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Raman and photoluminescence investigations of disorder in ZnSe films deposited orGaAs
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We report Raman and photoluminescence studies of ZnSe films depositedl 09 a-GaAs substrate by
pulsed laser deposition. We have investigated the disorder in the thin films of ZnSe by analyzing the asym-
metry of the ZnSe LO modes. We find that the best fit of the line shape is obtained using the spatial correlation
model and invoking the presence of a zone edge LO phonon. This zone edge LO phonon is attributed to the
presence of disorder in the material. The intensity of this disorder activated zone edge phonon is found to
correlate very well with the results of the crystal quality obtained from x-ray diffraction. In addition we have
studied the variation of the depletion widths in the GaAs substrate as a function of the deposition parameters
of ZnSe, using the intensity ratios of the LO and inodes of am-GaAs substrate. We have also analyzed the
origin of the deep center luminescence observed in these films. The information is found to be complementary
and consistent with that obtained by Raman spectroscopy and the variations expected due to different deposi-
tion conditions[S0163-18209)13439-9

I. INTRODUCTION II. EXPERIMENT

. . The ZnSe films are grown by pulsed laser deposition
Z_nSe,twn[\ a l?[ar!dlgzcap l?lf 2'|7. eh\: at r'(t)tpm t(jta_mdperaglre, 'IPLD) on (100 orientedn-GaAs substrates. These samples
an important material for blue light emitting diodésED) were deposited at 280 °C and 400 °C substrate temperatures.

and laser diodes. The quality of ZnSe epilayers on GaAs g, gifferent ambients have been used for the depositions,
very crucial for good performance of ZnSe based °pt°eIeC10*5Torr and 1 mTorr of He. The details of the deposition

tronic devices. X-ray diffraction, TEM, photoluminescer_me, ave been discussed in another pap&he deposition pa-
and Raman spectroscopy are usually used to characterize t eters and the high resolutioiiR) x-ray diffraction

ZnSe epilayers for their crystalline and optical quality. Ra-(ypp) resuits of the films studied in this work are mentioned
man analysis of various kinds of bulk semiconductors an h the first three columns of Table I.

heterostructures have been carried out previously for many The unpolarized Raman spectra are recorded in back-

2
systems, SUCh4 as _InA}s, n-GaAs; and ZnSe/G_aAs scattering geometry at room temperatr) using a 4880
heterostructure$? In this paper, we report a systematic Ra- & line of Ar ion laser. The backscattered light is passed

man and photoluminescence investigation of ZnSe films defhrough a double monochromator U10QIbbin Yvor) and
posited on GaAs by pulsed laser depositi®iD) and we gﬁ

i detected by photomultiplier tube R943-QRamamatsin
correlate various aspects of the observed Raman spectra wi

h I litv of th il d the interf ¢ oton counting mode. The Raman spectra of all the films
tzfsgfrfg gaeAclsualty of the ZnSe films and the interface ofyre shown in Fig. 1. The photoluminescence spectra were

. . . . _ recorded also in the backscattering geometry using a 4579 A
Experimental details are described in Sec. Il. The discus 94 y ¢

. . excitation of the Ar ion laser.

sion of asymmetry of the LO phonon of ZnSe in terms of the

spatial correlation moddSCM) and disorder activated zone

edge LO phonon(DA-ZE-LO) is given in Sec. lll. In the IIl. RESULTS AND DISCUSSION

same section, we also discuss the details of the evaluation of

the band bending on the substrate side of the interface for Figure 1 shows Raman spectra for all the samples in the

various samples using the intensity ratio of the lower branchiange of 200 to 305 ciit. Raman spectra of all the samples

of a coupled LO phonon-plasmon peak and the LO phonoishows three peaks at 205, 253, and 292 tmwhich corre-

of GaAs. In the analysis, band bending on the substrate sidgpond to the TO phonon of ZnSe, LO phonon of ZnSe, and

of the interface and the DA-ZE-LO phonon have been rel O phonon of GaAs, respectively. The Raman intensity in

lated to the crystalline quality of the films. the region between the 253 and 292 ¢meaks suggests the
We have observed luminescence in the red region of theresence of an additional mode. We attribute this mode to

spectra, which is known to originate from deep centers, in althe lower branch of the coupled LO phonon-plasmon mode

the films. The luminescence data has been found to be cowf GaAs. To elucidate the contribution of the lower branch of

sistent with the conclusions drawn from Raman analysis anthe plasmon-phonon coupled mode, each Raman spectrum

is also presented in Sec. Ill. Finally, we have correlated thavas fitted with four Lorentzians corresponding to the two LO

