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Abstract

The material properties of hydrogenated amorphalisors (a-Si:H) have been known to
change when exposed to elevated temperaturessiwtink we report on the thermal stability of
the optical band gap and structural disorder inwio¢ deposited a-Si:H with different hydrogen
concentrations. Furthermore, the changes in thetsial disorder will be correlated with the
changes in the optical band gap. Raman spectrostupys evidence that no crystallization is
induced at 450C and that the structural disorder increases upoealing. The increase in the
structural disorder results in a broadening of vaéence and conduction band tails, thereby
pinning the valence and conduction band edges rclogether, resulting in a decrease in the

optical band gap as probed by optical reflectioth mansmission measurements.
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1. Introduction

Hydrogenated amorphous silicon (a-Si:H) has proteme of technological importance in
applications such as solar cells, thin film tratwsis and liquid crystal displays [1-3]. However, a
major concern of a-Si:H is the fact that the stgbdf the material degrades when it is exposed
to prolonged sunlight illumination [4]. Furthermorim the manufacturing of solar cells the
intrinsic a-Si:H layer is usually subjected to het heat treatments, e.g. the post-deposition of
the n- or p-doped layers. Moreover, in subsequeetthe solar cells may also be exposed to

temperature cycling over a wide range of tempeestur

It has been shown that both the hydrogen concéniraind structural disorder in a-Si:H are
critical factors which eventually determines thabgity of the material [5]. The optical band gap
of a-Si:H is one of the most widely studied sulgentsolar cell applications, since it is related t
the electronic structure of the material and, momngortantly, since the efficiency of solar cells
made from this material is directly related tolitis generally accepted that the band gap is

dependent on both the hydrogen concentration andttbctural disorder [6-10].

In this work we investigate the effect of isochrbaanealing on the structural disorder and

optical band gap of hot-wire deposited a-Si:H witifferent hydrogen concentrations.



Additionally, the changes in the structural disordéll be correlated with the changes in the

optical band gap.

2. Experimental Details

The a-Si:H samples were deposited simultaneouslgingle-side polished <100> crystalline
silicon (c-Si) and Corning 7059 substrates by tbewire CVD process [11] in alMVSYSTEMS
deposition chamber [12], where Sigas is decomposed by the catalytic action of spazallel
tantalum wires at a temperature of 1800 The substrate-to-flament distance and the s¢ipar
distance between the wires amounted to 18 mm andnidf respectively. The deposition

conditions of the samples are given in Table 1.

Isochronal annealing was performed under high-pufibwing argon gas in a tube furnace.
The samples were annealed subsequently at annéatmgeratures (J) ranging from 156- 450
°C in 50 °C increments with a total annealing time of 30 nmsufor all temperatures. The

ambient temperature at the sample position in tpermental set-up amounted to 2L

Fourier transform infrared spectroscopy (FTIR) nueasients were performed in transmission
mode on the samples deposited on c¢-Si, using alUABIFTS-40 FTIR spectrophotometer
equipped with a liquid-nitrogen-cooled HgCdTe d&iecThe hydrogen content was calculated
from the integrated absorption of the rocking modesSi-H, (=Si=H,), and-Si=H3 using the
procedures of Brodsky et al [13] and proportioyatibnstant proposed by Shanks et al [14]. The

error in the results is estimated to be within 15%.



Raman spectroscopy measurements were performecflection mode on the samples
deposited on Corning 7059, using the 514.5 nm tihe Spectra Physics Aion laser. A
detailed description of the Raman experimentalupetis described elsewhere [15]. The
transverse-optical peak (TO) in the vibrationalsignof states of amorphous silicon reflects the

degree of disorder in the amorphous network [16].

Optical reflection and transmission measurement® \werformed in the energy range *.2
2.4 eV with an energy resolution of 3 meV. Theseasneements were used to calculate the
sample thickness, refractive index and absorptagificient, using the method proposed by van

den Boogaard [17].

3. Resultsand Discussion

The Raman spectra of samples A and B in the assitedoand final annealing states are
shown in Fig. 1 and 2, respectively. The spectreevw®rmalized to the height of the a-Si TO-
peak. No emerging c-Si TO-peaks are observedl 820 cn before and after annealing,
illustrating that no amorphous-to-crystalline phasasitions occur in both samples as annealing
progresses. Further annealing of both samples up5°C induces no detectable phase
transitions. This is consistent with the observaiof Spinella et al [18] who have shown that

crystal grain nucleation in a-Si occurs at tempees above 56€C.



