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ABSTRACT  —  A novel high efficiency solar cell and module 
technology, named PANDA, using crystalline n-type CZ Si wafers 
has moved into large-scale production at Yingli. The first 
commercial sales of the PANDA modules commenced in mid 2010. 
Up to 600MW of mass production capacity from crystal-Si 
growth, wafer slicing, cell processing and module assembly have 
been implemented by the end of 2011. The PANDA technology 
was developed specifically for high efficiency and low cost. In 
contrast to the existing n-type Si solar cell manufacturing 
methods in mass production, this new technology is largely 
compatible with a traditional p-type Si solar cell production line 
by conventional diffusion, SiNx coating and screen-printing 
technology. With optimizing all technologies, Yingli’s PANDA 
solar cells on semi-square 6-inch n-type CZ wafers (cell size 
239cm2) have been improved to currently have an average 
efficiency on commercial production lines exceeding 19.0% and 
up to 20.0% in pilot production. The PANDA modules have been 
produced and were certified according to UL1703, IEC 61215 
and IEC 61730 standards. Nearly two years of full production on 
scale-up lines show that the PANDA modules have a high 
efficiency and power density, superior high temperature 
performance, near zero initial light induced degradation, and 
excellent efficiency at low irradiance. 

Index Terms — high efficiency, n-type crystalline Si, solar cell, 
screen-printing technology. 
 

I. INTRODUCTION 

Industry analysts agree that the cost of power generation 
with photovoltaic technology has reached grid parity in many 
electricity markets, and is poised to continue to decline in the 
coming years. According to a recent market survey [1], the 
average global PV module price has reduced from $4.66/Wp 
in 2004 to $1.15//Wp in the fourth quarter of 2011, especially 
down 40% from the same quarter of 2010. Two leading 
contributors to this result are the reduction in raw material 
costs, and continuous improvement in manufacturing, which is 
largely driven by increasing cell conversion efficiency.  

 Based on information from GTM Research [2], polysilicon 
price has collapsed 90% in the last five years. By the end of 

2011, the spot price was down to $30 per kilogram from $80 
per kilogram on March of 2011. Considering that polysilicon 
supply may not grow faster than demand in the future, 
polysilicon prices will stabilize to a sustainable level. 
Therefore, the development of high efficiency and low cost 
crystalline Si solar cells and modules is the most effective way 
to lower the cost of solar power. 

Currently, p-type Si solar cell technology continues to 
dominate terrestrial applications, occupying up to ~85% of the 
global PV market share. However, solar  cells  fabricated  on  
standard  boron doped CZ  silicon  substrates  have  shown  a  
reduced  cell performance  after  being  exposed  to  light  and 
even  after  storage  in  the  dark [3]- [4]. Such light induced 
degradation (LID) effects were reported mainly from the 
dopant boron, which reacts with oxygen atoms under 
illumination [5] - [6]. The high oxygen density is a result from 
the standard CZ Si growth method.  Hence, eliminating boron 
and/or oxygen from the bulk silicon is an effective way  to 
avoid such LID effect. 

In recent years, n-type Si solar cells have garnered 
particular interest because they hold significant advantages 
over p-type Si solar cells. N-type Si solar cells are not only 
free of the LID effect, but also have a high efficiency potential 
and a lower sensitivity of the carrier lifetime towards 
impurities. High efficiency n-type Si solar cells developed in a 
laboratory environment with different cell structures have been 
reported, such as the 24.2% efficient interdigitated back 
contact (IBC) cell [7], the  23.7% efficient heterojunction solar 
cell with intrinsic thin layer (HIT) [8], the 23.2% efficient 
PERL solar cell [9], and the 22.7% efficient PERT solar cell 
[10].  

