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Abstract— For future generation electronic circuits, a severe bottleneck i i i ;
. X . K . . 1I-V material microlaser SOl waveguide microdetector
is expected on the global interconnect level. With decreasing device dimen- \ ’

sions, it is increasingly difficult to keep propagation delays and power con- Al /

sumption acceptable. Therefore there is a need for radically different inter-

connect approaches and one of the most promising solutions is the use of an

optical interconnect layer. A possible approach for a compact optical link Optical

is the use of a Silicon-on-Insulator (SOI) passive waveguide layer in com-  Interconnect i —

bination with 111-V semiconductor microlasers and microdetectors, which layer == — =

are defined in a Ill-V membrane bonded on top of the SOIl-stack. This . L

work focuses on the design, fabrication and characterization of such mem- Electrical g é /
. . . Interconnect

brane microlasers. Current state-of-the-art membrane microlasers involve layer 7

microdisk lasers and photonic-crystal lasers. However, electrical injection - !

remains a major difficulty. In this paper, we present modeling results, the Silicon

fabrication procedure, and first measurement results on two types of elec- tra"sl':;z:

trically injected membrane microlasers.

Keywords— microlasers, electrical injection, optical interconnect, het-
erogenous integration /
—
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I. INTRODUCTION

HE increase in integration density in the field of micro-
electronics will cause a bottleneck on the global intercofid- 1. Top: ge”efa't:fyom gfda” S?"bﬁsed Opéica' i”tefCOI””eCt O”ﬁCMOS-
- . . .1 Bottom: two possible candidates for the membrane microlaser. Left: DBR-
nect level. The' use of traditional electrical mterconnects WI!| microlaser. Right: microdisk laser.
be problematic in terms of speed, power consumption and sig-
nal integrity. An optical link that includes a laser source, an

optical waveguide and a photodetector can offer a promising glayeguide (DBR = Distributed Bragg Reflector). Both devices

ternative. To offer an advantage over traditional metallic integz emit light into an underlying SOl-waveguide by evanescent
connects, optical interconnects should have a low power CBupling.

sumption and a small footprint. Closely packed passive opti-
cal waveguides can be implemented in the Silicon-on-Insulator
(SOI) material system [1]. A promising solution concerning the
laser sources is to use low-threshold InP microlasers defined inf one wants to adapt existing optically pumped membrane
a InP membrane bonded on top of the SOI-waveguide (see figicrolasers for electrical injection, one needs to add doped
ure 1). The emission wavelength is in the 1.3+n6range, for semiconductor layers to form a pn-junction around the active
which Siis transparent. Optically pumped laser emission has glyers of the laser. Also, two metal contacts need to be added to
ready been demonstrated in InP membrane microlasers bonggskt the electrical current. All these elements typically cause
on tOp of a Si wafer [2] However, electrical injection remains @]uge) absorption losses, thereby reducing the qua”ty of the
major challenge. This work focuses on the design and fabrigaser resonator. It is clear that we need a good design strat-
tion of eIeCtricaIIy injected InP membrane microlasers, COUp'%y in order to control these losses. Basica”y, we used two
to a passive SOI-waveguide. Two types of microlasers are c@jpproaches: for microdisk lasers, the metal contact was only
sidered: microdisk lasers and DBR-microlasers. A microdigifaced in the center of the disk where the light intensity is low.
can support high-qualityvhispering gallerylaser resonances. For DBR microlasers, the InP membrane thickness is adjusted
In this case, the light is guided at the edges of the disk, by t9nd a low-loss metal contact is used. A rigorous modeling of a
tal internal reflection. For the DBR-microlases, light is guideghicrodisk laser coupled to an SOl-waveguide is a very challeng-
in a rib waveguide by total internal reflection and is reflectgflg task due to its inherent 3D aspect. Therefore, we focused
by Bragg reflectionat the DBR-mirrors at the ends of the ribmodeling efforts on the DBR-microlaser, which can be modeled

