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1. Introduction

Among all semiconductors, silicon has found unprecedented large-scale use in elec-

tronic devices of all kinds. Monocrystalline silicon is commonly used in integrated

circuits due to its excellent electronic properties. Deposition of silicon in thin films

would be preferred in solar cell industry. It can be deposited directly on large sub-

strates and material consumption as well as production costs are reduced. The low

cost of solar energy can decrease the share of fossil fuel powerplants on energy pro-

duction and thus reduce pollution of our environment.

However, on low cost substrates such as glass or polymer foils, silicon thin films

can be grown only in amorphous or microcrystalline form up to now. Although

they absorb the light stronger, their electronic transport properties do not reach the

quality of monocrystalline silicon. Since amorphous silicon suffers from degradation

induced by illumination (Staebler-Wronski effect [?]) the research focus has moved to

microcrystalline silicon in the recent years.

Widely used techniques for preparation of microcrystalline silicon are plasma en-

hanced chemical vapour deposition (PECVD) and laser crystallization of amorphous

silicon thin films. The average grain size achieved by conventional PECVD remains

in the range of several tens of nanometers, which limits mobility of charge carriers to

about 1 cm2/Vs compared to 1300 cm2/Vs in monocrystalline silicon. Pulsed inter-

ference laser crystallization (ILC) has been recently introduced as a cheap and fast

technique to produce large grained silicon thin films [?] as well as higher efficiency

a–Si:H based solar cells with structured microcrystalline silicon contact [?].

The thin film deposition processes frequently do not result in uniform homoge-

neous layers. The initial nucleation of the film on the substrate and the subsequent

pattern of growth can cause microscopic inhomogeneities, such as voids, columnar

structures and surface roughness. Moreover, microcrystalline silicon is an inherently

inhomogeneous material by itself. It consist of crystalline grains separated by grain

boundaries, where most of the electronic defects is supposed to be located [?]. In the

initial stages the growth gradually develops from amorphous to microcrystalline [?].

This transition layer presents a basic problem for microcrystalline silicon based solar

cells because its series resistance decreases the cell efficiency [?]. The coexistence of

microcrystalline silicon grains, grain boundaries and amorphous tissue together with

columnar growth results in complicated microstructure, which may lead to anisotropy

in the transport properties [?].
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While the macroscopic properties of microcrystalline silicon layers are relatively

well characterized very little is known about their properties on a microscopic scale

because standard macroscopic techniques can give only average values of important

transport quantities in such an inhomogeneous material.

The main aim of this thesis is to investigate various ways how to find the missing

connection between the thin film microstructure and the electronic transport prop-

erties. One approach is to use inherently microscopic techniques, of which scanning

tunneling microscopy (STM) or atomic force microscopy (AFM) are main representa-

tives [?, ?], and to combine them with the detection of particular quantities of interest

in parallel to standard surface morphologies. In contrast to the STM, which detects

the tunneling current, the atomic force microscopy (AFM) senses forces between the

tip and the sample. While reliable use of electron tunneling is limited to the materi-

als with high enough conductivity, detection of interaction forces can provide surface

morphology and electronic properties on any sample of interest.

Another possibility is to modify the macroscopic characterization methods to

probe the material properties locally with as high lateral resolution as possible. For

instance a technique of electron/light beam induced current (EBIC/LBIC) gives rise

to spatially resolved photocurrents by scanning with a focused beam [?, ?].

2. Probing with a point contact

In studies of initial stages of growth of µc–Si:H prepared by PECVD and for in-

vestigation of laser patterning of amorphous silicon layers, ultra high vacuum AFM

by Omicron Vakuumphysik was employed. The AFM was operated in contact mode

and conductive cantilevers were used to provide a point contact to the sample. The

cantilevers (produced by Nanosensors) were made of highly p-doped silicon coated

with platinum-iridium (PtIr) or p-doped diamond layer. Although PtIr coated can-

tilevers required more care, because wear of the coating at the very tip may occur

[?], both types of cantilevers were found to provide qualitatively same images of local

currents and morphology.

