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Hydrogenated amorphous silicon thin films are doped with erbium by ion implantation.
Room-temperature photoluminescence at Jub#% due to an intraftransition in Ef", is observed

after thermal annealing at 300-400 °C. Excitation of'Eris shown to be mediated by
photocarriers. The Bf luminescence intensity is quenched by a factor of 15 as the temperature is
raised from 10 K to room temperature. Codoping with oxy@kmt. %9 reduces the luminescence
quenching to a factor of 7. The quenching is well correlated with a decrease in luminescence
lifetime, indicating that nonradiative decay of excited Eis the dominant quenching mechanism

as the temperature is increased. 1®96 American Institute of Physid$0003-695(96)01001-7

Erbium-doped materials can emit light at 1.5, due  studied, as well as the effect of oxygen codoping.
to an intra-4 shell transition from the first excitedl(;5,,) to A 250 nm thick a-Si:H film was deposited on glass
the ground {15, state of the EY" ion. As this wavelength (Corning 7059 by plasma enhanced chemical vapor deposi-
coincides with the low-loss window of silica-based optical tion (PECVD) of SiH, at 230 °C. The H content in the films
fibers, and the luminescence wavelength is largely indeperwas 10 at. %, and a background concentration of 0.3 at. % O
dent of host material and temperature, a large amount ofias also present, as measured using elastic recoil spectrom-
research activity is being devoted to the study of Er-dopecktry. Erbium was implanted at 125 keV to a dose of 4
materials for potential use in optoelectronic componénts.x 10 Er/cn?, corresponding to a peak concentration of 0.2
Especially, Er-doped silicon is under intensive investigationat. %. In some samples, additional O was implanted at 25
as a possible silicon-based light soufcgircumventing the keV to a dose of X 10'° O/cn?, corresponding to a peak O
inefficiency of silicon in generating light due to its indirect concentration of 1.0 at. %, which overlaps with the Er pro-
band gap. Recently, room temperature photolumineséehce file. The Er-doped samples with the two different O contents
and electroluminescentéof Er-doped crystalline Sic-Si)  will be referred to as the low-O and high-O samples, respec-
have been reported. tively. After implantation, samples were annealed in vacuum

Another promising host material for Er is amorphousfor 2 h. Photoluminescena®Ll) spectra were measured us-
silicon. Being amorphous, it allows one to sidestep the probing the 515 nm line of an Ar laser as the excitation source at
lem of Ilimited solubilty of Er in crystaline a nominal power of 50 mW. A closed-cycle helium cryostat
semiconductorg&? and to incorporate more of the impurities was used for low temperature measurements. PL excitation
such as oxygen and carbon that are known to enhance tlpectroscopy was performed using the lines of the Ar laser in
luminescencé:>° Our earlier work on Er doping of pure the wavelength range 455-515 nm.
amorphous Si has shown luminescence only at low tempera- Figure 1 shows the room-temperature PL spectra of Er-
ture (77 K).!* More recent experiments have shown thatimplanteda-Si:H sampleglow O and high Q, annealed at
room-temperature photoluminescetfce and 400 °C, displaying characteristic £r luminescence at 1.54
electroluminescen¢&can be achieved from heavily oxygen- um. The inset shows the £F luminescence intensity at 1.54
doped(30 at. %9 amorphous S{SIPOS. The disadvantage um as a function of the annealing temperature. As can be
of this material is that its electrical quality is rather poor, andseen, samples annealed at 300—400 °C display the optimum
it is therefore interesting to investigate amorphous material&r* luminescence. Therefore, these were chosen for all fur-
with better electrical quality. ther studies. No erbium-related luminescence can be ob-

Hydrogenated amorphous Si<Si:H) is such a material; served from either the as-implanted samples nor from the
it is a well characterized, mature semiconductor, with thesamples annealed at 500 °C. The increasing and decreasing
possibility of direct deposition on optical materials, andtrends in the inset are attributed to the competing effects of
shows excellent electrical properties. In this letter, weremoval of irradiation-induced defects and out-diffusion of
present a photoluminescence characterization of devicdiydrogen as the annealing temperature is increased. Hydro-
quality a-Si:H films doped with Er by ion implantation. gen is essential for passivating the defects inhereatSitH.
These films show room-temperature 14 photolumines- It has been shown before that Er in pa&i without hydro-
cence from Et*, with an intensity higher than what has beengen does not luminesce at room temperatiréhe room-
achieved inc-Si so far. The excitation mechanism and tem-temperature PL intensity for the high-O sample is more than
perature dependence of the luminescence of EBr8iH are  two orders of magnitude larger than that for Er-doped
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FIG. 1. Room-temperature photoluminescence spectra of Er-implanted
a-Si:H with two different O contents: low @0.3 at. % and high O(1.3
at. %. The Er fluence was X 10™ Er/cn? and both samples were annealed FIG. 4. Arrhenius plot of the normalized, integrated luminescence intensity
at 400 °C. The inset shows the peak intensity at Juf#at room tempera-  (open circles and solid lineand lifetime(filled circles and dashed linef
ture as function of the anneal temperature for both samples. Er-implanteda-Si:H (low O). The inset shows the same curves in a smaller
temperature range. Data for the high-O sample are also shown in the inset.