The goal of the PV industry is to significantly lower the 
costs per watt in mass production in order to achieve grid 
parity. Although a lot of effort has been undertaken to develop 
different n-type Si solar cells in a laboratory environment, 
efficiency improvements are often reached only with the help 
of cost-intensive process steps so that most processing steps 
cannot be directly implemented into mass production. The 
laboratory processing technologies have to be re-engineered 
for low-processing cost, such as developing industrially 
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applicable cost-effective processing steps compatible with the 
existing affordable p-type Si solar cell technology.  

A novel high efficiency solar cell and module technology, 
named PANDA, using crystalline n-type CZ Si wafers has 
moved into large-scale production at Yingli. PANDA 
technology is the first new n-type silicon cell technology in 
volume production based on processes compatible with 
standard screen-printed cell and module manufacturing with 
high efficiency and low cost.  

In this paper, a short review of different n-type Si solar cells  
that have been realized in mass production will be given. 
Industrial implementation and the development status of 
PANDA technology for highly efficiency n-type Si solar cells 
and modules in high volume at Yingli is presented.  

 
II. REVIEW OF COMMERCIAL N-SI SOLAR CELL TECHNOLOGY 

There are two successful industrial n-type Si solar cell 
technologies available in the market during the last years. One 
is the IBC structure n-type Si solar cell, and another is the HIT 
structure n-type Si solar cell. The conversion efficiencies of 
these products are 3~4% higher than that of typical crystalline 
solar cells, but the costs are typically more than 40% higher 
[11]. 

 
A. IBC n-Si solar cells 

SunPower Corporation commercialized high-efficiency IBC 
n-type Si solar cells originally developed by a research group 
of Stanford University. Figure 1 shows a schematic sketch of 
SunPower’s IBC solar cell. Compared with traditional solar 
cells with metal collectors on the front surface which lower 
their efficiency by blocking sunlight, the IBC solar cells use 
metallic conductors on the back of the cell to collect the 
electricity generated by sunlight, which strikes the fully 
exposed front side of the cell. The IBC design comprises a 
back p-n junction cell in which both p and n contacts are in the 
form of interdigitated grids on the rear surface, so that the IBC 
cell must be fabricated on Si wafers with a long minority 
carrier diffusion length. The distance from any point in the cell 
to the junction must be much less than the diffusion length. 
Excellent front surface passivation is required as well.  

 
 

Fig.1. Schematic sketch of SunPower’s IBC solar cell [12] 
The first manufacture of large-area (149 cm2) A-300 IBC 

solar cells was reported in 2004 [12]. A maximum cell 
efficiency of 21.5 % was achieved.  

A high volume production of a new generation IBC solar 
cells with a record average efficiency of 22.4 % was reported 
in 2007 [13]. SunPower launched commercial E20 series solar 
modules achieving record module efficiency of up to 20% in 
2011. In a recent paper, a new record efficiency of 24.2 % 
with a large area (155.1 cm2) IBC solar cell developed by the 
R&D department of SunPower  was reported [7].  

B.HIT n-Si substrate solar cells 

Another n-type Si solar cell, the so-called HIT cell, was 
proposed and developed by Sanyo Electric Corporation. Mass 
production of the HIT solar cell launched in 1997. Figure 2 
shows the structure of the HIT solar cell [14]. For the HIT 
cells both emitter and back-surface-field (BSF) are formed by 
the deposition of thin doped amorphous silicon layers on an n-
type Si wafer. The surface passivation is accomplished by a 
thin layer of intrinsic amorphous silicon. Transparent 
conductive oxide (TCO) layers are deposited on both doped 
layers followed by a silver grid for current collection. 
Therefore, the HIT solar cell has a symmetrical structure and 
can realize bifacial solar cells, which utilize the sunlight more 
efficiently due to converting light incident on both sides of the 
solar cell.  