The normal force acting on the cantilever was calculated from the deflections by

using a known spring constant of the particular cantilever. The image of the surface

morphology is then rendered by following the profile of constant cantilever deflection,

i.e. constant force. In the constant force regime the cantilever tip is kept in close

mechanical and thus also electrical contact with the sample. To obtain maps of local

currents at the same time a dc voltage was applied to the bottom sample electrode
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Figure 1: The schematic drawing of the AFM contact mode operation in a regime,
where both surface morphology and local currents are registered simultaneously. The
surface morphology is rendered by scanning the profile of constant force while the
current is acquired by application of a bias to the conductive cantilever.

and the current was registered by the cantilever. This arrangement is illustrated in

Fig. ??. In this manner, transport and structural properties can be directly compared

with each other.

This method has also an advantage of characterizing transport perpendicular to

the substrate (i.e., the direction of charge collection in solar cells), unlike many other

transport characterization methods using coplanar electrodes [?, ?].

Lateral resolution of surface morphology in contact AFM is determined by the

effective area of the tip-sample contact. Simple continuum models were found to give

a reasonable description of the mechanical behaviour of the elastic contact between

an AFM tip and a smooth sample surface [?]. In a local current measurement, res-

olution is limited by an effective electrical contact, which has no simple relation to

the effective mechanical contact. The current can in principle consist of two compo-

nents: a current determined by the resistance of the intimate contact and a tunneling

across the peripheral region of small separation. On corrugated surfaces, the effective

contact is affected by morphological features.

Quality of the surface is also important, because the local electrical contact can

be influenced by adsorbates and thin layers covering the surface, such as SiO2. AFM

operation under ultra high vacuum and the in-situ sample deposition were found

necessary for good electrical contact and well defined surface properties. After the

deposition, the PECVD samples were transferred into the measurement chamber

without breaking vacuum (p < 10−7 mbar). Although morphology measurement was

possible in air, the measurement of local currents was unstable, most likely due to

unstable environment conditions and surface oxidation.

Measurement of local current can be performed in two distinct regimes. In so

called spectroscopic regime, AFM feedback control is switched off after measurement
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Figure 2: The schematic drawing of the contact barriers and junctions involved
in combined AFM on intrinsic, weakly n-type sample (for instance a–Si:H). Note
the hetero-junction between silicon (Eg=1.1–1.7 eV) and diamond coated cantilever
(Eg=5.4 eV). The energy gap width is not in scale.

of surface morphology at a particular point, a voltage is applied to the cantilever

and the current is registered. This method of operation has an advantage of a full

control over the current measurement timing. When surface morphology and local

current are registered simultaneously, a bias voltage is applied permanently as the

image is rendered. Simultaneous regime is faster and more straightforward since it

avoids voltage pulses used in spectroscopy.

Since the sample structures and probing tips incorporate both metals and semi-

conductors of various doping type and doping level, space charge regions are formed

at their junctions, which gives rise to transport barriers in the measurement circuit.

Schematic drawing of the case, where in-situ prepared a–Si:H layer (no SiO2 layer

on top) is probed by a diamond coated cantilever, is shown in Fig. ??. There is a

band bending at both electrode/a–Si:H and a–Si:H/cantilever interfaces in order to

equilibrate Fermi levels. Another Schottky barrier builds up at the connection of the

cantilever to the rest of the circuit.

Laser patterning of amorphous silicon

After comprehensive analysis of capabilities and constraints of the local current

measurement in atomic force microscope, the technique of combined AFM/current

measurement was applied to investigate microcrystalline silicon patterns prepared by

interference laser crystallization of hydrogenated amorphous silicon (a–Si:H).

