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NEWS & ANALYSIS TECHNOLOGY ADVANCES

The pitch
Thin-fi lm solar cells, liquid-crystal dis-
plays, light-emitting diodes, and many 
other thin-film–containing products 
require inline metrology for the rapid, 
reliable, and low-cost control of the 
thickness and optical constants (e.g., the 
refractive index and extinction coeffi -
cient) of the thin fi lms. This requisite is 
particularly crucial in thin-fi lm solar cell 
production where the absorber layer—
for example, amorphous silicon (aSi) or 
CuInGaSe2 (CIGS)—must be precisely 
controlled: A deviation in the absorber 
composition directly affects the effi cien-
cy of the solar cells. Thickness control 
also requires striking a balance: If the 
fi lm is too thick, the manufacturing time 
and cost of materials increase; if it is too 
thin, light is not fully absorbed and the 
cell effi ciency drops.
 Because of the size of solar panels, 
the uniformity of the layers is a concern. 
One approach is to use a large number of 
measurement probes to simultaneously 

System offers rapid, low-cost 
measurement of thickness and 
optical constants of thin fi lms

Opportunities 
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solar materials, architectural glass, and similar 
products. 
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take measurements at different points on 
the panel. Spectroscopic ellipsometers 
(SEs) are frequently used by research-
ers for this application. But their low 
measurement speed and high cost make 
this instrument unsuitable for produc-
tion inline applications. Alternatively, 
spectroscopic refl ectometry, which of-
fers rapid and relatively lower cost meas-
urement, has been traditionally limited 
only to thickness measurement. How-
ever, Semiconsoft’s fi beroptics MProbe 
thin-fi lm measurement system has been 
optimized to achieve exceptional preci-
sion and analysis capabilities.

The technology
Spectroscopic refl ectance is a power-
ful nondestructive method for thin-fi lm 
measurement. With proper optimization, 
the use of fi beroptics-based systems can 
signifi cantly reduce cost without sacri-
fi cing measurement performance. The 
combination of high measurement preci-
sion and appropriate data analysis makes 

possible the measurement of the thick-
nesses and optical constants of a wide 
range of fi lmstacks.  
 There are several common miscon-
ceptions about the capabilities of spec-
troscopic refl ectance as applied to thin-
fi lm measurement. It is assumed, for ex-
ample, that by using this technique only 
thickness can be determined (the optical 
constants: refractive index, n, and extinc-
tion coeffi cient, k, need to be known), 
that it has lower precision compared 
with ellipsometry, and that only one or 
two thicknesses can be determined si-
multaneously. These misconceptions re-
fl ect the traditional/historical use of this 
technique and, indeed, the capabilities 
of the majority of commercially avail-
able instruments. However, they are not 
limitations of the technique but the way 
it is used and how the data are interpreted 
(i.e., the software analysis). 
 Both techniques can measure com-
plex multilayer fi lmstacks and can deter-
mine the thickness and optical constants 
(n, k values) of the materials.
 The key to the successful measure-
ment of materials like aSi and CIGS with 
spectroscopic refl ectometry is the use of 
proper parameterization of the n, k spec-
tra. In the case of aSi, the Tauc-Lorentz 
approximation (refers to the optical 
properties of amorphous materials) and 
in the case of CIGS, compound mate-
rial approximation. An example of the 
results of aSi measurement is shown in 
Figure 1a and an example of the results 
of CdS/CIGS/Mo measurement is shown 
in Figure 1b. Using spectroscopic refl ec-
tometry, complete thin-fi lm solar fi lm-
stacks and many other applications can 
be measured rapidly and at low cost.

Figure 1(a) Measurement of aSi (fi t of model to measured data). The thickness, 
2.55 μm, and the optical constants spectra were determined using the Tauc-Lorentz 
approximation for the aSi dispersion. (Measured parameters E0 and C are in the table). 
(b) Measurement of CdS/CIGS/Mo fi lmstack (fi t of model to measured data). 
Measured parameters: CIGS thickness (1.54 μm), CdS thickness (77 nm), surface 
roughness (61 nm), CIGS composition: 45% (Ga/(In+Ga)), void fraction in CdS roughness 
layer: 20%.
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