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ABSTRACT


Use of suitable laser systems for photovoltaic devices production has received great attention in recent years, and lasers today’s applications range from panel patterning to advanced doping. Mainly when crystalline and polycrystalline silicon are concerned, it seems that lasers can be usefully used to get high efficiency devices in industrial production plants.


In this paper, we describe our studies on advanced laser applications for silicon solar cells processing: grooving, texturing, and doping experiments are reported, both on simple structures and on devices, with efficiency values ranging from 15.0 % to 16.5 %, according to the particular design used.


Future developments on schedule in our laboratory, devised to increase cells efficiency and to facilitate lasers use in industrial plants are briefly overviewed.
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1. Introduction


Photovoltaics is a relatively small branch of the much larger semiconductor industry and R&D. Its future development and use are directly bound to several factors, all of them leading to a significant increase of competitiveness with conventional fuel sources; this competitiveness is strictly connected to an improvement of performances of devices, in terms of increased conversion efficiencies and lowered process costs, and power plant.


A solar cell is basically a large area diode, inside which photons create free carriers; these must travel up to the junction, so that they can be collected and used for power generation. Due to its own nature, connected to the peculiarity of the sun light, photovoltaic conversion involves the use of semiconductor materials showing good electrical transport properties and high absorption coefficients in the visible and near infrared region, where the solar spectrum has its maximum power; in addition, as the energy impinging on the cell active area has a small density, large area devices are necessary to produce significant amounts of power.


Most used materials are thin films semiconductors, crystalline silicon and gallium arsenide, the latter being very expensive and used mainly for sophisticated space applications; exotic types of solar cells, like photochemical cells1, are still at laboratory level and their use belongs to the distant future.


Thin films technology relies mainly on the use of amorphous silicon, this semiconductor is often employed together with amorphous germanium to get tandem devices. For these materials, lasers are widely used in large area integrated panels fabrication; an advanced use of laser in this field is the formation of thin polycrystalline silicon films from amorphous precursors2. Laser patterning can be also used for interesting polycrystalline thin film materials, like CdTe and Copper Indium diSelenide (CIS). Crystalline silicon is by far the most widely used material for photovoltaic terrestrial applications, due mainly to its abundance and to the deep knowledge acquired in processing it; crystalline silicon is the material we will be dealing with in this paper.


Photovoltaic industries generally use large area wafers (100 mm x 100 mm or 125 mm x 125 mm) of polycrystalline or Czochralski (CZ) grown silicon, with conversion efficiencies slightly over 15 % for CZ (BP Solar) and around 12 % - 13 % for poly. Compared to CZ silicon, the use of poly crystals implies a lower cost of the material, but leads also to less efficient devices, mainly due to the poor transport characteristics of polysilicon. 


At laboratory level efficiencies are significantly high, with a maximum of 24.0%  for  the so called Passivated Emitter, Rear Locally - diffused (PERL) cell, made at the University of New South Wales3; other laboratories have obtained good values, and almost everywhere efficiencies are over 15 %. Very high efficiencies are usually achieved working with ultra high purity material (Floating Zone, FZ silicon) used in conjunction with techniques borrowed from microelectronic industry; while lower numbers are got when CZ (21 %) or polysilicon (18 %) are used.


Although the use of sophisticated processes has led very close to the ideal conversion limit, placed around 27 %, a lot of job has been left in order to move high efficiency processes toward industrial feasibility, so that, at present, we can say that we know how a good solar cell must be made, but still we have to apply efficiently our knowledge to mass production. The work that we present in this paper, dealing with the application of lasers in photovoltaics to get high efficiency devices, places within the frame just mentioned.


Lasers, in fact, could be efficiently used to get processes that have proved to be reliable in increasing energy conversion, and that could be transferred soon to industry:


Reflectance reductions, in order to increase the amount of light penetrating the cell: this can be achieved by using optimized Anti Reflecting Coatings (ARC), better if together with a chemical or mechanical texturization step, this latter being obtained by using a suitable laser source.