Sanyo reported R&D HIT cell efficiency of 23.0% with a 
thick wafer of > 200 μm (cell size 100.3cm2) and 22.8% with a 
thin wafer of 98 µm （cell size 100.4cm2） in 2009 [15]. 
Currently, research teams of Sanyo have achieved a new 
laboratory record in HIT cell efficiency conversion efficiency 
of 23.7% on a large area (100.7cm2) with a thin wafer of 98 
μm. Sanyo commercializes the module with 19% efficiency 
using HIT 21.6% efficiency cells in volume production [16].   
 

 
 
Fig. 2. Schematic sketch of Sanyo’s HIT solar cell [14] 

 
III. PANDA TECHNOLOGY 

A. PANDA solar cell 

The rapid fall in PV module prices makes the low-cost 
fabrication of new n-type Si solar cells a top priority. ECN 
[17] has developed a high efficiency n-type Si cell with low 
cost features including a front boron  emitter,  a  rear  
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phosphorous  back-surface-field (BSF),  as  well  as  front  and  
rear  screen-printed metallization grid electrodes. The solar 
cell is  fabricated using only industrial compatible p-type Si 
solar cell techniques. In June 2009, Yingli  Green  Energy 
launched a collaboration with ECN,  and  Amtech  Systems,  
in  a  project  named  PANDA to  develop the ECN’s 
laboratory-scale n-type Si solar cell concept for deployment in 
high-volume manufacturing at Yingli without adding 
significant cost to the process. 

A vertically integrated production model from n-type Cz-Si 
crystal growth, wafer slicing, cell processing and module 
assembly was used in the development of PANDA technology 
to achieve the lowest manufacturing cost in Yingli, as shown 
in Figure 3. Figure 4 shows the schematic sketch of the 
PANDA solar cell. The process flow is shown in Figure 5 
[18]. First, saw-damage is removed and surface texturing is 
achieved with a conventional alkaline-based wet chemistry. A 
co-diffusion process forms the boron emitter and the 
phosphorous BSF. The boron emitter was passivated with 
silicon nitride. Finally, screen-printed metal grid electrodes are 
fabricated on both sides of the cells.  

 

 
 
Fig.3. A vertical integrated production chain for PANDA 
technology 

 
As seen in the Figure 4, an open rear contact design and 

transparent phosphorous BSF result in a bifacial cell structure. 
This means that light injection is possible from both the front 
and rear side of the cell, so that scattered and reflected light 
can enter the solar cell from the rear, enhancing the power 
generating capacity of the cell in case of a bifacial module 
layout.  
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Fig.4.  Schematic sketch of Yingli’s PANDA solar cell 
 
When comparing to established n-type Si solar cell 

technologies, PANDA technology has several advantages, as 
follows: i) simplifying cell structure and easy manufacturing in 

volume production; ii) improving cost performance due to 
simple processing steps and compatible with existing p-type Si 
cell production lines, iii) featuring a bifacial structure to 
generate additional electricity, and iv) suitable for thin wafers 
due to a symmetrical structure. 

During the past two years, Yingli has focused on achieving 
the lowest manufacturing cost for high efficiency PANDA 
technology through i) a vertically integrated production, 
including n-type Cz-Si crystal growth, wafer slicing, cell 
processing  and module assembly; ii) improving in-house n-
type Si growth quality, optimizing cell process parameters, 
yield, reducing wafer breakage, and improving continuously 
cell efficiency. Based on these continuous improvement 
efforts, Yingli PANDA solar cells on semi-square 6-inch n-
type CZ wafers have improved to an average efficiency on 
commercial production lines exceeding 19.0% and up to 
20.0% in pilot production (according to in-house tests, 
measured under STC 1000W/m2, AM1.5 global spectrum at 
25oC). Information on a detailed improvement of the cell 
effifiency sees. Ref. 19. 
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Fig.5. Flowchart of the PANDA solar cell manufacturing  
 
B. PANDA Module 

 
PANDA series PV modules became commercially 

available from the middle of 2010 and were certified 
according to UL1703, IEC 61215 and IEC 61730 standards. A 
photo of a typical PANDA PV module, as well as typical 
electrical performance characteristics,  are shown in Figure 6. 
The bifacial PANDA PV module also was developed by using 
the bifacial structure feature of the PANDA solar cell. It has 
glass on both sides or uses transparent back sheet, which 
allows collecting light energy from both sides of the solar 
module. The bifacial PANDA module is most effective if 
mounted on a roof with a white color to reflect light to the 
back of the module. In this case, the bifacial PANDA module 
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produces ~15% more power than the single-sided PANDA 
module.  
 

