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MRI Compatible Fiber Optic Multi Sensor Platform
for Real Time Vital Monitoring
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Abstract—Microsystems sensors are implemented on a fiber
optics based platform towards use in magnetic resonance imaging
assisted interventions. The presented platform offers real-time
and in-situ pressure, temperature and localization feedback
during imaging assisted surgical procedures. This multi-sensor
platform fits into an interventional medical device with a diam-
eter of 2.5 mm. A polymer cap with perforation is utilized for
circulation of blood in the vessel to allow correct monitoring
of the temperature and pressure in real time. Graded Index
(GRIN) lenses were utilized at the tip of the fiber cables improved
optical signal collection efficiency. Three light sources having
different wavelengths were utilized each for one sensor; a 637 nm
laser, a 780 nm laser and a 875 nm LED (50 nm bandwidth)
for pressure, localization and temperature sensors, respectively.
Pressure sensing is performed by a released polymer-metal hybrid
membrane having a diffraction grating interferometer readout
scheme. Temperature sensing is accomplished based on the
change of absorption and transmission in semiconductors (i.e.
GaAs) due to variations of energy bandgap with temperature.
Localization of the medical device is acquired based on magneto-
optical Kerr effect where Iron Oxide magnetic material is
employed. The sensor chip revealed a temperature precision of
±0.22◦C, a pressure resolution of 1 mmHg and a localization
resolution of 3 mm, where all values are relevant to medical
practice. Integration of the sensors developed in this study helps
medical devices such as catheters and stents, allow a new horizon
in interventional surgery.

Index Terms—Microsystems, MEMS, fiber optics, micro sen-
sors, interventional devices.

I. INTRODUCTION

B IOLOGICAL systems are better understood with advanc-
ing features of medical devices used in interventions, that

can support real time vital data as well as the treatment in par-
allel. Miniaturization, functionality and compatibility with var-
ious imaging modalities of the interventional device become
important issues to address multi-fold treatment problems [1].
While reducing physical dimension the medical device to
reduce potential risks during the operation [2], designs have
to offer more than one sensing function, such as temperature
[3], pressure [4], position [5] and other vital monitor tags
[6]. Therefore, minimization of the invasive diagnosis and
treatment methods is leading the development of operable, bio-
compatible medical devices. In parallel with the development
of micro electro mechanical systems (MEMS) for medical
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applications, basic vital monitors such as temperature and
pressure sensors have been integrated into medical devices.

Magnetic Resonance Imaging (MRI) as a real-time imag-
ing modality is attractive for the guiding and monitoring of
interventional procedures. Although the spatial and temporal
resolutions with MRI are not close to that of X-ray methods,
due its high intrinsic soft tissue contrast without exposure to
ionizing radiation and the possibility to measure physiologic
parameters like flow and cardiac function, MRI is well suited
for interventional procedures. MRI can provide significant
advantages and offers a great potential when used as an
imaging modality in catheter based operations [7]. These
advantages include the absence of ionizing radiation and high
tissue contrast whereas providing computational versatility.
The use of MRI for image-guided interventions presents along
with the advantages also great challenges. The vast majority
of MRI catheter monitoring systems are based on the power
and signal carried by conductive lines [8]. The main problem
arising in such MRI studies is that the catheters and stents
made of conductive materials are heated under the RF field [9].
Leakage currents, inductive cycles and RF fields in resonance
cause medical devices to warm up [10]. Many studies have
been proposed to overcome the warming problem either by di-
viding long wires into specific lengths and using transformers
between wire segments [11] or resonance shifting [8] methods,
they have been described as difficult and unreliable ways for
cable/transformer integration in catheters. Alternatively, as a
solution to the warming problem, using optical transmission,
that removes the electrical cable for interventional medical
devices, can significantly improve patient safety [12]. In the
literature, there are application-specific integrated circuits (i.e.
microchips) for optical communication [13] as well.

Among the fiber optic temperature sensor types, the fluores-
cent techniques [14], [15], the interferometric techniques [16]
and techniques based on the optical properties of semiconduc-
tor crystals can provide accuracies of ±1◦C [17], [18]. The
intrinsic fiber Bragg grating sensors used in MRI can provide
an accuracy of ±0.8◦C with a resolution of 0.2◦C [19].

