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the system is that which surrounds the sources. Further
more, GaAs layers grown by vapor phase epitaxy (VPE) 
using AsH3 have never been reported to have as high purity 
as those grown in an AsCl 3 -based system. We feel that the 
high quality of the layers grown here is at least partially 
related to the predominance of the As! specie over the AS2 

and AS4 at a cracking furnace temperature of 620°C. The 
effect may be one of reduced defect density, as discussed 
above, and/or one related to the incorporation of impurities 
at the surface. The picture is clouded somewhat by the im
purity apparently introduced by the furnace at higher tem
peratures. Additional work utilizing a furnace design which 
would permit the independent variation of the As! concen
tration will be required to clarify the role of As! 

Nevertheless, it is clear that the use of cracked AsH3 

as an arsenic source has resulted in the growth of highest 
quality MBE layers ever reported. The donor concentration 
in the films is dependent on the cracking-furnace tempera
ture, and the dominant impurity is likely to be silicon from 
the furnace liner. A study of the temperature dependence 
of the carrier concentration in the low-concentration layers 
indicates that an additional and unknown donor is also pre
sent, which has an activation energy of 0.030 ± 0.010 eV. 
These initial results also indicate that As! may be the pre
ferred arsenic specie for the MBE growth of GaAs, but fur-

ther experiments are required to substantiate this hypothe
sis. 

The author thanks M. J. Manfra and J. V. Gormley for 
their technical assistance and Dr. S. H. Groves and Dr. C. E. 
Hurwitz for helpful discussions. This work was supported 
by the Air Force Office of Scientific Research. 
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We report very intense photoluminescence in spray-pyrolyzed CdTe at 77 K. We also notice 
striking similarities in the luminescence spectra, decay, and temperature dependence between 
CdTe and other thin-film semiconductors, which we interpret in terms of recombination at defect 
sites in intergranular regions. 

PACS numbers: 78.55.Hx, 71.55.Dp, 73.60.Fw 

Intense photoluminescence has been reported in various 
thin-fllm semiconducting materials, including amorphous 
Si:H (Ref. 1, 2) and Si:C alloys,3 and microcrystalline 
CdS (Ref. 4) and GaAs.5 We report very intense photo
luminescence in spray-pyrolyzed CdTe. We also notice 
striking similarities in the luminescence spectra, decay, and 
temperature dependence in many of these thin film mater
ials, which we interpret in terms of recombination at defect 
sites in intergranular regions. 

The CdTe films were fabraicated by spraying a solution 
ofO.05-moles/liter CdCh and 0.05-moles/l Te02 on a glass 
substrate at 425 °C.6 The films are about 2 J1 thick poly
crystalline CdTe with grain sizes less than 1 J1 and a room-

temperature optical band gap of approximately 1.51 e V. 6 

The photoluminescence spectrum of spray-pyrolyzed 
CdTe immersed in liquid N2 (77 K) and excited by 30 mW 
of unfocused 5145-;\ Ar-ion laser light is shown in Fig. 1. 
For comparison we also show the photoluminescence spectra 
of crystalline CdTe (Ref. 7) and amorphous Si:H alloy8 
measured under identical experimental conditions. The lum
inescence spectra of spray-pyrolyzed CdTe (i) is peaked at 
1.41 eV, red-shifted from the band gap at 1.59 eV, (ii) has 
a half width of 0.09 eV, (iii) is almost identical to that of 
crystalline CdTe, only 400 times more intense, and (iv) has 
an integrated intensity a factor of 6 greater than that of 
amorphous Si. 
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FIG. 1. Photoluminescence spectra of spray-pyrolyzed CdTe, crystal
line CdTe and amorphous silicon-hydrogen alloy at 77 K. 

The temperature dependence of the luminescence inten
sity of spray-pyrolyzed CdTe from 77 to 117 K is shown in 
Fig. 2. The intensity initially increases with increasing tem
perature, but then rapidly decreases exponentially with a 
low-temperature exponent of 50 meV and a high-tempera
ture exponent of 240 meV. Over this temperature range, 
the spectral shape and peak position remain unchanged. 

