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Abstract: Three wew erbiveedoped plasar aptical amplifior conceprs are demonsirared: B and Y co-doping 1o
tnereuye the pain: Si ngnocestaly as sensifizees fo veplece the prong foser by a broacd-band Hphe souree! and
electeienl pumpdng v a vave earth doped elecieofumineseen) polimer.

1. lntroduction

Erbiwm-deped optical amplitiers are of preat imporiance 10
optical communications  technology, 1o campensate for
wavepnide  |osses. coupling and  sphitting losses  etc
Previcusly, we have demonstraled eplical amplification io
an erhinm-doped AlLO, photonte integrated circait with g
timension of 4 mm‘:, the smallest reported o lar (see 1.
11" We have also demonsteated the highest net gain per
unil lenpth (4.1 dBfem) inoan echiome-doped  pluosphate
ilass wavepuide amplifier, purmped at coly 22 mW e
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Fig, | Lavaut of @ sinkature planar opticel amplifier: an
amplifying loop section is integrated with a Txd splitter amd
wervelemgth division  medtiploxers for pump and sipmal
begms.

Ln thiz paper, we will report a new concept 1o improve the
performance of Br-daped amplificrs vsing BEu and Yh co-
doping. We will also demaonstrate that 5i nanecrysials in
silica plaws ore efficient sensitizers for [, therehy
removing the need for the pump laser. Finally, we will
showw howe an br-doped polymer waveguide amplifier can
ke made, and may be pumped using clectricol exvitation,

2. Cw and Yb co-doping to increase the gain

I wrder to achieve high gain i Er-doped planar optical
amplifiers, high Er concenlrations are required, However,
al concentrations pher than Lypicully 0.1 al% strong co-
operative upconversion interactions between exeiled Er
toms take place,” that reduce the population of excited Er,
As oa resaly, high pump powers are required o achieve
reasonable pam. High pump powers however, lead to
excited state abhsarption that then furlher reduces the pang
efficiency. To reduce these pan-deteriotating cffects, Eu
and Y co-doping can be used.

The "F, »"F, tansition in europium 15 resonant with the
"I,,,-E.—zv"ln,-3 ransition it Er. Therelore, cnergy Lansior
foom Er to Eu can help 1o reduce the population of Erin the
My devel, and (o inerease the population af the L. level
Uhawr 15 used For amplifcation. This is particulacly useful in
amplificrs that are pumped #t 980 oo, aod whiel bave o
long liminescence lifeume of the 'l level, Figae 2
shews am aptical micregraph of two Er-deped Y0k planar

Fig. 2 Oprical images af Ev-doped 304 planar winveguides
withont flog) and with (hattam) L eo-doping. Eu co-
duping redices the grees wpeopversion luminescanes.

wavepuides pumped al 980 mn, the top one doped with Er
anly (0.2 at%), lhe bolom one co-doped with Eu (04
at %), It can clearly be seen that Eu co-doping reduses the
(green} emission that s a2 sigmature of second-order
upeonversion to the Sy, level of Er,

e well-koewn  technique  to enhance the eflective
cacilulion efficiency of Er is by co-daping with ytierbiunm,
As the "Fin Jevel of ¥b is resonant with the Br 'T) o level,
Y¥bosEr energy transfer can take place. This i then
fellewed by a rapid non-radiative relazation o the M0
lewel in Lir. As the absorption cross section of the ¥b “Fay
lewel (ar 975 nm} ia roughly tenfold higher than that of Er,
this may cause an ncreased lir exeitabion rate. Woe have
performed experiments on Er-doped ALy waveguides
fabricated by co-sputtermg (0.3 at% B implanted with Yh
{03 212400, and measured the Y b= Er enermy transfer rale to
be 2300 s The optimum Yh concentratiom  depends
strongly on the pump power used. If too high Yh
concentrations are used, the pump power is nol efficiently
distributed over the wavepnide length, and the presence of
Y¥hocon even reduce the gain, as shawn n 9. 3
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Fig. 4 Photoluminescence spectrnm of Eroand 8 nano-
crystal doged 510, pumped ai 458 nm,

