
1. Introduction

A NEW APPROACH to the electrooptical gyroscope,
based on a semiconductor ring laser, has recently

been proposed [1]. This solution allows for a very compact
realization, much smaller than the well-known RLG
(Ring Laser Gyro) and FOG (Fiber Optic Gyro) [2, 3], and
should offer a better sensitivity with respect to other re-
cently proposed small-sized gyroscopes, i.e. the passive in-
tegrated optical gyro [4] and the micromachined gyro [5].
Recent research work [6] has gained a deep insight into
the design and fabrication of semiconductor ring lasers for
optical communications, which now appear as mature ar-
eas. The application of the semiconductor ring laser as a
gyroscope requires particular features, such as large en-
closed area, narrow linewidth, single-mode operation [1],
not yet investigated in a systematic way.
In the present work we report progress on the design,
fabrication and characterization of large-radius ring la-
sers and of a prototype version of the integrated ring la-
ser gyroscope (IRLG), for which the functions of coun-
ter-propagating mode recombination and of signal detec-
tion are integrated on the same substrate.

2. Technology

Conventional fabrication methods for narrow ridge lasers
(2 µm) feature two photolithographic steps, the second
one (for window opening in the insulating layer) requir-
ing extremely critical mask alignment for the case of large
ring structures with diameter up to 3 mm. To overcome
this problem, a self-alignment process (shown in Figure 1)
has been developed [7], in which a single photolitho-
graphic step is performed for both ridge and window defi-
nition. After development (Figure 1A), the photoresist is
postbaked to harden it, and it is directly used as a dry-etch
mask (Figure 1B). In this dry-etching step no damage of
the photoresist is observed and the ridge sidewall quality
is the same as that obtained with the conventional proce-
dure. The SiO2 insulating layer is then deposited using an
e-gun evaporator which yields a very directional deposi-
tion (Figure 1C), differently from the PCVD deposition
which is isotropic. The SiO2 layer on the top of the ridge
is then lifted-off by dissolving the photoresist in acetone
(Figure 1D). To improve this lift-off, a fast wet-etching of
few tens of a nanometers in a solution of water:citric ac-
id:hydrogen peroxide (30 : 30 : 1) is carried out to create a
slight undercut on the ridge. This etching has the advan-
tage of selectively etching GaAs and being inert in pres-
ence of AlGaAs. Since only the top-layer is made of
GaAs, the etching undercuts only the top of the ridge and
leaves the ridge height unchanged. Ohmic contacts are fi-
nally deposited on both sides of the sample and the device
is annealed (Figure 1D).
The active region is made of two quantum wells of 10 nm
thickness, separated by 10 nm. To keep the free-carrier
absorption loss to a low value (necessary to achieve a nar-
row laser linewidth) the active zone is intrinsic, and the p
and n regions are lightly doped (5 · 1017 cm–3).

3. Devices

To test the adequateness of the technological process
and to investigate functional aspects relevant for the
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Figure 1  Technological steps for device fabrication with the self-
aligning process. A Resist development; B baked resist used as a
dry-etch mask (relevant waveguide geometric dimensions are al-
so shown); C insulating layer deposition; D contacting.
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IRLG, several test devices have been designed, fabricat-
ed and characterized. In the following sections the char-
acteristics of half-ring lasers, full-ring lasers and integrat-
ed gyros are reported.

3.1. Half-ring lasers
Half-ring lasers have been fabricated and tested to inves-
tigate the correctness of waveguide design. The optical
field must propagate single-mode into the ring laser, and
the bending loss must be as low as possible, since the laser
cavity should have a high quality-factor (Q) in order to
obtain a narrow linewidth. Also, light back-scattering
must be reduced to a minimum to reduce the locking ef-
fect between the two counterpropagating modes which is
detrimental for proper rotation sensing [1]. Hence, a trade-
off must be found in determining both the ridge width
and height. Large heights of the ridge improve the mode
confinement, thus reducing bending loss, but enhance
light back-scattering, because the semiconductor- SiO2
interface beside the ridge is closer to the propagating
mode. The chosen parameter values are the following:
ridge width w = 2 µm; ridge height h = 0.9 µm; cladding
layer thickness d = 0.2 µm (Figure 1B). With this geome-
try, concentric cleaved-end half-rings of different curva-
ture radius (ranging from 0.3 mm to 1.5 mm) have been
fabricated, and threshold characteristics have been meas-
ured. The usefulness of half-rings for design parameter
evaluation is due to the fact that the modal power travel
within the guide can be directly observed from the output
facet, they require easier technological procedure and
smaller wafer occupation area than the corresponding
full-rings, which also require a waveguide coupler.
The measured threshold currents are reported in figure 2
as a function of curvature radius. The inset shows the
half-ring arrangement. For small radii the thresholds are
quite high due to increase of bending loss. For radii larg-
er than 1 mm the characteristic approximates that of Fa-
bry-Perot lasers, thus confirming that bending loss be-
come negligible [8].

3.2. Ring lasers
Based on the transversal waveguide geometry defined
above, 1 mm radius four-outputs ring-lasers have been
fabricated. The inset of figure 3 shows the ring-laser

structure. The two output active waveguides (with trans-
versal geometry identical to the ring waveguide) are
pumped by the same electrode used for the ring, and are
cleaved at an angle of 6° to reduce spurious reflections
from waveguide end-facets. One of the output waveguide
also features non-contacted terminal ends, so that the
unpumped regions help to drastically reduce facet reflec-
tivity. This allows the investigation of the effect of the
output waveguide on lasing characteristics.
The coupler between the ring and the output waveguides
can be realized in different configurations: i.e. Y-junction,
directional and Multi-Mode-Interference (MMI) coupler
[9]. For the IRLG the directional coupler has been select-
ed, because it allows coupling ratios well below 50%
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Figure 2  Measured threshold currents of half-ring lasers for vary-
ing half-ring radius. Inset: half-ring lasers arrangement.
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Figure 3  P-I curve of conventional ring laser measured from out-
put #1. Inset: ring laser structure.