 
 
Fig.6. Photo of PANDA module and typical parameters 
 

Figure 7 shows a comparison of the initial light induced 
degradation (LID) between Yingli Solar PANDA n-type Si 
and conventional p-type Si modules. Due to the lack of boron-
oxygen pairs as recombination centre in the n-type cell bulk 
[5], PANDA modules have near zero initial LID. 
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Fig.7: Comparison of initial light induced degradation (LID) 
between Yingli Solar PANDA n-type Si and conventional p-
type Si modules.  

 
TABLE I 

COMPARISON OF TEMPERATURE COEFFICIENTS BETWEEN 
YINGLI SOLAR PANDA N-TYPE SI AND CONVENTIONAL P-TYPE 

SI MODULES  

Temperature 
coefficient for Units Conventional 

(p-type) 

Yingli Solar 
PANDA 
(n-type) 

Maximum Power 
(Pmax) %/K -0.45 -0.42 

Open-Circuit Voltage 
(Voc) %/K -0.33 -0.31 

Voltage at Pmax 
(Vmpp) %/K -0.45 -0.41 

 
Table I compares the temperature coefficients between 

Yingli Solar PANDA n-type Si and conventional p-type Si 

modules. Clearly, the PANDA modules have superior high 
temperature performance with temperature coefficients that are 
6%-9% lower in magnitude than those for conventional p-type 
Si modules. 

The yearly energy output of PV systems strongly depends 
on the irradiation conditions over the course of an entire year. 
Typically, for the larger part of the year irradiance levels are 
below the value of 1000W/m² as used for laboratory 
characterization of modules at standard test conditions (STC). 
Therefore, module performance under low irradiance 
conditions is a crucial aspect for annual energy production. 

Figure 8 shows a comparison of the relative module 
efficiency as a function of irradiance between Yingli Solar 
PANDA n-type Si and conventional p-type Si modules. From 
this graph, it can be seen that the PANDA modules have an 
excellent efficiency even at low irradiance. This is due to the 
fact that the minority carrier lifetime in n-type Si is hardly 
affected at low light injection levels. However, it decreases 
drastically for p-type Si, because the capture cross section for 
holes is generally much smaller than the capture cross section 
for electrons, which is inversely proportional to the Shockley-
Read-Hall (SRH) recombination rate [20].  
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Fig. 8: Comparison of relative module efficiency as a function 
of irradiance for Yingli Solar PANDA n-type Si and 
conventional p-type Si modules. 
 

IV. CONCLUSIONS 

PANDA technology is the first new n-type silicon cell 
technology in volume production based on processes that are 
compatible with standard cell and module manufacturing. 
With a vertically integrated business model from n-type Cz-Si 
crystal growth, through wafer slicing, cell processing and 
module assembly, Yingli has achieved the lowest 
manufacturing cost for high efficiency PANDA solar cell and 
modules. Yingli PANDA solar cells on semi-square 6-inch n-
type CZ wafers have been improved to an average efficiency 
on commercial production lines exceeding 19.0% and up to 
20.0% in pilot production. The PANDA module testing shows 
that the PANDA module has high efficiency and power density, 
superior high temperature performance, near zero initial light 
induced degradation, and excellent efficiency at low irradiance. 
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Our target in the near future is further improving the PANDA 
average solar cell efficiency in mass production over 20% by 
studying passivation and metallization technologies for 
improving Voc, Isc, and FF. 
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