Pressure sensors were proposed to be used in MRI envi-
ronment to measure the blood pressure non-invasively [20]
and invasively [21] with an accuracy of ±1.5% within the
physiological range of 50 − 180 mmHg.

This paper presents a medical device prototype, for MRI-
supported interventional radiological applications, that can
obtain temperature, pressure and location tracking information
in real time by combining fiber optic lines with micro electro
mechanical system (MEMS) sensors. The proposed system
will provide real-time information about vital signatures of
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Fig. 1. Multi-sensor platform for medical interventions. Detailed cross section of the device reveals the fiber optic based measurement mechanisms for real
time pressure (P ), temperature (T ) and localization (∆x) readings.

vessel or tissue, while offering location feedback to the op-
erator. To the best of our knowledge, this study demonstrates
the first MRI compatible integrated sensor on fiber platform
for image assisted interventions. The paper is organized as
follows: Section II describes design of the micro system
sensor platform with its construction and operation principle.
Section III summarizes experimental studies of each sensor
and Section IV provides concluding remarks.

II. MICRO SYSTEM PLATFORM

Figure 1 illustrates the platform, comprising fiber coupled
pressure, temperature and localization sensors. Graded index
(GRIN) lens collimated single mode conventional and polar-
ization maintaining fibers are located within the trenches of
the adapter platform, addressing the pressure and localization
sensor. On the other hand the temperature sensor is mapped to
a plastic fiber that contacts the semiconductor. The reasoning
behind the fiber cabling choice is as follows:

• A panda-type polarization maintaining fiber is required
for the localization sensor to enable monitoring polariza-
tion change with the magnetic field (which changes with
respect to position in an MRI setting). The distal end of
the fiber is collimated via a GRIN lens to significantly
improve collection efficiency.

• A conventional single mode fiber is employed in acquir-
ing the pressure sensor data, utilizing diffraction grating
interferometry. Once again a GRIN lens is placed to
collimate the light exiting the fiber at the distal end. The
distance between the GRIN lens and the pressure sensor
ensures coupling of the 0-th diffracted mode only, while
allowing other diffracted modes to diverge elsewhere.

• A plastic fiber is utilized across the temperature sensor,
as neither a spacer distance is required between its distal
end and the semiconductor, nor polarization needs to
be maintained. Moreover, the large core plastic fiber

provides high efficiency for coupling the LED source.
In the following sections, each sensor is further detailed.

III. MICRO SENSOR DEVICES

A. Blood Pressure Sensor

The working principle of the pressure sensor relies on
a sealed tri-material (titanium-parylene-titanium) membrane.
The blood pressure causes the membrane to bend, which is
to be detected using diffraction grating interferometry. Inter-
ference effect comes from the superposition of light reflecting
off the diffraction grating that is fabricated underneath the
membrane, and the other portion of light that reflects off the
membrane itself. The diffracted light angles (θm) for m-th
order (m = 0,±1,±3, ...), under perpendicular incident light
can be described as [22]

θm =
mλ

Λ
(1)

where λ is the laser wavelength, and Λ is the grating period
(see inset of Fig.1). Equation 1 sets a condition on the distance
between the collimated fiber exit and the sensor chip to ensure
only 0−th order makes it back inside the delivery fiber. For
the pressure sensor, we utilize a wavelength of 637 nm, a
grating period of Λ = 6µm, a fiber optic collimator assembly
having 350µm diameter. Thus the collimator assembly is
placed nearly 5 mm away from the sensor to ensure higher
order diffracted modes are not coupled back into the fiber.

The normalized 0−th order light intensity (I0) as a function
of the membrane gap (d) can be expressed as [22]:

I0 = cos2

(
2π

λ
d

)
. (2)

The intensity behavior of the 0−th order (as well as other
orders) repeats itself at every λ/2 change in the membrane
displacement. Therefore the unambiguous range from which
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Fig. 2. (a) Fabrication sequence of the multi-sensor platform (b) Top view
of the micro fabricated chip platform (c) Chip die photos.

the change of gap can be calculated is λ/4 (the peak-valley
distance for equation 2).

