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Theoretical study on intervalence band absorption in InP-based
guantum-well laser structures

Taehee Cho,® Hyungsuk Kim, Youngse Kwon, and Songcheol Hong
Opto-Electronics Research Center, Department of Electrical Engineering, Korea Advanced Institute of
Science and Technology, Kusong-Dong, Yousong-Gu, Taejon 305-701, Korea

(Received 27 November 1995; accepted for publication 13 February) 1996

Intervalence band absorptions of 14n light in various InGaAs/InGaAsP quantum well laser
structures are investigated theoretically. The intervalence band absorption formalism based on 6
X 6 Luttinger-Kohn Hamiltonian is developed. The absorption tends to decrease with the barrier
height of quantum wells. The tensile strain in the well causes the absorption to reduce, while the
compressive strain causes it to increase. Also is found that the absorption decreases with increase in
temperature. ©1996 American Institute of PhysidsS0003-695(96)04416-§

Quantum well(QW) lasers are widely used due to their Ale?
low threshold currents and their temperature insensitivenn(®)=

s X 2 Ln(ky) = Fae(kI[E - P (k)|
behavior* The efficiency of InP-based long wavelength QW 0 ”
lasers depends on the optical losses in the structures and 1 nlr
therefore it is important to understand the optical loss mecha- g [En (k) — En(kp)|— 0] ?+ [Al 712" )

nisms. The well known optical loss mechanisms in these o ] )

QWs are the Auger recombinatid,intervalence band ab- 1h€ momentum matrix is derived and described as

sorption  (IVBA)*’ and carrier leakage over , ,

heterobarrier€? Though, a theoretical work on the less tem- - Poy =1i&- > (P, 0" +Q,, D), ©)
perature dependence of Auger recombination rates in v

strained-layer QW lasers is reportétho theoretical inves- whereP andQ are momentum matrices which depend on x-y
tigation on the optical loss due to IVBA in these structuresand z momentum components, respectively and can be ex-

have been reported yet. pressed as
In this letter, we report the effects of the barrier material A, B c 0 D E
and strain in the QW on the optical losses in InP-based QW
laser structures. We have investigated the IVBA of the con- B* A 0 C F G
ventional QW laser structures such as InGaAs/InGa@is® C* 0 A, -B G F
,u.m), InGaAs/InGaAsP(1.15 um) and InGaAs/InP QWs. 0O c* -B* A, —-E* D]/ (4
Since the threshold currents of such QW lasers are reduced
by the biaxial compressive and tensile strains in the well, p* F* G* -E H 0
these effects have also been included in our investigation. E* G* F* D* 0 H

Since the spin orbit coupling in InP-based structures is
strong, the & 6 Luttinger-Kohn Hamiltonian is used to cal- where the matrix elements,AA,, B, C, D, E, F, G, and H
culate the valence band structures of QW%he strain ma-  are summarized in Table .
trix was added to consider the effect of strain on the optical  To investigate the effect of barrier material on the opti-
losses in QW structurés. The extended states were calcu- cal loss, we considered three typical structures of lattice-
lated by assuming thatp(0)= (L) =0, where L is the matched InGaAs/InGaAsP single QWs. These structures,
boundary of the barrier for the QW structures. In our calcu{nGaAs/InP, InGaAs/InGaAsR1.15 um), and InGaAs/
lations we have assumed large L so as to avoid the quantinGaAsP(1.3 um) are hereafter referred as structure A, B,
zation effects of eigenstates above the barrier. In the preseahd C, respectively. The well layer considered for all these
study we assumed =600 A. The valence-band offset for

lattice-matched InGaAs/in,GaAs,P;_, was calculated tapLE I. Coefficients of in-plane elements defining the matriée® and

using the relatiotf &-Q.
AE,=350-502y+ 152 meV. (1) &P CRY
. . — (71t 72Dk« 0
The other parameters such as lattice constants, Poisson ra- —(y1i— vk 0
tios, deformation potential, spin-orbit split-off energy and a 123y,
Luttinger parameters used in our calculations are linearly in- 0

—V3yak+i243y3k,
0

terpolated from the bulk constants of GaAs and IfAs. —\Bys
0

IOTMMmMOO®P>

The absorption coefficient of the QW structures can be iVBysk,+ 26 y3k,
written ag* i2y.k, 0
0 ~342y,
L 0
3E|ectronic mail: thcho@eekaist.kaist.ac.kr
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FIG. 1. The valence-band structures () InGaAs/InP, (b) InGaAs/ FIG. 3.
INnGaAsP {4=1.15um), and (c) InGaAs/InGaAsP Xy=1.3um). All the
structures are lattice-matched to InP and have the well-widths of 70A. Th
zero energy is chosen to be the top of the bulk valence-band.