The luminescence intensity increases superlinearly as a 
function of incident laser power at 77 K, but we believe that 
this is due to sample heating which increases the lumine
scence efficiency. As the laser power is increased, the peak 
of the spectrum shifts to the blue, from 1.39 eV at 1 mW to 
1.41 eVat 50 mW. When photoexcited with either 4579 
and 6328-;\ laser light, the peak of the spectrum is unshifted. 

We have measured the luminescence decay of spray
pyrolyzed CdTe at 77 K photoexcited by a 100-kW lO-nsec 
3371-;\ N2 laser pulse. The results are shown in Fig. 3 as a 
semilog plot of the luminescence intensity versus time delay 
after the laser pulse. Clearly, the decay is nonexponential. 

In order to understand the above phenomena, it is use
ful to compare it to other photoluminescence measurements. 
There has been extensive studies of single-crystal CdTe at 
l.8 K which show sharp (half-width <0.01 eV) free and 
bound exciton lines around l.59 eV (Ref. 9); we are not see
ing such transitions. In stressed CdTe a broad (half-width 
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FIG. 2. The photoluminescence intensity of spray-pyrolyzed CdTe 
as a function of temperature. 
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FIG. 3. Semilog plot of the photoluminescence intensity of spray
pyrolyzed CdTe at 77 K as a function of time after the laser pulse. 

=0.10 eV) luminescence line was observed at 1.41 eV, which 
was interpreted in terms of defect recombination.1o In 
spray-pyrolyzed CdS (and amorphous Si:H) the lumine
scence spectra consists of two ( one) broad red-shifted lines 
that were explained in terms of recombination at defect sites 
in the intergranular region; in the region between the grains, 
one would expect a high density of defects, including radia
tive recombination sites, and a great deal of stress, which 
would broaden the luminescence line shape.4 We suggest 
that this is also the situation in CdTe. This conclusion is 
supported by the fact that the luminescence intensity is so 
much weaker in crystalline CdTe, where there are no grain 
boundaries, only surface states, point defects, and disloca
tions. 9 

The temperature dependence of the luminescence in 
amorphous Si:H alloys has a peak at about 50 K and then 
decreases at high temperatures with two exponential re
gions2

,11 ,12; this decrease in luminescence intensity has been 
explained in terms of thermally activated diffusion to non
radiative centers. The situation in CdTe is probably the 
same. 

Nonexponentialluminescence decay has been seen in 
amorphous Si:H (Ref. 2) and spray-pyrolyzed CdS,13 and 
has been interpreted in terms of localized electrons and holes 
recombining by radiative tunneling14 

; the nonexponential 
behavior is due to a distribution of distances between the 
electron and hole. Again, it is not unreasonable to believe 
the same is true in CdTe. 

The peak positions of the luminescence lines in spray
pyrolyzed CdS and CdTe are largely unchanged when the 
photoexcitation frequency or the sample temperature is 
varied 1 5 ; this is not the case with amorphous Si:H. 2

,16 

The shifting of the amorphous Si:H photoluminescence peak 
has been attributed to populating different portions of a 
broad distribution of defect energy levels16 

; in contrast, 
both CdS and CdTe have much narrower distributions. How
ever, we cannot explain the small blue shift in the spectrum 
when the photoexcitation power is increased. 

In conclUSion, there are striking similarities in the lum
inescence characteristics of amorphous Si:H and spray
pyrolyzed CdS and CdTe. These similarities are rooted in 
similar defect sites located in intergranular regions. It might 
be useful to think of these three materials and probably 
other thin-film semiconductors as a family of related mater
ials, as for example the way we view single-crystal semicon-
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ductors.5 And when considering fabricating a device out of 
a thin-film semiconductor, for example a solar cell, one 
would choose one member of this family whose character
istics (bandgap, grain size, cost, etc.) are best suited for the 
job. And maybe in certain situations, spray-pyrolyzed CdIe 
will be the desired choice. 

We wish to thank A. Berry for technical assistance in 
film preparation, J. Knights for his amorphous silicon sample 
and the University of Missouri Weldon Spring Endowment 
and a Department of Energy university grant for financial 
support. 

'R. A. Street, J. C. Knights, and D. K. Biegelson, Phys. Rev. BI8, 
1880 (1978). 