3. 51 quantum dots to remove the pamp laser

Silicon quantum dots are known to ahsorh and emit lighe at
wavelongths that ane {l.l.".'}l?:lll’_’r_‘:nl on their siwe, doe o oa
quantum  confinement  effecl. We have fabticated Si
nanaarystals in 510y by S jon implantotion, Tollowed by
thermal anneating at 1100 °C. The quantum det diameter
ranges hetwesn 205 o Such  quantomn dots have
ahsorption cross-sections us high as 10" em® depending en
the excilulion cnerpy and size. Mext, we have doped these
layers with Er by ion mmplantation with the aim & study the
cnergy  transfer  between  gquantum dots and Er, The
nanacrystal bandgap is well above that of bulk 51 (1.1 V),
while the Bt *[jsa—*1,4, transition occurs at 0.5 eV,

Figure 4 shows a PL speclrum of 8 51 nancerystal-doped
layer inplunted with o peak concentration of 1.8 at% [ir,
measured at 300 B, The broad featiure hetween (06 and 1.0
P is due to the radislive recombination of quaniume-
confined cxeitons in nanocrystals that do not couple to L.
Twa Er-related luminescence lines ot 980 nm (12— ' w0
transtaon) and 1.33 pm {(*1)3,—"] 5y transition) are also
clearly distinguished, These PL spectra are mensueed under
A58-nm excitation, o wivelenygth sl which direel cxeifalion
of Er does not eecur, In [acl, PL excitation spectra cloarly

indigate thal the Er iz not excited directly into a 41

mantfold, but rather indirectly, through the recombination
of optically penerated excitons m the panoceystals. [n this
way the quantium dots act as cllicient sensilizers for Er
From measurements as a (unetion of emperature and Er
coneeptralion we conclude that (1) the Br is excited through
A stronpg coupling mechanism (i A nanociystal nearhy an
Broson s optically dead), (2} the excitation rate at room
temperature is 0™ and €37 voe nanoerysinl con exeite
anly |10 Br ions ata tane”

As the nanoerystals have a very biood absoiption spectium
and high cross-section, this seosilizalion scheme can be
employed o design Er-doped optical amplifiers that can be
pumped with a brosd-band light scurce, rather than an
[expensive] pumyp baser,

4. Palymer wavegubde amplifiers

The impoctance of polymer optical waveguide technology
g growang rapidly. First of all, polymer fibers are used
mare and more i short-distance oplical links. Ao, thin
film anbezrated optical devices based on polymers become
important, 11 would be of great interest 1o dope a polymer
wavepuide with Lr o order o fabricate o polymer-based
optical amplitier. Unferonately, the echium salis tvpically
used o owet chemueal processing are msolobbe o the
pedy e precorsers To evercome s probilens, s e
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Fep, J Efectroluminescence of Nd-doped polymer lgie
enitiing diode baved an g FOMPEDOTIERRT L N iCa
Al strvcture, biased af 31V (=000 mAsem®) (soled line),

developed 8 nanocompoesile malenal composed ot Fre
doped 510k colloids embedded 1noa palymer. In this way
the excellent properties of both materials: 30, as a good
host for Er, and the essy polymer processing, are
contbined, We have fubricaled  360-nm diameter S0,
colloids by wel chemical processing using tetrasthoxy-
silane, and implanted them wath i o concentrations in the
range 0.2- .1 ul%. Clear phololuminescence a6 1.5 pm s
ehaerved with lifctimes as high as 17 ms are ohserved,
carresponding to a luminescence quantum efficiency as
high ag 80 %, indicating the colloid material is a good host
for Er." Optical gain caleulations shew that if these colloids
could be embedded moa high-index-conlrst waveguide
with well-confined modes, an optical gain of 4 43 cauld be
achieved for a 3-cm long wavepuide at & pump power of
only 1 mW.

We have also fabricsted a polymer LED daped with a
lissamine-sensitized MNd-doped organic cape complex.
Eoom-temperatire emission  from Nd oat B%0 ome s
ohserved under electrical excitation (Fig. 51.° This malerial
ay be used [or the fubocalion of an clectrically pumped
rure carth doped polvmer amplifier.,

Work in this paper s performed s collaborulion between
FOM, Twente Llarversity, and Caroleidge University,
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