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Temperature dependence of band gap energies of GaAsN alloys
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The temperature dependence of band gap energies of GaAsN alloys was studied with absorption
measurements. As the N concentration in GaAsN increased, the temperature dependence of the band
gap energy was clearly reduced in comparison with that of GaAs. The redshift of the absorption
edge in GaAsN for the temperature increase from 25 to 297 K was reduced to 60% of that of GaAs
for the N concentration larger thanl%. The differential temperature coefficient of the energy gap

at room temperature was also reduced to 70% of that of GaAs. The main factor for this reduced
temperature dependence in GaAsN was attributed to the transition from band-like states to
nitrogen-related localized states with detailed studies of the temperature-induced shift of the
absorption edge. €000 American Institute of PhysidsS0003-695(000)04110-3

II-V-N alloys such as GaAsN and GalnNAs have beennoarsenid TDMAASs). After thermal cleaning of GaAs sub-
intensively studied to realize long-wavelength semiconductostrate surfaces at 600 °C with the simultaneous supply of
lasers with higher temperature stability for optical-fiber TDMAAs, GaAsN layers were grown at 520-570°C. The N
communications. Although 1.3 um semiconductor lasers concentration in the GaAsN films were estimated from high-
based on the InGaAsP/InP system have been commonlgsolution x-ray diffraction measurements. Detailed growth
used, their lasing threshold currents are highly temperatureonditions and the estimation of the solid concentrations in
dependent due to poor carrier confinements in InGaAsfaAsN are reported elsewhéY2 The optical properties of
quantum wells. GaInNAs/AlGaAs system grown on GaAsthe GaAsN films were studied by absorption measurements
substrates will be able to confine electrons more tightly inin the temperature range of 25-297 K.
the quantum wells due to the larger conduction bands offsets ~ Figure 1 shows the photon energy dependencer&){
compared with the InGaAsP system, which will efficiently of GaAs, GaAgggsdNo.ooza and GaAggeNo oo €valuated
prevent leakage currents and will reduce the temperature déom the transmission spectrum measurements at 25 and 297
pendence of the threshold currehtEhe higher temperature K, wherea is the absorption coefficient in cmandE is the
stability of the lasing threshold was demonstrated in aPhoton energy in eV. The band gap energies of GaAs and
GalInNAs laser operating at around Juf.? GaAsN alloys were estimated by extrapolating the linear part

In addition to the stability of the lasing threshold againstof («E)? to zero. With the increase of the N concentration in
the environment change, the stability of the lasing waveGaAsN, the measured band gap energies were shifted to the
length is another important requirement on laser lightower energy. The band gap energies are redshifted with the
sources for optical-fiber communications. Peréinal?® re-

cently studied the pressure and temperature dependence of I I

the absorption edge of a @&lng od\g 018250 9g5 @lloy. They 0%GaAs|

reported that the hydrostatic pressure coefficient of the band 4 o 25K

gap of the GalnNAs was more than a factor of 2 lower than m 207K

that of GaAs. The temperature-induced shift of the absorp- 0.34%

tion edge of GalnNAs was 12% smaller than that of GaAs. N%, 3 N gg?K 7]

They explained this phenomenon by the large decrease of the q'g 0.80%

deformation potential. o o 25K | 4
In this letter, the relation between the temperature de- % ® 297K | 1]

pendence of the band gap energy of the GaAsN alloys and o :

their N concentration is studied. A substantial decrease of the E X (5x1fg“‘)

temperature dependence was found in GaAsN, and the tran- m

sition from the temperature dependence of GaAs band-like 1 H

states to that of more localized states was observed for the ﬁ

higher N concentrations. | |

_ 0.1_—6.2;um—thick GaAsN films were grown on semi- 01.25 130 185 140 145 150
insulating GaA801) substrates by metalorganic molecular-
beam epitaxy. The metalorganic precursors used were tri-

ethylgallium, monomethylhydrazine, and trisdimethylami- FIG. 1. Photon energy dependence of)? of GaAsN with various N
concentrationg0%, 0.34%, and 0.80%measured at 25 and 297 K. The
band gap energies of the films were estimated by extrapolating the linear
¥Electronic mail: isuemune@es.hokudai.ac.jp part of («E)? to zero.