'C. Tsang and R. A. Street, Phys. Rev. B19, 3027 (1979). 
3H. Munekata, S. Murasato, and H. Kukimoto, Appl. Phys. Lett. 
37,536 (1980). 

4B. J. Feldman and I. A. Duisman, App!. Phys. Lett. 37, 1092 
(1980). 

SG. D. Pettit, I. M. Woodall, and H. 1. Hovel, App!. Phys. Lett. 35, 
335 (1980). 

61. L. Boone and T. Van Doren (unpublished). 
'The crystalline CdTe was obtained from Eagle'Picher Industries, Inc. 
8The amorphous Si-H sample was grown by J. C. Knights by plasma 
deposition of silane gas under the following conditions: feedstock 
= 100% Silane, rf power = 1 W, and substrate temperature = 230°C 
(see Ref. 1). 

9p. Hiesinger, S. Suga, F. Willmann, and W. Dreybrodt, Phys. Status 
Solid: (B) 67, 641 (1975). 

'°1. Karwowska and T. Figielski, Crystal Lattice Defects 8, 55 (1978). 
"R. W. Collins, M. A. Paesler, G. Moddel, and W. Paul, J. Non-Cryst. 

Solids 35/36, 681 (1980). 
l2In Ref. 2, the two exponents for amorphous Si:H are 50 and 250 

meV. The quantitative similarity to CdTe is very suggestive and this 
is being presently investigated. 

13W. -C. Chen, T. P. Walker, and B. J. Feldman, Solid State Commun. 
36,915 (1980). 

'4J. Noolandi, K. M. Hong, and R. A. Street, Solid State Commun. 
34.45 (1980). 

"T. P. Walker and B. J. Feldman Solid State Commun. (to be pub
lished). 

lOW. -CO Chen, B. J. Feldman, 1. Bajaj, F. -M. Tong, and G. K. Wong 
Solid State Commun. (to be published). 

Saturation effects of cathodoluminescence in rare-earth activated epitaxial 
V 3A1s012 layers 

w. F. van der Weg and M. W. van Tol 
Philips Research Laboratories. Eindhoven. The Netherlands 

(Received 8 December 1980; accepted for publication 16 January 1981) 

The intensity ofluminescence in Y AG, activated with rare-earth ions, shows a nonlinear behavior 
as a function of incident current density under electron bombardment. Tb3 + or Eu3 + activated 
samples exhibit deviation from linearity at input power densities exceeding 104 W 1m2, while Ce3+ 
luminescence is linear up to the highest power densities studied (108 W 1m2

). It is shown that 
nonlinearity effects, in cases where temperature quenching can be excluded, are caused by 
saturation of the excited-state population. The results are interpreted in a model which also takes 
into account excited-state absorption within one activator and energy transfer between 
neighboring activator ions. 

PACS numbers: 78.60.Hk 

It is well known that in many phosphors used for dis
play or TV applications the cathodoluminescent (CL) inten
sity depends in a nonlinear fashion on the input current den
sity. 1-3 It is not always clear in these practical circumstances 
whether this behavior is brought about by temperature 
quenching effects or other (intrinsic) phenomena. In the pre
sent study thermal quenching is excluded by the use of epi
taxial phosphor layers of good thermal conductivity. 

We have measured the CL output intensity of epitaxial 
Y3A1S012 (YAG) layers doped with Ce3+, Eu3+, or Tb3+ 
under excitation with 20-kV electrons. In the Tb3+ and 
Eu3+ cases the activator concentration (x in Y 3 _ x REx Al 5 

Od was varied between x = 0.01 and x = 1. The phosphor 

preparation is described elsewhere4
• The measurements 

were performed in a scanning electron miscroscope. Beam 
currents ranged from 10- 10 to 10-6 A, while the spot diame
ter was varied between 10 and 200 /-lm. This resulted in a 
power density Prange of5.102-2.108 W 1m2

• For decay mea
surements the beam was deflected; then the rise and decay 
time (lie value) of the current on the target is smaller than 
100 ns. The optical radiation was collected by a mirror sys
tem, transmitted to a monochromator and fed into a photon 
counting system. 

An example of the CL output behavior versus input 
power density (stationary excitation) is shown in Fig. 1 for 
two lines in the Y AG:Tb (x = 0.32) spectrum and for 550-
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