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We repott our experimen on the use of a double-di& structue to coupk light outpu from a
microdik lase which allows us to maintah ahigh Q value of the microdik resonata The small
photan leakag rate from the lower lasing disk to the top waveguidig disk can be carefully
controlled by choosimg the distan@ betwee the two disks Various structura can be fabricatel on
the top disk to coupk the light out. In this letter, a simple openirg in the top disk is usel for output

coupling © 199 American Institute of Physics.

The whispering-gallery-moe microdik lases base&l on
differert materid systens hawe bean demonstrate at liquid
nitrogen ard room temperature$:® In the= lasers the opti-
cd modcke is strongly confinal in the direction perpendicular
to the thin disk This enable mog of the spontaneasiemis-
sion to coupk into the lasing mode which is the lowest-
orde transvers electric (TE) mode® Thus the spontaneous

this letter, we explore amethal that will allow usto fabricate
various output coupling structure without the worry of af-
fecting the high Q value of the cavity. The methal makes use
of a double-di& structure.

A regula microdik lase has a disk with a multiple
quantum well (MQW) which is suspendeé in air via aped-
esta on the substrateThe double-dig structure as shown in

emissio factor g of the microdisk lasers, defined as the Fig. 1, has asecoml disk on top of the MQW microdik with

spontaneasi emissia rate into the lasing mode divided by
the totd spontaneasiemissia rate! can be close to the theo-
reticd maximum value of unity.® It turns out tha the lasing
threshotl of a lase is determiné by a sun of two factors.
One facta is the transpareng pumpirg rate of the gain me-
dium. Anothe factar is the cavity factar with avalue propa-

the sarre diamete supporté by anothe pedesthbetwea the
two disks The top disk is basicaly a passie materid for
guiding purpose The photors generatd in the MQW micro-
disk slowly leak out into the top guiding disk via resonant
wavegui@ coupling The coupling efficiengy betwea the
MQW microdik ard the top disk can be carefully controlled

tiond to 8. In the case where one has a laser gain mediunpy choosimy the distan@ of separatio betwea the two

with alow transpareng pumpirg rate the cavity factar will

dominate In tha cas cavities with high 8 values such as the

microdik structue can be usel to realize lases with low

lasing threshold® For example becaus of their high cavity
B values the semiconducto microdik lases fabricatal re-
cently hawe thresholl powe in the range of microwats lim-

ited mainly by the transpareng pumpirg rate of the quantum
wells in the microdisks.

Although these microdik lases can be macke to lase,
there is no directiond coupling of light out from thes lasers.
In fact the photors are strongy confinal inside the disk
structure For usefd applications a directiond coupling of
light out is necessar Recenty Levi et al. demonstrate that
by introducirg an asymmetig point in the circular microdisk
structureit is possibé to enabé an increasd amoun of light
to leak out from the point of asymmety.!® It has also been
suggestd tha gratig may be fabricatel on the disk to
coupk the light out Although in principle it is possibé to
fabricat variows structure directly on the disk to couple
light out, in practiee becaus of the smal size of the micro-
disk, it is not eay to contrd the deteriorating effect of the
outpu coupling structure on the Q value of the cavity. Such
a deterioratig effect is particulary bad for microdik struc-
tures becaus of their high Q values (arourd 100—-1000. In
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disks The larger the separatia betwee the disks the less
the coupling efficiengy. Figure 2 shows an estimae of the
coupling percentag per roundtrp lengh versts the coupling
lengh for a 0.65 um separation between two disksThe
coupling lengh is the roundtrp lengh of the photors propa-
gating arourd the circumferene of the disk, given approxi-

mately by 7D, whereD is the disk diameter. As can be seen

from Fig. 2, abou 0.1%-1% coupling efficiengy was esti-
matal for a disk diamete rangirg from 5 to 20 um. This
double-di& methal enabls the MQW disk resonato to
maintan aperfed disk shage with high Q value while vari-
ous structure can be placal on the top disk to coupk the
light out In our initial experimentwe made an openirg on

Coupling Disk

MQW Disk

FIG. 1. Schemat of the double-di& structue of the InGaAs/InGaA® mi-
crodik lase in our experimentsThe top disk, basicaly a passie guiding
disk, receives lasing light from the bottom MQW disk structue through
resonahwaveguia coupling The openirg on the top guiding disk provides
a leaking sour@ and direct the lasing light out from the double-di& struc-
ture.
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FIG. 2. The calculate coupling efficieng per roundtrp lengh of a two-
disk structue vs the coupling length which is approximate} the circumfe-
ene of the disk structure The separatio betwe@ the two disks is assumed
to be 0.65 um.

the top guiding disk (as shown in Fig. 1) to dired the light
out from the double-di& structure.