The valence-band structures of three  strained
In; _,GaAs/InGaAsP §4,=1.3um) QWs with(a) x=0.68,(b) x=0.47, and
€c) x=0.55. All the structures have the well-widths of 70A.

ture C. For the excited states, the separation between the

structures was sdGa 4As ith a well width of 70 A. Fig- states and Fermi level is the key factor for absorption. The

ure 1 illustrates the calculated in-plane band structures of thgbsorption from LH1 or HH2 state extended statesan not

structure A, B, and C. It can be observed from Fig. 1. that th%e ignored because of the very long tail of Fermi-Dirac func-
band offset for structure A is so large that SO bands appegq

. : on at room temperature. The separation between the first
under the barrier potential. In the case of structures B and C P P

; excited state and Fermi level is the smallest in the structure
the LH1 band is followed by HH2 band and no SO bandC thereby leading to the largest absorption coefficient from

2}222? under the barrier potential because of the small bar{ﬂe first excited state in the structure C. Therefore, the total

The temperature dependence of absorption coefficie
for these lattice matched QWSs, in the ran@40-340 K at
the wavelength of 1.55um, calculated using Eq(2) is
shown in Fig. 2. The temperature dependence is incorporate(%n
in. the; absorptip n coefficient by varing the Fermi-Dirac diS'structures, hereafter referred as structure D, E, and F, have
tribution. The m-pla_me mass qf HHl band calculated fromWeIIS of In,_,GaAs with x=0.32, 0.47, and 0.55, respec-
the bandstructure, is the heaviest in the structure C and t R/ely. The structure E is lattice-matched and therefore can
lightest in the structure A._Therefore, the densi_ty of states o e compared with structure C. The well of structure D has
HH1 band is the smallest in th? s_tructure A This leads o th(})iaxial compressive strain, while the structure F has biaxial
largest overlap between Fermi-Dirac function gnd HH1 ban ensile strain, respectively. The bandstructures calculated for
for the structure A, at the same hole density of '8

3 Thus. the HHL> extended stateab tion is | the structure D, E, and F are shown in Fig. 3. It can be
.th - 1NUs, i h X ﬁn ed sta eaBsarp lon 1S irgErHlobserved from Fig. 3 that the LH1 band for the structure F is
In the structure A than m.t € structur(_a - However, the slightly above HH1 band & =0, due to the tensile strain in
—extended stategbsorption is larger in the structure C than

in the structure A b f the st ilator st the well. It is well understood that the compressive strain
In the structure ecause of e stronger osciialor streng rastically reduces the density of states of the HH1 band,
for transition from HH1 state textended stateis the struc-

while the tensile strain increases the density of states at the
band edge. Therefore, it can be inferred that the Fermi level

IVBA at 1.55 um wavelength is the largest in the structure C
n(‘/\/hich has weak confinement potentiahd the smallest in
the structure Awhich has strong confinement potenfial
Three strained InGaAs/InGaAs@.3 um) QWSs were
sidered to examine the effects of strain on IVBA. These

0.56 is located inside the HH1 band for the structure D and far
D —— InGaAs/InP ] from the LH1 band for the structure F.

0.54 Tl T InGaAs/InGaAsP (1.15 pm) The temperature dependence of absorption coefficients

0.52r *\ """" InGaAs/InGaAsP (1.3 pm) 4

of the strained QWs in the range of 240-340 K, at the wave-

£

o

; N

g 0.50[ ] length of 1.55um is shown in Fig. 4. The contribution of

% 0.48T 7 holes to IVBA is more in the structure D than in any other

% 0.46] 1 structure because Fermi level of the structure D is located

3 o0.44} . inside the HH1 band at room temperature. As a result, the

5 o.42f 1 IVBA is the largest in the structure D and the smallest in the

*% 0.40F . ‘ . . ] structure F.

% 240 260 280 300 320 340 We .have observed that the absorption coefficient shows
temperature (K) a negative temperature dependence for all the structéves

B, C, D, E, and [ This behavior can be attributed to the
FIG. 2. IVBA coefficients with respect to temperature for the lattice- d€Crease in the hole contribution to IVBA with Increase In
matched 19 5458 47AS/IN; ,GaAs,P;_, QWSs. temperature and the upward movement of Fermi level with
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~ 09 and also that the tensile strain in the structure reduces ab-

£ Ny G AS/INGAASP sorption while compressive strain increases it. We have also
So08F 0 N5 27 G065A8/INGAASP observed that higher temperatures reduce the absorption in
- e NG5G0 isAS/INGAASP
3 QWs.
= 0.7 This work is partially supported by Korea Science and
So6l \ . Engineering Foundation, OERC-95-02-03-01.
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