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Method for producing solar cells with local back 
surface field (LBSF) 

The present invention relates to a process for the production of solar cells 

having a local back surface field using printable etching pastes. 

Prior art 

For the production of silicon solar cells, it is known to coat the latter with a 

passivating antireflection layer on the front surface and to provide them with 

metallisation over the entire back surface (back surface field). For this metal-

lisation, use is usually made of an aluminium-based screen-printing paste, 

which is baked at sintering temperatures > 800°C. The low-melting Al/Si 

eutectic formed in this sintering process forms an alloy with the silicon sur-
face and has a p-doping action. 

In addition, contact points are usually printed on the back surface using silver 

paste. These are necessary for the soldering of the cells to the module. The 

back surface busbars printed using silver paste can be applied in strips 

(below the front surface busbar) and can have twice the width of the front 

surface busbar. 

The back surface design of a standard solar cell is employed in many vari-
ants in production. 

A description of this technology is given in the publications: 

P. Choulat et al; 22nd European Photovoltaic Solar Energy Conference 

(2007), Milan, Italy 

and 

G. Agostinelli et al, 20th European Photovoltaic Conference (2005), Barce- 
lona, Spain 

In addition, the literature indicates the optimisation of the back surface field 

through the use of an oxidic passivation layer as replacement for a full-area 

aluminium layer. The back surface contact here is produced via small dot or 
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line contacts using the p-doped aluminium. This special back surface contact 

structure is known as a local back surface field (LBSF). 

The method for the production of a local back surface field (LBSF) structure 

that has been described and used the most frequently to date is carried out 

by laser. The thin aluminium layer here is melted with the silicon by means of 

laser through the oxide layer (SiO2  or A1203). An essential disadvantage of 

this method is, however, the damage to the silicon surface, resulting in an 

increased electron recombination rate at the surface. 

Novel cell concepts in connection with a local back surface field (LBSF) are 

described for highly efficient solar cells having an efficiency of greater than 

20% (MA. Green, J. Zhao, A. Wang, S.R. Wenham, Solar Energy Materials 

& Solar Cells 65 (2001) 9-16, Progress and outlook for high efficiency crys-

talline solar cells). 

The use of LBSF technology enables a significant increase in the efficiency of 

solar cells (better known from PERC — passivated emitter rear contact) of 

greater than 0.5% (absolute) to be achieved. In accordance with the known 

prior art, a double layer - consisting of aluminium oxide or SiO2 and silicon 

nitride - is applied to the back surface of the wafer (by means of PECVD) for 

back surface passivation. 

Figs. 1, 2 and 3 depict process flow charts of the requisite process steps 

which have hitherto had to be carried out in the production of solar cells 

having a local back surface field (LBSF). These production methods have 

already been introduced in the industrial production of solar cells. 

According to process variant A, as depicted in Figure 1, the production of 

solar cells having an LBSF comprises the following steps: 

1. Texturing of the surface with a pyramidal structure 

2. Phosphorus doping (650/sq diffusion of POCI3) 
3. Edge insulation using HF/HNO3  on the back surface and PSG etching 
4. Deposition of a passivation layer (SiO2  or A1203) and an SiNx  layer 

(PECVD SiNx) 
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5. Screen printing for metallisation of the surface (silver paste) and the back 

surface (aluminium paste) / sintering 

6. Laser contacting of the back surface aluminium with silicon 

According to process variant B, as depicted in Figure 2, the production of 

solar cells having an LBSF comprises the following steps: 

1. Texturing of the surface with a pyramidal structure 

2. Back surface polishing (etch-polishing using HF/HNO3) 

3. Phosphorus doping (65f2/sg diffusion of POCI3) 

4. Edge insulation using HF/HNO3  on the back surface and PSG etching 

5. Deposition of passivation layer (Si02  or A1203) and SiNx  layer (PECVD 

SiNx) 
6. Selective opening of the passivation layer and SiNx  layer by means of 

laser 

7. Screen printing for metallisation of the front surface (silver paste) and 

back surface (aluminium paste) / sintering 

Since 2011, a process variant C has been known, as depicted in Figure 3 

(presented at the PVSEC Conference 2011), which enables the production 

of solar cells having an LBSF which have higher efficiencies than variant B. 

This process variant C comprises the following seven steps, which are also 

depicted in Figure 3: 

1. Texturing of the surface with a pyramidal structure 

2. Back surface polishing (etch-polishing using HF/HNO3) 

3. Phosphorus doping (650/sq diffusion of POCI3) 

4. Edge insulation using HF/HNO3  on the back surface and PSG etching 

5. Deposition of a passivation layer (Si02  or A1203) and an SiNx  layer (PE-

CVD SiNx) 

6. Selective opening of the passivation layer and the SiNx  layer by means of 

etching paste (SolarEtch AQS printing, heating, rinsing) 

7. Screen printing for metallisation of the surface (silver paste) and back sur-

face (aluminium paste) / sintering 
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In this process variant, the wafer is chemically polished on the back surface 

using an HF/HNO3  mixture (removal of the texture) after the alkaline texturing 

(in the case of Cz-Si wafers) or the acidic texturing (in the case of me-Si 

wafers). The wafer is then treated with POCI3  at temperatures of about 800 —

850°C for about 25 min. During this treatment, phosphorus diffuses into the 

surface of the wafer. At the same time, the surface resistance is thereby 

adjusted to about 65 ohm/sq (O/sq). The edge insulation (opening of the p/n 

junction) is carried out by an HF/HNO3  mixture on the back surface of the 

wafer (equipment from RENA). For this etching step, the etch-bath concen-

tration and the residence time are adjusted in order to achieve the desired 

etching depth or the desired shunt value of the finished cell. A shunt value of 

30-40k0cm2  is usually set using back surface etching. 