Selective emitter formation. This step implies the front of the cell to be doped in two different ways: the zone under metallic contacts must be highly doped in order to minimize series resistance losses, while the illuminated area should be doped very lightly, so to lower photons absorption in this inactive region. By using this device design it is possible to obtain a good ohmic contact under the grid pattern, and to minimize absorption and transport losses in this region, and to maximize the effect of surface passivation4. Selective emitter structures could be made overdoping the contact area by means of a laser. 


Front contact grid patterning. Geometry of front contact must be designed to minimize the unilluminated area and to maintain a good carrier collection; a possible solution is the use of buried contacts, easily obtainable by laser grooving.


Effective surface recombination reduction. Surfaces, both front and back, are regions that act as sinks for carriers: growth of a thin layer of silicon dioxide minimizes front recombination; on the other side of the cell, back surface can either be entirely overdoped to get a Back Surface Field (BSF) that reflects carriers, or it can be covered with a SiO2 layer and then locally overdoped (localized BSF) to ensure electric contact. Localized BSF requires precise microelectronics steps, and could be realized by laser overdoping.


In this paper, we are going to describe our studies on laser application on grooving, texturization, and selective emitter formation.





2. System Description


Most used lasers for silicon processing are excimer and Nd-YAG. Excimers lasers can emit at very short wavelength, usually in the UV region, with high power and short pulse beams, they are particularly suitable for near-surface processing; on the other side, they generally need to be imaged through a mask for high resolution steps, and have relevant costs associated to safety and gas handling. Neodymium YAG are high energy, solid state, heavy duty lasers, in Q-switched mode the beam can be focused, so to reach values of energy density sufficient for melting and grooving, Nd-YAG fundamental harmonic of 1064 nm can be easily doubled and allows processes confined to wafer surface; these lasers are commonly encountered in industries, due to their easy of maintenance and flexibility.


The choice of our system has been made taking into account advantages and disadvantages carried by the different types of lasers together with the physical properties of silicon, whose band to band absorption starts at 1100 nm; we have supplied our laboratory with a Nd-YAG laser, that can offer the additional advantage of working with an instrument of large industrial use and is reliable in terms of maintenance and available power for silicon processing. This system, in addition, can be easily upgraded to get higher harmonics.


Our Nd-YAG laser system is produced by the Italian firm AUR.EL., Modigliana (Forlì), and it has the following characteristics at 1064 nm:





CW power multimode			40 Watt


CW power TEM00			14 Watt


Q-switched power (1 kHZ, TEM00)	4 Watt


Pulse width				150 ns


Peak power				40 kWatt


Beam divergence				2.5 mrad


Neodymium 1064 nm fundamental harmonic is absorbed by silicon with an absorption coefficient of 11.1 cm-1, penetration depth is almost 900 mm, well above the thickness of a single wafer (usually 300 to 500 mm); at this wavelength, Nd-YAG is used for grooving, thanks to the high power available in Q-switched mode that leads to silicon vaporization. Near-surface processing can be made by using second harmonic (532 nm): absorption coefficient for green light is 8300 cm-1, with a penetration depth of about 2 mm. Better results, in terms of shallow treatments, can be achieved thanks to third and fourth harmonics, but this opportunity is paid with a growing complexity of the system.


On our system, second harmonic is obtained by using a KTP non-linear crystal placed intra-cavity and anti-reflecting coated to minimize reflectances, removal of the fundamental harmonic from the outgoing beam is made by using a spatial separator system made of prisms and mirrors, coated to minimize losses, so to have pure 532 nm light at the exit of the separator; maximum output power for second harmonic is 1.1 Watt in multimode and at 5 kHz. Prior to this set-up, a LBO crystal cut at Browser angle and placed inside cavity was used, this configuration gave an higher output power than the actual one, but was also less stable, so that we decided to move toward a more stable configuration. The wavelength is selected by placing and removing the KTP crystal and the separator, so that the laser system must be properly set each time the wavelength is changed.


