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Background 

Thin films of activated iridium oxide (AIROFs) are useful 
as low-impedance coatings for neural stimulation and re- 
cording electrodes. With iridium oxide, charge is injected 
into tissue by reversible reduction and oxidation reactions 
that minimize electrode polarization and avoid electro- 
chemically irreversible processes that may damage either 
the electrode or tissue. The use of AIROF as a neural 
stimulation electrode was first describe in 1983 [1]. Since 
then, AIROF has been used in animal studies for stimula- 
tion of the spinal cord [2], the cochlear nucleus [3], and in 
many studies of cortical stimulation [4]. Microstimulation 
in the human occipital cortex using AIROF electrodes has 
also been described [5]. 

Activating Iridium to AIROF 

Activated IRridium Oxide Films (AIROFs) are formed by 
electrochemical treatment of iridium metal. In this proc- 
ess, the iridium is cycled or pulsed between negative and 
positive potential limits close to those for the electrolysis 
of water. Activation electrolytes are typically a buffered 
saline at pH 7. 

Substrates and Geometry for AIROF Electrodes 

Charge Injection Capabilities 

Activation of neural tissue is typically obtained with short- 
duration current pulses. At neural stimulation pulse pa- 
rameters and electrode areas, AIROF electrodes  provide 
charge-injection levels from 0.3-4 mC/cm

2
, depending  on 

the pulse-width and the electrode potential in the inter- 
pulse region [6]. AIROF charge capacity is increased by 
applying a positive potential bias in the interpulse region. 
The comparison below demonstrates the benefit of bias- 
ing AIROF electrodes and the advantage of AIROF in 
providing higher charge injection than PtIr alloys. 

 

Qinj  mC/cm2
 

Charge injection capacity 
of AIROF and PtIr micro- 
electrodes versus bias (V 
versus Ag|AgCl) in the 
interpulse region. Elec- 

trode Area = 1000 �m2; 
pulsewidth =0.4 ms, 
pulse frequency=50 Hz. 

 
The capacitance of AIROF depends on the degree of irid- 

ium activation and varies from 100-600 µF/µm
2  

with ~200 

AIROF is formed from iridium wire or on vacuum   depos- 
µF/mm

2
 (30 mC/cm

2
) being typical for neural stimulation. 

ited iridium thin-films. There are no particular restrictions 
on the geometry of the iridium electrode sites or area. 

Electrode areas range from ~100 µm
2 

to several square 
millimeters. The AIROF activation electrolytes are chemi- 
cally benign and do not damage lead insulation or dielec- 
trics on silicon microelectrode arrays. 

 
The tip of a pene- 
trating AIROF mi- 
croelectrode for 
intracortical stimu- 
lation and re- 
cording. (electrode 
courtesy of Hunt- 
ington Medical Re- 
search Institutes) 

 

Thin films of iridium suitable for activation can be depos- 
ited on both rigid and flexible substrates at EIC Biomedi- 
cal. These films can be photolithographically patterned, 
insulated and activated to customer specifications. 

Impedance 

AIROF decreases electrode impedance by at least a  fac- 

tor of ten relative to an uncoated metal electrode at fre- 
quencies  of  10

3    
Hz  or  lower.  The  magnitude  of    the 

decease depends on electrode area and the frequency 
range of interest. 

 
 
 
 

 
Activation of iridium to 
AIROF deceases elec- 
trode impedance over a 
broad frequency range. 
Impedance data for a 

2000 �m2 electrode ac- 
tivated to a total charge 
capacity of 25 mC/cm2 . 
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Bias, V AIROF PtIr 

0.0 0.35 0.09 

0.3 1.03 0.17 

0.5 2.12 0.23 

0.7 3.76 0.29 
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Charge Storage Capacity 

Activation to AIROF is quantified by the Cathodal Charge 
Storage Capacity (CSCc ), which is determined from the 
time integral of current density during a  slow-sweep-rate 
cyclic voltammogram. The CSCc for neural stimulation 
ranges from 15-80 mC/cm

2
, and is typically between 25- 

40 mC/cm
2
. 

 
 
 
 

AIROF CV 

showing the 
CSCc  in blue 

 
 
 
 
 
 
 

Polarization 

Electrode polarization during current pulsing is greatly re- 
duced by AIROF coatings. Reduced polarization de- 
creases power requirements for delivering stimulation 
pulses, avoids irreversible and potential harmful reactions 
at the electrode-tissue interface, and permits recording of 
evoked activity with stimulation electrodes. 

Electrochemical Characterization 

Detailed electrochemical characterization of AIROF coat- 
ings is performed to ensure quality and compliance with 
customer specifications, including: 

Cyclic Voltammetry - determines the quantity of AIROF 
on an electrode. 

Impedance Spectroscopy - assesses the recording and 
sensing performance as a function of frequency as well 
providing an indication of charge-injection capability. 

Charge-injection Capacity – voltage transients are meas- 
ured during stimulation pulsing to determine AIROF po- 
larization, which is then compared with established 
polarization limits for avoiding electrode damage or harm- 
ful irreversible reactions at the electrode. 

Optical and scanning electron microscopy are used to de- 
termine the morphology and uniformity of AIROF 

AIROF Stability 

AIROF tolerates sonication and repeated drying and re- 
hydration, provided electrolytes are thoroughly washed 
from the AIROF with distilled water before drying. AIROF 
is resistant to strong acids, bases, and solvents. Long- 
term stability studies of AIROF electrodes are conducted 
at EIC Biomedical to establish performance and   stability 

using pulsing conditions relevant to the intended research 
or clinical use of the electrodes. 

Sterilizing AIROF 

AIROF is sterilized in ethylene oxide or by autoclaving. 

AIROF should not be subjected to dry heat over 125
o
C. 

Storing AIROF Electrodes 

AIROF electrodes can be stored dry indefinitely but may 
require some period of electrolyte immersion to obtain 
their low impedance state if subjected to elevated tem- 
peratures during dry storage. AIROF may also be stored 
wet in distilled water, saline, or buffered saline. 

AIROF Coatings at EIC Biomedical 

EIC Biomedical works with sponsors to develop AIROF 
electrodes including: 

• deposition of iridium metal films for activation; 

• selection of AIROF activation parameters; 

• activation of sponsor-supplied iridium electrodes; 

• electrochemical characterization and long-term puls- 
ing and stability. 

For more information about AIROF, please contact us at: 

eicbiomedical@eiclabs.com 

EIC Biomedical 

111 Downey St., Norwood, MA USA 02062 
(781) 769-9450; fax  (781) 551-0283 

www.eicbiomedical.com 
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Limitations 

The suitability and safety of AIROF coatings for any intended applica- 
tion is the responsibility of the end-user. The end-user is cautioned that 
the long-term stability and performance of AIROF varies with the mate- 
rial, geometry and size of substrates, on the manner in which  the 
AIROF is used, the medium in which the AIROF is used; and other fac- 
tors that may not be readily predicted. 

 
EIC Biomedical is a division of EIC Laboratories, Inc. 
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