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We repot experimenth resuls from an erbium-dopd gallium phosphi@ microdik resonator
pumpel by a Ti-sapphie lase at 980 nm. Fabricatiom and characterizatio of the microdisk
resonato are discussed Enhancd Er™3 intra4f-shel photoluminescerewas observe in the
microdik resonato due to microcaviy effect and compare to athin film sample At low pumping
powe intensiy, the photoluminescerefrom erbium-dopd gallium phosphi@& microdisks is an

orde stronge than that from athin film sample © 199% American Institute of Physics.

Recenty, rare-eamh dopel semiconduct@® hawe at-
tracted much attention due to the shap and strory intra-
4f-shel luminescene from the rare-eafi centers:? The
erbium-dopd (Er-doped semiconducta are of particular
interest becaus its strorg emissio at 1.54 um coincides
with the minimum transmissia loss of the silica-basd opti-
cd fibers Emission from differert types of Er-doped semi-
conductors such as Er-dopal InP? GaAs! Si>® AlGaAs,’
ard GaP® has been demonstrate and studied with optical
excitation For mog Er-dopal semiconductorsthe lumines-
cene intensiy decreaseby more than two ordes of mag-
nitude as the temperatue increase from 10 K to room tem-
peratures Howeve,~ Wang- and- Wessel® recently
demonstratet that the emissia intensiy from Er-dopeal GaP
is only weakly temperatue dependenand strorg emission
from Er centes was observe at room temperatureThis ob-
servatim indicates that Er-dopel GaP is potentially promis-
ing to be an opticd materid for light-emitting or lasing de-
vices operatirg at 1.54 um at room temperature.

In orde to asse further the feasibility of using Er-doped
GaP in a lasing resonatg microcaviy structure were cho-
sen for their promise for realizing low-threshotl light-
emitting or lasing devices Among microcaviy structures,
microdik resonatas in differert materid systens with opti-
cd pumpirg hawe been studial extensivey.® ! The thin disk
resonato suppors opticd modes in the form of a whispering
gallety mode whete photors skim arourd the disk circumfe-
ene being continualy totally reflectedt? Due to the high
contras of refractive indices betwea the thin semiconductor
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disk (n=3.4) ard the surroundig low index medium e.g.,
air (n=1), the opticd mock is strongly confinal inside the
disk ard couple to the active medium?®

Becaus of its enhancd opticd confinemehand strong
coupling with the active material the microdik resonato is
of particula interes for us to study Er-doped semiconductors
as lasing materials Although strorg luminescene hawe been
observe from Er-dopal GaP thin film material there has
been no study of the luminescene from aresonatig struc-
ture in this materid system In this letter we demonstratgfor
the first time, the fabrication of Er-dopel GaP microdisk
resonatorsand compae the photoluminescerefrom the mi-
crodik resonato and thin film of Er-doped GaP. The cavity
effect on the luminescene from Er-doped GaP microdisk
resonatos was observed.

The structue for the Er-doped GaP microdisk resonator
consiss of a pedesthlayer and adisk layer as shown in Fig.
1. The AlGaP pedesthlayer was grown by gas sour@ mo-
lecular bean epitaxyy (GSMBE) ard the Er-dopal GaP disk
layer was grown by atmosphed pressue metalaganic vapor
pha® epitayy (MOVPE). Prior to the growth the (100 GaP
substrag¢ was first chemicaly etchal and cleaned and then
rinsed with de-ionizel wate. After oxide desorption a thin
GaP buffer layer (200—-300 nm) was grown on the substrate
followed by a 0.9 um thick Aly (Ga&, 4P pedesthlayer using
GSMBE with elementh Al, Ga ard crackel phosphine.
Then anothe thin layer of GaP with severd hundrel ang-
stros was deposité on top of the AIGaP pedesthlayer to
preven oxidation The Er-doped GaP microdik layer with
0.2 um in thickness was then grown by MOVPE on top of
the pedesthlayer. Trimethylgallium (TMGa) ard phosphine
(PH3 10% in hydrogen were usal as reactantsPalladium
diffused H, was usel as the carrie gas The microdik layer
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FIG. 1. The schematt of the Er-dopel GaP microdik layer structure,
mainly consistig of an AlGaP pedesthlaye ard an Er-dopel GaP disk
layer.

was dopeal with erbium during growth by sublimatirg tris-
tetramethylheptanedioreerbium [Er(thd);] and transport-
ing the vapa to the reaction zore with H, gas The doping
con%entratin of erbiun is approximatgt 10'7-10'®
cm >,

A standad photolithographt techniqie was usel to fab-
ricate the Er-doped GaP microdik resonato with a 10-20
pm diamete. The circular disks were patterné using an AZ-
135Q] photoresistReactiwe ion etchirg (RIE) was then used
to vertically etch (~0.5 um) into the pedestal layer to form
the cylinders In RIE, we usal a gas mixture of methane,
chloring and argon with aratio of 4:5:9 and an etchirg speed
of 40 nm pe minute After the cylinders were formed a
highly selective hydrofluorc acid (HF) etcham was then
usel to etch the remainirg Al ¢Ga, 4P pedesthlayer hori-
zontally to form a supportirg pillar. Figure 2 shows a scan-
ning electran microgragh of the side view of an Er-doped
GaP microdik resonato with 10 um diameter.