The PSG glass on the front surface (phosphosilicate glass) is removed with 

the aid of hydrofluoric acid. The wafer is subsequently rinsed and dried and 

sent to the next production step, in which the passivation layer is deposited. 

The latter can be carried out by thermal deposition of SiO2  or, for A1203, by 

the ALD method (atomic layer deposition). An SiNx  layer is then deposited 

both on the back surface and also on the front surface. This corresponds to 

masking with an antireflection layer (ARC deposition) and is carried out by 

means of plasma enhanced chemical vapour deposition (PECVD) of silicon 

nitride (SiNx). The SolarEtch AQS etching paste is printed onto the back 

surface by means of screen printing (dot pattern with a diameter of about 70-

100 um) and activated in a belt furnace at 390°C. The etching paste is then 

rinsed off using a 0.1% KOH solution in an ultrasound bath, rinsed with DI 

water and dried. After a silver paste has been printed on for front surface 

contacting and an aluminium paste has been printed on as local back sur-

face field, the wafer is dried by heating in a belt furnace (fired). 

Disadvantages of this process for the production of solar cells having a local 

back surface field (LBSF) are both the large number of process steps, which 

are time-consuming and expensive, and also the high consumption of 

HF/HNO3. 
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Objective 

The object of the present invention is therefore to provide a process for the 

production of solar cells having a local back surface field and high effective-

ness which can be carried out simply and enables time and costs as well as 

process steps to be saved. The object of the present invention is also to 

make the processes more environmentally friendly, and, for example, to 

restrict or if possible avoid the use of HF and HNO3. 

Subject-matter of the invention 

Experiments with various etching-paste compositions have surprisingly 

shown that this object can be achieved by the use of novel KOH-containing 

etching-paste compositions and by a simultaneous modification of the proc-

ess. 

The present invention thus relates to a process for the production of solar 

cells having a local back surface field (LBSF), which is characterised in that 

the back surface polishing and the back surface edge insulation are facilita-

ted one process step with the aid of an alkaline etching paste. In a further 

process step, the contact windows are etched into the back surface multi-

layer (passivation layer and SiNx) with the aid of an acidic etching paste, 

where the acidic etching paste used has particular selectivity for silicon lay-

ers. 

In particular, this novel process according to the invention differs from proc-

esses known to date through the fact that the etch-polishing and edge insu-

lation are carried out without the use of HF/HNO3  mixtures. The use of an 

alkaline etching paste advantageously enables chemical exhaust-air cleaning 

to be omitted entirely. 

In a preferred embodiment, as depicted in Fig. 4, the process according to 

the invention for the production of solar cells having a local back surface field 

comprises the following process steps: 

I. Texturing of the surface 

II. Phosphorus doping (-65O/sq diffusion of POCI3) 
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III. Etching of the back surface by means of an alkaline etching paste, by 

means of which the surface is polished and at the same time the p/n 

junction is opened, where the etching paste is printed onto the back 

surface using stencil printing, activated in a belt furnace at about 150°C 

for 2 minutes, and the wafer is rinsed with DI water, 

IV. Coating of the back surface with Si02  or A1203  passivation layer (15-

30nm) and subsequent coating of the back surface and front surface with 

silicon nitride (70-100nm) by means of plasma enhanced chemical 

vapour deposition (PECVD - SiNx) 

V. Printing-on of the etching paste by means of screen printing, heating in 

the belt furnace and rinsing with DI water. 

VI. Screen printing for metallisation of the front surface and the back surface 

with subsequent sintering (co-firing). 

In modified form after changing the sequence (Figure 5), the process accord-

ing to the invention for the production of solar cells comprising a single-step 

emitter comprises the process steps: 

I. Texturing of the surface 

II. Phosphorus doping (-650/sq diffusion of POCI3) 

III. Etching of the back surface by means of an alkaline etching paste, by 

means of which the surface is polished and at the same time the p/n 

junction is opened (printing of the etching paste onto the back surface 

using stencil printing, activation in a belt furnace at about 150°C for 

2 min, rinsing of the wafer with DI water) 

IV. Coating of the back surface with Si02  or A1203  passivation layer (15-

30nm) and subsequent coating of the back surface and front surface with 

silicon nitride (70-100nm) by means of plasma enhanced chemical 

vapour deposition (PECVD - SiNx) 

V. Opening of the Si02/SiNx  layer or A1203/SiNx  layer by means of laser (dot 

openings with a diameter of about 70um) 

VI. Screen printing for metallisation of the front surface and the back surface 

with subsequent sintering (co-firing). 

A contribution is made to achieving the object according to the invention by, 

in particular, the use of an alkaline etching paste, which preferably comprises 

NaOH, KOH or mixtures thereof as alkaline etching component and which is 
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described in the process described for the production of solar cells having a 

local back surface field. Particular preference is given in this connection to 

etching pastes which comprise KOH as etching component. 

Particularly suitable for this purpose are KOH-containing etching pastes 

which comprise KOH in an amount of 5 to 40% by weight. 

Besides the KOH, pastes according to the invention comprise a solvent or 

solvent mixture. Solvents which are particularly suitable for this purpose are 

in this case solvents selected from the group glycerol, ethylene glycol, poly-

ethylene glycol, octanol, 1,3-propanediol, 1,4-butanediol, diethylene glycol 

monomethyl ether, diethylene glycol monoethyl ether, dimethyl sulfoxide and 

gamma-butyrolactone, each of which can be employed in pure form or in a 

mixture. The solvent or solvent mixture may be present in the paste in an 

amount of 20 to 70% by weight. 

