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Abstract.- The time and temperature dependence of the photoinduced absorption 
spectra was measured in glow-discharge a-Si:H in the energy range 0.7 to 1.4 eV, 
temperature interval 10 to 306K and time domain 2 ~s to 2 ms. The results are 
consistent with a model based on thermalization of excess carriers in trap states . 

Introduction . - Illumination of a-Si:H in the fundamental absorption band produces a 
mid gap absorption band (photoinduced absorption PA).1-3 It was shown4 that the CW 
spectrum of the PA band is consistent with photoionization of holes trapped in states 
close to the valence band into the valence band. The shape of the spectrum can be 
explained if the initial states of trapped holes are confined to a narrow energy 
interval (approximated by a delta function) and the density of final states i n the 
valence band has a square root dependence. The origin of the delta-like distribution 
of initial states was ascribed to the peaking of the product (trap density) x (hole 
distribution function) at the quasi-Fermi level Epf above the valence band edge Ev 
assuming that the trap density decreases sharply 1nto the gap. We have recently 
studied the time-dependence of the total strength of the PA band in a-Si:H . 5,6 
In this paper we report data on the temperature and time-dependence of ~he PA spectra 
and show that they can be explained by the model discussed below. 
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Fig . 1 - Model for photo­
induced absorption. 

time-dependence is introduced into the CW model by follow­
ing the ideas of Tiedje and Rose7 and Orenstein and 
Kastner. 8 They considered the kinetics of the re­
laxation of trapped carriers preceeding the thermal 
equilibrium state. They introduced a demarcation 
energy Ed which plays the same role as the quasi­
Fermi level in equilibrium, name ly separates the 
occupied and unoccupied traps. They also assume 
that the trap distribution decreases sharply into the 
gap so that the hole concentration strongly peaks 
in an energy interval close to Ed (Fig. 1). This 
"hole packet" moves with temperature and time accord­
ing tD the relation 

0) 

where v is a vibrational frequency. The time and temperature dependence of the 
photoinduced absorption spectra should follow the equation 

Ed from Eq. (1) figures here as the threshold energy; we assumed constant matrix 
element and i{w » kT. Our spectral studies provide for the first time a direct 

(2) 

check of this model compared to other transport measurements such as transient photo­
current and time of flight. In our case recombination takes place in parallel with 
thermalization. However, if the trapped carrier distribution is strongly peaked at 
Ed(t,T) we expect that recombination does not change the motion of the peak (although 
it changes the total concentration of holes) since the release times of trapped car­
riers on which the motion of Ed is based (Eq . (1)) does not depend on recombination. 
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Experiment.- The PA band was excited by a dye laser pumped with a nitrogen laser with 
the following parameters: photon energy 2.1 eV, pulse duration 10 ns, repetition 
rate 20 Hz and pulse energy 60)1 J. The sample was amorphous silicon prepared by 
glow discharge deposition with 16 at. % H2 and thickness d" 5)1 m. The PA was probed 
with light from a tungste~ lamp in the energy range of 0.7 to 1.4 eV. The detection 
system consisted of a Ge photodiode (Judson J-16 LD), a broad band amplifier 
(PAR 115) followed by a boxcar integrator (PARe 162) and an X-Y recorder. The time 
resolution of the experiment was 0.5].1 s. The average energy resolution of the 
monochromator placed between the sample and the detector was" 0.03 eV. 
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Fig. 2 - Temperature dependence of PA spectra Fig. 3 - Time dependence ·of PA 
spectra at 220 K. at delay time t = 2 )1S. Smooth curves are calcu­

lated from Eqs. (1) and (2) with v = 1013sec-l. 