To produce the patterns on microscopic scale, a–Si:H layer of 200 nm thickness was

used. It has been prepared by radio frequency PECVD technique (13.56 MHz, 8 %

silane dilution in hydrogen) on Corning 7059 glass substrate covered with semitrans-
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Figure 3: (a) AFM surface morphology of the laser patterned a–Si:H and (b) the
map of current flowing between the cantilever and the bottom ITO electrode in which
microcrystalline and amorphous areas are clearly distinguished.

parent indium tin oxide (ITO) electrode. Prior to the laser crystallization, hydrogen

has been effused in vacuum by heating up the samples to 450◦C for 1 hour. Effused

samples have been crystallized in air by a single pulse of frequency doubled Nd:YAG

laser with wavelength 532 nm and energy density 80 mJ/cm2. Primary laser beam

was split in two beams, which overlapped on the sample and formed an interference

pattern with period of 5.3 µm. This setup resulted in creation of parallel stripes of

amorphous and microcrystalline silicon.

The surface morphology of the layer after laser patterning as measured by AFM

using a platinum coated cantilever is presented in Fig. ??(a). However, it is not easy

to distinguish amorphous and microcrystalline parts there. Although microcrystalline

silicon part can be visualized by selective etching, this is an additional technological

step which can modify the laser induced patterns. On the other hand, measurement

of the local conductivity through the layer in parallel to standard AFM picture is a

non-invasive probe, which can be used also in-situ. Local current measurement has

been performed in the spectroscopic regime. In each point the current was averaged

for 640 µs with 800 µs delay after the dc voltage of −5 V was applied to the cantilever.
Resulting local current map shown in Fig. ??(b) clearly resolves two types of mate-

rials and reveals the exact position and shape of boundaries between amorphous and

microcrystalline areas. Being the conductivity of microcrystalline silicon higher than
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the one of amorphous silicon, the dark low conductive area in Fig. ??(b) is assumed

to correspond to the amorphous tissue while brighter areas, exhibiting much higher

currents, are associated with microcrystalline material.

Since the laser processing was done in air, the sample was exposed to the ambient

oxygen and thin natural SiO2 layer most likely developed on the sample surface.

Although the thin oxide layer represents an electronic barrier, the material contrast

could still be achieved. Obviously the local currents are controlled by the electronic

properties of material itself.

Initial stages of µc–Si:H growth

The substrate, on which µc–Si:H is grown, is known to exhibit a strong influence

on the resulting layer structure. Using combined AFM/current measurement, the

effect of metallic, device quality a–Si:H and laser annealed a–Si:H substrate layers on

further µc–Si:H growth was studied.

To investigate growth on metallic layer, which is often used as a contact, a thin

layer of µc–Si:H was deposited on a nickel-chromium (NiCr) electrode, which had

been evaporated on a Corning 7059 glass substrate. The 100 nm thin layer of µc–

Si:H was grown by radio frequency PECVD technique using 4 % dilution of silane

(SiH4) in hydrogen.

AFM surface morphology and local current image of this layer are shown in Fig. ??.

The images were obtained simultaneously using platinum coated cantilever and 3 V

bias voltage between the bottom electrode and the cantilever. The surface morphol-

ogy, which is represented by normal force image in Fig. ??(a), is homogeneously

populated by rounded formations of similar size and shape. Obviously the NiCr

electrode provides an abundant amount of nucleation centers. The picture of homo-

geneous material is ruined by the map of local currents in Fig. ??(b), which clearly

shows a large number of the silicon crystallites on the surface together with still amor-

phous material. From the area occupied by the crystallites the fraction of crystalline

material could be estimated to about 78 %.

For comparison, a–Si:H was grown in the same manner, except the silane dilution

of 8 % being used. Although purely amorphous layer looks similar in morphology to

µc–Si:H no features in local current were observed.