These compositions furthermore preferably comprise at least one non-par-

ticulate thickener. In particular, these pastes comprise non-particulate thick-

eners selected from the group polyvinylpyrrolidone, polyacrylates, carboxy-

methylcellulose and hydroxypropylcellulose in pure form or in a mixture. Cor-

responding pastes which comprise a particulate thickener selected from the 

group carbon black, pyrogenic silicic acid, magnesium aluminium silicates 

and low-melting wax particles, in pure form or in a mixture, have particularly 

good properties. 

Very particularly suitable for use in the process according to the invention are 

pastes which comprise both non-particulate and also particulate thickeners. 

The pastes preferably comprise thickeners in an amount of 0.1 — 35% by 

weight, preferably in an amount of 0.5 -- 35% by weight. 

The use of a KOH-containing etching paste for the production of solar cells 

having an LBSF (local back surface field) gives solar cells having improved 

effectiveness. It has proven advantageous here to use etching pastes con-

taining phosphoric acid for opening the back surface passivation layer for the 

production of such solar cells having an LBSF by the simplified process. 
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Detailed description of the invention  

Experiments have surprisingly shown that very good etching results are 

achieved for phosphosilicate glass (PSG or phosphorus glass) through the 

use of a novel KOH-containing etching paste. It has been found to be par-

ticularly advantageous here that the underlying silicon layer can be etched 

simultaneously in one step. Experiments with the novel etching-paste for-

mulations have also shown that the use of the composition according to the 

invention both enables very good polishing results to be achieved and also 

the etching depth which can be achieved in a short time in the structured 

etching is sufficient for the opening of p/n junctions, with an etching depth of 

> 5 pm being achieved here. 

It has furthermore been found that the integration of the novel etching-paste 

compositions into the production process of solar cells having a local back 

surface field (LBSF) enables the process to be successfully simplified and to 

be made less expensive. The simultaneous etch-polishing and edge insula-

tion (p/n opening) of the underlying silicon layer enables the production of 

solar cells having an LBSF having higher efficiency by the improved process 

in accordance with the present invention. 

After the acidic texturing using HF and HNO3  or after alkaline texturing using 

KOH and isopropanol in the process according to the invention, the wafer is 

strongly doped over the entire wafer surface. For this purpose, the wafer is 

doped with phosphorus using POCI3  at temperatures of about 800-850°C 

during a residence time of about 30 to 90 minutes. Due to the doping, the 

conductivity of the cell front surface is adjusted to about 60 — 70 ohm/sq. The 

novel etching paste is subsequently printed onto the back surface of the Si 

wafer, preferably over the entire surface, by screen printing using a special 

screen layout or by means of a steel stencil and heated. The wafer surface is 

for this purpose heated to a temperature of 100°C to 150°C. The heating 

duration is 2 to 5 minutes. The heating is preferably carried out in a belt fur-

nace. During the heating step, both the PSG layer and also the silicon layer 

are etched. The etching is complete when an etching depth of >5pm has 

been reached. This is evident from the back surface beginning to shine 

strongly. After simple cleaning with DI water, the PSG glass (phosphorus 
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glass) on the front surface of the wafer is removed in the next process step 

with the aid of hydrofluoric acid. The wafer is rinsed again with DI water and 

dried. A passivation layer is then applied to the back surface. For this pur-

pose, Si02  can be applied with a layer thickness of 30 nm (by thermal sur-

face oxidation) or A1203  can be applied with a layer thickness of 20 nm (using 

atomic layer deposition). Silicon nitride is subsequently deposited on the 

back surface and on the front surface with a layer thickness of 90 nm by PE-

CVD. The SolarEtch AQS etching paste is printed onto the back surface as 

dot pattern (about 25,000 dots with a diameter of 90pm) (by screen printing). 

The wafer surface is subsequently heated to a temperature of 350°C to 

450°C. The heating duration here is between one and 5 minutes. The heat-

ing is preferably carried out in a belt furnace. During the heating step, both 

the SiNx  layer and also the Si02  or A1203  layer are etched. After this process 

step, the wafer surface is cleaned with 0.1-0.4% KOH solution in an ultra-

sound bath, rinsed with DI water and dried. The corresponding silver paste is 

printed onto the front surface for front surface contacting, while an aluminium 

paste is printed onto the back surface in the intended areas for back surface 

contacting. For this purpose, use is preferably made of special LBSF alu-

minium pastes, which have a reduced glass frit concentration (for example 

Solamet®  LBSF aluminium pastes from DuPont). The printed wafers are 

finally heated in the belt furnace and dried. 

The process according to the invention for the production of solar cells hav-

ing a local back surface field using the etching-paste compositions according 

to the invention accordingly comprises the following process steps, which are 

reproduced in Figure 4: 

1. Texturing of the surface with pyramidal structures 

2. Phosphorus doping (-650/sq diffusion of POCI3) 
3. Etching of the back surface using the etching paste according to the 

invention, by means of which the surface is polished and at the same 

time the p/n junction is opened (printing of the etching paste onto the 

back surface by stencil printing, activation in a belt furnace at about 

150°C for 2min, rinsing of the wafer with DI water 

4. PSG etching using HF (PSG: phosphosilicate glass) 
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5. Coating of the back surface with SIC)2 or A1203 passivation layer and 

coating of the back surface and frort surface with silicon nitride [PECVD - 

SiNx  (PECVD: plasma enhanced chemical vapour deposition)] 

6. Selective opening of the passivation layer and the SiN, layer by means of 

etching paste (SolarEtch AQS prirtiag, heating, rinsing) 

7. Screen printing for metallisation of the surface (silver paste) and back 

surface (aluminium paste) I sintering in the belt furnace. 

