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Abstract
After several years of intensive research and develop-

ment, Renesola, one of the largest vertically integrated 

solar equipment manufacturers has successfully commer-

cialized its Virtus technology, achieving over a 1% 

efficiency improvement compared to conventional multi-

crystalline silicon solar cells. Virtus technology has com-

bined the advantages of high quality of mono- and low 

cost of multi-crystalline silicon, which enables to produce 

quasi-mono crystalline wafers by the casting process. 

Since the first half of 2011, Virtus Wafers has been put 

into mass production in Renesola, and the annual produc-

tion capacity now comes to 1.2GW. Large volume product 

sales of solar cells and modules based on Virtus technol-

ogy commenced in 2011. 

  

Meanwhile, a high efficiency A+ multi-crystalline wafer 

has also been developed, exhibiting an absolute 

efficiency improvement of about 0.4% over conventional 

multi-crystalline silicon wafer in the cell production line. 

  

These innovative technologies focus Renesola’s efforts on 

offering high performance products at affordable prices. 

Further aspects of the next generation of Virtus and A+ 

wafers are currently under development.

Photographs of Virtus cell on the left and A+ cell on the right

01

High efficiency
VIRTUS

 solar modules



KEY FEATURES OF 
THE VIRTUS WAFERS 
TECHNOLOGY

Figure 1 Schematic of quasi-mono crystalline silicon ingot 
growth in a directional solidification furnace.

Directional solidification growth
   

Virtus wafers has combined the advantages of high quality 

of mono- and low cost of multi-crystalline silicon wafer. It 

enables to produce high-efficiency mono-crystalline wafers 

by the casting process-similar to the one used to grow 

multi-crystalline silicon ingots. A schematic of quasi-mono 

crystalline silicon ingot growth in a directional solidification 

furnace is described in Figure 1.

High
mono-crystalline
silicon area

Figure 2 The cross-sectional view
of bricks cut from a quasi-mono
crystalline silicon ingot.

Figure 3 Photographs of
156×156 mm2  Virtus wafers
(a) at the edge region of the ingot
(b) at the center region of the ingot.

Virtus technology offers high quality quasi-mono crystalline wafer, whose 

performance is comparable to that of mono-crystalline silicon wafer. As can 

be seen in Figure 2, large and nearly perfect mono-crystalline is formed in 

the cross-sectional bricks of a 450Kg ingot. The corresponding photo-

graphs of 156×156 mm2 Virtus wafers at different regions of the ingot are 

shown in Figure 3. It exhibits mono-crystalline characteristics at the center 

of the ingot. However, some multi-crystalline grains are unavoidably gener-

ated at the edge region of the ingot due to the undercooling near the 

crucible. Combined with good thermal field and process control, the mono-

crystalline silicon area still exceeds 90% in Virtus wafers.

Another advantage of Virtus technology is that, unlike the production of 

round-cornered silicon ingots by CZ pulling, it offers perfectly square ingots 

and wafers which maximize the effective light-to-electricity conversion area 

in solar cells and boost the overall energy output.

02 03

High efficiency
VIRTUS

 solar modules



IMPROVED SOLAR
MODULE PERFOR-
MANCE BASED ON
VIRTUS WAFERS
Low surface reflectivity using alkaline texturing
   

Like the conventional <100> oriented mono-crystalline silicon 

wafer obtained by CZ pulling method, Virtus wafers with the 

<100> orientation is able to achieve effective surface textur-

ing using alkaline solution. Figure 4 compares the reflectance 

performance of CZ, Virtus and multi-crystalline wafers after 

chemical texturing. When alkaline texturing technique is 

applied, the reflectance of Virtus wafers is almost the same 

as that of the CZ silicon and is much lower than that of 

multi-crystalline wafer using acidic texturing.

Virtus technology has achieved an 8–10% boost in cell efficiency compared 

to conventional multi-crystalline silicon cells (Table 1). The average conver-

sion efficiency of Virtus cells comes up to 18.2% in the standard screen-

printed production line. 

High
solar cell conversion
efficiency

Figure 4 Measured reflectance for three kinds of silicon
wafers using acidic or alkaline texturing.
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Isc (mA/cm2)                                      34.8                                                  37.1

Voc (mV)                                            618                                                   629

FF (%)                                               78.0                                                   78.0

Efficiency (%)                                     16.8%                                                18.2%

multi-crystalline cell                    Virtus cell

Such improvements in cell performance were finished by successfully 

incorporating key merits of Virtus wafers. The corresponding electrolumines-

cence (EL) image of Virtus cell is shown in Figure 5. It shows high EL 

efficiency in the whole cell, which indicating that little defects is formed in 

the wafer. Hence, its performance significantly exceeds multi-crystalline 

silicon cells, whose efficiency is mainly limited by randomly oriented grain 

boundaries and dislocations in the wafer.

