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Monolithically integrated optical displacement sensor in GaAs/AlGaAs
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A monolithically integrated displacement sensor has  heen
fabricated in the GaAs/AIGaAs material system, The device is
configured as a Michelson interfirometer and consists of a DBR
laser, a directional coupler, transparent waveguides amd a
photodetector.  Interference froges ocould be seen at a
measurement  distance of up o d45cm, requiring only the
alignment of an external GRIN kens for beam collimation.

Introvhuction: The monolithie integeation of lasers and interferom-
efers 1s one of the most impertant steps wwards the realisation of
photone mtegrated circuts for scnsing applcatons. For displace-
meni measurement using an nicgrated opdical approach, Michel-
son interferometers based on glass, LiNBD, or silicon have been
presented [1 - 4); all of these technologies, however, require exter-
nal mounting and alignment of a light source, since monclithse
integration of @ laser & not vel possible in these materials,

We present here the first demonstration, 1o our knowledge, of a
Gads-based monolithically meegrated displacement sensor. The
device is configurad as a Michelon interlferometer and consigts of
a DBRE laser, a pholodetector amd transparent waveguides, all
monolithucally integrated on a sinple piece of GaAs, The [aboca-
tion of such menolithically integraied scnsors rogquires a simple
laser fabrication fechnology, companible with the intererometer
fabricaton process, and a postgrowth handgap engineering proc-
css (o define transparent areas for the Brage refleclor and the
waveguides and absorbing sections for the laser and the phobode-
tector. Furthermore, the measurcment of small optical signals
needs pood electnical isolation between laser and photodetector,
The first of these three requirements was fulfilled by the use of a
so-called gratmyg recess. allovang the [abrnication of the DBR lager
without regrowth [5]. The second was by vacancy-
cnhanced quantum well disordering (VED) [6]. wILiI.c the third
coubd be achieved with a proton implantation step.
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Flg. 1 Schemuric diagea ef menolithleally ivegrated Michelson inser-
fevomerer with characteriation sefip

Fabrication process; The displacement sensor is shown schemati-
cally in Fig. 1. The light genzrated by the DBR laser is divided
into a reference and a measurement beam by the directional cou-
pler. After reflection at the cleaved faced and from the external
object mirror, the two beams interfere amd are detected in the
phetodetector. The rdae wavepuides were Imm wide and had
curve radii of 3wm, therefore reguiring strong index-guiding
achieved by etching through the waveguide core. Three diffierent
coupler lengths {TOWZ75450um) and two Bragg reflector lenpths
(150 200um) were emploved. The pumped Lazer sections and the
photodeteciors wene both 500pm long.

The fabrication technelogy of this device was similar to that
published previously [7) The layer strocture was a MOVPE-grown
single-quantume-well double-heierostructure with a 160nm core
and two lum cladding layers. For the VED process, 200nm of
Si0), were evaposated on the transparent sections (Brage reflector,
wavesuicdes, voupler), while a 250nm thick 5cF; layer was used on
top of the absorbing sections (laser, photodstector) Lo prevent
intermixing, VETY was accomplished by & rapid thermal anneal at
S60=C for 205, followed by the complete removal of the dielectnce
lavers from the waler surfoce. A photeluminescence shifl differ-
encz of 20nm was sean after this annealing step.

Proton implantation for elecirical device isolation (a dose of 4 =
10+ an three different energies, 4400700 100keY) was done eve-
rywhere outside the waveguiding areas; in addition, 2pm wide
stopes were mmplinted across the waveguides belween active
devices 1o electrically isolate the components without markedly
increpsing the waveguide losses. The processng was then com-
pleted using standard waveguide etch and metallisation tech-
migues.

On the cleaved Facet of the DER laser (left side of Fig. 1, a
high reflectance Al-murror was eviaporated o mprove laser thiesh-
old (60nm S0, for isedation, 120nm Al as narror), whik on the
measnrement side of the interferometer (right side of Fig. 1), an
antirefiection coating {Balrers PASO [11) was used to reduce cou-
pling losses of the measurement beam and to attenuate the
reflected reference beam, The remaining reflectance of 2% was seill
sufficent for the reference beam 10 produce a distinet interference
signal.

Choraeterbation and meaaranert reslts: For performing a dis-
placement measurement, the DER [aser was driven CW atl room
temperature with an mjection current of $0mA. Tis threshold cur-
rent of ~33mA resulted in g threshold current density of 2.2kAS
cr’; emiission wavelengrh was §20nm

The photodetector was reverse biased al =5 and had a keakags
dark current of 300pA responsivity of such detectors is typically
(L.5AW. The electrical resistance between the laser diode and the
adpacent photodiode was measured 10 be m the order of 10GLL
Since the absorption edge was blue-shifted by only 20nm, the
waveguide losses were relatively high (4dBlem) owing 1o bamnd-
edge ahsorption.
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Fig, 2 Interferogram for [3cm pareor distance ang 85 % mireor reflect-
ance af wmeasured by inifegrated plhofoderectar



The interferometer chips were fested in bar form and were Pel-
tier remperature-stabilised to better than 01K, The measurement
bearn, collimated by an external GRIN lens, was directed onto a
segmiransparent mirror through which the reflected beam posttion
could be observed by a CCD camers. Observation was necessary
10 adjust the beam properly into sulocollimation, The semitrans-
parent mimor wis xed to a piezo-driven, gimbal-mounted holder
with which the measurement distance could be varied between 3
and 45cm. With this arrangement, we were able o measure 3
20pm movemnent (imited by the iravel of the piezo-actuator)
which led to 49 mterference fringss, each of them corresponding to
a mirror movernent of 410nm (see Fig ). Displacements of a
quarter of a fringe, or approsimately 100mm, were resolvable. The
measured interference signal showed a good emporal stability but
was very sensitive 10 vibration of the external components.

A large constant offset n the photodiode current, dominzted by
optical crosstalk betwesn laser and photodiode, was seen. To eval-
uale this current, we removed the external opixs and measured
the signal magnitude, Since we know the approximate reflectivity
of the AR-coated facet (2%, we werg able to estimate the cross-
talk current from this measurement, leading to a value of 16.7nA,
This valee agreed well with 4 more comprehensive mesaswrement
involving the wse of five different external mirrors with differing
reflectivities, Subtracting the crosstalk current from the signal val-
ues shown in Fig. 2 results in a considerably improved contrast.

The crosstalk current can be reduced by an isolation tremch
between zer and photediode. For practical uwse, the functonality
of the interferometer must be enhanced by the inclusion of a phase
shifting eferment as pant of a double-arm mterferometer alkowing
quadrature detection for determination of displacement direction
as well a5 magnitude,

Conelusion: A sngle monolithically mregrated Michelson interfer-
ometer chip used as an optical displacernent sensor was designed,
fabrcated and tested. Interference ninges weré seen al 4 distance
of up to 45cm. The only element requiring alignment was the
external GRIM lens for the collimation of the measurement bean,
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