Compared with the known processes for the production of solar cells having 

a local back surface field (LBSF), the process according to the invention 

comprises fewer process steps. It is this possible, by means of the modified 

process using the etching-paste compositions according to the invention, to 

save both time and also chemicals which would have been necessary for the 

two omitted steps. At the same time, the entire production process thus also 

becomes less exoensive. 

For the production of solar cells having a local back surface field (LBSF), the 

process according to the invention and the solar cells produced thereby 

exhibit the following advantages over the known processes A, B and C 

described above: 

1. Fewer process steps for the prodt, dion of solar cells comprisng selective 

emitters 

2. Lower costs for carrying out the entire process 

3. More environmentally friendly process, since an etching step (polishing 

step) using an acid mixture consisting of an HF/HNO3  mixture is superflu-

ous and the formation of nitrous gases is thus avoided 

4. Higher efficiency, or higher cell effic encies than standard solar cells 

Besides these process advantages anc the higher efficiency of the solar 

cells produced, it has been observed that the back surface of the wafer has 

very low roughness after etching using the novel, alkaline etching paste 

according to the invention. This low roughness significantly reduces the 

electron recombination rate. The latter in turn has a positive influence on the 

efficiency of the solar cell produced. 
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In particular, these advantages are effected by the use of an alkaline etching 

paste in process step 3. NaOH, KOH or mixtures thereof may be present 

therein as alkaline etching component. Preference is given to etching pastes 

which comprise KOH as alkaline etching component. The corresponding 

alkaline pastes comprise the alkaline etching component in a concentration 

in the range from 5 to 40% by weight on, based on the entire composition. 

The concentration of the etching component is preferably in the range from 

10 to 37% by weight. The concentration is particularly preferably in the range 

from 12 to 35% by weight of KOH or KOH and NaOH in a mixture. 

Experiments have given particularly good results with compositions which 

comprise KOH in a concentration of 20 to 35% by weight. Apart from water 

as solvent, solvents selected from the group glycerol, ethylene glycol, 

polyethylene glycol, octanol, 1,3-propanediol, 1,4-butanediol, diethylene 

glycol monomethyl ether, diethylene glycol monoethyl ether, dimethyl 

sulfoxide and gamma-butyrolactone, in pure form or in a mixture, may be 

present in the alkaline etching pastes used in accordance with the invention. 

These solvents can be added to the composition in an amount of 20 to 70% 

by weight, preferably in an amount of 20 to 60% by weight, particularly 

preferably in an amount of 20 to 40% by weight. For thickening, the paste 

comprises non-particulate thickeners selected from the group polyvinyl-

pyrrolidone, polyacrylates, carboxymethylcellulose and hydroxypropyl-

cellulose, in pure form or in a mixture. Furthermore, particulate thickeners 

selected from the group carbon black, pyrogenic silicic acid, magnesium 

aluminium silicate and low-melting wax particles can be added to the paste. 

These particulate thickeners can be added in pure form or in a mixture. 

Depending on the choice of thickener, thickeners may be present in an 

etching paste of this type in an amount of in total 0.1 to 35% by weight. 

Preferably, the thickener concentration in a corresponding etching paste 

having good etching properties is preferably between 0.5 and 35% by weight. 

Figure 6 shows a photo of the surface of an untreated wafer compared with a 

wafer after treatment with the etching paste according to the invention. After 

the etching step using the alkaline etching paste, the smooth reflective sur-

face is clearly evident. 
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Figure 7 shows the surface profile of a partially etched wafer. For demon-

stration, half of the surface of the wafer has not been printed and etched 

using the etching paste according to the invention. It is thus possible to 

measure the untreated and etched sides in one measurement operation. 

As already stated above, the selective opening of the passivation layer and 

the SiNlx  layer can be carried out using etching pastes as commercially avail-

able, for example, under the name SolarEtch AQS. These etching pastes, 

which are described in greater detail, inter alia, in WO 03/034504 Al, are 

HF/ fluoride-free etching media which dre suitable for the etching of inorganic 

layers and also for the. They usually comprise, as etching component, 

phosphoric acid and/or salts thereof, which are decomposed to the 

corresponding phosphoric acid on heating. Owing to their pasty form, the 

etching pastes can be applied selectively to the surface regions to be 

opened, so that local openings of the wafer surface can be produced on 

subsequent heating at temperatures in the range from 250 to 350°C for 30 to 

120 seconds. For the application according to the invention, suitable 

compositions are those which comprise, as etching component, ortho-

phosphoric acid, meta-phosphoric acid, pyrophosphoric acid, or salts thereof 

and here in particular the ammonium salts ((NH4)2HPO4, NH4H2PO4, 
(NH4)3PO4) and other compounds which form one of these compounds on 

thermal decomposition thereof, in adequate concentration, so that they are 

capable, at temperatures above 250°C, of completely etching away silicon 

nitride layers of layer thickness 70 nm within a few seconds to minutes. 