To study a–Si:H/µc–Si:H interface, which plays an important role in solar cell

technology, specific samples were prepared. The primary substrate was again NiCr

electrode evaporated on a Corning 7059 glass. But now prior to the deposition of
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Figure 4: (a) AFM surface morphology represented by normal force image and (b)
local current image of 100 nm µc–Si:H layer upon NiCr electrode biased at 3 V.
(c) The current spatial profile measured across the sample as indicated by the white
arrow in the small image on the left. While the layer appears homogeneous in surface
morphology, the local currents reveal that part of the layer is still amorphous.

µc–Si:H, 100 nm layer of hydrogenated amorphous silicon was first deposited on the

substrate using 8 % dilution of silane in hydrogen. Then the deposition continued

under conditions readjusted for µc–Si:H growth by changing silane dilution to 4 %.

The a–Si:H and µc–Si:H layers made up the total sample thickness of 540 nm.

AFM surface morphology and current map of the µc–Si:H grown on the amor-

phous substrate layer were obtained using platinum coated cantilever and 3 V bias

voltage between the cantilever tip and the bottom electrode. The results are shown

in Fig. ??. In the surface morphology shown in Fig. ??(a), roughly circular pro-

trusions can be resolved above the smoother and relatively flat rest of the surface.

The larger protrusions seem to be composed of finer grains with sizes around 20 nm.

These protrusions were assumed to correspond to the surface of the silicon crystallites

and crystalline columns surrounded by the amorphous matrix. This assumption was

clearly proved by the local current map in Fig. ??(b) and the current spatial profile in
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Figure 5: (a) Surface morphology of the µc–Si:H layer grown on 100 nm a–Si:H
obtained using AFM with a platinum coated cantilever and 3 V bias voltage. The
morphology is represented by the normal force image. (b) The map of simultaneously
measured local current flowing between the cantilever and the bottom NiCr electrode.
Microcrystalline areas are clearly resolved against the dark (less conductive) amor-
phous background. The lines indicate the location of the profiles shown in Fig. ??.

Figure 6: Profiles of the sample surface height (a) and local current(b) along the
lines depicted in Fig. ??. Even very small crystallite at x = 500 nm which would
pass unnoticed in the morphology can be identified in the current.Although a peak is
observed in sample height at position around x = 650 nm, the current remains low,
indicating an amorphous region.
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Fig. ??(b), which shows that the local current is much higher on the protrusions than

on the rest of the sample. This is in agreement with expected higher conductivity of

µc–Si:H in comparison to a–Si:H.

The reliability of the crystalline area identification is illustrated by comparison of

the height and current spatial profiles in Fig. ??. They pass through one large and one

small protrusion as represented by the arrows in Fig. ??. Even very small crystallite

at x = 500 nm which would pass unnoticed in the morphology can be identified in

the current. On the other hand, although a peak is observed in sample height at

the position around x = 650 nm, the current remains low, indicating an amorphous

region. The large irregularities of the current observed on top of the crystallites are

most likely because these crystallites are assembled from fine crystalline grains. The

observation of both µc–Si:H and a–Si:H material in AFM local current images of the

layers is corroborated by the measurement of constant photocurrent method.

The crystallinity of the layer is reduced to 40 % compared to the crystalline frac-

tion of 78 % found in µc–Si:H, which was grown directly on NiCr substrate. Obviously

the a–Si:H substrate layer inhibited the nucleation and retarded the development of

the µc–Si:H layer.

The retarded development of crystallinity of µc–Si:H layer can present a problem

in a–Si:H/µc–Si:H devices. To alter nucleation conditions, the a–Si:H substrate layer

was annealed by laser irradiation prior to the subsequent deposition of µc–Si:H. The

laser annealing was done inside the deposition chamber by a single pulse of ArF

excimer laser with wavelength 193 nm and energy density 80 mJ/cm2, which is just

above the a–Si:H melting threshold.

As shown in Fig. ??, both the surface morphology and current map are substan-

tially different for the sample in which the amorphous substrate layer was annealed

by laser. In this case very high fraction of crystallites and negligible amorphous tissue

is observed on the surface. The crystallinity estimated from the current map reached

about 95 %.

