Vibrational spectroscopy of arsenic-hydrogen complexes in ZnSe
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Using infrared absorption spectroscopy, we have observed hydrogen local vibrational modes
(LVMs) in arsenic-doped ZnSe grown by metalorganic chemical vapor deposM@CVD).

When hydrogen is used as a carrier gas, we find an absorption peak at 2163,6ndrith we
attribute to a bond-stretching mode of a hydrogen attached to an arsenic acceptor in a bond-centered
orientation. With deuterium substituting the hydrogen carrier gas, we find an additional peak at
1557.1 cm?® with 1/3 the intensity of the hydrogen peak. The isotopic frequency ratip is
=vy/vp=1.3908, similar to values found in many hydrogen/deuterium-related complexes. The
larger area of the hydrogen peak indicates that most of the hydrogen comes from decomposition
reactions involving the metalorganic molecules. The temperature dependent shift of the ZnSe:As,H
mode is proportional to the lattice thermal enelg§T), a consequence of the anharmonic coupling
between the LVMs and the lattice phonohS0003-695(96)03324-4

The interest in developing blue light-emitting diodes andmounted directly behind the sample. The instrumental reso-
diode lasers has focused a great deal of research on tiation of the spectrometer was 1 ¢h
growth and doping of wide-band-gap semiconductors. Con- The sample that was grown with hydrogen as a carrier
tinuous wave ZnSe-based laser diodes have been fabricatgds has an infrared absorption peak at 2165.6 'cat a
from epilayers grown by molecular beam epitafiyBE), sample temperature of 7 K. When nitrogen is used as a car-
with high p-type doping achieved via a radio frequency rier gas, we find the same peak, but its area is reduced by a
plasma nitrogen source. Epilayers grown by metalorganic factor of 14, in good agreement with SIMS measurentents
chemical vapor depositiotMOCVD), however, have proved Which show that the sample grown with hydrogen pieig
resistant top-type doping®* Hydrogen plays a role in neu- =1.5%X10" cm~®while the sample grown with nitrogen has
tralizing the nitrogen acceptors, as shown by the observatiof]=1Xx10'® cm ~% In this case, the hydrogen most likely
of the local vibrational modé_.\VM ) of the N—H complex in  COmes from the metalorganic molecules. The sample that
MOCVD-grown ZnSe layer&® Although arsenic-doped Was grown with deuterium as a carrier gas has an absorption
bulk ZnSe has only deep-level photoluminescence pkaksPeak at 1557.1 cm*, along with the hydrogen-related peak
there is evidence that arsenic has a shallow acceptor level ff 2165.6 cm” (Fig. 1). The isotopic frequency ratio is
ZnSe epilayers grown by MBEThe incorporation of hydro- —v+/vp=1.3908. The peak positions, widths, areas, and
gen in arsenic and nitrogen doped MOCVD-grown ZnSe haé/alues of the LVMs are given in Table I. The area _of the
been studied by secondary ion mass spectrom@y1s).? hydrogen-related p.eak is-3 times that of the deuterium-
In this letter, we report the observation of LVMs correspond-rel""tegd pe:agk. Previous SlMSS meaiséurements shiafv= 6
ing to an As—H complex in ZnSe. x10'® cm 2 and[D]= 1x 10 cm-®, Thesg results indi-

The epitaxial ZnSe films were deposited @90 GaAs cate that most of the hydrogen incorporation comes from

substrates by MOCVD. The precursors to ZnSe were diisopyprodUCtS of reactions involving the hydrogen carrier gas

popyselenie(DIPSe and dethyiznciDEZN and the 514 e MEITUSe Polrues b sanpleuhich was groun
source of arsenic was tertiarybutylarsifieBA). Pd-purified P 9

. A of hydrogen and arsenig{H]=3x10?° cm 2 and [As]
hydrogen, deuterium, or high-purity nitrogen Waos used as the 1.8x102* cm %) but does not show the hydrogen-related
carrier gas. The growth temperature was 464 °C, the molar

flow ratio DIPSe/DEZn was 4, and the layers wer8 um beak. At the lower growth temperature, hydrogen may be

. . . ! . incorporated in forms which are infrared inactive, such as
té];k.gAddltlonal details of the MOCVD system are given in interstitial H, molecules.