. . . . In order to compare trends in intensity and lifetime, the lifetime data in the

c-Si codoped with oxygen and annealed for optimum |umi-jnset are normalized to the intensity data at 108G.0.

nescence, and measured under identical conditions.
Figure 2 shows the peak intensity at 1,6 as a func-
tion of excitation wavelength for the two samples in Fig. 1. A
measurement for an Er-implanted SiGample (1. 10%
Er/cm?, annealed at 900 9Os also shown. For the latter
sample, the excitation spectrum shows distinct peaks near t
pump wavelengths of 488 and 514 nm, reflecting th

10 K, for the Er-implanted-Si:H sampleqlow O and high

O). For both samples the peaks are broad, indicating the lack

of well-defined sites ira-Si:H. Unlike at room temperature

rggee Fig. 1, the integrated luminescence intensities for both

ezamples are nearly identical. There exists a clear difference,

4 4 4 2 : . owever, between the peak position of both spectra, indicat-
| 15177 P72 nd 1157 "H 115 Optical absorption bands of ing that the presence of additional O changes the local envi-

Er’*, respectively. In contrast, the ¥r luminescence in L ; .

P y ' Lo .._ronment of Er. A similar peak shift due to the addition of O
a-Si:H does not show such structure, indicating that excita; 10 o
. : o : : has also been observed @Si.™" In c-Si it has been shown
tion of Er in a-Si:H is photocarrier-mediated rather than

through direct optical absorption. Such an excitation procesghat Er is a microscopic getter for B,and the effective

) e i . olubility of Er in c-Si may be entirely determined by the O
involves recombination of electron-hole pairs trapped at a@ontenﬁ"g The data in Fig. 3 does indicate that such Er—O

Er-related defect level in the Si bandgap, followed by trans—Cluster formation also takes place 4FSi-H
fer of the carrier recombination energy to the®Erion P .

through an impurity-Auger transition, as is schematically in_cen;rérr}(na;(raiz?'[lve: &egf;;eggnir;tingioﬁ (())1; ?243?'{;:
dicated in the inset in Fig.3. y up

Figure 3 shows high resolution PL spectra, measured %ulse(r?ot _showo have indicated that both the excitation and_
e-excitation rate of Er are the same for the two samples in
Fig. 3. Together with the nearly identical luminescence in-

1O P s T T T ) tensity at 10 K, this implies that the density of optically
ET DA S active Er ions is the same in both samples. Thus, the differ-
L08fF o0 © ] ence in PL intensity at room temperature must be due to
2 0 A differences in the temperature dependence of the excitation
é ol (ow-0) A or de-excitation rate for both samples.

U " o ] Figure 4 shows the temperature dependence of the inte-
Z el \ ] grated E?* luminescence intensity and lifetime for the Er-
i | \ ] implanted low-Oa-Si:H sample. The inset shows the data
502 o SIOZEr X5 W ] above 160 K in detail, as well as data for the high-O sample.
- oo L TT—a—aA ] All intensity data are normalized to the value at 10 K. Be-
7450 460 470 480 490 500 510 520 tween 10 and 110 K, the integrated®ErPL intensity shows
Pump Wavelength (nm) a slight increase as the temperature increases. At the same

time, the lifetime decreases. Above 110 K, a 15-fold reduc-
FIG. 2. Photoluminglicencif'?excitation spectra-&i:H (low O and high Q tion in the EF+ luminescence |ntens|ty is observed as the
implanted with 4< 10 Er/cnt and annealed at 400 °C, and of Er-implanted i .
SiO, (1.9% 10 Er/cn?+900 °Q. The EF* luminescence intensity at 1.54 temperature. IS mcreasg? to 3_00 K. Up to, 250 K the tempera
um is plotted vs the excitation wavelength. All data were taken at roomture Q'_JenChmg of th_e _ Iumlne_scenpe mtensﬂy (_:orr_elates
temperature at a constant pump power of 50 mW. well with that of the lifetime(see inset in Fig. ¥ No lifetime
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measurements could be made at temperatures greater thstmowed two orders of magnitude more intensity than a com-
250 K as it became shorter than the system responsg3itne parablec-Si sample. This difference is partly ascribed to the
us). However, extrapolating the lifetime data to higher tem-higher optical absorption coefficient cd-Si, leading to
peratures, it becomes clear that the intensity quenchingigher carrier densities in the Er-implanted region.

nearly fully correlates with the lifetime quenching. The In conclusion, we have observed room-temperature 1.54
high-O sample shows less quenchimyly a factor of 7 be- um photoluminescence from Er-implantegSi:H, codoped
tween 10 and 300 K and again the trend in the intensity is with O at two different concentration®.3 and 1.3 at. %
very well correlated with the change in lifetime. The excitation is mediated by photocarriers. In the low-O

In general, the quenching of the luminescence intensitysample the luminescence intensity is quenched by a factor of
in Er-doped Si, as the temperature is increased, can be Ib as the temperature is raised from 10 K to room tempera-
result of two distinct processe€t) a reduction in theexci-  ture, primarily due to an increase in the de-excitation rate of
tation rate of E** due to detrapping of electrical carriers excited EF". Additional oxygen does not increase the opti-
trapped at the Er-related level in the @irow “D” in Fig. cally active Er concentration, but does reduce the lumines-
3).19 (2) An increase in thede-excitation rateof excited cence quenching at increased temperature.

Er* due to coupling to defect levels in the Si band gap, e.g., C. H. M. van der Werf is acknowledged for depositing
to the Er-related defedt.e., backtransfer, the inverse of the the a-Si:H films. F. W. Saris is acknowledged for critical
excitation process, see arrow “B” in Fig)32 These nonra- reading of the manuscript. This work is part of the research
diative processes decrease the luminescence lifetime as weltogram of FOM and made possible by financial support
as the intensity at increased temperature. from NWO, STW, and I0OP-Electro Optics.
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