
Multi-Sta 
Emitting 

S. R. Kurtz, A. A. Allerman, R. M. Biefeid, and K. C. Baucom s@ 1 %  1991 

with strained, narrow bandgap, 
density and higher temperature 

regions. We describe the first lasers ed InAsSb, multi-stage active 

. Our multi-stage de 

form an internal, semi-metal layer.[ 1,2J In these devices, the semi-metal acts as an internal electron 
source which can eliminate problems associated with electron injection (specifically electron blocking by 
cladding conduction band offsets, n-type doping of claddings, and excess heating due to thermalization 
of hot carriers ), and this design is compatible with MOCVD materials and background doping. 
Furthermore, the use of an internal electron-hole source enables us to consider alternative laser and LED 
designs that would not be feasible with conventional, bipolar devices. Using the semi-metal, InAsSb- 
based multi-staged active regions can be constructed (see Figure la) where in the absence of non- 
radiative losses, several photons would be generated for every carrier injected at the device contacts. A 
two stage LED and a 2-stage laser are described in this work to demonstrate the feasibility of our idea. 
Similar to the multi-staged InAsSb devices, we have reported cascaded, type II InAs/GaInSb LEDs and 
lasers.[3,4] (see Figure 1 b) Competing with the Sb-based mid-infrared devices, unipolar quantum 
cascade lasers have received much acclaim.[5] However, the nonradiative (optical phonon) lifetimes of 
the unipolar devices are orders of magnitude shorter than the Auger-limited lifetimes for interband 
devices, and with multi-staging, mid-infrared interband Sb-based lasers should have lower threshold 
currents than unipolar quantum cascade lasers. 

Multi-S taged (Cascaded) Device Demonstrations 

As an initial demonstration of a multi-staged bipolar device, we produced a 2-stage/ 2-color LED 
using InAsSb quantum wells with 11% Sb in one stage and 13% Sb in the other.[l] Each stage is the 
segment A-B in Figure la. In each stage, psuedomorphic InAsSb quantum wells are separated by 500 A 
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Figure 1 - (a) Diagram of a multi-stage laser active region with compressed, type I InAsSb quantum wells, 
electron injection, and AlAsSb electron bbck.fl] (b) Diagram of a cascaded laser active region with a type 
lasing transition. Electron-hole (e-h) pairs are generated at the AISb, e-h tunnel barrier in each stage.[2,3] 
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Figure 2 - Emission and photoluminescence spectra of a 2-stage, 2-color LED with InAsSb MQW active regions with 11 9% 
and 13% Sb respectively. Emission from a 1-stage LED, with 11% Sb, is also shown. 
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Figure 3 - Emission spectrum of a 2-stage semimetal injection laser with 5 InAsSb QWs in each stage. 
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of InAs. (The InAsSb devi 
barrier is placed between 
two peaks, correspond 
LED (grown during the same run and removed from the growth chamber in the middle of the run) which 
clearly corresponds to 1 peak of the 2-stage emission is also shown. (see Figure 2) The relative 
intensities of the peaks of the 2-stage device are comparable to those observed in PL which indicates that 
electrons are independently generated in each stage. 

0 vious 
LED, the laser active region Gonsisted of 2 stages, each cpntaining 5 psuedomorphic InAsSb quantu 
wells. Between stages, 200 A of AIAso,,,Sbo., and 300 A of compositionally graded AlGaAsSb are 
used to confine electrons in the active region and to prevent the build-up of holes in the GaAsSb layer. 
The top and bottom claddings were 2 pm of AIAso~,,Sbo.,. The overall material quality for this laser was 
poor. Compositional drift during growth caused lattice mismatch, and 2-color lasing may be occurri 
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Figure 4 - Lasing spectra of the type 11, InAs/GaInSb cascaded laser at 80 K and 120K under pulsed operation, 0.01% duty 
cycle.[3] 



In contrast, emission from InAs/GaInSb laser (see Fig. 
4.[3] Similar to the InAsSb devices, IS ?e generated in each stage 
InAs(n)/AlSb/GaSb(p) semi-metal layer with a thin (20 A) AlSb tunnel barrier. Un 
devices, electrons and holes injected into the InAs/GaInSb lasing states cannot escape. The electrons and 
holes must recombine either radiatively or nonradiatively at the type IT, lasing transition. With “perfect” 
camer confinement and 20 stages, differential quantum efficiencies of 1.3 (phototdinjected carrier) have 
recently been reported for these type II cascaded lasers.[4] Despite this advance, the type II cascaded 
lasers still exhibit large threshold currents and turn-on voltages, producing unmanageable h 
Subsequent, 3.8 pm type II devices ion up to 165 K and have a thresh 
density of 3 kA/cm2 at 80 K.[4j 

Discussion 

The unipolar quantum casc s the value of using multiple, cascaded lasing 
transitions to increase gain and to overcome high non-radiative recombination rates. Optimizing the 
performance of the cascaded design, recent unipolar quantum cascade lasers approach “perfect” carri 
confinement with the development of “Bragg reflectors” that prevent electrons injected into the lasing 
state from escaping to the continuum.[5] Also, electron transport in the unipolar quantum cascade laser 
is very efficient, with turn- 
laser emission energy). 

quantum wells with InAs barriers, multi-staging is a convenient method for generating multi-color 
emission. (Adequate electron confmement is provided by the A)AsSb barrier as in Fig. la) However, 
multi-staging of psuedomorphic InAsSb lasers would be equivalent to growing a thick active region to 
increase gain, and differential quantum efficiencies >1 should not be expected. Instead, multi-staging 
should prove effective to increase gain from active regions with larger valence band offsets and improved 
hole confinement, such as InAsSb quantum wells with InAsP barriers, where injection laser studies 
indicate that holes diffuse over < 10 quantum wells. 
InAsSbfinAsP quantum well lasers are in 

To overcome non-radiative recombi 
currents and produce larger 
per stage greatly exceeds A 
from the increased gain. In each stage, barriers like that produced by the AlAsSb/GaAsSb valence band 
offset in InAsSb devices (Fig. la) or by heavy hole tunnelling through AlSb layers in type II devices 
(Fig. 1 b) can produce unwanted charge build-up and voltage drops. More efficient carrier transport is 
required to demonstrate practical, Sb-based multi-stage lasers. Initial results indicate that turn-on voltages 
of multi-staged InAsSb devices may be controlled with heterobarrier doping and grading. 

Summary 

interband multi-stage lasers and LEDs have been demonstrated which emit at 4 pm. An MOCVD- 
grown, 2-stage LED and a 2-stage laser with psuedomorphic InAsSb quantum well active regions are 
described and compared with recently demonstrated type If InAs/GaInSb “cascaded” devices. Improved 
carrier confinement and efficient carrier transport in multi-stage active regions are critical to achieve 
differential quantum efficiencies > 1 and to demonstrate “cascaded” mid-infrared lasers with manageable 
heating. 
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In Sb-based like psuedomorphic 

elopment of MOCVD-grown, 

ed lasers will require 

Using a semi-metal, GaAsSb(p) / h A s  (n) heterojunction as an internal electron-hole source, 
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