Figure 5 A typical electroluminescence
(EL) image of Virtus cell

Table 1 Average cell performance from screen-printed production 
line using conventional multi-crystalline silicon and Virtus wafers.
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Boron- doped CZ silicon solar cells unavoidably suffer 

severe efficiency degradation exposed to sunlight illumina-

tion. This light-induced degradation (LID) is ascribed to the 

formation of a metastable B–O complex. Due to the com-

paratively low interstitial oxygen concentration, the LID 

effect in Virtus wafers is suppressed. As seen in Figure 6, 

the LID of Virtus cells is 66% lower than that of conventional 

mono-crystalline silicon cells, increasing the actual power 

output of Virtus modules under illumination.

Virtus Wafers has been put into mass production in 

Renesola, and the annual production capacity comes to 

1.2GW. In the standard screen-printed production lines, an 

average cell efficiency of 18.2% has been achieved. This is 

a performance improvement of about 8-10% compared to 

conventional multi-crystalline silicon cells. 

The improved performance in the cell results in higher 

module power outputs. The average module power for 

60-cell configuration modules made from Virtus cells is more 

than 250W and comes up to 260W (Figure 7). When con-

figuration of 72-cell, its power output easily exceeds 300W. 

Improvements in the ingot growth and optimization of the 

cell processes will further increase the performance benefit 

of Virtus module.

Low light
induced
degradation
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Figure 6 The efficiency degradation
of conventional CZ and Virtus cell
after long time illumination.

Results from
mass production lines

Figure 7 Photograph of a 
Virtus module
with configuration of 60-cells.
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The photographs and corresponding EL images of conventional multi-

crystalline silicon cell and A+ cell are shown in Figure 9. The average EL 

efficiency is low and many dark areas exist in the conventional multi-

crystalline cell. High EL efficiency in the main regions of A+ cell can be 

observed, where large grains and little defects are formed in the wafer. 

Therefore, its performance exceeds multi-crystalline silicon cells, exhibiting 

17.2-17.3% average conversion efficiency in screen-printed production line, 

and an absolute efficiency improvement of about 0.4% has been achieved.

HIGH QUALITY 
A+ WAFERS  FOR 
SOLAR MODULES
Large grains and low defects in A+ wafer
   

With a better control of nucleation, high-quality multi-

crystalline silicon crystals were obtained. Figure 8 shows the 

pictures of conventional multi-crystalline silicon and high-

quality A+ multi-crystalline wafers. It can be seen that the 

grains are small and randomly oriented in the conventional 

multi-crystalline wafer. Obviously, A+ wafer is mainly com-

posed of large grains with nearly the same orientation. 

Therefore, the wafer quality can be improved by reduced 

recombination at less randomly grain boundaries associated 

with more twins formation in the wafer.

Figure 8 Photographs of (a) conventional 
multi-crystalline wafer and (b) A+ wafer.

Improved solar
cell conversion
efficiency

Figure 9 Pictures of finished
solar cells and corresponding EL
images for (a) and (b)
conventional multi-crystalline
silicon; (c) and (d) A+ wafer,
respectively.
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Virtus technology has been successfully commercialized and 

exhibits an 8-10% performance improvement over conventional 

multi-crystalline silicon cells. The performance benefit is a result 

of Renesola’s efforts in improving crystal growth combined with 

optimized cell production processes. The benefits include high 

mono-crystalline silicon area in wafer, low surface reflectivity 

using alkaline texturing, improved cell conversion efficiency, and 

low LID effect under illumination. 

These features allow Virtus module to offer more power output. 

These modules all comply with strict international and external 

durability standards.

Meanwhile, high efficiency A+ wafer has also been developed, 

exhibiting an absolute efficiency improvement of about 0.4% 

over conventional multi-crystalline silicon cells. The advantages 

are large grains associated with low density defect formation in 

A+ wafer. The next generation of Virtus and A+ wafer is under 

development, which will improve the power output of cells and 

modules further.

THE FUTURE
TRENDS OF
BOTH THE VIRTUS
AND A+ WAFER CONCLUSIONS
The current Virtus technology makes significant improve-

ments to the properties of wafers, which results in more 

than 10W additional power output when incorporated into 

cells and modules, compared to that of conventional multi-

crystalline silicon. In the next generation of Virtus technol-

ogy, solid-liquid interface and temperature gradient control 

for ingot growth optimization are being investigated. These 

will attempt to avoid side nucleation and reduce micro-

defect formation during crystal growth process. The 

improvements to the wafer quality combined with cell 

processes would lead to a further increase of power output 

of Virtus modules.

 

With a better nucleation control, high-quality A+ wafer can 

be obtained, which increase the cell conversion efficiency 

above 0.4%. The further attempts to melt flow, nucleation 

control and process optimization for ingot growth are under 

development.
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