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Abstract— Measurement of intraocular pressure in the glaucoma disease is an essential to diagnose and cure the disease. In 
previous years several methods have been  discovered by researchers and some of them are still in use. But in glaucoma 
disease the intraocular pressure should be continuously monitored. For this purpose various pressure sensors are available 
which were used to measure the IOP.. Some of them were implantable and others were non-implantable. Recently MEMS 
and CMOS technology were used to design and fabricate these pressure sensors. MEMS capacitive pressure sensor which 
can measure the pressure up to +/- 0.2mmHg. This paper presents a review on the all types of IOP measurement pressure 
sensor. 
 
Index term— IOP, Glaucoma, Implantable and Non-Implantable, Sensors. 
 
I. INTRODUCTION 
 
Approximately more than 60 million people are 
suffering from irreversible blindness which causes 
due to Glaucoma and many of them don’t know about 
it. It can affect any age group i.e. infants, younger 
children and old persons. In old age females are more 
prone to this disease. Actually glaucoma is group of 
diseases which damage the optic nerve, results in 
visual defects. In the eye optic nerve sends the visual 
signals to brain. Main cause of the glaucoma is 
increased Intra ocular pressure. IOP is increased due 
to resistance in out flow of aqueous humor. The IOP 
should be reduced to prevent the damage of optic 
nerve. It requires the painful surgery and strong 
drugs.Glaucoma could be cure but needscontinuous 
monitoring of IOP. But IOP varies day to day so it is 
not sufficient to measure it twice or thrice in a year.If 
IOPis monitored regularly it helps to cure the disease 
in early stages. Elevated IOP is not only the key 
factor of Glaucoma disease. People with elevated IOP 
have normal vision also. The IOP varies according to 
the positions of the body. It is high at night and low 
during day. To measure the IOP continuously 
glaucoma devices were developed. 
Several techniques were used to measure the raised 
IOP. First tonometer was invented in 1862 to measure 
the pressure of sclera [1]. Applanation tonometer is 
developed by Maklakoff in 1885 which works on 
external forces and applanation of corneal surface.[2]. 
In 1957 Goldmann designed a tonometer which is 
called Goldmannapplanation tonometer gives the 
more accurate and reliable results [3].A non-contact 
tonometer was developed  in which a puff of air is 
used to flatten the cornea surface. A light beam is 
incident on the surface and when it gets reflected 
back the sensor measure the change in the pattern of 
the reflected beam and gives the measurement of 
IOP[4]. Another method was indentationtonometery 
in which a plunger was used to indent the cornea. The 
weight is applied to deflect the cornea which gave the 
IOP measurement by using relative tables in which 

previous value of IOP was stored to compare the new 
ones [5]-[6]. Dynamic contour tonometer was 
introduced which is not affected by central corneal 
thickness.[7]. In 2006 Tonnu compare the GAT, 
tonopen and noncontact tonometer and found change 
in IOP 0.28, 0.31,0.46mmHg respectively[8]-[9]. 
 
II. IOP MEASUREMENT 
 
In all above techniques the patients have to visit the 
doctor’s office.  So some of the group of institutes 
started working on the concept of continuous 
monitoring of IOP. They proposed different designs 
of the sensors. These sensors are classified as 
implantable and non-implantable. Further sensor 
could be wired or wireless. 
 

 
Fig 1.classification of IOP sensors 

 
III. EXTRA OCULAR SENSORS 
 
Extra ocular sensors are similar to the GAT 
technique. Another approaches are strain gauges of  
platinum and titanium which are  used in soft contact 
lenses. Piezoelectric and piezoresistive resonator are 
used to detect the cornea deflection. But all these 
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sensors suffer from the rigidity and eye environment, 
temperature effects etc[10]. 
 
IV. INTRA OCULAR SENSORS 
 
RF waves are used to transmit the data from the 
capacitive pressure sensor to receiver from the 
anterior chamber of the eye. These sensors can be 
implantable and non-implantable. Both types of 
sensor used the passive and active element to transmit 
the data. Capacitor along with resistor made the RC 
resonator circuit which is used to transmit at 
resonance frequency. The capacitor may be used in 
different shapes, while using in soft contact lens its 
shape may vary. 

