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Abstract—We demonstrate a rear-side phase-locking architecture
with two high-brightness diode lasers. This technique is based on
the passive phase-locking of emitters in an external cavity on
their rear facet, and their coherent combination on the front
facet. Two high-brightness high-power tapered laser diodes are
coherently combined using a Michelson-based cavity. The
combining efficiency is above 80% and results in an output
power of 6.5 W in a nearly diffraction-limited beam.

Index Terms—Coherent beam combining, external cavity,
phase-locking, tapered diode laser.

I. INTRODUCTION

Coherent Beam Combining (CBC) consists in superposing
several beams that are coherent with each other, thereby
generating a single high-power laser beam with excellent
spectral and spatial properties [1]. For CBC to be effective, the
individual laser beams must have a proper phase relationship
that remains constant over time. This can only be achieved in
an arrangement that forces the required phase relation between
the emitters. Over the years, different approaches have been
investigated: active phase-locking of amplifiers seeded by a
single-frequency laser split into N beams and amplified in
parallel, or passive self-organization of emitters in a common
laser cavity [2]. We investigate a new CBC architecture using
a common laser external cavity on the back side of the
emitters for phase locking, while coherent beam superposition
of the phase-locked beams is realized on the front side. This
technique leads to a separation of the phase-locking stage —
which takes place in the common external cavity on the rear
side of the lasers - and the beam combining stage — which is
achieved on the front side outside the cavity. As a
consequence, the electrical-to-optical efficiency of the phase-
locked laser array is increased as compared to standard
external cavity configurations, since losses are minimized on
the useful output [3]. We have already demonstrated this
configuration with two low-power ridge lasers [4]. In this
contribution, this technique is applied to high-brightness
tapered devices demonstrating the potential of extended-cavity
phase-locking arrangements for high-power operation.

II. HIGH-POWER PASSIVE CBC ARCHITECTURE

A. High-brightness tapered laser diodes

For this experiment, we used tapered laser devices emitting
around A = 976 nm. Details of the device design are given in
[5], in this case without any internal gratings and with the rear
facet anti-reflection coated. The tapered lasers were mounted
p-side up on C-Mount (instead of CCP) to allow access to both
facets, which limits how effectively they can be cooled. The
lasers contain a 2 mm long ridge section, and a 4 mm long
tapered section (6° taper angle). The two sections are
separately driven by currents Iz and Iy, respectively. After
external stabilization, the extracted optical power reaches 4 W
at [ =400 mA and It = 6 A, corresponding to an electrical-to-
optical (E-O) efficiency of 26%. The beam is diffraction-
limited along the fast axis; along the slow axis the beam
quality factor is M?4; = 2.5 at It = 6 A — with about 80% of the
extracted power contained in the diffraction-limited central
lobe. For such lasers, separate (rear side) phase-locking and
(front side) coherent combining is the preferred and most
promising configuration, as optical feedback into the front
facet (tapered-section) is expected to deteriorate the beam
quality, and may even lead to early device failure.

B. Experimental set-up

The external cavity is based on a Michelson interferometer on
the rear-side: the two laser beams are combined on a 50/50
beamsplitter (BS;), and a diffraction grating at Littrow
incidence on one arm closes the external cavity (Figure 1).
Since both lasers share the same external cavity, they undergo
minimum losses if the two laser beams are in phase at the BS;
— resulting in constructive interference on the P arm, and
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Fig. 1. Experimental set-up of the phase-locking and coherent combining of
two lasers; BS: 50/50 beamsplitter; L, L’: losses; Lo: static phase adjustment.



destructive interference on the other arm. This external cavity
forces phase-locked operation of the tapered lasers. On their
front facet, a simple 50/50 beamsplitter (BS,) is used as a
combiner to perform coherent superposition of the beams. A
phase plate Ly — an anti-reflection coated plane silica plate — is
added on one arm to adjust the phase relationship between the
two laser beams. Rotating the plate allows fine tuning of the
phase difference, and maximizing the combined power in the
P' arm. The maximum combined optical power at the P' output
of the front interferometer is 6.5 W at It = 6 A and Iz =
400 mA, corresponding to a combining efficiency defined as
the ratio of the combined power P' on the total power (L' + P')
N'p = 82%; the E-O efficiency ngo is thus > 21%.

C. Optimization of the coherent combination efficiency

It is noteworthy that the combining efficiency n'p evaluated
here is actually limited by the beam imperfections, as the
tapered laser diodes are not perfectly single transverse mode.
Actually we observe that the external cavity on the rear side
acts as a lateral mode filter: the beam quality is improved to
M?,; < 1.3 when the two emitters are phase-locked at I+ =6 A.
And since the combining stage on the front facets operates as a
second spatial filter, the beam quality of the combined beam is
enhanced to M2, < 1.2 (Figure 2). Indeed, only the common
features in the spatial intensity and phase of both beams are
coherently combined. This results in a spatial cleaning effect
on the combined beam, whereby lateral modes are rejected on
the loss arm. Finally we implement an additional spatial
filtering stage on the combined beam to select only the central
diffraction-limited lobe from each of the beams. The measured
combining efficiency is 92%, corresponding to a maximum
combined power of 5.9 W in the filtered beam (Figure 3). This
experimental combining efficiency agrees with its theoretical
estimation based on the experimental beam intensity and
phase profiles [7].

Under phase-locked operation, the laser line corresponds to a
true single-frequency operation of both lasers in the external
cavity. Nevertheless perturbations of the laser cavity result in
mode-hops of the laser frequency, which are associated with
fast jumps of the phase relationship between the two laser
beams on the front side. To ensure long-term stability, a semi-
active feedback loop is implemented on the ridge-section
currents of both devices, which is based on a random
exploration algorithm: the power L' on the front side is
measured at a 10 Hz rate, and the currents are automatically
changed to minimize the L* power if needed. Then the two
lasers remain phase-locked and their phase relationship on the
front side is maintained such as the output power P' remains at
its maximum.

CONCLUSION

To conclude, we have shown that the rear-side architecture
can be applied to high power tapered laser diodes, making it a
promising technique to scale the brightness of laser diode
systems. The combined power achieved with only two lasers
is comparable to the state-of-the-art in a self-organized
resonator with ten emitters [6], while maintaining a high E-O
efficiency. Further investigations will focus on the extension
to a larger number of emitters.
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Fig. 2. Front-side collimated beam profiles of laser #1 under incoherent (top)
and phase-locked operation (bottom) at operating currents Iz = 400 mA and
Ir=6A.
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Fig. 3. Combining efficiency measured on the front side of the tapered
lasers, with and without spatial filtering of the laser beams.
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