The plot of the half-width-half-maximum (HWHM) ofi¢ a-Si TO-peaki(2) as a function of
annealing temperature for samples A and B is shiawng. 3. There exists a linear relationship
betweenl /2 and the average bond angle varialdh, [16]. In the as-deposited state héy-
value for samples A and B amounts to 7.28d 8.03, respectively. Th&d,-value of sample A
is among the lowest determined for device-quality-deposited a-Si:H [19], illustrating the
superior structural quality of this sample. Anneglisample A at temperatures up to 3@
induces no considerable changd i@ followed by an increase for, & 350°C. An increase in
/2 is observed for sample B at ® 300°C. The increase ifi/2 is associated with an increase

in the structural disorder, caused by the creasiaimterminated Si dangling-bonds [20] (see Fig.

4).

The optical band gapgkvas determined from the absorption coefficientgnd the refractive
index (n) using the Tauc-convention [21], by extlaging [0((E)n(E)E]1’2 toa(E)=0 fora(E) =
10° cm*. The optical band gap as a function of annealémgperature for samples A and B is
shown in Fig. 5. After annealing samples A and B%01°C and 300°C, respectively, a decrease
in Eg is observed. It should be noted that similardseim the cubic band gap for samples A and

B were observed, using the method proposed by Klarzal [22].

Muller et al [23] have shown that the slope of timear fit (By) through p((E)n(E)E]”2 is
proportional to the density of states in the vaéenod conduction band tails. Fig. 6 shows the
plot of By as a function of annealing temperature for samplesid B. Similar trends ingand
By are observed with increasing annealing temperaguggesting that the decrease ii8

associated with the broadening of the valence amdlwction band tails, thereby pinning the



valence and conduction band edges closer togeghelting in a reduction ingeThe broadening
of the valence and conduction bands is caused bgcaease in the structural disorder, as seen
by the increase im/2 (Fig. 3). Therefore we conclude that the decreas@e band gap is a

direct result of the increase in the structurabtisr.

4. Conclusion

Raman spectroscopy and optical measurements wedetasorrelate changes in the structural
disorder and the optical band gap in HW-deposit&i:ld subjected to isochronal annealing at
temperatures in excess of 18D. Our results suggest that no crystallizatiomguced in both
samples at temperatures as high as 850The structural disorder increases at tempermsture
above 300C, caused by the termination of hydrogen-passivatathngling bonds. The increase
in the structural disorder results in a broademihthe valence and conduction band tails, thereby
pinning the valence and conduction band edges rclogether, resulting in a decrease in the

optical band gap.
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List of table and figure captions

Table 1 Deposition conditions of the a-Si:H samples

Fig. 1 Raman spectra of sample A in the as-depbsii@e (solid circles) and after annealing at

400°C (open circles).

Fig. 2 Raman spectra of sample B in the as-dembsttge (solid circles) and after annealing at

450°C (open circles).

Fig. 3 HWHM of the a-Si TO-peak as a function ohealing temperature for sample A (solid

circles) and sample B (open circles). The linesgalides to the eye.

Fig. 4 HWHM of the a-Si TO-peak as a function of thonded hydrogen content for sample A

(solid circles) and sample B (open circles). Thediare guides to the eye.

Fig. 5 Optical band gap as a function of annea@rgperature for sample A (solid circles) and

sample B (open circles). The lines are guidesecete. The lines are guides to the eye.

Fig. 6 The slope of the linear fit though(E)n(E)E}'? as a function of annealing temperature for

sample A (solid circles) and sample B (open cicl€ke lines are guides to the eye.



Tablel

Sample No. Substrate temperature@) Deposition pressure (Pa)Silane flow rate (sccm)

A 330 2 60

B 180 8 60
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Figurel
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Figure2
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Figure3
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Figure4
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Figure5
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Figure6

B (Cm-1/2ev -1/2)

1800

1700;
1600;
1500;
1400;
1300;

1200 -

¢ + ® Sample A
O Sample B

1100

¢¢N
b

50

! | ! ! ! | ! ! ! | ! ! ! I ! !
100 150 200 250 300 350 400 450

Annealing temperature (°C)

16