 
V. IMPLANTABLE 
 
Implantable sensor needs tobekept  inside the eye in 
such way that it does not affect the vision of eye. This 
is accomplished by doing very careful surgery, the 
sensor is kept inside eye for a period. During this 
period the sensor continuously  measures the IOP and 
store the values in the memory inside the sensor. Also 
it could transmit the data through wired or wireless 
circuit. After that, the sensor is taken from the eye by 
again doing surgery. 

 
5.1 Passive implants 
LC tank circuit is used to transmit frequency change 
due to change in the capacitance while change in the 
IOP. A distributed resonant circuit was fabricated  
with a pair of spiral coil in the Pyrex pillbox by 
Collins. The system’s capacitances and inductances 
were changed due to change in pressure in the eye. 
The energy used by the resonance circuit was 
monitored. Specifications of the sensor were 0.5mm 
of radii, 0.1mmHg of resolution and response time 
was in milli-seconds[11]. 
A passive LC circuit was designed with 10-turn gold 
inductor, 4mm in diameter which was attached to the 
capacitance by Rosengren. The micro-machined 
technique was used for capacitor. It had limitations 
of, series resistance stability andstray capacitance of 
capacitor. The author suggested that IOP could 
measure more accurately form intraocular lens[12]. 
A LC tank circuit was developed on a monolithic 
silicon substrate used a high Q inductor and 
capacitive sensor for high sensitivity by Dehennis and 
Wise. Sensor had dimensions of 
6mmX6mmX0.5mm, range upto 3cm of sensitivity of 
20pF/mmHg[13]. 
AParylene MEMS pressure sensor was proposed 
which measure the pressure without power by Po-
JuiiChen. To obtain a high sensitivity of the sensor 
with micro machined high aspect ratio thin wall tubes 
are used. The sensitivity measure up to 
0.67degree/mmHg angular sensitivity and 
3.43um/mmHg lateral sensitivity with long armed 

tube and .38um/mmHg longitudinal sensitivity with 
serpentine-tube design[14]. 
Another Parylene-based wireless IOP pressure sensor 
was fabricated monolithically with parylene as 
biocompatible material by Po-Juii Chen. A surface 
micro machined flexible diaphragm chamber with 
parallel metal plates and a dual layer planner inductor 
created a resonance circuit that transmitted 
readings[15]. 
A high resolution implant was designed and 
fabricated using MEMS technology by E. 
A.Unigarro. LC tank circuit was used in the system. 
The mechanical deformation in the sensor 
changeelectrical properties and give the output 
accordingly. An antenna was used to power the 
circuit electromagnetically. The dimensions of sensor 
was 4.3mm side, 1.1mm height and 400um PDMS to 
cover the air cavity of 3.5mm. The range of the 
sensor was 0 to 40mmHg[16]. 
A SU-8 based material micro sensor is fabricated by 
MEMS technology. A diaphragm was made of planer 
spiral gold inductor and parallel plate capacitor which 
was encapsulated in the biocompatible MEMS 
material SU-8 by NingXue. The paper showed 
comparison between the various material and SU-8. 
Measure the phase dip resonant frequency which was 
linearly proportional to the pressure.  The micro 
fabricated sensor had sensitivity of 7035ppm/mmHg 
and 3770ppm/mmHg in the air and silane 
mediumsrespectivly[17].  
Abatteryless intra ocular capacitive pressure sensor 
was developed by Y. Mary Asha Latha, diaphragm 
was coated with highly electronegative material 
(Teflon) and different shapes of diaphragm was 
compared. Displacement sensitivity of 9.577×10^-
5µm/Pa and 13.186×10^-5µm/Pa was measured with 
and without Teflon coating respectivly. The 
capacitive and displacement values are increased 1.3 
to 1.8 times in slotted diaphragm [18]. 
 
