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ABSTRACT 

 
Multijunction solar cells based on III-V semiconductors are 
the most efficient solar cells in the world, and of the 
established photovoltaic technologies, have the greatest 
potential for future growth in efficiency.  Champion cells 
with efficiency greater than 40% have been demonstrated 
by several groups since 2006, and in that same period, the 
efficiency of cells in mass production has also increased 
steadily.  These devices offer the promise of very 
competitive solar power systems exploiting the high 
efficiency under high optical concentration. To this end, 
Spectrolab is conducting a multi-year program to develop 
solar cells with still higher efficiency and substantial cost 
reductions and to fully characterize and qualify them for 
reliable performance in the field.  Development of the 
fourth production generation with 40% average production 
efficiency is nearing completion.  Cell design and 
performance will be presented, with a summary of 
qualification and field test status.  Progress in ongoing 
efforts to automate cell production for cost reduction and 
increased manufacturing capacity will be discussed.  
Development of these high-performance multijunction 
CPV cells is key to the emergence of CPV technology as 
the lowest cost solar power solution in high DNI areas.  
 
 
 

INTRODUCTION 
 
Since introducing triple-junction cells to the CPV market 

in 2004, Spectrolab has adopted an aggressive but 
achievable roadmap for both cost reduction and efficiency 
improvement, funded by internal investments as well as 
support from the US Department of Energy’s Solar Energy 
Technologies Program.  In order to address the market 
need for rapid improvement in cell efficiency, we defined a 
planned series of improved cell product design 
generations to be implemented in parallel with numerous 
product cost reduction initiatives. The technology 
designation, target efficiency, and production dates for the 
product generations developed or planned through 2011 
are as shown in Table 1. 

 
 

 
 
 
 
 
 

Table 1. Cell Technology Generations 
Technology Initial Production Average Efficiency* 
C1MJ 2004 37.0% 
C2MJ June 2008 37.5% 
C3MJ August 2009 38.5% 
C4MJ 1st Q-2010 40% 

* 25oC, ASTM 173G at 50 W/cm2 
 
 
 
Multi-junction solar cells have emerged from a long history 
of development [1-6] focused initially on space 
applications. The emergence of high quality triple-junction 
cells with substantially higher efficiency than crystalline 
silicon spurred interest for terrestrial application exploiting 
these cells in high optical concentration systems [see, for 
example, ref 7].   

The design improvements implemented for the C2MJ 
process consisted of improvements in front metal 
patterning. It is well-known that shadowing of the 
semiconductor surface by the metal fingers that collect 
and conduct the photocurrent to the external circuit is an 
important loss mechanism [8]. This is particularly true for 
cells designed for high concentration, since the current 
and hence metal density are correspondingly higher [9].  
Photoresist and metal deposition processes were modified 
to increase gridline aspect ratio (height / width).  This 
allows grids to conduct equivalent or higher current while 
also admitting more light to the active layers. C2MJ used 
the same epitaxial wafer as C1MJ, but generated extra 
current as a result of the reduced gridline shadowing. The 
modeled and measured result was an average of 0.5% 
absolute efficiency improvement over C1MJ.  Spectrolab 
began high volume production of C2MJ in May 2009.  The 
C3MJ design retained the same wafer metallization 
processes that were qualified in the C2MJ process, but 
also incorporates an improved epitaxial design. Volume 
production of C3MJ cells began in September 2009.  
Figure 1 shows efficiency distributions from the three 
generations of Spectrolab production cells based on large 
production samples (over 100,000 cells in each case).  
Cells were tested using the Spectrolab standard 
production test high concentration pulsed solar simulators. 
The simulators are set up using isotype component cells 
with calibration traceable to JPL balloon flight cells. 
Spectral mismatch calculations were used to generate 
ASTM173G calibration values for the balloon traceable 
standards. Several sets of CPV calibration standards were 
generated, with one set of standards each being calibrated 
by Fraunhofer, NREL and AIST. All measurements were 
done blind.  
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