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Hydrogenated amorphous silicon (a-Si:H) has found applications in flat panel displays, photovoltaic solar
cell and recently has been employed in boron doped microbolometer array. We have performed electrical
and structural characterizations of a-Si:H layers prepared by plasma enhanced chemical vapor deposi-
tion (PECVD) method at 540K on glass substrates at different diborane (B,Hg) flow ratios (500, 250,
150 and 50 sccm). Fourier transform infrared spectroscopy (FTIR) measurements obtained by specular
reflectance sampling mode, show Si-Si, B-0, Si-H, and Si-O vibrational modes (611, 1300, 2100 and
1100 cm~! respectively) with different strengths which are associated to hydrogen and boron content.
The current-voltage curves show that at 250 sccm flow of boron the material shows the lowest resistivity,

but for the 150 sccm boron flow it is obtained the highest temperature coefficient of resistance (TCR).

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Hydrogenated amorphous silicon was first studied during the
1950s and 1960s. One of the interesting properties of this mate-
rial is its disordered structure and the presence of hydrogen which
passivates the dangling bonds changing the structural morphology.
When using boron as impurity improves not only the electrical and
optical properties [1,2], but allow to tailor the properties of the
deposited film for an specific application as in photodetectors [3],
thin film transistors (TFTs) [4-6], solar cell fabrication [7,8] and
array of microbolometers [9]. In these applications, the boron dop-
ing has to be optimized in order to meet the properties for which
the amorphous semiconductor is going to be used. These properties
are related to the carriers density, transport, generation and recom-
bination such as dark conductivity, photoconductivity, density of
gap stated, mobility, lifetime [3,15]. Among the different methods
for depositing hydrogenated amorphous silicon, we used plasma
enhanced chemical vapor deposition [10] at low frequency. Our
material (a-Si:H) is a semiconductor material in which the band
structure is characterized by smooth variation of the density of
states with energy in the band-edge zones, called band tails, and
a high density of states in the midgap region. If the mobility of car-
riers in the band tails is high enough, the conduction mechanism
is dominated by carriers activated from the midgap states to these
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band tails. The conductivity of a-Si:H is usually thermally activated,
atleastover alimited temperature range and is described by Eq. (1).

o(T) = og exp (—%) = 0g exp [—%} (1)
where o is the conductivity, E; is the activation energy, K is
Boltzmann'’s constant, Etg is defined as the average energy of the
conducting electrons, og is the conductivity prefactor, T is the
temperature and E is the Fermi level.

We have analyzed the electric properties of layers of a-Si:H
doped with different flows of diborane as a source of boron, while
keeping constant all the other deposition parameters. The [-V
curves were used to determine conductivity and by observing the
vibrational modes trough FTIR reflectance measurements [11]; we
correlate the presence of the different vibration associated to the
various boron concentration and electrical properties observed for
each case. This is relevant because in a PECVD deposited film, the
resulting properties are not only function of the relative gas flow
ratios of the reactants, but of all the depositing conditions, and
a good figure of merit independent of the system like the vibra-
tional modes. In this work the FTIR vibrational analysis is proposed
as a reliable and fast tool for quantifying the desired properties
adjustments of the B-doped a-Si:H.

2. Sample preparation

A set of a-Si:H films doped with boron (named samples A, B, C
and D) were prepared in an AMP 3300 PECVD deposition system;
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Table 1
Parameters for the deposition of B-doped a-Si:H by PECVD.

Samples Power (W) Frequency (kHz) Temperature (K) Time (min) Flow of Ar (sccm) Flow of SiH4 (sccm) Flow of B,Hg (sccm)
A 300 110 540 30 100 50 500
B 300 110 540 30 100 50 250
C 300 110 540 30 100 50 150
D 300 110 540 30 100 50 50

itis a conventional capacitor coupled parallel-plate reactor. The RF
frequency of the power supply was set at 110 kHz. All the films were
deposited on glass substrates at a temperature of 540K, the pres-
sure was kept constant at 0.6 Torr. The reactive gases used were
silane (SiH4) and argon (Ar) at a constant flow of 50 and 100 sccm
respectively. Diborane was used as a boron source in a bottled 1%
H, balanced gas mixture and the flow was varied in the range of
50-500 sccm. The a-Si:H layers thickness was measured by a sty-
lus profilometer and the deposition time was adjusted to obtain
a thickness of 120 nm approximately for all the films. The deposi-
tion parameters of the films are shown in Table 1. Al (1 pm thick)
was evaporated on the surface of the deposited films and by using
photolithography techniques electrodes were defined for electrical
measurements.

3. Sample characterization
3.1. Electrical characterization of the a-Si:H layers

The resistance of the deposited films was measured in the
290-345K temperature range through the I-V characteristics
obtained from a Semiconductor Parameter Analyzer, and form
these values the conductivity is calculated. Fig. 1 shows the behav-
ior of the conductivity of the boron-doped films as a function of the
reciprocal of temperature.

The activation energy can be estimated using Eq. (2), where o is
the conductivity.

Ey
KT (2)
Fig. 2 shows the dependence of In(o’) as a function of 1/KT for the dif-
ferent diborane flows, in which the slope of the fitted line provides
the activation energy (E,).
The temperature coefficient of resistance (TCR) is related to the
activation energy as it is shown in Eq. (3).

Ea
KT?

In(o) =

TCR = -

(3)

Fig. 1. Conductivity as a function of the inverse of the temperature for all the
deposits.

Fig. 2. Dependence of In o with 1/KT for the different concentration of diborane.