Results and Discussions.- Figure 2 shows the PA spectrum measured at four different 
temperatures T = 10, 120, 220 and 306 K, for a fixed time t = 2].1 s. The spectra at 
higher temperatures have been multiplied by constants indicated in the figure for 
better comparison of their shapes. The structures which appear in the curves are 
the remnants of interference fringes which could not be completely averaged out. In 
spite of being relatively featureless the PA specrum shows a definite change of 
shape with increasing temperature. The entire PA spectrum for the delay times and 
temperatures used in the experiment extends much below 0.7 eV which is the limit of 
detection for our measurements. The change in shape of the spectrum in the measured 
energy range can be interpreted as due to a shift of the entire spectrum to higher 
energies with increasing T. Figure 3 shows the PA spectrum measured at four differ­
ent times t = 2)1s, 20].1s, 0.2 ms and 2 ms for a fixed temperature T = 220 K, with 
the spectra at longer times mUltiplied by appropriate constants. We note the change 
in shape of the spectrum showing roughly equal shifts of the spectrum to higher 
energies when t changes by a decade. 
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Fig. 4 - Normalized PA spectra 
(arrows show Ed)' 
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The shifts of the spectrum can be seen more 
quantitatively by extracting the absorption 
threshold Ed from the measured spectrum 
using Eq. (2). Figure 4 shows the normalized 
spectra of PA plotted as I1iwt.T/T)2 vs. "\'iw 
for the spectrum at T = 10 K, t = 2)1 sand 
at T = 306 K, t = 2)1 s (t.T/T = dt.a). The fit 
to Eq. (2) is good over the energy range of 
the measurement; this permits the determina­
tion of Ed' Similar plots for the remaining 
spectra shown in Fig. 2 and 3 were also in 
good agreement with Eq. (2) and yielded 
threshold energies in the range from 0.05 eV 
to 0.44 eV (Fig. 5). 
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Fig. 5 - Threshold energy 
Ed as a function of 
temperature (curve a) and 
time (curve b). 
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Figure 5(a) shows a plot of Ed, obtained from the 
measured PA spectra, as a function of T for a fixed t 
(t = 2]J s). We see that Ed depends linearly on T in 
agreement with Eq. (1). Using the slope of the Ed vs. 
T curve we obtain v~ 1013sec-l which is a reasonable 
value. In Fig. 5(b) we plotted Ed as a function of 
log t tor a fixed T (T = 220 K). The straight line 
behavior is also in agreement with Eq. (1). The shift 
of Ed at 10 K was checked at t = 2]1 sand t = 2ms; 
within our experimental limits of determining Ed 
(+ 0.02 eV), Ed does not show any shift, in agreement 
w1th Eq. (1). 

FinallYA inserting Eq. (1) in Eq. (2) and using 
v ~ 101-'sec- l we can calculate the shape of the PA 

spectrum as a function of T and t. The smooth curves 
in Figs. 2 and 3 are the calculated spectra for the 

'0·' temperatures and delay times of our experiment; it is 
seen that the fit to the measured spectra is good. The 
effect of the shift of the spectrum with time on the 
decay of the integrated PA band was calculated and 
found that its influence on the power law reported in 
Refs. 5 and 6 was small (the error in the dispersion 
parameter a is smaller than 5% at 300 K and less at 
lower temperatures). 

Conclusions.- We showed that the time and temperature dependence of the PA spectra in 
GD a-Si:H can be described with Eq. (1) and (2) with a single adjustable parameter v 
whose value is 1013sec -l. This material is a particularly simple case, apparently 
because the density of trap states decreases very sharply into the gap. In contrast, 
in sputtered a-Si:H6 such a simple analysis does not appear to be applicable probably 
because the trap density is not so sharp. A difficulty occurs also with a-As2Se3 in 
which the PA spectrum cannot be described by Eq. (2) and the determination of Ed from 
the spectra has not been feasible. 8 

We thank B. Abeles for kindly providing us with samples of GD a-Si:H and 
T. R. Kirst for technical assistance. The work was supported 1n part by NSF grant 
DMR-79-09819 and NSF-MRL program at Brown University. 

References. \--.'-, 

1. P. O'Connor and J. Tauc, Phys. Rev. Lett. 43, 311 (1979). 
2. P. O'Connor and J. Tauc, J. Non-Cryst. Sol~35 and ~, 699 (1980). 
3. M. Oliver. J. Penzin, A. Chenevas-Paule, J. Non-Cryst. Sol. 35 and 36, 693 (1980). 
4. P. O'Connor and J. Tauc, Sol. St. Comm. ~, 947 (1980). --
5. Z. Vardeny, P. O'Connor, S. Ray and J. Tauc, Phys. Rev. Lett. 44, 1267 (1980). 
6. S. Ray, Z. Vardeny, J. Tauc, T. Moustakas and B. Abeles, Int. Conf. on 

Tetrahedrally Bonded Amorphous Sem., Carefree, Arizona, 1981. AlP Conf. Proc. 
(in print). 

7. T. Tiedje and A. Rose, Sol. St. Commun. 37, 49 (1981). 
8. J. Orenstein and M. Kastner, Phys. Rev. Lett. (to be published); J. Orenstein 

Ph.D. Thesis, MIT (1981). 

. i .~ " . ~: 