Raman and photoluminescence data with the crystallinend one TO phonons mentioned above and the coupled

quality of the films and the deposition conditions. A brief mode. In addition, the background with a spectral depen-

description of the effects of the deposition parameters on thdence of the formA+BX w was used to account for the

film quality as studied by Raman and photoluminescence iRayleigh wing. The parameters and B were calculated

also given. from the data away from the peaks. The least square fits

0163-1829/99/6(16)/116186)/$15.00 PRB 60 11618 ©1999 The American Physical Society



PRB 60 RAMAN AND PHOTOLUMINENSCENCE INVESTIGATIONS . . . 11619

TABLE I. Table summarizes the growth parameters, crystalline quality, obse(i&)/I1(L ) ratio, and
the calculated values of the barrier potential and the depletion widths.

Sample Dep. temp. HR XRD Vp Depl. width
identity and pressure width (arc se¢ I(LO)/I(L ) V) A)
S1 280°C poly. cryst. 0.38
10 % Torr
S2 400°C ~600 1.21 0.76 311
10 5 Torr
S3 280°C >700 0.97 0.67 293
1 mTorr He
A 400°C 320 0.75 0.57 272
1 mTorr He

obtained are shown by solid lines in Fig. 1 and experimentabeen seen in the ZnSe LO phonon of fiB2 andS4. This
data by crosses. The actual line shape of the lower branch alsymmetry can be related to the defects in crystalline struc-
the coupled phonon-plasmon mode is expected to be a modidre of the films. The defects in the material breaks the trans-
fied Lorentziar However, in our case, where the full width |ational symmetry of the crystal, leading to the contribution
half maximum(FWHM) of the mode is nearly 22citinall  of q#0 phonons to the Raman spectra. In ZnSe, the disper-
the samples, including the baneGaAs substrate, it is rea- sion curve for the LO phonon has a negative slope mear
sonable to use the values of total intensity and position ob=0, giving rise to asymmetry on the lower frequency side of

tained by fitting a Lorentzian. the phonor. The line shape was calculated using the spatial
correlation model(SCM). The model assumes that the
A. Asymmetry of the LO ZnSe mode phonons are freely propagating in a region of lengtand

are confined in that region. Beyond this length they get

It has been observed that there is a distinct asymmetry Oscattered from the crvstal imperfections. We have used a
the lower frequency region of the ZnSe LO phonon, espe: y P :

cially in samplesS1 andS3. Much smaller asymmetry has Gaussian ppnfmement function in the SCM. fitting, as it has
been empirically found that Gaussian confinement function

gives a better fit to the Raman spectra in quantum Huie.
have taken isotropic and cosine square dispersion curves
with a spherical Brillouin zone and maximum dispersion of
40cm ! (Ref. 7). Figure 2 shows the LO phonon of ZnSe in
all the films with SCM fit to the line shape. The best fits
obtained for each sample with the characteristic correlation
lengths are 122 A for filn84, 96 A for the filmS2, 94 A for
the film S3, and 77 A for the filnSS1. It has also been shown
by Wanget al® that the correlation length is a good measure
of the crystalline quality in many semiconductors, including
ZnSe/GaAs systems. The correlation length can be physi-
cally interpreted as the average distance between two defects
or dislocations or any other kind of imperfections in the crys-
tal. Thus, higher dislocation density corresponds to a smaller
value of the correlation length and vice versa. From SCM
results, we find that filnB4 has the best crystalline quality
and film S1 is the worst among the films studied in this
work. This is confirmed by the results obtained by XRD as
mentioned in Table I.
Figure 2 shows that though SCM gives proper trend for
LO 208 LO RaAs crystalline quality, it does not describe the asymmetry com-
TO ZnSe L GaAs pletely. The asymmetry can be fitted very well with an addi-
tional broad Lorentzian at~239cm?® (FWHM of
~18 cm'Y). The fitting using SCM and the additional
PN N RS S N S S R Lorentzian is shown for sampl8l in the lowest curve in
180 200 220 240 260 280 300 Fig. 2, where the misfit is the maximum. Similar fits have
: -1 been obtained for other samples. This additional mode is
Raman Shift (cm ) attributed to the disorder activated zone edge LO phonon
FIG. 1. Raman spectra for the filn®L, S2, S3, andS4. Experi-  (DA-ZE-LO). Disorder of any kind can manifest itself in two
mental points are shown by crosses. The result of the fitting of foutvays. One is as described above by the spatial correlation
Lorentzians are shown by the solid line. At the bottom, solid linesmodel and the other by appearance of disorder activated
show individual Lorentzians for samp#4. modes, which are essentially a replica of the density of

