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Abstract—Integrated Al,O3Er®" channel waveguide ring lasers
were realized on thermally oxidized silicon substrees. High
pump power coupling into- and low output power coufing from-

the ring is achieved in a straightforward design. Vdvelength
selection in the range 1532 to 1557 nm was demorated by
varying the length of the output coupler from the ting.
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l. INTRODUCTION

Er-doped waveguide lasers are of interest for #amiission
at wavelengths around 1.55 um in the third telecamaoation
window. A ring resonator laser
straightforward solution with a low number and cdexjiy of
processing steps. Previously rare-earth-ion-dopeg lasers
have been demonstrated in $i2,2] and LiNbQ hosts [3].

Al,O5Er* offers several advantages compared with these

materials. Compared to silica, it has a larger simis
bandwidth, increasing the potential for tunabilitgnd
generation of ultrashort pulses. In addition, @gyér refractive
index of ~ 1.65 (as compared to 1.45 in silicadwal for more
compact devices and potentially reduces the thtéshomp
power due to a more tightly confined optical mo#éie. opposed
to lithium niobate, it can be deposited on a numbér
substrates, including thermally oxidized silicomig flexibilit
of deposition allows for monolithic integration & ,05:Er’*
with other common integrated optical materials. ddly

optical gain over a large bandwidth of 80 nm hagnbe
demonstrated in ADs:Er’* channel waveguides [4], opening

the possibility for a tunable ring laser in thisteral.

We report on an integrated ring laser in@tEr*. By
varying the degree of output coupling several
wavelengths in the range 1532-1557 nm were denaiadir
exploiting the broad emission spectrum of this malte

Il.  FABRICATION AND DESIGN

offers a simple and
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end facets were prepared by dicing. The resultihgnoel
waveguides were single-mode around 1550 nm for B&th
and TM polarization and multimode at the 980-nm pum
wavelength.

A schematic of the ADs:Er** ring laser is shown in Fig. 1.
The ring cavity was designed such that a high @faaf the
ring resonator is obtained when the ring coupleufiler 1 in
Fig. 1) permits strong coupling. Such a directionalipler
exhibits stronger coupling for longer wavelengths, for the
laser wavelength in a Stokes-shifted emitting lasehile
coupling at the shorter pump wavelength can bemin@d in
order to launch a significant part of the pump powmo the
ring. The coupler lengths were varied from 350 @@ §m in
increments of 50 um. The resonator length was ddragm 2.0
to5.5cm.
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Figure 1. Schematic of ADs:Er** ring laser.

A fiber array unit (FAU) was aligned simultaneousiythe
input and output ports of the chip. Pump light fran980-nm
diode laser was coupled to the chip through oner fitif the
FAU. The output signal was collected in a secobérfiof the

laseFAU and the optical power and spectral behavior was

measured.

Ill.  LASERPERFORMANCE
The laser output power is shown as a function afidhed

A 500-nm-thick AbOz:Er’” layer was deposited on an 8- pump power for devices with coupler lengths randiog 400

pum-thick thermally oxidized 10-cm-wide standardw@&ifer by
reactive co-sputtering from high-purity metallicgats [5]. The
resulting Er concentration was approximately 1 %°I0r>,

Subsequently, 1.5-um-wide channel waveguides wefiaeti

to 550 um in Fig. 2. The coupler length and maisinig
wavelength are indicated. The highest slope -effiye of
0.11% was observed in a 5.5-cm-long resonator, @ifhE-
polarized output power of up to 9 measured at 19 mwW

in the AIZ_O3:Er3+ layer using standard lithography and reactivelaunched pump power. The threshold pump power ardriem
ion etching [6]. A 5-um-thick Si©top-cladding layer was 6.4 to 15.5 mW. This threshold power is signifitariower

deposited by plasma-enhanced chemical vapour d&poand
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than those reported in previous Er-doped ring ageB].
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Figure 2. On-chip integrated laser output poweipusap power launched
into the chip for varying output coupler length €Ttoupler length and main
lasing wavelength are indicated.
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Figure 3. (a) Laser output spectra for couplertieabc of 550, 450, and
400pum.; (b) simulated coupled power in Coupler 1 vsigier length for the
observed laser wavelengths and TE polarization.cblgler lengths for
which lasing was observed are indicated by the diats on the curves.