J. Van Campenhout, D. Van Thourhout, P. Bienstman and R. Baets are vsﬁ)ngoo.d approxmatlpn ina 2D cross SeCtIO!’]. In summary, these
the Department of Information Technology, Ghent University (UGent), Gerijodeling results indicate that perfectly fabricated and optimized
’?Le;%gjrgfoﬁémdalgI:ei(t)rrgsriivaLJneC?/Iniqcegglr:eocl#c()@r)llinheecéL:GMeigﬁbbgl stmes, Ecole CenDBR_micr()laserS with a length of about Ath and a width of
trale de Lyon, 36 Avenucé Ghy de Collongug, 69134 Ecullyycedex—yFrance about 4”m should have a threshold current of about 2 mA with
**CEA-DRT/LETI, 17 rue des martyrs, 38054 Grenoble cedex 9-France.  a slope efficiency in the range 0.1 mW/mA.
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Fig. 2. SEM pictures of a fully processed microdisk laser (top) and an unfinished '§ -
membrane DBR-microlaser (bottom). L 0o 08 10 15 20 25  3n
Injection current (mA)
I1l. FABRICATION ASPECTS 45000 -

The fabrication of membrane microlasers is a non-trivial task 5 40000 4 ——43v
which involves the collaboration of other research groups. We @ 350001 —— 52V
have developed a fabrication process for microdisk and DBR- 2 30000 | — 54V
microlasers. It consist of the following steps: LR

. . @O
« epitaxial growth of the InP-based heterostructure = o High-Q whispering
« definition of waveguide structures on the SOI-wafer £ 15000 ] aleny motes o
« waferbonding of the InP-wafer on top of the SOIl-wafer S \\\

. . : 10000
« microlaser processing in the InP membrane o %

— sub-micron e-beam lithography (DBR-microlasers) € S
w 0 . . : -

InP etch steps
isolation layer deposition
metal contact deposition
Most fabrication steps were already available but needed to

be optimized for microlaser processing. Fig. 3. Measurement results of an electrically injected membrane microdisk
laser.
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IV. CHARACTERIZATION

The microlasers can be tested during various stages of thgirication process was developed for both microdisk lasers and
fabrication. Before the application of the metal contacts, thisBR-microlasers. First membrane microdisk lasers were fabri-
is done by means of micro-photoluminesceneBl() measure- cated and electrically injected laser emission was demonstrated
ments. For these measurements, a beam of laser light witth ®ulsed regime. Future work includes coupling to an SOI-
photon energy larger than the band gap of the active matefigdveguide and fabrication of DBR-microlasers. We conclude
of the microlaser is used as an optical pump. When the @Kat these microlasers have a good potential as laser sources that

cited carriers fall back, they can cause optical gain. For weflan be integrated with CMOS on a waferscale.
processed samples, lasing emission at aboytrh.5an be ob-

served. When the complete fabrication process is completed, ACKNOWLEDGMENTS
the microlasers can be tested by doing electroluminescence (ELyhe work of J. Van Campenhout and P. Bienstman was sup-

measurements. Here, an electrical current is sent through H?o‘?ted by the Research Foundation - Flanders (FWO Vlaan-
device and the emitted light is collected and analyzed by a SPgEten).

trum analyzer. For the moment, only microdisk devices have
successfully completed the whole processing scheme (without REFERENCES

SOl-waveguide). On one sample, electrically injected lasifpg w. Bogaerts et al., Basic structures for photonic integrated circuits

emission was measured, with a laser threshold of about 1.5 mA.in Silicon-on-insulator Optics Express (invited), 12(8), pp. 1583-1591

; ; _ (2004).
However, the VOItage requwed for Iasmg was about 5V, and l?!?] C. Seassal et al.lnP Bonded Membrane Photonics Components and Cir-

ing was only possible for a pulsed injection regime. To our cyits: Toward 2.5 Dimensional Micro-Nano-Photonit§EE Journ. of Sel.
knowledge, this is the first demonstration of an electrically in- Top. in Quant. Elec., 11(2), pp. 395-407 (2005).

jected membrane laser bonded on Si.

V. CONCLUSIONS

We have performed an extensive modeling of membrane
DBR-microlasers, coupled to an SOl-waveguide. This analysis
yields threshold currents in the mA-range with slope efficien-
cies up to 0.1 mW/mA, for laser dimensions ofs=20um?. A
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