Figure 4  A Scanning electron microscope picture of directional
coupler between conventional ring laser waveguide and straight
waveguide. B Scanning electron microscope picture of the ta-
pered Y-junction for beams recombination in front of the inte-
grated photodiode of the IRLG device.
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(thus improving the cavity Q-factor) and reduces mode
perturbation to a minimum. Indeed, from theoretical
considerations the coupling ratio should be very small (in
the order of 0.1 – 1%), obtained with a 2 µm gap
between the waveguides. figure 4A shows a SEM picture
of the coupling region. 
In figure 3 we report the pulsed room temperature P-I
characteristic obtained by collecting light with a multi-
mode fiber from output #1, from which a 850 mA
threshold is found. A very interesting result is shown in
figure 5. Figure 5A reports the spectra collected at output
#1 for two currents, namely a value below threshold (I1 =
805 mA) and one above threshold (I2 = 1104 mA). The
spectra show that a mode starts lasing at 881 nm, and it
is then overcame by a much more intense mode at 876
nm. This result, which could be at first attributed to the
typical mode instability of long-cavity semiconductor la-
sers, is indeed caused by the output waveguide #1. In
fact, the spectrum reported in figure 5B, collected at out-
put #2 at current I2 = 1104 mA, shows no evidence of
the 876 nm mode. A possible explanation is the follow-
ing: the 881 nm mode lases in the ring, while the 876
nm mode is oscillating in output waveguide #1. No oscil-
lation is observed in output waveguide #2 because of the
highly absorbing ends. Further confirmation comes from
the lower threshold of the ring mode and from the lower
wavelength of the mode lasing in the waveguide, as a
consequence of gain peak shift with higher injection.
It can be concluded that conventional semiconductor ring
lasers with very large radii are not best for the purpose of
rotation sensing, due to the spurious lasing modes of the
output waveguides that completely mask the mode lasing
in the ring. Even if the waveguide ends were anti-reflec-
tion coated, the perturbations induced by the end reflec-
tions would negatively affect the detection of the beating
between the counterpropagating modes lasing in the ring.

3.3 Laser-gyroscopes
For the purpose of rotation sensing an integrated ring laser

structure has been designed and fabricated (the inset of
Figure 6 shows a photograph of the device). The 1.5 mm
radius ring is coupled to a curved output waveguide which
is not terminated in air. Rather, the two output arms are
combined together in a tapered Y-junction. The ring and
the curved waveguides share the same contact, while the
terminal tapered region has a separate electrode and must
be reverse-biased to act as an integrated photodiode. This
design allows for an easy recombination of the counter-
propagating lasing modes, and avoids the problems caused
by the angle-cleaved terminations and discussed in the
previous section. Figure 4B shows a SEM photograph of
the tapered Y-junction recombination region.
The pulsed room temperature lasing characteristic meas-
ured by the integrated photodiode is shown in figure 6.
The photocurrent is amplified by a transimpedance ampli-
fier and the integrated photodiode reverse bias is 2 V. The
measurement yields a 600 mA threshold and good linear-
ity of the characteristic even for high currents. Assuming a
reasonable 1 A/W photodiode conversion factor, one finds
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Figure 5  Optical output spectra of conventional ring laser. A Output #1, lower trace I = 805 mA; upper trace I = 1104 mA. The wave-
length of the ring laser mode is 881 nm. A spurious mode at 876 nm lasing in the straigth waveguide appears at higher current.
B Output #2, I = 1104 mA. Despite the high current value, no spurious mode is observed, due to the unpumped
terminal regions of straigth waveguide #2.
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Figure 6  Measured P-I curve of IRLG device. Light is detected
by the integrated photodiode. Inset: picture of the fabricated
IRLG device. It is shown the ring laser, the curved-waveguide
output coupler, the Y-junction for beams recombination and the
photodiode with separated contact.



that optical power in excess of 10 mW is generated at
1100 mA. Unlike most ring lasers [9], this integrated de-
vice shows no kinks in the P-I characteristics. This is ex-
plained by the negligible reflections from output wave-
guides terminations and by the combination of the two
outputs, that balance possible power exchanges between
the two counterpropagating modes. Another evidence of
correct device operation is given by spontaneous emission
measurements made by means of a cleaved multi-mode op-
tical fiber placed perpendicularly above the ring wave-
guide. This measurement showed a linear increase of col-
lected power with injected current until the threshold val-
ue, where the characteristic becomes horizontal.
Experiments are in progress with the aim of detecting
the Sagnac beating signal in the semiconductor ring la-
ser, for the first time to our knowledge.

4. Conclusion

We have reported on the design, fabrication and experi-
mental characterization of large radius semiconductor
ring lasers aimed at the development of an integrated
electrooptical rotation sensing device. The negative in-
fluence of the end-facet reflectivity of conventional an-
gle-cleaved straight output waveguides on ring laser
spectral characteristic has been noticed. A 1.5 mm radi-
us ring laser with curved output waveguides terminated
in a reverse-biased Y-junction integrated photodiode has
been fabricated. The measured good lasing characteristic
of this IRLG device is encouraging for future develop-
ments of the integrated electrooptical gyroscope.
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