Besides the etching component, these etching pastes comprise solvents, 

thickeners and optionally additives, such as antifoams, thixotropic agents, 

flow-control agents, deaerators, adhesion promoters. The etching 

component is present in the composition in the concentration range 1 - 80% 

by weight, based on the total weight of the etching paste, preferably in the 

moderate to upper concentration range. The proportion of the solvent in the 

composition can be in the range 20-80% by weight, preferably in the lower to 

moderate range, based on the total weight of the etching paste. Suitable 

solvents can be pure inorganic or organic solvents or mixtures thereof, such 

as water, simple and/or polyhydric alcohols, ethers, in particular ethylene 

glycol monobutyl ether, triethylene glycol monomethyl ether, or [2,2-

butoxy(ethoxy)]ethyl acetate. Furthermore, the proportion of the thickener 
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present in the paste, which is necessary for specific setting of the viscosity 

range and in principle for achieving printability of the composition, i.e. for the 

formation of a printable paste, is in the range 1 - 20% by weight, based on 

the total weight of the etching paste. Thickeners which may be present are 

organic or inorganic products or mixtures thereof, such as, for example, 

cellulose/cellulose derivatives, such as ethyl-, hydroxypropyl-, hydroxyethyl-, 

sodium carboxymethylcellulose, or starch/starch derivatives, such as sodium 

carboxymethylstarch (vivastar®), or anionic heteropolysaccharides), acryl-

ates (such as Borchigel®), polymers, such as polyvinyl alcohols (Mowiol®), 

polyvinylpyrrolidone (PVP), or highly disperse silicic acids, such as Aerosil®. 

Both types of thickeners, organic and inorganic, can also be combined as 

desired. Additives optionally present can be antifoams, thixotropic agents, 

flow-control agents/antiflow agents, deaerators and adhesion promoters. 

For selective metallisation of the surface using a silver paste, corresponding 

screen-printable compositions can be used, as marketed, for example, by 

Dupont under the trade name PV145 Conductor®  or by Metalor®  under the 
trade name MetPaste HeliSi15718e. Pastes of this type can contain silver in 

an amount of 50 to 80% by weight, based on the total weight, and solvents 

or solvent mixtures, further organic additives and water, as well as inorganic 

oxides, such as zinc oxide, silicon dioxide, thallium oxide, lead in glass frit. 

Inter alia, substances such as 2,2,4-trimethy1-1,3-pentanediol monoisobutyr-

ate, dibutyl phthalate, terpineol, 2-(2-butoxyethoxy)ethyl acetate or ethyl-

cellulose may be present, in each case in matched amounts, giving screen-

printable pastes. The compositions should be selected here in such a way 

that the heating after the metallisation pastes have been printed on results in 

the formation of conductive metal layers which no longer contain any interfer-

ing organic substances by means of which the conductivity would be 

impaired. 

As already stated above, the metallisation of the back surfaces is carried out 

using aluminium pastes which are likewise screen-printable and can be sin-

tered by heating at elevated temperatures to give corresponding conductive 

coatings. Suitable pastes are marketed by PEMCO EUROINKS S.r.l under 

the name AG/AL 8205 PC silver aluminium pastes. Corresponding alumin-

ium pastes comprise at least 1 to 10% by weight of aluminium besides silver 
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in an amount of 50 to 85% by weight and may comprise corresponding sol-

vents and additives, like the silver pastes described above, where the spe-

cifically mentioned aluminium paste comprises enamel frit based on borosili-

cate glass in an amount of 1 — by weight, lead compounds in an amount of 

1 — 5% by weight and alpha-terpineol in an amount of less than 20% by 

weight. Like the silver pastes described above, screen-printable aluminium 

pastes are also employed here in the process according to the invention. 

Correspondingly, the aluminium pastes must on the one hand be capable of 

being printed well and on the other hand must adhere well to the surfaces, 

so that they can be printed selectively and bond well to the layers of the 

wafer at high temperatures and form a uniform conductive metallisation 

layer. 

For the production of monocrystalline or multicrystalline solar cells, corre-

sponding wafers are basically typically cut out of solid drawn silicon rods or 

cast silicon blocks using a wire saw (Diet) J., Helmreich D., Sirtl E., Crystals : 

Growth, Properties and Applications, Vol. 5 Springer Verlag 1981, pp. 57 and 

73). An exception is formed by the silicon drawn by the EFG method (edge-

defined film-fed growth) (Wald, F. V.; Crystals : Growth, Properties and 

Applications, Vol. 5 Springer Verlag 1981, p 157). 

For the production of solar cells having a local back surface field (LBSF) by 

the process according to the invention, it is possible to employ monocrystal-

line or polycrystalline silicon wafers produced correspondingly, which may in 

turn be doped with boron [p-type silicon, 5" size (125 x 125 mm, D 150 mm), 

thickness 200 — 260 pm, resistivity 1.0 — 1.5 0.cm]. 

The wafers are usually sawn out of mono- or polycrystalline silicon rods. The 

sawn monocrystalline or multicrystalline silicon wafers obtained in this way 

have a rough surface. This roughness is also referred to as saw damage, 

where the peak-to-valley height is about 20-30 pm. These differences in the 

surface plane are disadvantageous for the further production of high-

performance solar cells. A so-called saw damage etch is therefore carried 

out before further processing of the wafers into solar cells, but in particular 

for achieving the highest possible efficiency. Besides the actually intended 

removal of the saw damage (very badly damaged surface regions of the 
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wafer having a depth of several pm), contamination located in the troughs of 

the surface is removed during this saw damage etch. This contamination is, 

in particular, metal abrasion from the saw wire, but also traces of abrasive. 

The saw damage etch is typically carried out in an approximately 30% potas-

sium or sodium hydroxide solution at temperatures of about 70°C, preferably 

higher, in particular at 90°C. Due to the etching rates of about 2 pm/min, 

which are also relatively low under these conditions, etching times of 10 min 

and possibly longer may be necessary in order to achieve the desired effect. 

An Si layer with a thickness of about 7 pm is usually removed on both sides 

of the wafer in this way. 

Although this etching produces a rough surface on the substrate, the open-

ing angles achieved at the surface here are, however, very flat and totally 

unsuitable for reducing reflections or even multiple reflections at the surface. 