Fig. 2(a) shows the fabrication sequence of the whole
interventional sensor platform. Steps shown between Fig.2(a)
(i) to (v) deal with the implementation of the MEMS pressure
sensor with an interferometric readout. The fabrication starts
with a lift-off definition of 150 nm sputtered Titanium layer
on a Quartz substrate. This metallic pattern serves as the
diffraction grating, later to be used for optical read out.
Circular pressure sensor chamber is defined in the next process
where 3.8µm-thick photoresist island (with an outlet channel
for release process) is structured through photolitography.
Following that Ti (340 nm)- Parylene-C (5µm) - Ti (470 nm)
sandwich layers are blanket deposited consecutively using
metal sputtering and chemical vapor deposition techniques
(Fig.2(a) (iii). This hybrid sandwich serves as the membrane
of the pressure chamber. In the succeeding process, the mem-
brane is released through the etch channel via isotropic oxygen
plasma etch, In the final step, the hole is sealed with an
epoxy droplet and hybrid integration of GaAs die (serving
as the heart of the temperature sensor) and Fe2O3 coated
prisms (to improve localization sensitivity through providing
oblique incidence) are performed. Fig.2(b) shows the optical
micrograph of the fabricated platform chip, where membrane
sealing is visible as a dark region. GaAs die is hybrid-
integrated on the platform. Diced chips photo where platform
size of 1.5 mm× 1.5 mm× 350µm is given in Fig.2(c).

Finite element simulations for a membrane diameter of
250µm exhibit a temperature sensitivity of 0.4 nm/◦C, for

Fig. 3. Pressure sensor Finite Element Analysis for varying diameter size of
the membranes.

the parylene layer sandwiched between identical thickness
titanium layers of 400 nm height. In an effort to decouple
the effect of temperature on the pressure measurement, the
simulations (along with the fabrication itself) was carried out
with a thicker upper titanium layer, leading to a mitigated
temperature sensitivity of < 0.2 nm/◦C.

Fig. 3 shows a simulated differential membrane deflection,
disclosing the difference between deflections for a blood pres-
sure of 60 mmHg and 250 mmHg, for a variety of membrane
diameters. As the unambiguous measurement range of the
interferometer is λ/4 (≈ 160 nm for the utilized wavelength),
200 and 250µm diameter membranes were observed to be
suitable for the targeted pressure measurement range. It is
noteworthy that higher diameter membranes could also be
utilized as well, along with two-wavelength interferometric
readout for improved range.
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Mirror

Photodiode

Convex lens

Oscilloscope

Fig. 4. Experimental setup for continuous pressure measurement in liquid
environment.

The pressure sensor was characterized using the setup
illustrated in Figure 4. A laser diode (λ= 637 nm) was directed
to the pressure sensor, placed in a chamber filled with a
phantom liquid, to mimic blood. A manual rubber pump and
a manometer are utilized to measure and alter the pressure
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level, while the diffracted 0th order intensity was monitored
with a photodetector (Thorlabs PDA36A) connected to an
oscilloscope. The recorded laser intensity as a function of
applied pressure is illustrated in Fig. 5 for 200µm and 250µm
diameter membranes. The intensity profile for the 200µm
membrane reveals a deflection of about half a period (λ/4 ≈
160 nm), while the 250µm diameter membrane demonstrated
a deflection of 3λ/8≈ 239 nm. The observed sensitivity of
0.65 nm/mmHg and 1 nm/mmHg for 200µm and 250µm
diameter membranes are in par with the Finite element
simulated sensitivity (0.53 nm/mmHg and 1.05 nm/mmHg
for 200µm and 250µm diameter membranes). Overall, both
200µm and 250µm membranes address blood pressure levels
that are relevant to clinic practice (50-180 mmHg) and the
range offered by the 250µm membrane can further be ex-
panded 250 mmHg by the use of two wavelength read out
to detect extreme medical conditions such as hypertensive
crisis (>180 mmHg blood pressure). A pressure resolution of 1
mmHg is extracted from the experimental data which exhibits
an SNR higher than 20 dB.