The layer structue of the double-di& microdik laser
usal in our experimeh was grown by molecula bean epi-
taxy with the InGaAs/InGaA® materid system First, an
INg 5458 16ASy 33P0 67 €Lch Stap layer was grown on the top of
the semi-insulatig (100) InP substratethen a 1.0-um-thick
InP pedesthlayer followed by a 0.2-um-thick MQW disk
layer was grown Inside the MQW disk laye, three
INg.5dGay 47AS quantumn wells (~100 A) were sandwichd by
INg 8Ga 16ASo 337 67 barrie layers (~100 A) with end caps
(~700 A) on both sides A secoml InP pedesthlayer with
0.65 um in thickness was grown on the MQW layer, which
is followed by a 0.2-um-thick Iny g/Ga, 16ASg 380,67 PASSsive
layer as the top guiding disk.

Multistep photolithographi techniqus were used to fab-
ricate the double-di& lases with 3 ard 10 um in diameter.
The opening were patternd first using an AZ-1350] photo-
resig ard etchal down arourd 0.4 um using reactive ion
etchirg without etchirg the MQW disk layer. After removing
the photoresisthe circular disks were patternd and carefully
aligned with the openings Then reactiwe ion etchirg was
usal agan to etch the circular patterrs down vertically (~1.2
um) into the bottam pedesthlayer to form the cylinders In
both reactiwe ion etchirg stes we usel a gas mixture of
methane hydrogen and argon with a ratio of 5:17:8 A
highly selective HCI etchan was then usel to clea the re-
maining pedesthlayers horizontally to form two supporting
pillars. Figures 3(a) ard 3(b) shav the images of a 10-um-
diam double-di& microdik lase taken from a scanning
electran microscope The InP pillar is rhombis shapé be-
cau® of the anisotropt etch.

The lasing characteristis of the double-di& microdisk
lases were analyze by opticd excitatil using a Nd:YAG
laseg at 1064 nm. The punp lase was modulatel by an
acousto-opt modulate with a varying duty cycle ard fo-
cusel to aspd size coverirg the entire area of the microdisk
lase. The microdik sampls were cooled down to liquid
nitrogen temperatureThe emissia from the microdik laser
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FIG. 3. Scannig electra microsco images of a fabricatel double-disk
microdik lase with 10 um in diameter(a) top view; (b) side view.

was collectad by an objective lens dispersd by an optical
grating spectrometeand detecte using alock-in technique
ard aliquid-nitrogen cooled germaniun detecto.

Figure 4 shows the lasing specta obtaina from a
double-di& microdik lase with 10 um in diameter at and
abowe threshold The threshotl is where the pe& punp laser
powe is approximatef 500 W with a 1 us pulse width and
1% duty cycle to redue the heating In our experiment a
10-um-diam double-disk microdisk laser without any open-
ing on the top disk was also fabricatal for comparisonDue
to the lower loss on the top disk, the double-dik lase with-
out openirg has alower threshotl (~300 uW). This is also
the typicd threshotl value for a single-dik microdik laser
with the same materid composition and diamete as the bot-
tom disk The lasirg threshotl of a 3-um-diam double-disk
microdik lase is abou 25 uW, which is almost the same as
tha of a single-di& microdik lase with the sarre diamete.

It shows that the double-di& lase remairs ahigh Q cavity
without deterioratig the lasing threshold.

The directiona lasing outpu from the openirg of the top
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FIG. 4. Measurd specta of the 10-um-diam double-disk microdisk at 85
K. Excitatin isby aNd:YAG lase at the wavelengh of 1064 nm. The solid
curwe is for the ca® whete the punp powe is abowe threshotl and the
dashe curve is for the ca® where the punp powe is at threshold The
resolution of the spectrometeis 1 nm.
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FIG. 5. An edge-emittiig lasing outpu from the openirg of a 10 um top

In summay, we hawe demonstrate using anotch on the
top guiding disk of a double-di& structue to coupk the
lasing light out horizontally from the top disk, while the
bottom lasing disk maintairs ahigh cavity Q value For use-
ful applications sud as optoelectrort interconnects a
vertical-emittirg structue is desirable Baseal on our double-
disk design we are currenty pursuirg various method ca-
pabk of achievirg verticd coupling including the use of
grating or openirg with 45° edge on the top guiding disk.
Furthe researb would be needé to incorporaé a p-n junc-
tion structue to realize injection currert pumping.
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top openirg were retrace using adashe line. The bright dot on the image
is due to aburneal spd on the infrared imaging tube.

disk of a double-di& laseg can be imaged using an infrared
imaging tube The image is shown in Fig. 5. In the figure, we

can see the lasing light scatterd from the disk itself as well

as astrorg edge-emittig spd from light escapig the open-
ing and hitting the substrag at arourd 10 xm away from the
opening This image was taken at a pumpirg powea two

times abowe threshold In orde to obtan the image the

punp lase had to be strongly attenuatd with filters before
the infrared cameraDue to the focusirg differene between
the outpu spd on the substrag ard the disk itself, we have
to refocis to see the openirg on the disk and retrae the top

view of the double-di& structue using adashe line in Fig.

5. The figure clearly shows tha the openirg on the top guid-

ing disk provides aleaking sour@ of the lasing photors and
direcs the lasing light out from the double-di& lase.
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