The estimates of the crystallinity were verified by Raman scattering. The spectra

were measured on the samples with a–Si:H substrate layer using argon laser exci-

tation with short penetration depth, so that crystallinity on the surface is evalu-

ated. The crystallinity was simply deduced from the ratio of Raman intensity at

520 and 480 cm−1. The results 56 % and 88 % are in qualitative agreement with the

values found from the local current images. Raman spectra also indicated that laser

irradiation of the a–Si:H substrate layer by one pulse creates a very defective a–Si:H

layer instead of crystallization of the amorphous layer [?]. The numerous defects
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Figure 7: (a) AFM surface morphology represented by normal force image and (b)
the map of local current of the µc–Si:H layer grown on laser annealed a–Si:H substrate
layer. The images were obtained using AFM with a platinum coated cantilever and
3 V bias voltage. The sample was grown in the same deposition as the sample shown
in Fig. ??, the only difference is that the a–Si:H substrate layer was treated by a single
excimer laser pulse in this case.

obviously acted as additional nucleation centers and resulted in higher crystalline

fraction.

Memory effect in local current

In the course of local current measurements, silicon thin films were found to re-

member that the voltage was applied at a particular place. This observation is demon-

strated by Fig. ??(a), where 1500× 1500 nm image of local currents on 100 nm thin

layer of µc–Si:H was acquired using a platinum coated cantilever at 4 V bias. A dark

square area, dimensions of which are approximately 500 × 500 nm, appears in the

center of the image. The dark area exhibits overall lower conductivity than the rest

of the sample as shown in the current spatial profile in Fig. ??(b). This is the result

of a previous AFM/current measurement at that place. Prior to the measurement of

1500× 1500 nm area in Fig. ??, the 500× 500 nm area was already scanned several

times at the same bias of 4 V, so that each measurement point was exposed to the

bias voltage for the total of 15 ms compared to 5 ms in the outer region. The decayed

area persists on the surface for at least several hours.

In amorphous or microcrystalline silicon, this decay is likely connected with the

transient depletion of electrons from deep states, the concept of which was introduced
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Figure 8: (a) Image of local currents acquired at 4 V bias on 100 nm thin µc–Si:H
layer with a NiCr bottom electrode. The dark, low conductive square area in the center
is a result of previous current measurement, which was scanned at that area prior to
acquisition of this image. (b) The current spatial profile clearly shows overall reduced
current amplitude in the dark region.

by Street [?]. When a conductive cantilever is brought into contact with amorphous or

microcrystalline silicon layers, there is a transfer of charge across the interface to bring

the two Fermi levels into alignment and achieve thermal equilibrium. The resulting

contact exhibits rectifying electrical properties. After application of a reverse bias

voltage, there is a thermally generated transient release of depletion charge from gap

states to achieve new equilibrium. This results in a pronounced decay of reverse

current over long period of time.

Although the complete mechanism of this memory effect is still unknown, it may

show up as an interesting feature for application in microelectronics and is worth of

further investigation.
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3. Probing with a focused laser beam

Photoelectrical properties of microcrystalline silicon thin films are of high impor-

tance for making use of the material in solar cells and other devices. Their quality

can be evaluated by application of laser beam induced current (LBIC) technique.

Principle of the laterally resolved LBIC measurement is simple as shown in Fig. ??.

The sample is illuminated by a focused laser beam. As the focus spot is scanned by

piezo drives across the sample between the electrodes, photocarriers are generated

locally and resulting photocurrent is registered by lock-in technique. External bias

is usually applied to extract the photocarriers, however, the built-in fields may be

probed also without a bias.

The spatial resolution of the LBIC setup was determined by moving the focus

spot over the edge of a metallic layer, below which a large area photodiode was

positioned. The intensity profile is approximately gaussian with a typical diameter

(Imax/e
2) of about 0.8 µm. Considering the Rayleigh criterion, an electronic resolution

of approximately 0.4 µm is expected.

