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tWe report low threshold laser emission from hybrid stru
ture 
omposed of III-V photoni

rystal wire 
avity bonded on top of a sili
on wire. Lasing operation is demonstrated in thewaveguide 
on�guration.

Figure 1: S
hemati
 view of the stru
-ture Figure 2: MEB pi
ture of the sampleRe
ently there have been several theoreti
al studies and experimental demonstrations of smallvolume 
avities based on a periodi
 line of holes in a waveguide. Even though this work begansome time ago [1℄ it is only re
ently that impressive Q fa
tors have been demonstrated whi
h bringsmany of the predi
ted appli
ations 
loser to reality. So far the work has been 
on
entrated onpassive fun
tionalities in these sorts of stru
tures. But the strong light 
on�nement that is possiblein these high Q low volume stru
tures promise low laser thresholds. Further, the small foot printobtainable is extremely useful for high integrability. In this 
ontext, Sili
on photoni
s is a rapidlydeveloping platform for integrated opti
s. Combining the low-loss passive sili
on photoni
 
ir
uitrywith III-V based a
tive opti
al fun
tionality, we 
an draw high bene�ts from both worlds. We havesu

essfully fabri
ated a hybrid stru
ture 
omposed of III-V photoni
 
rystal, made of a row ofholes with a few missing holes in the 
enter to form a 
avity, whi
h is bonded on top of a sili
onwire. We obtained low threshold lasing and the emitted light is 
hanneled through the sili
on wireand 
oupled to a �bre. 1



We fabri
ated a platform 
onsisting of two levels (Fig. 1) 
omposed of SOI narrow waveguides(~500nm wide and ~220nm high) where the light propagates passively, and InP waveguide 
ontain-ing quantum wells. The light from the passive lower level 
ouples in evanes
ently and intera
ts withthe membrane to a
hieve lasing and the emitted light is then 
hanneled out through the lower level.InP-based heterostru
ture is adhesively bonded to the SOI wires using the planarising polymerBCB. The su

ess of the fabri
ation depends on the quality of the two parts and on the a

ura
yand the repeatability of the alignment of the PC stru
tures with subja
ent waveguides. The BCBthi
kness is set to be around 800nm in order to optimise the evanes
ent wave 
oupling withoutex
essively degrading the Q of the 
avity. Sili
on waveguides are fabri
ated in a CMOS fab using193nm DUV lithography on SOI, InP wafers are grown by MOCVD. Markers written on the masklevel of the SOI waveguides allow us to align the ele
tron beam lithography de�ned Photoni
 Crys-tal (PC) level, a

urately to the Si waveguides. The PC is then patterned in the III-V membraneusing rea
tive ion et
hing and indu
tively 
oupled plasma et
hing. S
anning ele
tron mi
ros
opymeasurements (Fig. 2) show that our PC waveguides are aligned bang on top of SOI wires witha

ura
ies better than 30nm!The stru
ture is opti
ally pumped from the surfa
e at 800nm and the emitted light at 1.55µmis dete
ted simultaneously from the surfa
e of the PhC and at the output of the SOI wire. Thedete
ted light is sent to a 
ooled spe
trometer for analysis. The results of the measurements areshown Fig. 3. As the design of the 
avity is optimised for guided mode emission and it is seen inFig. 4 (�gure 
omparaison) that the guided emission is a fa
tor of three higher than the verti
alemissionIn 
on
lusion, we demonstrate lasing operation with fairly low thresholds. The redu
tion in sizea
hieved point the way to the a
hievement of densely integrated waveguide stru
tures for opti
al
ommuni
ation systems. Further, the dire
t 
oupling of the nanolasers in the guided wave 
on�gu-ration to the sili
on waveguide renders them their in
orporation in integrated opti
al platforms easy.

Figure 3: Laser operation Figure 4: Emission measured from top (blue) vsfrom wire (red)[1℄ Nature 390 (1997) 6656 2


