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The gain-spontaneous recombination characteristics have been calculated for a 40 A
Zny Cdy ,Se-ZnSe quantum well including many body effects. We examine the effect of the
inclusion of the Coulomb enhancement on the gain spectra and the gain-current relationship. We
show that, in the absence of the Coulomb enhancement, the threshold current density gfra 340

40 A Zn, {Cdy ;Se-ZnSe quantum well laser is underestimated by approximately 40% and the lasing
wavelength overestimated by 4 nm. Our calculation of the scattering lifetime for the first
electron-heavy hole transition gives a lifetime varying between 29 and 37 fs, and shows that the
carrier-phonon scattering mechanism in 1I-VI quantum wells is more dominant than in IlI-V
materials. We also comment on the effect the neglect of Coulomb enhancement has on the
calculation of leakage currents in a laser at threshold.1995 American Institute of Physics.

Recent advances in II-VI technology have led to the re-malisation and spectral broadening are important for the pre-
alisation of room temperature, cw blue-green laser diddés. diction of the optical gain spectfd,although the Coulomb
Problems with ohmic contacts, material quality and dopingenhancement has been shown to be negligfblehe in-
are actively being researched. Computer modelling of devicéreased exciton binding energies in II-VI materials suggests
structures is a useful tool in these studies. The effects ohat the Coulomb interaction would be more important in
dopind' and leakage currehhave already been studied in these materials.
this way. The foundation of such calculations is the determi- ~ The absorption spectrum can be determined from the
nation of the material gain in the laser’s active region as dmaginary part of the optical susceptibilitywhich is given
function of the quasi Fermi levels or the carrier populations by
Initial calculations of gain in II-VI quantum well structures
used the free carrier approximatiort but the effect of the  y(fw)= >, dyx« (1)
electron and hole Coulomb interaction has been shown to K
have a significant effect in the calculation of bulk 1I-VI ma- \;nere
terial gain® Commercial laser diodes are likely to use quan-
tum wells due to their increased performance over bulk actZw—Eg—Ep (+ifiy]xk
tive region lasers. In this paper we illustrate the importance
qf the .Coulombic_ interaction in the calculation of the mate- = — (1= for—fne) dk+2 Vi(k—k') xpr 2
rial gain for a typical ZnCdSe-ZnSe quantum well structure. K’

The enhancement for this II-VI structure is significantly ) o o
larger than previously calculated for GaAs quantum wells derived using the Hartree-Fock approximation, which is rea-
The intraband scattering rate used in the determination of the°nable at these high carrier densities and high
gain is calculated for both carrier-carrier and carrier-phonoﬁemperatureg fc andf, are the electron and hole Fermi

scattering mechanisms. Our results show that the carriefunctions which describe the carrier distributions at low laser

phonon scattering contribution is considerably more signifi-'mens't'es'vS is the screened two-dimensional Coulomb po-

cant in these II-VI structures than previously calculated fortentlal within the single plasmon pole approximatidrt.

[1I-V quantum wells and therefore is an important inclusion dy is thf momentum dependent optical tfa”S'“O” matrix
) . ) element* andE, , andE;, , are the renormaliséi electron
in the calculation of gain. : :

Many body effects manifest themselves in three mainand hole energies at the momentknSetting the potential to

wavs in the ontical recombination specifal2Optical tran- zero in Eq.(2) gives the free carrier result, where the Cou-
ay P P - ©OP lomb interaction is neglected. In this paper, we compare the
sitions are broadened due to carrier scattering events. Thce

I > Iculated gain ch teristi fa 40 A,z6 -ZnS
band gap decreas@enormalisatiopand the transition prob- alcuiated gain charactenstics of a od0 0 FSe-ZnSe

oS X o guantum well at 300 K, with and without the Coulomb in-
ability is enhanced due to the increased recombination resu('}éraction

ing from the Coulomb attraction between electrons an We have calculated the band structure using a4 4
holes. The room temperature gain characteristics of GaAg yinger-Kohn Hamiltonian including strafif. The calcula-
quantulry_lvzvells have been calculated including many body;, show that the bands are reasonably parabolic since the
effects.” These calculations show that band gap renorain causes reduced intermixing of the light and heavy hole
subbands. Therefore to reduce the computation time required
dElectronic mail: prees@tcd.ie we have used parabolic bands, the masses of which are de-
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termined using a least square fit to the calculated subbanglG. 2. The energy broadening of the electron/heavy hole state in the lowest
structure(this approach was used in Ref). 3\e have not (& conduction andb) valence subbands as a function of eneigfative to

included well width fluctuations in our calculations but ex- the bottom of the subbanat a carrier density of 1:410** cm™* at 300 K.
pect that when the well width is reduced the effect will be

lasers.” The dephasing energj.y, is calculated using Fer- hw o. The magnitude is comparable with the carrier-carrier
mi's Golden Rule for carrier-carrigt and carrier-LO energy, which is in contrast to GalnAs-InP wéfighere the
phonort’ scattering mechanisms. All material parameters forcarrier-carrier(total of the electron and holescattering is

these calculations were taken from Ref. 18. more dominant. This is because the ZnSe optical dielectric
Figure 1 shows calculated gain spectra for a 40 A

