AE



(Relative Intensity Noise : RIN) [9]

1
+7, 7

2
dr°r, 2

R AR

f24(
RIN

f fr Tn Tp
IDin
2.4
(f)
2-5 .16 um 1.05 um 0.99 pm
10 [.L16 yum 1.05 um 0.99 um
InP 0.92 pm
I um
DC

0.7 %

3

T 1O

2-4. 6]

-4 -

(2.3)

MQW



2-5

m I q

Relaxation oscillation frequency
fr (GHz2)

2-5.

1.16 pm

(2.4)
_ 1 . L d9
fr_zﬂ_ \/Ui Qv dN (I, — 1)
\ dg/dN b |
15 | | | | 1 | I
10 ® .
L . -
o A
..:4
.l“
® B
5F 5. =
"
0 | | | | i | |
0 1 2 3 4 5 6 7 8

Injection current, (I,-1,,)'2 (mA'7?2)

(2.4)

(m :h=1.16um @ :A=1.05pm A :2=0.99 um)[6]

-25 -



Differential gain (10"12m?%/s)

2.4) ni I dg/dN Iy

f 1 r d
A=t =y L% (2.5)
(Ib_lth) 2z Qv dN

2.5)

(4) 1.16 ym  1.05pm  0.99 pm

7 o e ey

6 ; =
5 4 -
s 8 -
oL a
2 - b
1k _
0 Tl 1 Bt

095 1.00 1.05 1.10 1.15 1.20
Barrier composition (um)

(A=1.16 um 1.05 um 0.99 um)[6]
(o : MQW A @ MQW( 0.7 %))

-26 -



1.54 GHz/VmA

2-6

300 pm ~1200 pum

o ni Rf Ry

2-6 MQW

MQW

Ae=1.05 pm

Ae=1.05 pm

1.84 GHzNmA  1.40 GHzmA Ag=1.05 um
1.05 um
(770) (2.6)
1 2a;L
— =l —— ] (2.6)
;i In( )
R,R

3~4x10™% m’/s
Ag=1.05 um  A,=0.99 um
6.1x10™"2 m’/s 1.5

1=0.99 um

(AE, AE,)
2-7

Ag=0.99 um AE, =240 meV

(Ae=1.16 um) AE, =78 meV
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0000
| 00]
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ho=

) _/‘ A«
2-7.
Ae=1.05 pm
2-8
10
5
1.3 um
2.5 1.55pum
1.55 um 2.4
1.3um

N Y ¥ ¥
o[ 1o oo N Y Y YWo%o
- BEEE —ererorer
(@) o] [O] |0O] [O
el Bl 18| 18 oL oLl I8
0.99 um Ahe=1.16 um
1.05 um
5 7 10 7
10 1.05 um
[7]
1.3um
InGaAsP 10 nm 6 nm

_08 -



( 0~1.0 %) ( 5~10) InGaAsP (

1.05~1.32 um)
[7] 1.3um
1.55 pm 2-1
4 T T T T T 1
Yy b_
@ o |2°=1.05um : g
E A
- ST g
o
= O
c 4 r 8 @ @ -
3]
o 3| .
©
€ 2f .
o
£ 1r .
o 0 1 | | | 1 1

4 5 6 7 8 9 10 11
Number of quantum wells

2-8. [5]
(o MQW 4 :  MQW( 0.7 %))
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[6,7]
1.3 um 1.55 pm
1.0% 1.0%
( 7 7
0.8 % 0.8 %
( 10 10
10 10
6 Nnm 6 Nm
10 nm 10 nm
1.05 um 1.15 um
150nm/30nm 150nm/30nm
(n /p )
1.05 um 1.05 um
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3.1

pm

1.3 pm

3-1(a)

I 2 um

[1~9]

MQW
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8

10 pm

+1



32

3-1(c)

3-1.

(©

F(xy) G(xy)

[10]
-33.

(b)




 |feoeyy - Fowydy|
[[IF(x.y)f dxdy - [[|G(x, y)| "dxdy

G(xy)  G(xy)

(3.3)

[10,11]

: I

f(X):( E.L]Zexp{—x_zz} f(y):(\/z.ijz eXp{—y—Z}
o, @, T o @
g(x){ﬁ -ij expi-——} g(y)=[\ﬁ -L] expi——

T Wy w T @ )

f

TGXp(—axz)dx = \/E
e a

STol

(3.4) .

10 um

-34 -

(3.1)

(3.2)

no (4

(3.2)

(3.3)

(3.4)



5% 3-2

10 um

100 %

20 %

100
90
80
70
60
50
40
30
20
10

(%)

(um)

3-2.
: 10 pym
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33

3-3

1 um

10 pum

(NTT

NEC

[1~9]

10 pm

6 >20°

—

3-3.
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Spot Size Converter : SSC

(a) MOVPE SSC-LD NEC

TR

Aty kYo TR

Mw b - b

(©) SSC-LD NTT

3-4.
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3-4(a)~(d)

()  MOVPE

SSC-LD

]

b 7Lt o L

B R IF

M7 70 b AT

n=InP A4

(d) Si SSC-LD



3-4(a)
MOVPE 3-4(b)
MQW MOVPE
InP 3-4(c)
SSC MQW
3-4(d) Si MOVPE
SSC SSC
10
34
3-5(a) 3-5(b)
3-5(a)
1 pum I pm
30

-38 -



1/
172
)
*1um
@pm )
(a)
3-5. (a)

3-6

(b)

(b)

-390 .



3-6.
An
3-7(b) 3 An
3-7(a) 0.2 um 0.3 pm
InP 1.3 pm
3-7(b) CROSSLIGHT
2 An =0.2
0.2 ~0.4 pm 1 um
1~2 pm
3.0 pm
0.3 um 1.0 um
An =0.1 0.3 pm 0.6 um

- 40 -

04 um 3

3.20

(PICS3D)

An =0.15

An

An =0.05

0.1



(um)

(um)

(um)

(d) - Ny

A
y

An=0.05, d=0.2 pm

00 02 04 06 08 10 12 14 16
(um)

An=0.1, d=0.2 pm

00 02 04 06 08 10 12 14 16
(um)

An=0.15, d=0.2 ym

00 02 04 06 08 10 12 14 16
(m)

(@)

(um)

2
at
An=0.05, d=0.3 um
0 L T
00 02 04 06 08 10 12 14 16
(m)
6
— An=0.1, d=0.3 um
€ 5 |
=
4
3 F \
1
0
00 02 04 06 08 10 12 14 16
(nm)
6
An=0.15, d=0.3 um
5|
=
4
3
2
L TR
0
00 02 04 06 08 10 12 14 16
(um)
(b)
3-7.
(®) (

-41 -

(um)

2
1|
An=0.05, d=0.4 um
0 R
00 02 04 06 08 10 12 14 16
(um)
6
—_ An=0.1, d=0.4 pm
€ 5
3
4
3
2 \
1 LT
0
00 02 04 06 08 10 12 14 16
(pm)
6
An=0.15, d=0.4 um
’g 5
3
4
3
2
0

00 02 04 06 08 10 12 14 16
(um)

(2)



3-8
0.05 3
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