The optics that leads the beam onto the sample is fixed, and it is composed by a suitable combination of beam expanders and objectives, a 45° angle mirror is positioned between beam expander and objective to make the beam impinge vertically on the sample; spot size is usually inferred from the direct measurement of the melted or vaporized zone.


The sample, usually a wafer, is placed on a X-Y motorized slit having a resolution step of 2 mm, computer controlled, a suitable software controls slit movements and laser light. Total excursion of the slit is 140 mm on each axes, and the maximum speed is 50 mm/s: these numbers surely are not feasible for industrial process speeds, but they allow a good research work; a further step forward industrial scalability of our processes will be made once a galvanometric system, allowing a maximum speed of  3000 mm/s, will be available: this system is going to be set-up and tested within the next few months, and is composed by computer controlled galvanometric mirrors, a focusing lens, and a real-time self-correcting software for aberrations removal. All the material described has been properly assembled in tight collaboration with AUR.EL. industry





3. Laser Texturing and Grooving





Texturing


Texturization consists in the formation of a pyramidal structure on the surface of the wafer, which traps the light by multiple reflection, thus reducing losses by reflection. On high efficiency devices, the combined use of texturization and ARCs decreases effective reflectance down to a value of 1.5 % - 2 %. Texturization is normally achieved, in the case of single crystalline silicon, by means  of anisotropic etching solutions, slower in some crystallographic directions respect to others.


On the contrary, in the case of polycrystalline silicon, due to the grain disorientation, chemical texturization results only in a partial texturing effect. 


Laser texturing of the cell surface is a possible way of overcoming this difficulty, and has been set-up at our laboratories. Where both V-grooved or pyramidal surface structures have been obtained, by closely grooving or by forming a cross-hatched pattern by the laser (Fig. 1). In order to find the best working conditions, we realized several test patterns on polycrystalline substrates, formed by two sets of orthogonal, parallel grooves. All the adjustable parameters, such as groove pitch (distance between groove axis), lasing power, substrate-to-lens distance and sample translation rate have been varied.


After the laser process, the sample was chemically cleaned to remove melted residues by using the following recipe: 


NaOH 15 % (15 C 30 min) + HCl (5 min).


Use of NaOH to get anisotrpic etching is common in microelectronic silicon processing, in our case both recipe and time have been tested to match our requirements. Part of this work has been carried out in connection with Eurosolare, an Italian PV industry, according to their usual etching recipes, so to make possible an easy transfer of this process to a true industrial line.


After the final etch, the height of pyramids was of about 25 mm.


�
�





FIG. 1. SEM micrograph of polycrystalline silicon laser textured surfaces: pyramidal structure.


�FIG. 2. Reflectance curves for a textured sample with and without (lower curve) an ARC.





�
To study the effects of our process, total reflectance measurements have been then performed on the samples using a Perkin Elmer 330 spectrophotometer. The obtained spectrum was then weighted with the solar spectrum to get the effective reflectance of the wafer, according to the formula:





�EMBED Equation.3���





On top of same sample we deposited also an ARC film, to check the combined effect of such a layer together with the texturing. Typical curves of a good quality laser textured sample with and without an ARC are shown in Fig. 2, the sample being with about 950 Å of SiO on top. In Table I we report some of the most interesting values obtained, with reflectance spectra reported for samples with a suitable ARC layer deposited on top, as well as some process variables. As it can be seen, laser texturization process lowers the effective reflectance to less than 10 %, while the addition of an ARC pushes down this value to about 4 %. It is worth noting that TiO2 layers have been deposited by using a production process facility.


Cornering laser parameters, we varied the slit speed up to 40 mm/s, the repetition rate was 5000 Hz; lens focus was kept at 23 cm and laser power below 2.5 Watts. Values of the pitch, have been continuously varied from 40 to 70 mm.


We used the 532 nm green light, which allowed us to get patterns with melted material deposited into the grooves lower than what obtained with the 1064 nm beam; besides, this process gave also smaller pyramids height. 