Such reflection effects are, however, desired in order to achieve high effi-

ciencies of the cells. A multiplicity of publications and patents therefore relate 

to the reduction of reflections at solar cells of all types, for example also for 

amorphous solar cells (US 4,252,865 A). 



WO 2014/000845 	 PCT/EP2013/001544 

16 

List of figures:  

Fiq. 1: 	Process variant A of a standard process for the production of solar 

cells having an LBSF 

Fiq. 2: 	Process variant B of a standard process for the production of solar 

cells having an LBSF 

Fiq. 3: 	Process variant C of a newer process for the production of solar 

cells having an LBSF 

Fiq. 4: 
	

Representation of process D according to the invention, compris-

ing 6 process steps (opening of the passivation layer using etch-

ing paste) 

Fiq. 5: 	Representation of process E according to the invention, compris-

ing 6 process steps (opening of the passivation layer using laser) 

Fiq. 6: 

Fiq. 7: 

Comparison pictures of untreated surface and treated surface, 

effect of the etching pastes according to the invention on silicon 

surfaces 

Surface profile of the etched back surface of the wafer, profile 

measurement of the surface roughness from right to left (from 

untreated side to etched side) 

Fiq. 8: 	SEM photomicrographs of the surface of the untreated wafer 

before the process according to the invention 

Fiq. 9: 
	

SEM photomicrographs of the surface of the wafer after the proc-

ess according to the invention using the etching paste according 

to the invention 

Fiq. 10: 	Detail sketch for the stencil printing of the etching paste onto the 

back surface of the wafer (with dimensions) 
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Fiq. 11: Detail sketch (side view of edge region) of the printed-on paste 

before the heating step. Paste separation from the edge after 

printing about 100pm. 

Fiq. 12: Detail sketch (side view of edge region) of the printed-on paste 

after the heating step. Paste has flowed to the edge. 

In the further description, examples of the process according to the invention 

for the production of solar cells having an LBSF and the etching pastes used 

therein which are within the scope of protection of the present invention are 

given for better understanding and in order to illustrate the invention. These 

examples also serve to illustrate possible process variants or possible varia-

tions of suitable paste compositions for the etching step. Owing to the gen-

eral validity of the inventive principle described, however, the examples are 

not suitable for reducing the scope of protection of the present application to 

these alone. 

The temperatures given in the examples and description and in the Claims 

are always in °C. Unless stated otherwise, content data are given as % by 

weight or weight ratios. 

Furthermore, it goes without saying to the person skilled in the art that, both 

in the examples given and also in the remainder of the description, the com-

ponent amounts present in the compositions always add up only to 100% by 

weight, mol-% or % by volume, based on the total composition, and cannot 

exceed this, even if higher values could arise from the per cent ranges indi-

cated. Unless indicated otherwise, % data are regarded as % by weight, with 

the exception of ratios, which are shown in volume data. 

Production of solar cells according to the invention: 

A reduction in the reflection of solar cells is usually achieved by texturing 

using an alkaline solution, preferably comprising a KOH solution and isopro-

panol, or using an acidic solution consisting of an acid mixture of HF and 
HNO3. 
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After texturing, a surface cleaning is carried out with acid-containing, aque-

ous solutions, with hot demineralised water or also treatment in an oven in 

the following sequence: 

HF, HCI, HF, hot demineralised water, HF, treatment in the oven. 

After the surface of the wafer has been cleaned, the single-step emitter is 

formed in a diffusion step. This is a batch process, in which the surface of 

the wafer is doped with phosphorus within about one hour, preferably within 

about 40 minutes, at a temperature of higher than 800°C, a maximum of 

895°C. The doping is carried out using liquid POCI3. After about 40 minutes, 

the desired conductivity of about 65 ohm/sq has been reached. 

Using an alkaline etching paste, the back surface polishing and the back 

surface edge insulation is carried out in one process step. The etching paste 

is applied by stencil printing here. For the etching step, a KOH-containing 

etching paste is used. The paste can be applied using a screen-printing 

machine, (for example suitable machine from Baccini, print monitoring using 

four cameras). The etching pastes can be printed using, for example, a 

stencil from Koenen with a stencil thickness of 500urn. The paste can be 

printed very well using a steel doctor blade. The following parameters were 

set for the paste printing: no separation; printing speed: 150 mm/s. The 

etching paste is applied over the entire surface with a separation of 200um 

from the edge of the wafer (see sketch from Fig. 10). For the etching, the 

printed wafer is heated at a temperature up to 150°C for a period of about 5 

minutes, causing the etching paste to be activated. A belt furnace is used for 

this purpose. The furnace is divided into four heating zones. Zone 1 is set to 

250°C, zone 2 to 200°C, zone 3 to 150°C and zone 4 to 150°C. The belt 

speed is 51cm/min. The etched wafer is then cleaned using a Rena inline 

cleaning unit. The cleaning is carried out in two steps. In the first step, the 

wafer is treated in a continuous ultrasound bath (2 x 500W, 40kHz). In the 

second step, the wafer is cleaned on both sides using a water jet and subse-

quently dried (compressed air). 

PSG glass etching and wet-chemical surface cleaning is carried out using 

HF, hot demineralised water and again using HF. A thin layer with a thick- 
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ness of 20 nm of thermal Si02  is deposited on the back surface. 90 nm of 

LPCVD SiNx  is then deposited on the front surface and on the back surface. 

The LPCVD SiNX  deposition on both surfaces is carried out at up to 790°C. 

The process duration for the deposition of a layer thickness of 90 nm is 

about 2 hours. The reaction gases used for the deposition of Si3N4  are 

dichlorosilane and NH3. 

A dot layout with about 90,000 dots (diameter of about 100pm and separa-

tion of 500pm) is subsequently printed onto the back surface of the wafer. 

