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Abstract— This paper describes the fabrication
of a novel type of pressure sensor based on op-
tical feedback in a Vertical Cavity Surface Emit-
ting Laser (VCSEL). The detection mechanism of
the sensor is based on a displacement measure-
ment through self-mixing interferometry in the
laser cavity. The use of unpackaged VCSELs en-
ables the embedding in thin flexible optical foils
which results in an integrated pressure sensor. A
proof of principle set-up has been developed and a
first integrated sensor is tested.
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I. INTRODUCTION

Sensors to measure physical properties such
as pressure, temperature and the proximity to
other objects are widespread and developed by
multiple companies and research centers. They
are mostly based on piezoresistive, piezoelectric
or capacitive force sensing technologies.

The sensor we present however is an optical
alternative based on the use of VCSELs as pres-
sure sensitive elements. Using unpackaged laser
diodes, one can integrate this sensor in a thin
optical package (an optical sensing foil) which
is flexible and can be mounted on a non-planar
surface or even flexible objects, such as a human
body.

The three unique advantages of this sensor
are the sensitivity (typically down to 425 nm,
in case of a VCSEL wavelength of 850 nm),
the resolution (depending on the pitch of the
VCSEL array, typically a few hundred µm) and
the embedding possibilities in optical foils.
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II. SENSING MECHANISM

The pressure sensing mechanism is based on
the self-mixing interference effect in VCSELs
which is observed when a fraction of light emit-
ted from the laser is injected back into the laser
cavity by reflection from an external target [1],
as depicted in figure 1. The reflected light will
be superimposed with the light inside the laser
cavity depending on the phase shift introduced
by the round trip travel to and from the target.

Figure 1. VCSEL sensing principle: applying a pres-
sure will change the external cavity length, Lext

This will result in a periodic variation of
wavelength, optical power, and electrical steer-
ing voltage/current, all with period λ/2 (λ being
the wavelength of the VCSEL, 850 nm). This
means that the target displacement can be calcu-
lated by counting the number of peaks between
the initial and the final position of the target.

III. PROOF OF PRINCIPLE

A discrete set-up is developed to provide a
proof of principle of this new sensing mecha-
nism: a VCSEL is positioned on a fixed loca-
tion and a moveable reflector is positioned suf-
ficiently close to the active area. The cavity be-
tween the VCSEL and the reflector consists of



an air gap and the position of the external re-
flector, consisting of a Au coated fiber facet, is
changed by micro stages. The length of the air
gap is consequently varied by changing the po-
sition of the external reflector.

Variations in both electrical current and opti-
cal power are monitored simultaneously. Both
steering of the reflector and read-out of the sen-
sor are driven by a computer. This set-up has
proven the sensing mechanism both in single-
and multimode operation of the VCSEL. Pe-
riodic variations were observed in the optical
power as well as in the electrical current. The
comparison between the periodicity in electrical
current without (REF) and with (EXP) optical
feedback is shown in figure 2.

Figure 2. Discrete set-up: electrical current
(VVCSEL=1,6 V)

IV. INTEGRATION OF THE SENSOR

When embedding this sensor in an optical
foil, the external air gap cavity has to be re-
placed by a thin, compressible sensing layer.

The processing of the integrated pressure sen-
sor [2] starts on a rigid FR-4 substrate with a
copper layer that serves as a heat sink for the
VCSEL. This substrate is covered by an SU-8
layer and a cavity is made by laser ablation to
position the VCSEL. A final 10 µm thick SU-8
layer is spincoated on top and micro-vias to the
VCSEL contacts are created by laser ablation.
Finally, the sensor layer is applied by spinning
Sylgard R©184, a thermally curable PDMS mate-
rial [3], with a thickness of 100 µm (figure 3).

First characterization tests of this sensor,
monitoring both optical power and electrical
current, have been carried out and confirm the
proposed sensing mechanism. An example of
the periodic electrical current variations as a re-
sult of the applied force is shown in figure 4.

Figure 3. Schematic view of the integrated sensor

Figure 4. Integrated VCSEL: electrical current
(VVCSEL=1,8 V)

V. CONCLUSIONS

The integrated optical sensor, based on opti-
cal feedback in a VCSEL, can be used in sev-
eral applications where a high density and high
accuracy sensor is needed. A proof of principle
set-up has proven the sensing mechanism and
the embedding techniques have shown the inte-
grating possiblities.
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