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The InGaAs/InGaAlAs multiple quantum wdl (MQW) lasers a,re very promising as

light sources for the long wavelength (1.3-1.5 pm) optical fiber communication systems.'

This material system has a la,rge conduction band discontinuity (0.5 eV) and a small valence

band discontinuity (0.2 eV). Therefore, enhanced quantum effects are ocpected together
with a small hole pile up in the valence band.

So fa,r, these lasers have been grown by molecula,r bea,rn epitaxy (MBE) and metal
organic vaper phase epita,:ry (MOVPE). In this paper, InGaAs[nGa.AIAs MQW lasers

have been grown by'gas source (GS)-MBE for the first time. Room temperature CW
operation with a very low threshold current was achieved. Furthermore, an enhancement in
the rela,:ration oscillation ftequetrcy was obtained in compa.rison with the InGaAs/InGaAsP
MQW lasers with the same structure.

The structure of the InGaAs/InGaAlAs MQW laser is shown in Fig.l, together with
its energy band diagram. It consists of InP clad layers, InGaAsP guide layers and an

InGaAs[nGaAlAs MQW active layer (3 or 6 wells). The ba,rriers a,re InAlAs or InGaA]As
(Al=0.25) layers. The well width and the barrier width a,re 90 Aand 30 A, respectively.

The lowest threshold current density is 0.93 kA/cm2 at a cavity length of 1000 pm. The
important point in the structure shown in Fig.1 is that it is possible to use the same

process as that used for the InGaAs/InGaAsP system for fabricating a burried-hetero
(BE) structure and/or a DFB structure.

Figure 2 shows the I-,t characteristic at room temperature for the MQW laser ( InAlAs
ba.rriers, 6 wells, cavity length = 400 pm) formed into the BE structure using a liquid
phase epita:<y (tPE). The threshold current is as low as 9.6 mA. This is the lowest value

reported for the InGaAs/InGaAlAs MQW lasers. The lasing wavelength is 1.52 trlm, and

the ma:<imum differential quantum eftciency is 0.21 W/A for one facet.
Figure 3 shows the output power dependence of the relaxation oscillation frequency /,

for the ridge structure lasers with InAlAs barriers ( 6 wells). The mesa-width is 2.5 pm, and

.the cavity length is 400 pm. The threshold current is 20 mA. For comparison, results for
the G$MBE grown InGaAs/InGaAsP MQW lasers with the same structure are shown. It
is larown that J, for InGaAs/InAlAs MQW lasers is la.rger than that for InGaAs/InGaAsP
MQW lasers. This enhancement of /, is considered to be due to the larger gain coeficient
for the InGaAs/InGaAlAs MQW lasers than that for the InGaAs/InGaAsP MQW lasers:
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Fig.2 Room temperature I-L
characteristic of the BH
InGaAs/InAlAs MQW laser.
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FiS.l Structure of the InGaAs/InGaAlAs MQW laser
grown by GSMBE and its energy diagram.
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Fig.3 Output power dependence

of the relaxation oscillation
frequen cy f,
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