5.2 Active implants 
To transmit the data, active implants used the RF 
radio architectures and a digital processing system. 
Load modulation telemetry technique was used in 
which power is extracted from regulated supply form 
mixes signal circuitry. 
An IOP sensor was developed in which implant was 
kept inside the intraocular lens. The   temperature and 
drift sensor was kept on a chip for reference with 
variable capacitive pressure sensor of RF frequency 
13.56MHz. A gold electroplated inductor coil was 
used for communication and all other systems 
fabricated by 1.2u CMOS micromachining technique. 
A device was designed with capacitive pressure 
sensor with dimensions(.8mmX.5mmX2mm). 0.7um 
CMOS ASIC technique was used to fabricate the 
system with accuracy of .75mmHg with distance 
5mm on operating power 100uA at 3.5V.  
A high resolution microsystem with capacitance 1pF 
at 100kPa pressure was developed. A 14 bit Sigma-
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delta analog to digital converter was used at 
frequency 13.56MHz for data transmission and power 
consumption was 500uW. 
A RFID based system was introduced with 
transmission frequency 13.56MHz. 0.5um CMOS 
ASIC is used to design the system with FRAM and 
super capacitor power module. A protocol named 
wireless SPI  was used to extend the RF sensing 
methods to any other protocols [19]. 
A system on chip was developed for IOP sensing 
having 2.4GHz and 5.2GHz for transmitting and 
receiving respectively byM. Arsalan. 4-bit RFID,7-bit 
TIQ flash ADC, a power and control unit with VCO 
transmitter. It used the 0.18um CMOS technology to 
work with post processed MEMS pressure sensor. 
Power require to operate was 513uW.[20] 
 
VI. NON-IMPLANTABLE  
 
The non-implantable sensors are based on the concept 
of soft contact lens integrated devices. It is a novel 
approach to measure the IOP continuously without 
any invasion in eye regardless of patient position and 
activities. 
 
6.1 Wired sensors 
For the continuous measurement of IOP an 
innovative sensor was designed byM. Leonardi. The 
soft contact lens was integrated with strain gauge in 
the Wheatstone bridge style. The measured data was 
sent through wires which were coming out of the 
strain gauge. The cornea  deformed due the change in 
IOP[21]. 
A hybrid soft contact lens was developed with BL 
film to measure the IOP continuously by V. Laukhin. 
The BL film was used of polycarbonate(10-25um) 
thick with piezoresistive organic layer with  
molecular metal β-(ET)2I3 (ET 
=bis(ethylenedithio)tetrathia-fulvalene). Strain gauge 
was embedded in the Wheatstone bridge but it had 
temperature effect on the measured pressure [22]. 
 
6.2 Wireless sensors 
Awireless soft contact lens sensor was fabricated with 
HEMA(Hydroxyethylmethacrylate) having high 
oxygen permeability byChien-Kai. The lens was 
integrated with the micro-inductor as sensing coil and 
RFIC.The value was transmitted by LC oscillator 
[23]. 
A wirelesscontact lens sensor was introduced with 
micro-capacitive technique  using HEMA for cast 
moulding by Huang. The micro-capacitor with 18 
cogs having platinum and titanium as plates. The 
sensitivity of the pressure sensor was 0.43pF/mmHg 
between pressure 100mmHg to 180mmHg[24]. 

 
CONCLUSIONS REMARKS 
 
This paper concludes the various techniques including 
ancient and recent. In ancient techniques the 

tonometer and tono-pen was developed to measure the 
IOP. As already specified that glaucoma needs 
continuous measurement of IOP. So with time lots of 
devices were developed with many techniques. LC 
tank circuit, application specific(ASIC), system on 
chip, MEMS etc. The traditional tank circuits were 
improved and integrated with new system to measure 
the pressure accurately. From implantable to non-
implantable and wired to wireless methods were 
improved. A soft contact lens technology integrated 
with MEMS capacitive pressure sensor were 
introduced which measure the pressure up to 
.43pF/mmHg. 
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