Pattern�
Groove Pitch (mm)�
Reff (%)�
ARC (A)�
Reff (%)�
�
V - groove�
40�
10.0�
950, SiO�
4.7�
�
�
50�
13.6�
950, SiO�
5.8�
�
Pyramid�
40�
10.5�
950, SiO�
4.1�
�
�
40�
10.5�
1400, TiO2�
4.3�
�
�
40�
11.3�
800, TiO2�
3.6�
�
�
40�
11.3�
1600, TiO2�
5.2�
�
�
50�
8.7�
950, TiO2�
3.9�
�
�
50�
8.7�
800, TiO2�
4.4�
�



TABLE I. Most significant numbers of the laser texturization set up and results with and without an ARC.


Smaller pyramids made therefore the effective reflectance lowering less efficient; on the other hand, this fact allowed us to test the effectiveness of our process in a screen printed production line, where too high patterns make metal contacts formation impossible.


Moreover, to adapt the texturing sequence to the screen printed process, further adjustments have been made to it. Laser textured cells have been then fabricated, on 100 sqcm polycrystalline silicon wafers, on the Eurosolare screen printed production line, with results published elsewhere5.





�
Still keeping in mind the possible occurrence of laser induced defects, we tested their presence by preparing, on the same wafer, 2x2 sqcm textured and untextured solar cells and measured the internal spectral response.


Spectral response is a measure of the ideality conversion factor of a cell: it is made by dividing the maximun output current at every wavelength by the ideal one, equal to the number of photons by the electron charge; in internal spectral response we get rid of the reflectance losses by condidering only the entering ligth: it is directly connected to physical properties of the material, so that we can measure changes in the bulk.


Spectral response pictures are reported in Fig. 3: there is almost no difference between the two curves, that is, no damage or appreciable change was induced in the material by our laser texturing process.








�


FIG. 3. Internal spectral responses of textured and untextured solar cells.





�



Laser grooving for high efficiency solar cells


Laser grooved solar cell technology, originally developed elsewhere /3,6/, is one the ways to obtain high efficiency devices (buried contact solar cells). According to this technology, on the surface of a lightly diffused wafer, grooves are opened through a silicon nitride layer by using a laser scriber. After a second heavy diffusion into the grooves, metal contact is formed into the scribes by electroless deposition.





�
We have used our Nd-YAG laser to set-up, at our laboratories, the fabrication process of selective emitter, buried contact solar cells on mono and polycrystalline silicon. After a POCl3 open tube diffusion, we deposited a Si3N4 layer by a plasma assisted CVD; then, by using the laser, we scribed grooves through the film, according to the procedure reported above. Subsequently the BSF formation, a Nickel electroless deposition was performed to get the front contact. 


All the most significant laser working parameters, such as peak power, repetition rate, optical set up, wafer translation velocity, have been studied. Also, the use of the second harmonic have been tested ad compared to previous results.


Furthermore, we have found the best cleaning recipes, in order to remove lasing residues, giving origin to a crystalline, well shaped groove, as shown in Fig. 4.








�





FIG. 4. SEM micrograph of a laser grooved finger. The thin white line inside the V-shaped patterns is due to the deposition of electroless Nickel.





�
Last, the possible laser induced damages in several operating conditions and for different chemical post treatments have been investigated, and the results have been reported at 12th European PVSEC6.


Typical photovoltaic performances of our first batches of laser grooved cells produced at our laboratory are: Voc=600 mV, Jsc=31 mA/sqcm, FF=81, resulting in an efficiency value higher than 15 %; these numbers are summarized in Table II, in next paragraph. In particular, the very high value of FF is due to the optimization of the electroless contacting inside the grooves, while work on the silicon nitride layer has still to be done to increase Jsc values. 





4. Laser Doping


Beside grooving, lasers’ ability to heat locally a semiconductor surface can be utilized in some interesting process, like annealing and dopant incorporation. The latter is by far the most peculiar application and has been successfully used to induce doping in GaAs7 and crystalline silicon8, 9, and it appears that laser doping is a reliable tool to overcome actual problems and challenges connected to furnace diffusion, or ion implantation; suitable sources, like excimer lasers, can easily fulfil today’s requirements of microelectronic industry for ultra shallow junctions, while other sources can be used to get precise doped patterning, thanks to their focus ability.