The conductivity at 300 K and the activation energy for all the sam-
plesis shownin Fig. 3. The inset shows the I-V curves for the set A of
samples, showing a linear behavior of the deposited films. The dark
conductivity increases from 50 to 250 sccm of diborane flux, after
that, the dark conductivity begins to decrease. This is explained
because as more dopant atoms are added to the films, they increase
the coordination number defects, that for the deposition condi-
tions here employed a flow greater than 250 sccm, generates more
defects than electrically active dopants and therefore a reduction in
conductivity is observed. An optimum flow of diborane is obtained
in order to obtain the maximum conductivity in films in this depo-
sition system. As is expected from Eq. (3), the activation energy
has the minimum value when the film has the maximum dark
conductivity. In Table 2 all this results are summarized.

Fig. 3. Activation energy (E,) and conductivity o for different flows of diborane.
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Fig.4. Infrared spectra of layers at different boron ratios. The Si-Si vibrational mode
is centered around 611 cm~".

3.2. Vibrational analysis

The vibrational analysis was performed using a Fourier trans-
form infrared spectrometer (FTIR) Bruker Vertex 70 in specular
reflectance sampling mode. Fig. 4 shows the FTIR spectra of boron
doped a-Si:H in the region of the Si-Si vibration mode, which has
a well defined band at 611 cm~!. This band is associated to the
transversal optical added to a transversal acoustic TO +TA vibra-
tional mode of Si-Si bond arising from the monocrystalline silicon
substrate (c-Si) [12]. This mode appears as the boron induces crys-
tallization of the a-Si. In order to check this, Raman spectra were
obtained for all the films and they are shown in Fig. 5.

As it can be seen in Fig. 5, the frequency of this band remains
unchanged regardless of the boron flow [13], however the strength
increases because of the layer become structurally more ordered
according to Raman results shown in Fig. 5. The Raman spectra
shows an intense band centered at 521cm~! (longitudinal opti-
cal LO mode) arising from the c-Si induced at high boron fluxes,
whereas for low boron fluxes the strength of this mode decreases
because of the lack of crystallinity of the layer. Some other charac-
teristic vibration modes of c-Si shown in Fig. 5 tend to disappear as
the boron flux decreases. The band strengths are directly propor-
tional to boron flux ratio, from 50 to 500 sccm. Fig. 6 shows the band
of the B-O mode, which is close to 1300 cm~! and also increases its
strength proportionally to the boron flux.

Figs. 7 and 8 show FTIR spectra in the Si-H and Si-O vibrational
modes, which are located near 2100 and 1100 cm~! respectively. In
this case, the peak strength enhance for each sample does not fol-
low the boron flux ratio because the hydrogen plays a crucial role
in damping the dangling bonds. This effect improves the electrical
and optical properties by changes in the morphological structure
[14]. As it is known on the deposition of a-Si:H, the hydrogen has an
important role in the film network in which the hydrogen is bonded
mainly in polyhyddride configurations (SiHs3,SiH;,0r(SiHs),) [15],

Fig. 5. Raman spectra of boron doped a-Si:H thin layers.

Fig. 6. The B-O vibrational mode near 1300 cm~'.

changing the thermal conductivity and the localized levels based
on structural defects as well as the dependence of the band-edge
energy (gap) on the content of bonded hydrogen. It can be seen
that the sample with the lower resistivity (B), has the lowest Si-H
bond content and also the lowest Si-O bond density. This relates
very well with the observed electrical conductivity. This kind of
bonds does not allow concluding about the other diborane flows
used in this work. However the main conclusion of this study is
that either the strength of the band at 611 cm~! or equivalently
the Raman spectra are very useful in defining the best conductiv-
ity of the material, which in turn is related to the boron induced
crystallinity effect.

The main vibration modes associated to the boron doped a-Si:H
layers deposited by PECVD method are summarized in Table 3.

Table 2
Electrical properties of boron doped a-Si:H sample at 300 K.
Sample Diborane Activation energy, E, (EV) Conductivity, o (2-cm)~! Resistivity (£2-cm) TCR? (%)
A 500 0310 5.95667 x 10> 16,787.9 3.98
B 250 0.229 8.52148 x 10~* 1173.5 2.91
C 150 0310 1.2261 x 104 8155.9 4.06
D 50 0.288 4.90555 x 107> 20,385.1 3.61

2 Temperature coefficient of the resistance.
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Fig. 7. Si-H vibrational mode at 2100cm~".
Fig. 8. Si-O vibrational mode at 1100 cm~!.
Table 3
Vibration modes of boron doped a-Si:H layers.
Wavenumber (cm™1) Vibration mode Reference
611 Si-Si Stretching [16]
1100 Si-0O Wagging [17]
2100 Si-H Stretching
1300 B-O Symmetric [1]

4. Conclusions

We have observed changes in boron doped a-Si:H films by
changing the diborane flow during deposition, obtaining the opti-
mal conditions for getting the best conductivity for transistor
applications or the highest TCR as required for microbolometer
construction using the B-doped a-Si:H as the thermo-sensing mate-
rial. It was found that for our deposition system and conditions, a
250 sccm boron flow is the best for obtaining the lowest resistivity
of the material. The highest TCR value obtained is found at a flow
of 150 sccm of diborane, which is appropriate for microbolometer
construction. Important structural changes based on the hydrogen
and boron content was observed by FTIR associated to hydrogen
and boron content was identified on vibrational modes, accordingly
to the possible application.
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