. . . The hydrogen bond-stretching modes of the free mol-
Infrared absorption spectra were obtained with a Bomer%Cules HSe, AsH, and ZnH are 234%° 21161 and 1553
DA8 spectrometer with a KBr beamsplitter and an external ’ ' ’ ’

; i cm 1, respectively. Since the frequency of the ZnSe:As,H
mercury cadmium telluridéMCT) detector. The samples mode is 2165.6 ¢, we propose that the hydrogen binds

were placed in a Janis continuous-flow liquid helium cryostayira iy to the arsenic acceptor. In several respects, the As—H
with ZnSe windows. To detect the weaker absorption peak Of:omplex in ZnSe is similar to the Zn—H complex in Ga&s

the deuterated sample, a Ge:Cu photoconductor Wag Gaas, zinc is an acceptor which occupies a substitutional
gallium site. Hydrogen passivates zinc by attaching to a host
dElectronic mail: eehaller@ux5.lbl.gov arsenic atom, in a bond-centered orientation, adjacent to the
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E FIG. 2. Tentative model of ZnSe:As,H complex, as compared with the
3 GaAs:Zn,H complex. In both complexes, the hydrogen sits in a bond-
2 centered orientation between an arsenic and a zinc.
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/) approximately twice that of the GaAs:Zn,H mode.
— 1 T T 7/ T T 1 The broadening of LVMs is primarily determined by
1540 1560 1580 2160 2180 elastic phonon scattering which reduces the lifetirhia the
Wavenumbers (cm™) Debye approximation this process leads to a temperature de-

pendent linewidth
FIG. 1. Infrared absorption peaks corresponding to As—H and As—D com-

plexes in MOCVD-grown ZnSe. The shift and linewidth broadening of the
As—H LVM at higher temperatures is due to interactions with the lattice oI'=r(T)-TI'(0)=A|—

7 0cIT Z%e?
6C 2 dz (2)
phonons.
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whereké: /% is the effective cutoff frequency andl is an
zinc acceptor. In ZnSe:As it is likely that the hydrogen at-empirical constant. For high temperatures, &).reduces to
taches to the arsenic acceptor, in a bond-centered orientation, ST = T2 3
adjacent to the host zinc ato(Rig. 2). The stretch mode of @l
the GaAs:Zn,H complex is 2146.0 ¢ at a temperature of Elliot et al. point out that Eq.(3) is a good approximation
6 K and the isotopic frequency ratio is=1.3860(Table ).  even whenT is a fraction ofé.. Using Eq.(3), we obtain a
The fact that the isotopic ratios and LVM frequencies of thefit to the data withe=4x10"3 cm ¥K? The temperature
two complexes are very similar lends further support to thedependent linewidth and the fit are plotted in Fig. 4.
bond-centered model. The ZnSe:As,H mode has a slightly higher frequency,
The temperature dependent behavior of the ZnSe:As,Higher r factor, and stronger temperature dependence than
LVM is shown in Fig. 1. The linewidth broadening and shift the GaAs:Zn,H mode. These observations suggest that the
to lower energy with increasing temperature have been obeoupling between the zinc and the hydrogen is slightly
served in numerous semiconductor systems and are believetkaker in GaAs than in ZnSe. The effect of the zinc can be
to be caused by anharmonic coupling between the localizethodeled as a repulsive potential which confines the hydro-
mode and the extended lattice phonons. As explained igen atom. The potential increases the frequency and the
Refs. 13 and 14, to first order the LVM shift is proportional factor, the latter because hydrogen has a larger amplitude
to the lattice thermal energy(T) than deuterium and overlaps the potential more. The tem-
B perature dependent shift of the frequency and linewidth are

5(hw)=N—AU(T), 1)

where U(T) is given in units of energy per molé\, is 15

Avagadro’s number, ang is a dimensionless constant. We
obtained the values dfi(T) by numerically integrating the | © GassznH
reported experimental values of the specific héa(T),*®
neglecting the zero temperature energy. The data can be ap-
proximated by a linear least-squares fit to Ef), with 8
=-0.17. The temperature dependent shift and the fit are
shown in Fig. 3. At 77 K, the shift of the ZnSe:As,H mode is

@® ZnSeAsH

-8v (em™

TABLE I. Peaks, widths, and isotopic frequency ratios of As—H and As—D
LVMs in GaAs:Zn and ZnSe:As.

As—H stretch mode As-D stretch mode

Peak  FWHM Peak  FWHM U I I

Compound  (cm™Y (cm™Y (cm™) (em™  r=vylvp 0 20 T4(?() 60 80

GaAs:Zit 2146.9 1.8 1549.1 0.9 1.3860

ZnSe:As 2165.6 2.8 1557.1 1.9 1.3908  FIG. 3. Shift of the As—H LVM frequency with temperature for Zn@ais
work) and GaAs(Ref. 12. The solid line is a fit according to E¢l), with
aSee Ref. 12. B=-0.17.
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20 the metalorganic molecules and the carrier gas. Furthermore,
% it is clear that inp-type doping of MOCVD-grown ZnSe,

ZnSe:As,H . . L
hydrogen passivation plays a significant role.
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FIG. 4. Shift of the As—H LVM linewidth with temperature for Zn$his
work) and GaAs(Ref. 12. The solid line is a fit according to E3), with
a=4x10"% cm YK2
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