A half period in the intensity as a function of pressure
graph corresponds to a membrane displacement of λ/4 (as
the light has to travel a round-trip distance of 2 × λ/4). The
average sensitivity was then calculated as λ/4

∆P , where ∆P
is the pressure change corresponding to the half an intensity
period.
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Fig. 5. Experimental characterization of pressure sensors using the custom
setup given in the inset (Membrane diameters R = 200µm and R = 250µm).

B. Temperature Sensor

Temperature sensor is based on variation of light absorp-
tion/transmission properties of a semiconductor crystal under
illumination. For this study gallium arsenide (GaAs) is chosen
as the semiconductor material. When the energy of the incident
photons (hν) is smaller than the bandgap energy (EG) of the
GaAs material, the crsytal acts as a transparent material and

transmits the light without generating electron-hole pairs. At a
specific wavelength (λc), which is known as optical absorption
edge or optical cut-off wavelength, the photon energy of the
excitation becomes equal to the bandgap, resulting in band-to-
band absorption and generation of electron hole pairs:

λc(T ) =
hc

EG(T )
(3)
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Fig. 6. Experimental characterization of temperature sensor within the clinical
range of temperature.

where EG(T ) is the temperature dependent band gap of the
GaAs crystal, h is the Planck constant, c is the speed of the
light. Equation 3 estimates a cut-off wavelength of 873 nm
for undoped GaAs at room temperature. Variation of energy
band gap with respect to temperature fluctuation is studied
extensively in the literature and well known Varshni equation
is used for fitting experimental data [23]

EG = EG(0K) − αT 2

T + β
(4)

where α and β are fit paramaters. Implementation of the
temperature sensor in this study uses a double side polished,
350µm-thick p-type GaAs crystal. Equation 4 models a slight
decrease in bandgap energy as a function of temperature. As
a result, for a given wavelength, amount of photon energy
absorbed by the GaAs crystal increases, provided that the
selected wavelength is close to the one governed by equation
3.

In order to measure optical transmission through the sample,
a compact CCD spectrometer (Thorlabs CCS200) is used. The
sensor is immersed into to a water phantom filled chamber
with temperature control. During measurements, the water in
the chamber is heated to 45◦C and it is cooled until 20◦C.
A W1209 thermostat is used as a reference sensor. Fig. 6
shows experimental response obtained from the temperature
sensor, where temperature dependent intensity, normalized to
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temperature-insensitive peak intensity measured in the spec-
trum, is given. The sensitivity can be read from Fig. 6 as
0.03/◦C. The precision of the temperature sensor reading
is calculated to be ±0.22◦C within 1σ confidence. For all
possible blood temperature levels (28◦C to 42◦C), a linear
relationship between the sensor signal and the temperature
difference is observed.

C. MRI Localization Sensor

Localization sensing method is based on the magneto optical
Kerr effect (MOKE) phenomenon. The magneto-optical effect
is caused by the interaction of light with magnetic material.
MOKE can be described as the change in the polarization state
of light, induced by reflection on a magnetic sample under the
effect of external magnetic field. As a result, plane polarised
light which is reflected from a magnetized surface, generally
becomes elliptically polarised.
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Fig. 7. Experimentally obtained azimuth angle variation as a function of
varying DC magnetic field on Fe2O3 deposition. Inset shows the optical
measurement setup.

MRI uses a high DC magnetic field for operation, therefore
the magnetic material must have a relatively high saturation
magnetization to accommodate high fields. For that reason,
Fe2O3 is chosen as the magnetic layer because of its high
magnetic saturation point. In addition to magnetic material
selection, since the Kerr effect change is maximized at 55◦

incident angle of the light, two micro prisms are integrated to
the backside of the platform to change the incidence angle
by coating the lateral face with Fe2O3. As the reflected
light should reach back to the detector on the same path,
the light is reflected on the second prism and coupled on
the fiber. The reflected light ray then reaches back to the
polarimeter (Thorlabs PAX1000IR1). Variation of the azimuth
angle component of Kerr rotation angle is monitored as a
function of external magnetic field as presented in Fig. 7.
Inset of the graph shows the use of Fe2O3 coated prism-
pair for collection of the reflected light. As can be seen from

this graph, the rate of change of the angle is 0.008◦/G. The
modern MR scanners on the market can apply a gradient of
45 mT/m (450 G/m) on the B0 field. With the given precision
of the polarimeter (0.01◦) a spatial resolution of ∼3 mm can
be reached.