Doping from laser sources happens during silicon melted phase, to reach melting temperature of silicon, about 1400 C, laser fluence must be of the order of 0.5 J/cm2 for excimer lasers and 2-2.2 J/cm2 for frequency doubled Nd-YAG; melting depths varies according the used wavelength, and ranges from 20 nm to 1 mm. Dopant incorporation in such short pulse time is possible thanks to higher values of diffusion constants of dopant atoms compared to those of solid phase (four orders of magnitude for phosphorus and almost six for boron). The depth of the junction is limited both by the used wavelength and the impinging power, while the total amount of incorporated dopant depends on the number of pulses and on the quantity of material available during silicon melting; re-crystallization starts from the bottom of the molten region and proceeds at a speed of about 5 m/s, due to this speed and to its nature of liquid phase epitaxy, re-crystallized silicon is usually dislocation-free, but formation of dopant-vacancy compounds is probable10.


The whole process lasts longer than the duration of the laser pulse, due to bounds to heat dispersion, and it is usually approximate by means of an unidimensional, instantaneous process. Satisfactory models are available11 although a complete, precise description of the process has not yet been done; difficulties connected to this task are due to: 1) usual thermodynamic parameters, like temperature itself, are meaningless when thermal gradients can reach values of 107 K/cm, that is to say some Kelvin per atomic layer, and 2) limitations of the knowledge of diffusion mechanisms in melted materials, together with the behaviour of optical constants.


In photovoltaics, fabrication of solar cells having emitters made entirely by laser has been studied with good results12. As previously said, actually a more correct approach to high efficiencies is to use lasers in silicon solar cells processing to get a selective emitter configuration through the creation of precise overdoped regions, that must extend under the metallic front contacts.





Gas Phase Doping


Doping from a gaseous source is one of two ways known so far to get laser doping. Gas sources are not entitled for industrial applications, as they are not easy to handle and need a suitable vacuum system for gas removal, but they represent a true infinite source and do not need any deposition on wafer surface, but a simple cleaning, so to allow a detailed study of incorporation mechanisms and of its limits.


Gas used in this study are PCl3 for phosphorus doping and BCl3 for boron doping, in our experiments we have used so far only PCl3. Compared to other gases, like PH3, these gases are much safer to handle, but some precaution concerning the vacuum system is required, as they are liquid at room temperature and atmospheric pressure.


As reported in literature9, incorporation rate of dopants is affected by the surface status, with adsorbed layers that forms on the surface being the main dopant source.


Our vacuum system consists of a stainless steel reactor covered on top by a quartz glass, with samples hosted on a Teflon sample holder; high vacuum pumping is performed by using a turbomolecular pump, while a chemical rotary pump is used for gas purge. The weight of the reactor is limited because it must be placed onto the motorized slits, for this reason pumps are placed at a certain distance from the reactor, limiting the high vacuum pressure to a value slightly higher than 10-5 mbar. Distance between wafer and lens objective is adjusted to get a smooth trail with a width around 30-35 mm, this condition is achieved by working outside the focusing region of the lens; in Fig. 5 it is shown a finger joining the bus bar of the grid, the molten region is clearly visible, and can be processed without difficulty to get solar cells. Repetition rate and slit speed were adjusted to get almost 10 shots per point on  a single line, while bus bar and extended patterns had a lateral overlap of about 10 %.


Boron doped 1 W cm CZ or FZ silicon wafers have been used for measurements, the wafers, four inches of diameter, were placed in the vacuum reactor prior a cleaning in HF : DI (1 : 10) to remove oxide. On a single wafer it is possible to host two grids about (over 4 cm2, with lateral dimensions of 20 mm x 20.3 mm) and four to six squares patterns (1 cm x 1 cm and 0.5 cm x 0.5 cm), measurements of sheet resistance, SIMS and stripping-Hall profiles, and diodes characteristics have been obtained by using square patterns, while doped grids have been used for dark I-V and SEM - EBIC scans. 
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�





FIG. 5. Particular of a finger ending in the bus bar of a laser doped pattern. This picture has been taken by using an optical microscopy. 