Intensity (arb. units)
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FIG. 3. The relation obtained between the correlation leigth
(right-handy axis) and the normalized intensity of the DA-ZE-LO
phonon for the four samples discussed. The relation between the
inverse of the high resolution XRD-FWHMeft-handy axis) and
L S 1 the normalized intensity of the DA-ZE-LO phonon. The dashed
lines are a guide to the eye.

C/s (arb. units)

of n-GaAs, there is a complete screening of the long-range
electric field of the LO phonons. This region therefore con-
tributes only to theL_ mode and the contribution to the
observed LO phonon of GaAs comes only from the depletion
layer. The broadband at272 cm ! observed in all the Ra-
man spectra of the films is the coupled LO phonon-plasmon
I NS I — mode inn-GaAs substrate. Murasg al? have calculated the
220 230 240 250 260 dispersion relationship of the_ modes fom-GaAs. In near

. . backscattering geometry for an excitation wavelength of

Raman Shift (cm™) 4880 A, the damped LO phonon-plasmon motle (mode
is calculated to be 271.4 cm (Ref. 2.

In our case the excitation energy is 2.54 eV. This is not
ar away from theE; critical point in the electronic band
structure of GaAs ;=3 eV for GaAs, small resonance
effects can contribute to Raman scattering. The polarized
Raman measurements show that forbidden LO is indeed the
major contribution in the observed LO intensity. It is known
that near resonance, electric field induced LO phonon con-
Yributes its largest, where, LO phonon intensity is obtained
aBnly from the depletion width. This electric field induced
forbidden LO phonon intensity is proportional to the square
of the electric field in the region of interest. Thus the ratio of
the intensity of the LO phonon to the intensity of the
phonon can be written as

FIG. 2. The spatial correlation model fit for the samfds S2,
S3, and S4. The one Lorentzian and SCM fit of the ZnSe DA- f
ZE-LO peak and LO phonon peak, respectively, is shown for
sampleSl. The Lorentzian and SCM fits are shown individually by
dashed lines at the bottom.

states’'? Near resonanceg dependent intraband Frohlich
interaction is the dominant contribution to Raman scatterin
and is also confirmed for our samples by polarized Ram
measurements.

To see how well the intensity of DA-ZE-LO relates to
disorder in the films, we have plotted the intensity of the
DA-ZE-LO phonon normalized to the intensity of the zone
center LO phonon of various films to the correlation length
of the samples in Fig. 3. The plot of the intensity of the
DA-ZE-LO phonon versus the inverse of the HRXRD- 1(LO)
FWHM is also given in the figure. Figure 3 clearly shows =
that the normalized intensity of the DA-ZE-LO phonon is a (L) f e~ 2Dy
good measure of the disorder in the ZnSe films. w

W
Cf E(x)%e~2/Pdx
0

: @

where E(x) is the electric field at a distance inside the
B. L_ and LO GaAs mode depletion width from the GaAs surfac. is the penetration