The LBIC technique was applied to microcrystalline silicon thin films prepared by

pulsed interference laser crystallization (ILC) of amorphous silicon. The 100 nm thin

nominally undoped layer was deposited by low pressure chemical vapour deposition

(LPCVD) at 560◦C on 2 µm of thermal SiO2 supported by a monocrystalline silicon

substrate. For silane dilution, helium was used to avoid explosive hydrogen effusion

during laser irradiation. A 50 nm SiO2 cap layer is grown on top of the amorphous

layer to protect it. Laser crystallization was performed in the same setup, which

was used for patterning of a–Si:H. The interference pattern had again the period of

5.3 µm, but the total beam energy was 360 mJ/cm2. Just prior to or after the laser

Figure 9: The scheme of LBIC principle.
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processing the SiO2 cap layer has been selectively etched away in a buffered solution

of hydrofluoric acid. Then titanium/platinum/gold contacts in coplanar configuration

were evaporated on the sample in order to characterize its electronic properties.

After LBIC measurement the surface morphology of the sample has been charac-

terized by use of a Digital Instruments AFM operated in the tapping mode. The Secco

etching [?] was usually applied to accentuate the grain boundaries in laser crystallized

layers.

Single pulse ILC

In the layers crystallized by a single pulse irradiation, the typical grain sizes were

smaller than the focus diameter of LBIC probing beam. Therefore the fine structure

observed in the LBIC profile could not be directly interpreted as the photoresponse

of an individual grain or grain boundary. Nevertheless there was a resemblance be-

tween AFM profile of the Secco etched surface with enhanced grain boundaries and

LBIC spatial profiles of untreated surface. Although AFM and LBIC spatial pro-

files were not measured simultaneously, their correlation were interpreted from the

Fourier spectra. The photocurrent response to a local focused laser beam excitation

was dominated by the variations in the sample thickness, which was much smaller

than absorption depth of the light used. The maxima of the photocurrent were cor-

related with maxima of the surface height. The pronounced surface corrugation was

induced by buckling of the SiO2 cap layer during laser processing [?].

Multiple pulse scanned ILC

To obtain large grains, LBIC response of which could be probed individually, the

specific pulsed ILC was applied. Grains of quadratic shape and grain sizes exceeding

5 µm (see Fig. ??) were formed by shifting the sample continuously through the

interference pattern, thus taking advantage of lateral epitaxial regrowth [?]. The

SiO2 cap layer was removed just prior to the crystallization so that its buckling was

avoided.

To obtain LBIC spatial profiles the sample was scanned by the piezo table with

steps of 125 nm distance. The laser beam intensity incidenting on the sample was

40 µW. The generated photocurrent was measured using lock-in detection with a

chopping frequency of 41.7 Hz. No external bias was applied to the electrodes and

both amplitude and phase of the photocurrent were registered.
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Figure 10: (a) AFM surface morphology of a polycrystalline silicon thin film prepared
by specific interference laser crystallization of amorphous silicon. Grain boundaries
have been accentuated by Secco etching. The black rectangle emphasizes one large
grain.

The resulting spatial profiles of photocurrent amplitude (solid) and phase (dashed)

are shown in Fig. ??(a) and the section of surface morphology detected by AFM prior

to the Secco etching is shown in Fig. ??(b). In the direction of the scan the typical

grain size is in the range of 5 µm. The photocurrent shows pronounced fluctua-

tions with similar periodicity. The maxima of photocurrent fluctuations are in close

neighbourhood to 180◦ phase shifts, which indicate sign reversal of the photocurrent.

Since spatially resolved photocurrents as shown in Fig. ??(a) were observed in

short circuit mode without application of an external field, the photocurrents are

generated by built-in fields, which originate most likely from band bending at grain

boundaries [?]. It is interesting to note that within one period (distance between two

photocurrent maxima) two phase shifts are observed.