�


FIG. 6. SIMS profile of three samples. Curve 90a refers to a 90 W/o classically doped wafer, D17 and D13 are laser overdoped samples, respectively 35 and 17 W/o.


�






Flows of gas have been avoided by filling the reactor up to the working pressure prior any run, in order to minimize risks, working pressure of  PCl3 is measured by a piezoelectric gauge, and is kept in the range from 1 to 100 mbar to prevent any condensation (at 293 K, PCl3 vaporizes below 150 mbar). Gas pressure was the only parameters connected to dopant that has been changed, within the mechanical precision of our system, by acting on laser power and on gas pressure, sheet resistances values could be varied between 80 and 17 W/o.


Doping profiles have been measured by using both SIMS and stripping-Hall techniques. By using SIMS profiles we could check the depth of the doped region, over 1.2 mm for most samples, indicating a fluence around 2 J/cm2; stripping-Hall profiles were used together SIMS to get informations on electrically active dopant atoms, and showed the absence of dead layers in most measurements.


In Fig. 6 we report SIMS doping profiles of a classically doped sample (90a, 90 W/o), used to study our first selective emitter devices, and of two laser doped patterns. Most doped pattern was obtained at higher laser power and it has a sheet resistance of 17 W/o, the other one is 35 W/o; from Fig. 6 it is possible to see that the use of laser induces a doping profile quite different from the erfc(x, t) of a classical thermal diffusion, mainly due to the higher values of diffusion constants, carrier surface concentration is 2 1020 cm-3, good for contact formation.


Fig. 7 shows secondary emission and EBIC images of the same finger. From EBIC, Fig. 7b, it is possible to see that the electrical width of the doped area is larger than the morphological one of about 20 mm, Fig. 7a. From these pictures we can tell that the real doped pattern is somewhat larger than optical width, meaning it that there is a region where laser process is present with an optically perfect surface reconstruction; taking into account the new width, we can find a perfect agreement between guessed and computed laser fluences. It must be noticed that in EBIC picture a dark region is present at the centre of the finger, this stripe is due to an excess of laser power in that zone, connected to the spatial distribution of the beam, and shows an highly recombining area; the presence of this zone can be avoided by adjusting the laser power, but it does not jeopardize cell performances, as it is confirmed by many measurements.








�
� a)





� b)


�
FIG. 7. SEM secondary electron a), and EBIC picture b) of a finger.











Cell�
D11_1�
Ref 90�
LD 2_2�
60301C1�
�
Sheet Res�
90 �
90�
125�
90�
�
Area (cm2)�
5.3�
5.3�
5.3�
4.8�
�
Technique�
CTP + LSE + Photolitho�
CTP +


 Photolitho�
RTP + LSE +


Photolitho�
Buried Contacts�
�
SiO2�
No�
No�
No�
Yes�
�
ARC�
TiO2+SiO2�
TiO2+SiO2�
TiO2+SiO2�
Si3N4�
�
Front�
Ti, Pd, Ag�
Ti, Pd, Ag�
Ti, Pd, Ag�
Ni elect./Ag gal.�
�
Back�
Al�
Al�
Al�
Al�
�
FF (%)�
80�
76�
75�
81�
�
Voc (mV)�
619�
597�
616�
600�
�
Jsc (mA/cm2)�
33.3�
33.4�
34.7�
31�
�
h (%)�
16.5�
16.0�
16.0�
15.10�
�
Rsh(W)�
1,5x104�
6 x103�
>104�
�
�
Rs (W)�
.21�
.14�
.15�
.2�
�
Jo (A/cm2)�
3x10-11�
4x10-11�
4.5x10-11�
�
�
n�
1.2�
1.2�
1.3�
�
�



TABLE II. Results for solar cells made by using different methods. CTP stands for Classical Thermal Process, RTP for Rapid Thermal Process, and LSE for Laser Selective Emitter.