At the surface of th@-GaAs substrate band bending Ieadsdepth of the laser line in GaAs and is taken from standard
: - . - text!! The widthW is related to the depletion widt, by

to the formation of a depletion layer, which is devoid of ) o
carriers. Generation of new interface states and change i€ refation
surface states due to the deposition of ZnSe on the substrate W=W,—50[A] )
results in the transfer of charges from the substrate to the ° '
interface. This modifies the depletion width on the substrat@&oth W and W, are in A. The 50 A width is to take into
side. As the electron concentrationisl0'®cm 2 in the bulk  account the finite transition region between the depletion re-
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gion and the bulk in a degenerate semicondutidihe con- y T y T
stantC includes the Raman cross sections of the plasmon
and the LO phonon of the substrate, which is a constant for
all the films. We have evaluated the value of the constant
from the known value of the depletion width of bareGaAs
measured from photoemission experimé&td and our ob-
served values df(LO)/1(L_) for baren-GaAs. The electric
field is evaluated using the depletion approximation and is
given by

aNp

€s

E(x)=

(WO_X)v (3)

where ¢ is the dielectric constant of GaAs amdh is the
doping density of the substrate. Table | summarizes the val-
ues of the depletion widths obtained for the four samples
using the above formulation. Barrier heights for all the
samples have also been evaluated by depletion
approximation’> which are mentioned in Table I.

The depletion width shown by the filn$1 is much
smaller than the value expected from the trend shown by the
other films. This may be understood in the light of the fact
that the FWHM of the LO ZnSe peak is quite large
(~11cmY) for this film, which leads to uncertainties in the
values of the parameters obtained for the four Lorentzian fits.
This introduces relative errors in the calculation of the ratio
[(LO)/I(L_), giving a lesser value. Furthermore, as this
sample is a randomly oriented polycrystalline film, forbidden
and allowed geometry does not have any definite meaning
for the film. Ignoring the results d&1, the trend of depletion
width shown by other samples will be discussed following
the discussion of photoluminescence results.

PL Intensity (arb. units)

C. Photoluminescence studies

We have observed luminescence in the red region of the
spectra, in the wavelength range of 500 to 650 nm. However,
the intensity and profile of this red luminescence varies be-
tween films deposited under different conditions. The
samples deposited at 280 °C in vacuum and 1 mTorr of He
both have negligible red luminescence. This can be ex-
plained from the crystalline quality of the films. Fil81 is a
polycrystalline film, ands3, although oriented along the sub-
strate, has a high resolution XRD FWHM is greater than
700. It is thus expected that filrlB1 and S3 have a large 500 550 800 850 700 750 800
number of nonradiative recombination centers leading to a
very small visible luminescence. Band edge luminescence is wavelength (nm)

also negligible in these filrms. FIG. 4. Photoluminescence spectra of the two filB2sandS4.

However, filmsS2 and 54 havg large intensity of both The dashed lines show the two fitted Gaussian profiles to the spec-
band edge and deep center luminescence. Band edge lungi;

nescence in filng4 is four times more than fil$2, whereas

deep center luminescence fré4 is five times less than film 1 widths respectively. Further, in both the cases, we can
S_2. D_eep cgnter luminescence mainly originates from vacalsee that the peak at650 nm has a higher intensity as com-
cies, intersites, and complexes and has been well studied f‘ﬁrared to the other peak. The peak-s850 nm is identified as

various II-VI materials including ZnSe'.Figure 4 shows the e to Ga atoms in ZnSe fil’s. The peak at-610 nm is due
deep center luminescence observed in fiB2sandS4. To to the vacancies of Zn in Zn<é.

resolve the contribution of different deep centers in the films,
we fitted the observed profile, with two Gaussian profiles
which is shown in Fig. 4. For filn82, the two peaks are at

647 and 617 nm with 68 and 73 nm widths, respectively. In  The above analysis of the Raman and photoluminescence
film S4 the two peaks are at 652 and 605 nm with 65 and 5@ata can be used for the interpretation of the role of He in the

