
Transmittance: 733 nm Thick AZO on Glass
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Description and Applications
Films of Aluminum-doped Zinc Oxide, AZO, are
transparent and electrically conductive. They
have the property of high transmission in the vis-
ible region and useable transmission to IR wave-
lengths as long as ~12 μm.  In contrast, the more
commonly known TCO, ITO, reflects IR at wave-
lengths longer than ~2 μm.  Transmittance loss
for a 120 nm thick coating on Ge is <10% out to
~12 μm.  

AZO is an ideal replacement transparent con-
ducting oxide (TCO) for ITO for all corresponding
applications. Typical applications include: trans-
parent electrodes for solar cells, flat panel dis-
plays, LCD electrodes, electro-magnetic compat-
ibility (RF-EMI shielding) coatings, touch panel
transparent contacts, static discharge dissipa-
tion, and IR windows.  A substantial cost savings
is possible with AZO materials as compared to
ITO and other TCOs.  

The full range of sheet resistance, from < 50
Ω/sq to M Ω/sq, can be obtained with AZO by
varying deposition thickness and parameters.  No
substrate heat is required, making AZO ideal for
polymer and other temperature-sensitive sub-
strates.  Patterning of films by etching is easier
than with ITO films [1].  Weak acids of <1% con-
centration (0.2% HNO3 for 2 minutes at 18° C)
can be used. The etch rate is somewhat depend-
ent on film crystallinity.  

The refractive indices for reactive magnetron
sputtered AZO at 600 nm wavelength range from
1.90 ± 0.02.  Pulsed DC magnetron sputter dep-
osition of AZO produces an index ~2.00, compa-
rable to DC magnetron sputtered and E-beamed
IAD ITO. 

Optical and Electrical Properties
AZO is deposited by sputtering from targets com-
posed of 2-4% Al metal incorporated in ZnO.
Electrical conductance, measured as bulk resis-
tivity or as sheet resistance, is related to deposi-
tion properties and thickness.  Figure 1 presents
the sheet resistances achieved for several DC
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AZO: Transparent Conductive Coating
With IR Transmission

magnetron depositions made with the Williams
2%/98% target on ambient-temperature glass
substrates.  

Figure 2 shows the transmittance of the 733 nm
thick (~100 Ω/sq) sample sputtered onto glass.
Absorption begins just short of the 500 nm wave-
length, and the film has high transmittance to
~1000 nm.  No inhomogeneity in index is appar-
ent.  

Sheet resistances vs thickness for AZO deposited at 3.4 W/cm2 and ~2.2 W/cm2,and 4.75 W/cm2 for lowest R.
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Figure 3 shows the optical properties of the films:
their refractive indices and extinction coefficients.
All depositions were made on substrates that
were not intentionally heated. The refractive
index is similar to that of ITO, but exhibits small-
er wavelength dispersion in the visible region.
Very low absorption appears in the visible region
and at shorter and longer wavelengths.  There is
a small dependence of transmittance and
absorption on thickness (sheet resistance).  

Figure 1

Transmittance of 733 nm thick AZO deposition on glass.

Figure 2
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The table lists the optical constants for the 733
nm thick AZO layer deposited on glass; they
should be considered guide values because dif-
ferent process parameters will produce slightly
different results.  Compared with the data for a
layer on a silicon substrate, Figure 5, (different
deposition), the visible indices are ~2% higher on
the glass substrate.  

Spectroscopic ellipsometry of a 319 nm thick film
of 440 Ω/sq sheet resistance deposited on sili-
con determined the index and extinction coeffi-
cients that are plotted in Figure 5.  

Mechanical Durability and Solubility
Subjecting the AZO layers deposited on glass or
on Ge substrates to 20 eraser strokes at 2.5 lbs
force produces no scratching or adhesion loss of
the films (severe abrasion per MIL-STD C-
48497).  This result indicates that the films are
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AZO Refractive Indices
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Refractive index vs resistance for the several thicknesses of AZO coating. 

Extinction coefficients corresponding to the depositions shown above.

WVL (nm) n k
423 2.02 0.006
444 1.98 0.003
477 1.95 0.002
512 1.92 0.001
558 1.90 0.001
613 1.88 0.001
681 1.86 0.001
770 1.84 0.002
879 1.80 0.004
1061 1.76 0.014
1179 1.75 0.018
1200 1.75 0.020
1300 1.74 0.031
1500 1.72 0.080
1800 1.68 0.180
2200 1.60 0.300
2500 1.50 0.400

Figure 3

Figure 4

Optical constants for the 733 nm thick deposit on glass.

hard and adherent, comparable to films of ITO.
When boiled in D. I. water for 20 minutes, the
films are insoluble and showed no changes to
their durability properties, but index and extinc-
tion coefficient decreased (~-3%). The sheet R
increases for films thinner than ~300 nm.  

Films deposited on cool substrates exhibit a larg-
er instability to post-deposition in air than films
deposited on substrates near 300° C.  These
changes indicate that the film properties deposit-
ed on cold substrates are not stable until sub-
jected to a short-time anneal in air at a tempera-
ture higher than deposition temperature.  The
higher temperature increases the oxidation of the
AZO layer, and resistance.  Deposition on sub-
strates heated to high temperature (~200° C)
increases the stability for subsequent high-tem-
perature operation.

Deposition Procedure
Dependent on process. AZO films can be
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Figure 5

deposited by RF or DC magnetron sputtering,
but not by thermal evaporation.  If the sputter tar-
get is non-conducting, as with a ceramic compo-
sition, RF sputter techniques are necessary; oth-
erwise reactive DC magnetron sputtering is pre-
ferred.  

h Target power density ~3-4 W/cm2 with 
an O2 to Ar flow rate ~2:1.  

h Operating total pressure ~6 mTorr.  
h Substrate temperature near 200° C. 

Higher power and greater thicknesses produce
lower sheet resistances. 

Physical Properties of Target Material
High density: 95+%, hot-pressed, conductive.

Reference 1:  CERAC Coating Materials News, Vol 15,
Issue 1, March 2005. 