D. Sensor Integration on the Chip Platform

The bottom surface of the fabricated chips are initially
integrated with a 0.7× 0.7 mm2 double side polished GaAs
die. Aluminum is sputtered on the distal side of the GaAs
piece, for the light to penetrate through the crystal but reflect
and then travel back once again to acquire signature of the
ambient temperature. In order to implement the localization
sensor with a correct light incident angle, two prisms having
0.7 mm base edge length are integrated underneath the glass
chip platform. The hypotenuses of both prisms are coated by
using physical vapour deposition first with aluminum (for light
reflection), and then with Fe2O3 layers to provide the MOKE
signal for localization. The double prism acts both as a retro-
reflector (light reflects back at the identical angle that it hits
the retro-reflector) , while ensuring light to be incident on the
Fe2O3 layer at an angle of 45◦.

An adaptor platform is manufactured via Stereolithography
(SLA). All three fibers are inserted from the proximal end of
the adaptor, while the chip is placed at the distal end. The
adaptor, having 350µm trenches defined for each fiber and
collimating GRIN lenses, ensures 1-1 mapping of the fiber
locations to the sensor positions, while also dictating the angle
between the chip and the fiber optics parts to be perpendicular.
Overall platform spans 2.5 mm diameter. Figure 8 illustrates
the multi-sensor chip integrated with prisms and the GaAs die.

As a first step to demonstrate microsystem compatibility
with MRI environment, an initial imaging task is performed.
The image of the integrated platform in a 0.5 lt plastic
container, filled with water was acquired using a Siemens
Magnetom Aera 1.5 T (with the localizer sequence) as shown
in Fig.8(c). The absence of any fringing or saturation effects in
the MRI image is an indicator of MRI compatibility, and that
the volume of utilized iron oxide (< 1 pm3) for localization
sensing does not cause defects in the acquired images.

IV. CONCLUSION

We presented a microsystem based multisensor platform,
integrated with fiber optics. The presented platform is intended
towards use during magnetic resonance imaging assisted in-
terventions for simultaneous tracking (localization sensor),
pressure, and temperature sensing. The 1.5× 1.5 mm2 area
chip was fabricated on a Quartz substrate, with photore-
sist sacrificial layer and titanium-parylene-titanium trimaterial
sandwich membrane layer. A pair of Fe2O3 coated prisms and
GaAs die was integrated on the bottom, and top surfaces of
the chip, for localization and temperature sensing. The chip
platform is integrated on a 3D printed adapter having 2.5 mm
diameter. Characterization results for all three sensors were
presented, from which we project a pressure resolution on
the order of 1 mmHg with a sensitivity of 0.65 nm/mmHg
covering the entire physiological range 50-180 mmHg (for
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the 200µm diameter membrane device). Temperature reading
precision of ±0.22◦C with a sensitivity of 0.03/°C for the
temperature sensor is realized. The localization sensor delivers
a resolution of ∼3 mm with a sensitivity of 2.88 deg/m. To
the best of our knowledge, the present device is the first
demonstration of three different sensors implemented by using
microtechnology on a single platform where blood pressure
and temperature can be measured invasively. The temperature
sensor offers higher resolution compared to MRI-compatible
sensors in the existing literature. [18], [24] In addition to these
vital parameters the location of the device can be detected with
a spatial resolution of 3 mm, which is better than the pixel size
of a real-time MR image (3.5 × 3.5 mm2) acquired at 50 fps
[25].

As a future work, we plan on integration of the sensor plat-

form within a 8-Fr catheter followed by in-vivo experiments
in MRI environment. With further development, the proposed
multi sensor platform can be integrated with an interventional
medical device which can then serve for surgical assistance in
image guided clinical environment.
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