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Abstract 

Iridium oxide films were reactively sputtered on 
alumina substrates at temperatures ranging from 300-
600 0 K in order to relate the structure of the film to 
its electrical properties. X-ray diffraction of the 
films indicated a transition from an amorphous to 
crystalline structure with increasing temperature 
which was accompanied by a increasing electrical 
conductivity. Details on sputtering conditions, film 
adhesion, and structural characteristics of the films 
are also presented. 

Introduction 

The electrochemical properties of iridium oxide 
have stimulated investigations related to its use a 
an electrochromic film [1] and as a pH sensor [2]. 
In considering iridium oxide as an electrochromic 
sensor, Hackwood et al. [3] noted the contrasting be­
havior of the amorphous and crystalline phases. They 
found the sputtered amorphous films to be much more 
stable than the anodically grown crystalline films 
and studied the amorphous to crystalline transition 
in the sputtered films. A similar contrast between 
anodically prepared films and sputtered films [2] was 
found when the iridium oxide is used as a pH sensor. 
Studies of the structure of iridium oxide have lead 
to an evolving understanding of the electronic state 
of the iridium and its oxidation and hydration in 
aqueous environments. The electrochemical reactions 
are also structure sensitive and therefore are af­
fected by the crystallinity of the anhydrous bulk 
material as well as the hydration of the surface. 
Since the corrosion resistance, solution response to 
concentrated ions, redox potential, and overall pH 
measurement performance appear to be sensitive to the 
fabrication parameters and structure of iridium 
oxide, this study was conducted to relate sputtering 
conditions to the electrical, physical, and chemical 
properties of the films. 

Experimental 

Iridium was sputtered from a pure (99.99%) 
iridium 5 cm diameter target with a 13.5 MHz RF 
planar magnetron source using approximately 0.15 Pa 
total pressure and a 20 cm target to substrate dis­
tance. Argon (99.999%) and oxygen (99.99%) were 
mixed and monitored using a side tap, separately 
pumped mass spectrometer. The pressure values repor­
ted below were within +10% of the mass spectrometer 
argon-to-oxygen ratios-measured except for the two 
lowest oxygen mixtures. Thickness was monitored 
using a quartz oscillator and was measured using 
weight gain on a typically 4x8 cm area of the alumina 
substrates. These measurements were confirmed using 
thalium interferometry. Heating was accomplished 
using an aluminum block heater. X-ray diffraction 
spectra of all coatings were made with Cu Ka radia­
tion and calibrated with the alumina substrates. 
Electrical resistivity measurements were made with a 
four point probe test and adhesion tests were made 
with a commercial epoxy bonded tab tensile tester. 

Results 

In order to determine the sputtering conditions 
for obtaining iridium oxide from the pure iridium 
target, both the sputtering atmosphere argon-oxygen 
ratio and the power level on the target which con­
trols the rate were varied. X-ray diffraction data 
indicate� that high power levels (300 watts or 15 
watts/cm ) and partial pressures of 0.026 Pa of 
oxygen lead to metallic iridium deposi�s. Low power 
levels (50-100 watts or 2.5-5 watts/cm ) and oxygen 
partial pressures of greater than 0.13 Pa lead to 
films of iridium oxide in which no iridium X-ray 
lines were observed. With the low oxygen pressures 
and low power levels, films included both Ir and 
iridium oxide. The substrate temperatures used 
during deposition ranged from 310 °K to 596 °K. The X­
ray patterns for the deposits made at the lowest 
temperatures indicated either amorphous or very fine 
grained iridium oxide since only the [110] peak at d 
= 0.3178 µm was discernible for the rutile structure 
but this could represent an amorphous pattern. A 
Scherrer calculation of the grain size for crystal­
line rutile [110] peak would indicate a size of 2-3 
nm (Fig. 1). The rutile pattern was clearly evident 
for deposits made at 393 °K including the [110], 
f101], [200], and [211] peaks. At higher tempera­
tures, 523K and 596K, the [220], [310], [112], and 
[301] peaks were also developed and the grain size
calculation indicated an 8 nm diameter for 596K.

Al203,--..,....--....,.-,----.---,---,-----r--��-----r---, 
lr021-----------,-----�--....----r-----l 

112(317 K) 

78 7-4 70 86 62 58 5-4 50 -46 -42 38 3-4 30 26 22 

28 

Figure 1. X-Ray Diffraction Intensity for Ir02Films Produced at 317-596 °K. 

The higher deposition temperature also had a 
direct effect on the electrical resistivity a 
measured with a four point probe. A nearly linear 
relationship was observed for films made at 50 watt 
and 0.16 Pa oxygen between the substrat§4temperature
and resistivity�4 This value was 1 .7x10 ohm cm at 
596K and 8.5x10 ohm cm at 310K (Fig. 2). The lower 
resistivity for films made at higher temperatures is 
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Figure 2. Effect of Deposition Temperature on Iro2
Film Resistance. 

comparable to Hackwood's results indicating a 
decrease in resistivity of films made at room tem­
perature upon annealing. The films made with low 
oxygen partial pressure and consisting 2

4
imarily of 

iridium had lower resistivities (0.5x10 ohm cm) 
even though they were produced at the lower 
temperatures. Also, films produced at 100 watts 
power level and therefore at a faster rate tended 
toward lower resistivities indicating the possibility 
of high iridium-to-oxygen ratios (oxygen 
deficiencies) even though no evidence of iridium met­
al as a phase was present in the X-rays. 

The details of the relationships between deposi­
tion rate, sputtering atmosphere, substrate 
temperature and the structure and properties of the 
film will be presented as well as the results of the 
adhesion tests of the films. 

Conclusions 

The substrate temperature during reacting sput­
tering of iridium oxide from iridium has a direct 
effect on the grain size and crystallinity of the 
film changing from amorphous or extremely fine 
grained deposits at 310K to crystalline deposits at 
596K. The high temperature deposits have much lower 
resistivity. The change from high resistivity, 
nearly amorphous to low resistivity and crystalline 
appears to be a gradual one as the temperature of 
deposition is increased. 
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