Laser output spectra for three devices with difiere
wavelengths are shown in Fig. 3a. Because of theg lo
resonator length, which results in a free speataalge of
between 0.3 and 0.8 pm, the spectra include mamitlalinal
modes. The laser selects the wavelength and pati@mzwith
lowest threshold power, which is directly affecteg the
resonator roundtrip losses and the percentageupied power
at Coupler 1. A greater amount of coupled poweultgesn a

lower total roundtrip loss and a lower lasing thied.

Accordingly, in Fig. 3b the predicted percentagecotipled
power is shown versus Coupler 1 length for theettoleserved
main laser wavelengths and TE polarized light. Atoapler
length of 400 um a significantly higher percentafjieoupled
power is predicted at 1557 nm where lasing was robde
When the coupler length is increased to 550 pmatgre
coupling is predicted at 1532 nm, and the laseputushifts to
this wavelength.

Besides the outcoupling degree, the emission @eston
also determines the roundtrip gain. The most comiasimg
wavelength was close to 1532 nm, at the peak emnissioss
section of the'l 3, — *l15, EF' transition [4]. The high gain
per unit length at this wavelength makes it mokelji that
round-trip net gain is achieved in the cavity, dading is
possible even for a lower degree of coupling atpleul. This
effect is apparent for a coupling length of 450 (Fig. 3b).
Besides the primary laser output around 1546 nmrevitee
predicted coupling efficiency was 99.6%, a secaogtdo$ laser
lines around 1532 nm, where the coupling efficieegs
97.9%, is emitted.

The wavelength variation of the laser output ispsufed
by the broadband gain observed [4]. By adjustirgdbupling
length of Coupler 1 in a single device, it would fiessible to
change the lasing wavelength. This concept coulappdied to
achieve a tunable on-chip ring laser.

IV. CONCLUSIONS

We have demonstrated an,®@§:Er** laser based on a ring-
resonator design which allows strong coupling ofnpulight
into the ring while simultaneously allowing only small
percentage of output coupling at the signal wagterDue to
the broad gain spectrum in /8;:Er**, the output wavelength
varied between 1532 to 1557 nm, over a large sedfahe
telecom C-band, in devices with different outputuger
lengths. Design enhancements will lead to wavekengt
tunability.

V. REFERENCES

K. Hattori, T. Kitagawa, M. Oguma, Y. Hibino, Y. @tori, and M.
Horiguchi, “Er-doped silica-based planar ring reston” Electron.
Commun. Jpn., vol. 77, pp. 62-72, November 1994.

H.-K. Hsiao and K. A. Winick, “Planar glass wavedgiring resonators
with gain,” Opt. Express, vol. 15, pp. 17783-1770@cember 2007.

W. Sohler, B. K. Das, D. Dey, S. Reza, H. Suchal Bn Ricken,
“Erbium-doped lithium niobate waveguide lasers,”IJE Trans.
Electron., vol. E88-C, pp. 990-997, May 2005.

J. D. B. Bradley, L. Agazzi, D. Geskus, F. Ay, K.6wWoff, and M.
Pollnau, “Gain bandwidth of 80 nm and 2 dB/cm pegn in
AlL,Oz:Er* optical amplifiers on silicon,” J. Opt. Soc. Am, Bl. 27, pp.
187-196, February 2010.

K. Worhoff, J. D. B. Bradley, F. Ay, D. Geskus, A.. Blauwendraat, and
M. Pollnau, “Reliable low-cost fabrication of lowds ApOs:Er*
waveguides with 5.4-dB optical gain,” IEEE J. QuemtElectron., vol.
45, pp. 454-461, May 2009.

J. D. B. Bradley, F. Ay, K. Worhoff, and M. PollnatFabrication of
low-loss channel waveguides in 8k and Y,O; layers by inductively
coupled plasma reactive ion etching,” Appl. Physval. 89, pp. 311-
318, October 2007.

(1

(2
(3]

(4]

(5]