The paste can be applied using a screen-printing machine. The etching 

pastes can be printed, for example, using a screen from Koenen with the 

specification 280 mesh/inch and a wire diameter of 25pm. The clamping 

angle of the screen is preferably 22.4°, The screen emulsion used is the 

Azokol Z130 type from Kissel & Wolf. The paste can be printed very well 

using a diamond doctor blade and a doctor blade hardness of 80 shore. 

The following parameters are set here for the printing of the paste: 

separation: 1.2mm; 

pressure: 70 N; 

speed: 150 mm/s. 

For the etching, the printed wafer is heated at a temperature of up to 400°C 

for a period of about 5 minutes, causing the etching paste to be activated. A 

belt furnace is used for this purpose. The furnace is divided into four heating 

zones. Zone 1 is set to 550°C, zone 2 to 400°C, zone 3 to 400°C and zone 4 

to 300°C. The belt speed is 51cm/min. The etched wafer is then cleaned 

using an inline cleaning unit (for example from Rena). The cleaning is carried 

out in two steps. In the first step, the wafer is treated in a continuous ultra-

sound bath (2 x 500W, 40kHz), and in the second step is cleaned on both 

sides using a water jet and subsequently dried, for example using com-

pressed air. 

The requisite back surface contacts can be produced under the following 

conditions: 

The paste can be applied using a screen-printing machine It is advantageous 

here to monitor the print result continuously. In the unit employed for the 

experiments, the monitoring is carried out using four cameras. Ag/AI paste is 



WO 2014/000845 	 PCT/EP2013/001544 

20 

used as standard. For the process described, a corresponding paste from 

DuPont, PV 502, was used in the experiments. The paste can be printed 

using, for example, a screen from Koenen with the specification 

230 mesh/inch and a wire diameter of 36pm. The clamping angle of the 

screen is preferably 45°. The screen emulsion used can be the ISAR type 

from Koenen. It has been found here that the paste used can be printed very 

well using a diamond doctor blade and a doctor blade hardness of 60 shore. 

The following parameter settings have proven advantageous for the printing 

of the pastes: 

separation: 1.2mm; 

pressure: 70 N; 

speed: 150 mm/s. 

Using the Ag/AI paste, two busbars measuring 5mm x 124mm are printed 

onto the back surface. The printed paste thickness is about 15 pm. For dry-

ing, the printed wafer is warmed at up to 200°C for a period of about 3 min-

utes. A belt furnace can be used for this purpose. 

Aluminium LBSF contact: 

The paste is applied using a screen-printing machine which is sold under the 

name "Baccini printer" (with four cameras). The process described is carried 

out using the Solamet' PV36x aluminium paste (conductive pastes for local 

back surface field solar cells from DuPont). The paste is printed using a 

screen from Koenen with the specification 330 mesh/inch and a wire diame-

ter of 34pm. The clamping angle of the screen for this purpose is preferably 

45°. The screen emulsion used is an emulsion of the ISAR type from 

Koenen. The paste employed can be printed very well using a diamond 

doctor blade and a doctor blade hardness of 60 shore. In this case, the fol-

lowing parameter setting have proven advantageous: separation: 1.2mm; 

pressure: 70 N; speed: 150 mm/s. The entire back surface is printed using 

the standard Al paste. The printed thickness of the pastes is preferably about 

22 pm, where the amount of paste applied is about 2.64mg/cm2. For drying, 

the printed wafer is warmed at up to 290°C for a period of about 3 minutes. 

This is carried out in a belt furnace. 
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Front surface contact (lines): 

The paste is applied using a screen-printing machine which is sold under the 

name "Baccini printer" (with four cameras). For the process described, the 

PV 145 silver paste from the DuPont company is used by way of example. 

The paste is printed using a screen from Koenen with the specification 

280 mesh/inch and a wire diameter of 25 pm. The clamping angle of the 

screen is 22.5°. The screen emulsion used in this case is the ISAR type from 

Koenen. The paste can be printed very well using a diamond doctor blade 

and a doctor blade hardness of 60 shore. The following parameter settings 

have proven suitable for the printing of the pastes under the conditions 

tested: 

separation: 1.2mm; 

pressure: 70 N; 

speed: 160 mm/s. 

Using the silver paste, the front surface layout with 2 busbars and fingers is 

printed. The line width is 80pm and the separation between the fingers is 

1.7mm. The width of the main busbar is 2mm. The paste thickness printed is 

about 20pm. For drying, the printed wafer is warmed at a temperature of up 

to 290°C for a period of about 3 minutes. A belt furnace can be used for this 
purpose. 

Firing conditions: 

- The silicon wafers printed using metal paste are transported through an IR 

belt furnace, where they are heated to a maximum temperature of 880°C 

and fired. This temperature step serves both for burning out the organic 

paste components and also for sintering and melting the metal particles and 

the glass frit components. This produces a surface contact which is stable in 

the long term (state of the art: "co-firing" and "ARC firing through"). The firing 

in the process described can be carried out using a belt furnace with 7 

zones, where the following temperature profile has proven advantageous: 

250-350-400-480-560-560-880°C at a belt speed of 1.5 m/min. 
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Properties of the LBSF cell: 

The solar cells produced are characterised by means of a sunlight simulator 

(Xe lamp) under standard conditions (STC. 1000 W/sqm, AM 1.5, tempera-

ture: 25°C). The following measurement values have been found for the cell 

produced as a model: 
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LBSF cell 38.1 627 75.5 18.00 
Reference 37.7 625 74.6 17.6 

The measurements show that the process according to the invention can be 

used to produce solar cells comprising single-step selective emitters with an 

efficiency increased by >0.4% compared with the efficiencies of standard 

solar cells. 

