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Future Work
● Select the best halide compounds to be used for 

recrystallization 

● Determine quantitative effects of recrystallization on CIGS 
performance 

● Optimize recrystallization conditions for transfer to 
multiple manufacturing approaches 

● Reach device performance exceeding 20% based on 
material deposited at 350℃ and 20 µm/hr

Project Goals

● Understand the impact of halide-based recrystallization of 
CIGS on:

○ crystal structure
○ device performance 

● Quantitatively illustrate  the effect of post-growth annealing 
on:

○ optoelectronic properties
○ mechanisms involved

 
● Understand the role of the anion in the recrystallization 

process

● Determine optimal species for promoting vapor phase 
transport of the elements in CIGS 

● Halides are able to transport all CIGS components in the 
vapor phase
○ Vapor phase transport promotes grain growth and 

recrystallzation

● Alkali metals enhance device performance
○ Increase grain size
○ Higher p-type conductivity
○ Preferred crystal orientation 

Preparing Annealing Chamber
Relevance to Industry

1. Machine connecting slots into a stainless steel vacuum 
flange

2. Place small square CIGS sample into larger slot of 
vacuum flange and approximately .1 grams of alkali 
halide into smaller slot 

3. Place copper seal into appropriate groove and use a                   
wrench to tightly seal

4. Heat vacuum flange to 550℃ at a 
ramp of 10℃/ min. Allow flange to sit 
at 550℃ for an hour and measure 
changes in grain size upon cooling

● Insight on CIGS process options for high-rate, low cost 
CIGS growth
○ Equivalent to CdTe PV production

●  Potential for improvements in CIGS growth rate and 
reduction in growth temperature 

SEM Observations

SEM Observations

Fig. 5 Machined stainless steel 
vacuum flange after it has been used 
for annealing

Fig. 1 Grains of a CIGS crystal 
before annealing at high 
temperatures (x13,000). While 
many of the grains appear to be 
conjoined together, each grain is 
approximately 1 micron in diameter. 
This is the grain size that many of 
the samples will be compared to. 

Fig. 2 Grains of a CIGS crystal post 
annealing (x17,000). This sample was 
heated with no alkali halides. There is no 
obvious change in grain size, however 
small pits developed on the surface facets 
of the grains. These pits may indicate 
some oxidation of the surface resulting 
from residual gas in the annealing station.

Fig. 3 (left) Grains of a CIGS 
crystal post annealing with KF 
(x13,000). For comparison to 
pre-anneal see Fig. 1. The 
cubes in this picture are likely 
composed of KF, however they 
were easily washed off of the 
surface of the crystal with DI 
water. In addition, when 
compared to Fig. 1, there 
appears to have been a slight  
change in grain size after this 
sample was annealed with KF. 

Fig. 4 (right) Impurity on the 
surface of a CIGS film post 
annealing with KF (x2,000). 
Using Energy Dispersive 
Spectroscopy, it was 
determined that the large blobs 
were composed of primarily 
Potassium, while the smaller 
crystals were high in Selenium. 
The Potassium did not rinse off 
with DI water, suggesting a 
successful vapor phase 
transport.   
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Fig. 6 A schematic of the research plan. 1) Deposit CIGS at high rate and reduced 
temperatures and compare the device performances without post-growth annealing 
2) Recrystallize in the presence of halides (crystal growth promoters) under study 
3) Resulting high-quality PV material to be fabricated into devices and tested.