A model for this phenomenon is schematically shown in Fig. ??. On each side

of the grain boundary, the electric field is oriented in the opposite direction. As

the laser spot approaches the grain boundary from one side, an increasing photocur-

rent is generated due to the increasing electric field. As soon as part of the light

illuminates the other side of the boundary, a photocurrent with opposite sign starts
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Figure 11: (a) Spatial variations of the photocurrent (solid line) and of its phase
(dashed line). (b) AFM profile of the laser crystallized silicon surface prior to Secco
etching. The pronounced peaks are related to grain boundaries. Note that the AFM
and LBIC data have been acquired on slightly different spots.
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Figure 12: The model of photocurrent response induced by a laser beam, which scans
across two grain boundaries.

flowing, reducing the effective photoresponse measured by lock-in. When the laser

spot illuminates the center of the boundary, both photocurrents are about equal and

the resulting current is zero. As the scan continues the photocurrent grows again,

however with reversed polarity. Therefore, the phase of the photocurrent at grain

boundaries changes by 180◦Ṫhe phase changes again when the laser spot passes the

grain center and approaches another grain boundary. Indeed, this double phase shift

per period is experimentally detected.

Thus, while the photocurrent is highly sensitive to the local electronic properties,

by evaluation of the phase shift of the photocurrent LBIC can reveal with high resolu-

tion the positions of grain boundariesin large grained silicon thin films. A phase shift

of 180◦ denotes a reversal of the photocurrent, which is attributed to grain boundary

fields and which indicates that grain boundaries are efficient electronic barriers for

carrier propagation in the layers.

4. Conclusions

In this work a more light was shed on the connection between the microstructure

and local electronic properties of amorphous and microcrystalline silicon thin films.

Atomic force microscopy and a technique of light beam induced current were success-
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fully applied for this task and revealed pronounced features in electronic transport

properties on a microscopic level.

Atomic force microscopy was used to give the picture of a surface morphology

and simultaneously registered the current flowing through the layer with very high

lateral resolution. Although detailed studies of local current behaviour showed that it

is affected by many factors (time, voltage, barriers), the local current was determined

predominantly by the material properties. Simultaneous measurement of AFM and

local currents allowed direct correlation between surface morphology and local elec-

tronic properties of the material. This approach revealed pronounced inhomogeneity

of microcrystalline silicon thin films prepared by PECVD technique, resolving details

of a few nanometers in size, and made possible a non-invasive evaluation of micro-

scopic patterns produced in silicon thin films by interference laser crystallization,

where it has provided a clear and accurate identification of amorphous and micro-

crystalline parts.

Photoelectrical properties of microcrystalline silicon layers were characterized by

the light beam induced current technique with the resolution in the sub-micrometer

regime and they were correlated with a surface morphology obtained by atomic force

microscopy. In large grained microcrystalline silicon layers produced by specific tech-

nology of interference laser crystallization, LBIC was able to detect position and lo-

cal electronic properties of individual grain boundaries. While the photocurrent was

highly sensitive to the quality of local electronic properties of the microcrystalline sil-

icon layers, a clear indication of grain boundaries can be gained by evaluation of the

phase shift of the photocurrent. The phase shift of 180◦ denotes accurately a reversal

of the photocurrent at a grain boundary, which indicates that grain boundaries are

efficient electronic barriers for carrier propagation in the layers.

A new interesting phenomenon was discovered during the course of this work.

In AFM/current measurements a silicon thin film was found to remember that the

voltage was applied at a particular place. Although the complete mechanism of this

memory effect is still unknown, it may show up as an interesting feature for application

in microelectronics and is worth of further investigation.

To conclude, simultaneous AFM/current measurement as well as LBIC technique

allowed direct correlation between surface morphology and local electronic properties

of silicon thin films with very high lateral resolution. Still some questions remained

open and new questions and tasks arose.
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