Examples of etching pastes used: 

Example 1  

116 g of KOH 

0.5g of polyvinylpyrrolidone 

is added to a solvent mixture consisting of 

240 g of glycerol 

64g of water 

with vigorous stirring. 22g of carbon black are then added to the clear 

homogeneous mixture, which is then stirred for a further 2 hours. 

Example 2 

88 g of KOH 

and 

0.3g of carboxymethylcellulose 

are added to a solvent mixture consisting of 

210 g of polyethylene glycol 

54g of water 
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with vigorous stirring. 5g of Ceridust (polyethylene wax) are then added to 

the clear homogeneous mixture, which is then stirred for a further 2 hours. 

Example 3 

98 g of KOH 

and 

0.3g of carboxymethylcellulose 

are added to a solvent mixture consisting of 

210 g of 1,4-butanediol 

54g of water 

with vigorous stirring. 5g of Ceridust 9202 F are then added to the clear 

homogeneous mixture, which is then stirred for a further 2 hours. 

Example 4  

Alternative etching paste comprising KOH 

15g of carboxymethylcellulose 

are added to a solvent mixture consisting of 

250 g of KOH solution (60%) 

520g of gamma-butyrolactone 

with vigorous stirring. 

70 g of Ceridust 9202 F are then added to the clear homogeneous mixture, 

which is then stirred for a further 2 hours 

Example 5  

70 g of KOH, 

50g of NaOH 

and 

0.5g of polyvinylpyrrolidone 

are added to a solvent mixture consisting of 

240 g of glycerol 

64g of water 

with vigorous stirring. 22g of carbon black are then added to the clear 

homogeneous mixture, which is then stirred for a further 2 hours. 



WO 2014/000845 	 PCT/EP2013/001544 

24 

The paste, which is now ready to use, can be printed using a steel stencil 

(see Fig 10) or a printing screen with stainless-steel fabric (70mesh/inch 

and emulsion thickness of 50um). In principle, other screen fabric materials 

can also be used. 

In storage experiments, the etching paste prepared has proven to have a 

long shelf life with retention of the advantageous etching properties. 



25 

CLAIMS 

1. Process for the production of solar cells having a local back surface field (LBSF), wherein a wafer 

of phosphosilicate glass (PSG) layer and an underlying silicon layer are etched in one etching step 

using a printed-on etching paste, in the form of an alkaline etching paste, wherein the back surface 

polishing and the back surface edge insulation are simultaneously carried out with the aid of the 

alkaline etching paste. 

2. Process according to Claim 1, characterised in that the alkaline etching paste comprises, NaOH, 

KOH or mixtures thereof, as the etching component. 

3. Process according to Claim 1 or Claim 2, characterised in that contact windows are etched into 

the back surface multilayer (passivation layer and SiNx) of the wafer using an acidic etching paste 

which is selective for silicon layers. 

4. Process according to any one of the preceding Claims, comprising the process steps: 

I. Texturing of the surface 

II. Phosphorus doping using of POC13  diffusion to adjust the conductivity of the front surface to 

about 650./sq, 

III. Etching of the back surface by means of an alkaline etching paste, by means of which the 

surface is polished and at the same time the p/n junction is opened, where the etching paste is 

printed onto the back surface using stencil printing, the paste is activated in a belt furnace at about 

150 °C for 5 min, and the wafer is subsequently rinsed with DI water, 

IV. Coating of the back surface with an Si02  or A1203  passivation layer having a thickness of 

15-30 nm and subsequent coating of the back surface and front surface with silicon nitride (SiN,) in 

the range of 70-100 nm by means of plasma enhanced chemical vapour deposition (PECVD) 

V. Printing-on of the etching paste by means of screen printing, heating in the belt furnace and 

rinsing with DI water. 

VI. Screen printing for metallisation of the front surface and the back surface with subsequent 

sintering (co-firing). 

5. Use of an alkaline etching paste in a process according to Claim 1 or Claim 2, characterised in 

that the paste comprises the alkaline etching component, selected from the group NaOH, KOH and 

mixtures thereof, in an amount of 5 to 40% by weight. 



26 

6. Use of a KOH-containing etching paste according to Claim 5, comprising solvents selected from 

the group glycerol, ethylene glycol, polyethylene glycol, octanol, 1,3-propanediol, 1 ,4-butanediol, 

diethylene glycol monomethyl ether, diethylene glycol monoethyl ether, dimethyl sulfoxide and 

gamma-butyrolactone, in pure form or in a mixture. 

7. Use of a KOH-containing etching paste according to Claim 5 or Claim 6, comprising at least one 

non-particulate thickener. 

8. Use of a KOH-containing etching paste according to any one of Claims 5 to 7, comprising a 

non-particulate thickener selected from the group polyvinylpyrrolidone, polyacrylates, 

carboxymethylcellulose and hydroxypropylcellulose in pure form or in a mixture. 

9. Use of a KOH-containing etching paste according to any one of Claims 5 to 8, comprising a 

particulate thickener selected from the group carbon black, pyrogenic silicic acid, magnesium 

aluminium silicates and low-melting wax particles in pure form or in a mixture. 

10. Use of a KOH-containing etching paste according to any one of Claims 5 to 9, comprising 

thickeners in an amount of 0.1 — 35% by weight. 

11. Use of a KOH-containing etching paste in a process according to any one of Claims 1 to 4, for 

the production of solar cells having an LBSF. 

12. Use of a phosphoric acid-containing etching paste in a process according to any one of Claims I 

to 4, for the production of solar cells having an LBSF for opening the back surface passivation layer. 


