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Sub-milliampere Lasing of Zn-diffused Mesa Buried-hetero Al,Gar-"As/GaAs
Multi Quantum Well Lasers at 77 K

A. Kurobe , H. Furuyalld r S Naritsuka , Y. Kokubun and M . Nakamura

Toshiba R&D Center, 1 Komukai Toshiba-cho, Kawasaki,210, Japan

One of the greatest advantages of adopting multi quantum weI I
(MQW) structure in. sp.miconductor Iasers is the reduction of
threshold current.l-s' In this paper we report extremely-Iow
threshold semiconductor lasers fabricated by forming Zn-diffused
mesa buried heterostructure (DMB) from low pressure I,IOCVD-grown
AIGaAs/Caas MQw wafers. Cw threshold currents less than 1mA at
7 7K ( 8 80pe) and 2.4mA at 25 oC were obtained. These are the
rowest thresholds ever achieved with any structure.

The active region consists of three GaAs quantum wells and
f our barrier l ayers having a l uminum f raction of Xl-= 0.22. ( see
Fig.1) The width of weIls and barriers were 7frm and 5nm,
respectively. We used separate confinement structure of total
width 1 fQnm. the n- and p-AI6-6Ga0.2As cladding layers were doped
to 2x10lu cffi-J, whilst the XI-n r"^'d.n_z>As wave-gnia. layers ind
active Iayers were undoped. "'6Fti"c'df confinement factor was
optimized to be 3.58/well with respect to the total width.

Fig.1 shows the geometry of this device which we caIl DIvIB-
MQw Iaser. zLnc was diffused (64Ooc, 10min) to disorder active
region selectively, such that both optical and electrical
confinements could be achieved. Unique feature of this design is
that Zn-diffusion is performed after deep mesa ething is done
through active layers. This enhances the controllability of thestripe width defined hy Zn-diffusion compared with a conventional
fabrication process. o I Coatings were appl ied to the facets of
cleaved samples. Reflectivity of the front facet was Rf=702 and
that of the rear facet was Rr=86E.

Fig.2 shows the room temperature I ighE/ current
characteristics of the fabricated devices. The stripe width was
2.5pm. For an as-c Ieaved sample c\,{ threshold current was 3.6mA
and the differential quantum efficiency was 50t at a cavity
Iength of .7 5Fm. Py applying coating to both facets of a 100-pmIong sample, we obtained the threshold current as low as 2.4mA at
2 5t. The thresho Id current f urther reduced with decreasingtemperature, and 88 Opa was achieved at 77K ( see Fig.3 ). Thecharacteristic temperature Tn changed from 1 19oc to 1 8599 below
-20oe, and became less tempeiature- dependent near 77K.

We have fabricated Iasers with stripe widths ranging from
l.5r.t* to 7.5trrm. Threshold current variation with the stripe width(Fig.5) confirms that our Iasers have electronic confinement asthe result of disordering, altho^ugh the confinement is notcomplete. The offset current ItX shown in Fig.4 indicates aIeakage current out of the active-r.gion. This is about 1mA for
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our lasers, and is ha lf the va rue deduced from threg{rold currentdata reported for si-diffused pranar BH-Mew rasers.o, To attainsub-miliampere threshold at room temperatuie with the present Mewstructure, it is necessary to rr"" BH structure which wourdsuppress the offset current to values much less than lmA.
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Fig.L. DMB-l,pW laser strrrcture.

Iig_.2. Light/drrent characteristics ofDMB-MQW lasers at Z5t. The stripewidth is 2.5pnu Cavity lengths of as-cleaved and crcated sanples 5re ?5pm ard
LOO urn, respectively.

Iig.3. Light/cr:rrent characteristic of
9Y!-ltpw lasers ar ?ZL Cavity fengrh i-L00 pru

Fig.4. Threstrotd ctrrrent detrrendence ofstritrn width for uncoated sJmples.
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