After having set up doping parameters, many selective emitter solar cells on 90 W/o classically diffused wafers have been produced, some cell was made on wafers with no selective emitter as reference, all wafers have been processed by using microelectronic facilities.


Results are reported in Table II, they show a conversion efficiency of 16.5 % for the selective emitter structure and a value of 16 % for the simpler one; by comparing these data with the numbers of the dark I-V characteristics, we can see that: 1) selective emitter starts to be effective for shallow doping also if the carrier surface concentrations are equal, as deeper junctions increase carrier collection; 2) dark measurements indicate that laser overdoping is not detrimental for cell junction characteristics. For the near future, we plan to start experiments to get boron doped samples by using BCl3, this gas is quite similar to phosphorus triclorhyde, and it should allow us to obtain BSF and localized BSF structures.


As far as the industrial scalability of laser doping is concerned, as previously said, gases are infinite, reliable sources to study laser induced doping, but, on the other hand, a future industrial process is not likely to use gases and vacuum apparatus for production: the problem can arise if it is possible to keep effective laser overdoping process in an on-line process. To overcome this dilemma, our group is actively studying two solutions that could lead to a large application of lasers in photovoltaics.


The first one is to apply laser doping to screen printing processes. Screen printing is a fast, good quality step that photovoltaic industries use to contact solar cells, its major drawback is that it needs heavily doped emitters for suitable application, so that selective emitter structures are difficult to obtain. The solution we propose is to use laser overdoping to get the deep contact region, and to create by means of the lasers marks on the wafer for easy optical recognizing and positioning. Tests made so far in our laboratories, where a screen printing facility specially designed for this application is available, have succeeded in developing a high definition shape for good re-alignment of the doped grid; solar devices will be made and tested within next months.


The second solution devised consists in an extended use of processes with low thermal budget, with the aim to drop the costs of manufacturing of a solar cell, still maintaining as much high efficiency steps as possible; this idea is the core of the program LowThermCells, funded by the European Council, and that joins laboratories from Italy, France, Germany, and Belgium.


The process envisaged relies on Rapid Thermal Processes: RTPs are able to create quickly (30 to 120 s) a very shallow, low doped emitters, in addition, they can allow simultaneous creation of front emitter and BSF. Starting from spin-on dopant sources, previously deposited, a solar cells can be easily made thanks to a suitable RTP, after basic device creation, the cell can subsequently be overdoped by means of a laser and, at last, screen printed contacted. 


Combined use of RTP and laser overdoping has been extensively studied in tight connection with the PHASE-CNRS group of Strasbourg, France. Results obtained so far have been very encouraging, showing the possibility of creating a selective emitter structure by using the same doped oxide deposited by spin-on, left on the wafer13. Small area devices obtained from PCl3 overdoping a 150 W/o RTP emitter have shown a short circuit current of 34.7 mA/cm2, a result very promising for future applications.





5. Conclusions


Lasers can be usefully used to get high efficiency devices by replacing difficult and energy consuming steps, like selective emitter formation, with easily achievable, localized ones. In addition, coherent sources can be applied without problems in working on both large and small areas, so to facilitate any passage from laboratory to industrial scale. Lasers turn out to be important also in silicon solar cells processing: lasers’ ability in vaporizing and melting silicon, in fact, has been used to get grooved buried contact cells, textured structures, and to create easily localized overdoped regions.


Our results show that laser overdoping can easily give a selective emitter structure, with efficiency over 16 %; besides, laser texturing and grooving, where lasers vaporizes silicon, have proved to be a reliable tools for absorption enhancement and for high efficiency grid patterning and carrier collection. All these processes may allow, in future, a tangible increase of device performances and photovoltaic market, this last connected to an easy transfer of laser techniques to large industrial production lines.


Results obtained so far in our laboratory on laser scribing, texturing, and doping are very encouraging, and show chances for further developments.
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