Photon energy E (eV)
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alloys when the temperature is changed from 25 to 297 K. 1.1 =
- GaAsN
temperature rise from 25 to 297 K, but it will be clear that 105....|....1,...|....|[.l.|....
the redshift energy difference is reduced for the higher N ) 50 100 150 200 250 300
concentration. Temperature (K)

Figure 2 .ShOWS th? N concentration dependence of thEIG. 3. Temperature dependence of the measured band gap energies of the
band gap shift 4E4) with the temperature change between GaasN films. The N concentrations in GaAsN are 0%—3.76%.
25 and 297 K. As the N concentration in GaAsN is in-
creasedAE, is rapidly decreased. Above the N concentra- _ _ )
tion of 0.80%,AE, is nearly concentration independent andOWer temperature range could be fitted with the vertically
is about 60% of that of GaAs. This result suggests that th&hifted solid line(b), while that in the higher temperature

temperature-induced band gap shift is changing from that of2nge near room temperature was more close to the
GaAs to the one of N-related states. vertically-shifted dashed linéa). The specific temperature

the temperature dependence of the energy gap was measufdtifted to the higher energy for the higher N concentration.
in more detail for various N concentrations up-t@%. Fig- These results show that two kinds of N-related energy
ure 3 summarizes the temperature dependence of the me¥ates with the different temperature dependencies play roles
sured band gap energies of the GaAsN films. It is wellin determining the temperature dependence of the GaAsN
known that the temperature dependence of the direct barleRnd gap energies, i.e., an energy state with the higher tem-
gap energy can be described by the Bose—Einstein expreBerature dependence similar to the GaAs bands and a
sion proposed by Lautenschlaget al® or the Vvarshni N-related localized state with the lower temperature depen-
equation’ The dashed lin¢a) and the solid lingb) are the ~dence. The former band-like state will be located in the
fits to the measured data of GaAs and GaAsN with thehigher energy at low temperature. But this state will show
2.97% concentration with the Bose—Einstein expression, rethe larger redshift with the temperature rise and will cross
spectively. The Varshni equation also gives good fits to thever the localized impurity-like state which is located in the
measurements and the parameters used for the fitting alewer energy at the lower temperature.
summarized in Table |. The differential temperature coeffi-  Recently, the redshift of band gap energies in GalnNAs
cientdE,/dT measured at room temperature is also showralloys induced by the N inclusion was discussed with a band
in Table I. anticrossing model assuming the formation of a narrow reso-
The dashed lin¢a) and the solid lingb) were vertically = nant band formed by nitrogen states which interact with the
shifted by constant energies to check whether these lines cawnduction band.The pressure dependence of the band gap
also fit the other N concentrations. When the N concentratioenergies measured on the GalnNAs alloys showed the tran-
is in the range of 0.80%—-3.76%, the measured temperatuigtion from the linear dependence to the much weaker depen-
dependence was nicely fitted with the vertically shifted soliddence for the higher pressure. This pressure dependence was
line (b) as shown in Fig. 3. This is consistent with the ten-explained by considering two interacting energy levels: one
dency shown in Fig. 2. However, the properties for the Nassociated with extended states and the other with the local-
concentration range of 0.17%-0.66% could not be fitted withzed N states. The two energy states with the different tem-
the single fitting model. The temperature dependence in thperature dependence discussed previously is consistent with

TABLE |. Values of the parameter§,, «, and 8 obtained by fitting to the Varshni relaticiiRef. 7) Eq4(T)
=Ey—aT?/(B+T) and Eg, ag, and @5 obtained by fitting to the Bose—Einstein expressi®tef. 6
Eq(T)=Eg— ag{l+2[exp@g/T)—1]}.

N concentration  E, a B Eg ag 0  dE,/dTx10*
Sample (%) (eV) (meV/K) (K) (eV) (meV) (K) (eVIK)2
(@ 0 1.512 0.56 146 1.545 37 152 -5.0
(b) 2.97 1.154 0.61 560 1.202 49 285 -3.1

#200-300 K.
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these two energy levels assumed in the band anticrossirdgnce and the band-like energy states with the temperature
model. The fundamental key factor for this localized statedependence close to that of GaAs.
formation is the large differences between atomic orbital en- ) ) )
ergies and sizes of the alloyed As and N atSms. The authors are grateful to Mitsuo Hoshiyama for his
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