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Planar Waveguide Optical Amplifiers

Masaharu Hoeriguchi
NTT Opto-electronics Laboratovies

Abstract

State of the art rare-earth doped planar waveguide optical amplifier technologies are reviewed
focusing on research at NTT Opto-electronics Lahs. Optical amplification was successfully
demonstrated in Er-doped silica-based planar waveguides fabricated by FHD and RIE techniques. It
was found that the optimum erbium concentration is around 0.5 wt% for the P:0Os-codoped silica
waveguides. A fiber pigtailed Er-doped planar waveguide amplifier was success{ully fabricated based
on this result. The waveguide is 36 cm long and has an Er-concentration of 0.48%. The waveguide
amplifier exhibited a gain of 24 dB and a signal cutput of 11 dBm at 1533 nm which are the highest
values reported so fair, and a low noise figure of 3.8 dB. Er-doped planar waveguide amplifiers and
their applications will lead to new developments in planar lightwave circuits {PLC) and optical

integrated circuits.
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Table 1 Recent Reports on Er-doped Planar Waveguide Devices

Fabrication Operating | Laser | Signal Research
Device (Glass Material Process Wavelength | Qutput i Gain Organization  |Ref,
) {nm} W) | (@B (year}
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Laser on silicon
(1992}
- - . hor NTT Telecom.
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Module o silicon (1993)

NEW GLASS Vel No.1 1994

39



FHEI bbb, FIIL, BIEERE L LE
WERE(Z 7 A TR K ETROHFERTLIAT
Hh, BT rABREOBET RS, &
W m AL m 2 OWESILL Y, BT
EMEER T, Bem Mo LR TE 58
WL, B om MEILHMGSNL I B
B, EIEEERUERES TSRS 5 0
BT opmllbtoGEEastBiEsmnt s
SRABEELS, UL, —is, fRENCHE
A R IR ?Jl'Kz‘Lf AT AT, Koo
RFHRELE LY, MR LWIEF R
k) & %; PehLF I EdART WA, /0, &
OFNE T AT, ToTaeri—va iz
AT DO R L S Z Kz d
T,

oL
Wﬁ%iﬁ?%fbki ?7Z9@%4*WM
L fi BRI I 2 R T 5 2 Yl
BThD, ST, el niEy
Bt 3 Tv b, HEBIREAERE o fRRE
203, Aty F p SEY, A A R A
Y, FHD (Flame Hydrolysis Deposition)
EY B O AR B L7 e CVD D
TEAREENTWS, LTFTHE, kTS
B s B S B L LTy 5 FHD
EEHL, TOEMBRCOWTREYT S,

Fig. 1 {4, FHD #: & RIE(Reactive Ion Etching)
FT 2 B 2o R L ENE I R i (R TR OB

) FHD
Under-Cladding Consolidation
FHD
; Rare Earth lon Doping

Rare-Eanh-lon- Consolidation

T —

H RIE
5 FHD
Consolidation

T mm—

Fig. 1 Fabrication stages of rare-eacth-doped
silica~hased waveguides using FHED and
RIE technigues.

46

B &R, AEREES, JeRpyic 3R PLC
DEBLT IR & FHgT sz N, TRz #‘if‘}‘iﬁf‘EHT&
b -0 TH L, FARHEHC P =
(Siy ™7 = ~HH b.i?,/?;. KT, S n}i&??i,,l‘.i:%fl 20
pmBEDNEIONT 7 T 75 B
Bl S, CoFFRPLECSHERIHEERD
ITHFRABHFERINE, 2 THITAEONES
i, A6 pmBETHS, I, FHEETMS
4, A, HEEESFEVLIE, T2
TR #BRETALHOZ » F » 7 TH(RIE)
BEET, BMBICSEIC? T P T AEIERS
i, Zois, 27THF AR, FEDLEIRE
HEEFHDL IR FAFORMEER SN, D
AP0 % & B dvisin L 72 4r 5 A4 (8i0,-P,
Og-Er, Si0-P,O,-NOYA R Litsd, aTF L7
T FIOSERITRL, 0.5~1.2% FUE & ki
KECRESTE Y, LEHEomlt L
(2, EEERO TR EOREFR G LT
b,

Fig. 2{ a )ic, FpEEiHnMEmsHomaE
%, Fig.2(b )}, FHDHC L DRI N
Siiicsfg;ggg%om

Silica Cladding

Signai Quiput

<A

Signat and Pump

irput Si Substrate

{ a)Basic structure of a silica-based planar
waveguide amplifier.

Cver-Llatding

Under-Cladding

Sillcon Subsiraly

{ b )Cross-sectional photograph section of
a 6 pmX6 pm Nd-doped planar waveguide.
Fig. 2

NEW GLASS Vol.9 No.1 1994



PRGSO o T IR R S o & R
SO, NA iR, 028, T - P T F
Moo IR A2 2 0.5%, 2 TR, 6 em
X6 emTHS,

4, Er FEERNEETNERONE

TATHAT L G, BERTDERE RO GRE
{Licid, F 22y o0REDLh R PHEOME
&, TR B LU BB
FHRTHD,

NTT k= v 2 b =2 2ol i,
Si0-PO-Er BOKR PHEHZOWT, P72
oS P RIS BRI BT T SRS
OTHHT L, Er SR o Be 4 1 58
EEEOBESBERENCRH ALY, Fig 31280
WATERERT, Fis 325, kA0, fH0
dB## L5 ¥ 5 L & Er gz E Ry
HL, 07wt BTt 2080h 5 2 Livagh
L, ok E, BT EriBELRHS WS TH
D, Er il i &40 27 em THOAFIE 2048
AEBLNEIEERLTWAE, Jakdin, Wik
o Er 2 LA RERRTE, Ty 7o
o33 LORER R H R LA R ) B
THY, B Er RS LU 5 (BRI s i
FECTELSITESMNBEELI I LIIHE
Tha, LFizRTYe, wEoRBoyLT

100 \
80
4008
E 60
2 ]
£
§4u. 0B
- 20 N
1048
20
4}

0.0 0.2 0.4 0.6 0.8 1.0
Er¥* Concentration {wi%)}

Fig. 3 Computed relation between the waveguide
lengih required for given gain values and
erbium concentration with the co-opera-
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