_ ) constant is smaller than that of GalnAs. The small carrier-
Zng gCth 2Se-ZnSe quantum well calculated with and without 5,54 hroadening belotio, o is compensated by the high
the effect of Coulomb enhancement at a carrier population

oé . . .

- . ) arrier-carrier broadening energy at the subband edge and so
8 3 .

8.3}10' cm ? (both calculations include band gap renor the total broadening energy for electrons and holes remains

malri?“oa?ﬁ ;?2 Ci\(jggo(r;t; rilgrtedr:rﬁgictj n :—TZ%d;atsosilg\?\;:iﬁZ?y reasonably constant with respect to energy. The average of
gherg Y Y- tpe total carrier and phonon broadening for electrons and

the maximum enhancement is arognd the trans.,parency POIMhles is used to obtain the scattering lifetifi& he scatter-
rather than at the peak of the gain spectrum; on the other” " ' - .

. . ., 1ng lifetime for the first electron-heavy hole transition varies
hand, the enhancement in the emission spectrum which

I o .
broader than the gain spectrum occurs at its peak. f?om 29 fs at the transition energy to around 32 fs at higher

The calculation of intraband scattering rates has beefi'€"9'ES! peaking at 37 fs just beldus o . These lifatimes

described in detail in Refs. 16 and 17 where examples wergompare with the constant 25 s lifetime required to fit ex-

given for GaAs-AlGaAs and GalnP-InP quantum wells. US_.perim.ental data in Ref. 5 for a 65 A ZnSe quantum well. This
ing the same method we calculate the intraband scattering féf 21 important result because the gain spectra of Il-VI quan-
the 40 A Zn, Cdy,Se-ZnSe quantum well at a temperaturetum wells .are.often calculated using a constant lifetime of
of 300 K. Figure 2a) shows the energy broadening of the 100 fs, which is clearly too long. o
electron state in the lowest conduction subband as a function _ Figure 3 shows the gain-current characteristics for a 40
of energy above the bottom of the subband, at a carrier derf® ZNo.gCth.2Se-ZnSe quantum well calculated with and with-
sity of 8.3x 10" cm™3. Both carrier-carriefsolid ling) and ~ Out the effect of Coulomb enhancement. Although the Cou-
carrier-LO phonon(broken ling scattering mechanisms are lomb enhancement increases the amount of gain at a given
shown. The energy broadening of the hole state in the lowe&arrier density, it also increases the amount of spontaneous
valence subband is given in Fig(t2. The carrier-carrier €emission, therefore the spontaneous recombination current
scattering calculation includes scattering by both electroiéquired to achieve transparency is higher. Assuming an in-
and holes from all confined subbards. ternal scattering loss of 6 cm as measured by Kozld¥for

Both the electron- and hole-phonon broadening curve single quantum well structure with a ZnCdSe active region
show the characteristic “step” at the LO phonon energy,and a typical confinement factor of 0.015 for a 40 A well, we
fiw o, due to the carrier being scattered by phonon emissiogstimate the typical gain required to overcome the cavity
abovefiw o.'” The broadening energies for the conductionlosses for a 34Qm laser to be 3500 cnt. From Figure 3,
and valence bands are very similar in magnitude due to thewhen Coulomb enhancement is included the predicted
light in-plane hole masgpproximately equal to the electron threshold current density is 1300 A ¢y compared with
mas$ in this strained system. An important point to note is800 A cmi 2 when the effect is neglected, an underestimate
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Coulomb effects are neglected the spontaneous emission cur-

5000
,,,,,,,,,, No Coulomb interaction rent at threshold is underestimated by as much as 40% and
—— Coulomb interaction the predicted lasing wavelength is overestimated by 4 nm.
4000} T=300Kk We also show the carrier-LO phonon scattering mechanism
{E‘ - to be an important aspect of the calculation of gain in
% 3000 ZnCdSe-ZnSe quantum wells. The discrepancy in the con-
T ' duction quasi-Fermi level when Coulomb effects are ne-
H 2000 glected also means that the subsequent calculation of ther-
é mally activated leakage currents is flawed.
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