The emissim of the Er-doped GaP microdisk resonator
was analyza by opticd excitation using a Ti-sapphie lase.
The Ti-sapphie lase was tuned to 980 nm with a birefrin-
gert plate and modulatel by an acousto-opti modulata.
The pe& pumpirg powe was varied using neutrd density
filters. The punyp lase bean was then focusel to a spa size
coverirg the entire area of the microdik structue via an
objective lens The microdik sampla were cooled down to
liquid-nitrogen temperatue using a MMR cryogenc Jouke—
Thompsam refrigerata. The luminescene scatterd out from
the top surfa® of the microdisk resonato was collectal by
the objective lens ard dispersé by an opticd grating spec-
tromete. The luminescene was then detecte by a liquid-
nitrogen-coold germaniun detecto using lock-in technique.
The photoluminescereof a plana Er-doped GaP thin film
sample which microdik resonatcs were fabricatel from,
was also examinel using the same methal to study the mi-
crodik effects.

In Fig. 3, we show the emissiam spectaat 1.54 um from
a plana Er-dopa GaP thin film sampé (dashe line) and
from an Er-dopel GaP microdik resonato with 20 um in
diamete (solid line). Both sample were pumpeal with the
sane pek pumpirg powe (~1.6 mW), where the pumping
powe intensily was abou 520 W/cn?, and the diamete of
the punp lase was maintaine arourd the diamete of the
microdisk i.e., 20 um. From this particular pumping power,
pe&k emissio powe of the Er-doped GaP microdik Py iS
enhancd abou three times highe than tha of Er-dopal GaP
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FIG. 2. The scanniiy electro microsco image of the side view of an
Er-doped GaP microdisk resonato with 10 um diameter.

thin film sampeé Py, . The punp lase was modulatel by the
acousto-opti modulate to produe 10 us pump pulse width
with an ON/OFF ratio of 1:10 throughot the experiment.
The 10 us pump pulse width allows erbium ion centers to be
fully excited since it is longe than the 0.5 us transition time
for the 980 nm transitim of an erbiun ion in
semiconductor$. From similar microdisk structures we
found that the thermd time constanis longe than the pump
pulse spacimy usel in our experimenti.e., 100 us. Thus we
note tha a 1.6 mW bean choppel with 10% duty cycle heats
the microdik less than a 0.16 mW bean steadiy illuminat-
ing the microdisk The 1:10 pump choppirg reduces average
pumpirg powe and therma heatirg effect while maintaining
the samre pe&k pumpirg powa.

We hawe measurd P ard Py, as a function of the
punp intensiy 1,. The dependeneof P g and Py, on |,
are shown in Fig. 4(a). In Fig. 4(b) we plot the dependence
of the ratio Pgg/Psim on punp intensiyy I,. The figure
shows tha as the pumpirg intensily decreasebelov 100 W/
cn?, the ratio Pgg/Psim, Which represerst the cavity en-
hancemenof the emission increass steepy. At sud low
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FIG. 3. Photoluminescerecof an Er-dopel GaP microdisk resonato given
by the solid line, ard the spectrun of an Er-dopel GaP plana thin film
sampe given by the dashe line. Both measuremestwere obtainel at the
sane pe& pumpirg powe and pumpirg intensiy.

Chu et al.

Copyright ©2001. All Rights Reserved.



Er—doped GaP Ti—Sapphire becoms saturatedThe reductio of the emissiom enhance-
ANARRARARN ' ' mert at high pumpirg intensity is probaby due to the ther-
¢ microdisk Pu-k .

° bulk Py . md heatirg effect.

The increag in the emissia intensiy ratio at low pump-
ing levd may be attributel to the fact tha high Q cavity can
* store photors leadirg to an enhancemenof the light inten-
sity in the cavity. The enhancemenof the light intensily in

. the cavity subsequengl causs more photors to be scattered
. out from the top of the disk. It also cause more excited ions
) v to decy via stimulatel emission A detailed modé is cur-
'Eﬂ . ] rently being studial to further understad the phenomena.
ol ! L . - In summay, the Er-doped GaP microdik resonato has
0 100 =200 300 400 500 600 been fabricated and its emissia intensiy was studied as a
peak pumping density (¥/em®) function of pe& pumpiry intensit. Enhance emissi due
(a) to the microcaviy effect was observe from the Er-doped
Er—doped GaP Ti-Sapphire GaP microdik resonato compare to the bulk sample At
T T T T T ] low pumpirg intensily, the emissia from Er-doped GaP mi-
81 7 crodisks can be an orde stronge than tha from aplana thin
film sample.
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