D. Role of He in pulsed laser deposition(PLD)
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deposition of the ZnSe films during the process of pulseg-doping by Zn atoms is further expected to manifest itself
laser deposition. In the following section, we briefly review in the form of Zn vacancies in the ZnSe film. Ga outdiffusion
the role of 1 mTorr of He on the film quality as interpreted from the substrate would result in Ga incorporation in the
by the results of Raman and photoluminescence. film as either interstitials or substitutional defects. These ef-
It has been observed by Olego for molecular beam epifects are also indicated by the photoluminescence analysis
taxy (MBE) grown ZnSe/GaAs systems that there is a syswhere there is both a reduction of the Zn vacancy peak and
tematic variation of the depletion width as the thickness ofthe Ga interstitial peak when the deposition is carried out in
the ZnSe layer is increased beyond the critical thickdess.l mTorr of He. These effects are expected due to the reduc-
This increase in depletion width is attributed to an increaseion of the energy of the plume particles when the deposition
in interface density of states. The dislocation in the epilayeris carried out in 1 mTorr of He.
formed to relieve the strain, contributes to this interface of
density states, which in turn manifests in the form of an
enhanced depletion width. The minimum barrier height ob-
tained by Olego for ZnSe film deposited by MBE is
~0.075eV. This corresponds to the condition of minimum We have used Raman scattering to study the disorder in
interface states and dangling bonds which is achieved belothe films of ZnSe deposited by pulsed laser deposition under
the critical thickness of the ZnSe film on GaAs, i.e., different conditions. We have shown that the asymmetry in
~150nm. For a lum thick film, which is the thickness of the ZnSe LO phonon peak can be directly related to the
all our films, the barrier height obtained by Olego wascrystalline quality of the film using spatial correlation model.
~0.3eV. In our case, the minimum barrier height obtainedMinimum disorder, corresponding to maximum correlation
was 0.41-0.05eV. The different barrier heights obtained for length has been seen in the epitaxial ZnSe fifilm S4)
different films with similar thickness is thus due to the dif- deposited in 1 mTorr of He at 400 °C. Further, we show that
ference in the crystalline quality of the films. The excessthe mismatch of data to SCM fit at the wings is mainly due to
barrier height obtained in our case can be dug(ijoThree the presence of a disorder activated zone edge LO phonon
dimensional growth in PLD, which leads to a higher dislo- mode. The intensity of this disorder activated zone edge pho-
cation density than the dislocation density created solely duson is found to correlate very well with the results of the
to strain relaxation(ii) High energy Zinc atoms and ions in crystal quality obtained from XRD. Using the intensity ratios
the PLD plasma plume get implanted into the GaAs sub-of the LO andL_ modes of GaAs, we have evaluated the
strate;(iii ) Ga outdiffusion from the substrate into the ZnSeinterface band bending in GaAs substrate, when overlying
film. Regarding crystalline quality and dislocation density, alayers of ZnSe have been deposited under different condi-
comparison between the films deposited with and without Heions. Raman results clearly show that there is an improve-
at the same temperature indicates that there is a reduction ofent in the crystalline quality of the films when the deposi-
dislocation density and hence an improvement in the crystalion is carried out in an ambient of 1 mTorr of He. Raman
line quality when the deposition is carried out in 1 mTorr of analysis of the LO antd _ modes of GaAs and the PL analy-
He. This is indicated conclusively by the correspondence besis show that the presence of He during deposition results in
tween the normalized intensity of the DA-ZE-LO phonon the reduction of outdiffusion of Ga from the substrate, and
and the HRXRD width(as shown in Fig. B and a fall in the  Zn implantation in the substrate. This reduces the defect lu-
depletion width on the substrate side. The later two processesinescence and increases the band edge luminescence.
mentioned above, ie., Ga outdiffusion from the surface of
GaAs substrate and Zn implantation in GaAs, both make the
substratep-type, thereby increasing the depletion width on
the substrate side of the interface. The depletion width in The authors wish to thank Dr. K. C. Rustagi for the criti-
GaAs side for filmS2 is larger than the depletion widths cal reading of the manuscript and helpful discussions during
obtained for the filmsS3 andS4, which has been deposited the progress of the work. The authors also wish to thank
in 1 mTorr of He. This indicates that the presence of HeShramana Mishra and S. Singh for the technical help pro-
reduces both the above mentioned phenomena. Locaided during the experiments.

IV. CONCLUSION
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