LASERS

Controlling Spatial Coherence

S patial coherence, a fundamental

spatial information, can influence

property of light that contains

many applications. For example,
spatially coherent light contributes
to speckle noise and, consequently,
to low quality in imaging and
display applications. Control of
spatial coherence can suppress
speckle noise, improve image qual-
ity and overcome deleterious effects
of propagation through random or
turbulent media.

We recently showed that inserting
an intra-cavity binary amplitude
mask into degenerate cavity lasers
with a large number of modes
(typically 10%-10%) allows rapid and
efficient tuning of the lasers’ degree
of spatial coherence.®> The mask
serves as a spatial filter that modi-
fies the degenerate cavity laser by
introducing loss to undesired modes.
Tuning the degree of spatial coher-
ence involves simply changing the
mask geometry—significantly greater
flexibility than for other recently
developed spatially incoherent
sources, such as D-shaped micro-
cavity lasers, for which tuning is
difficult.*

The number of modes in this
modified degenerate cavity (MDC)
can be varied over five orders of
magnitude, while the output power
of the laser remains essentially
constant, and the functional form
of the spatial coherence can be
controlled.? Special functional
forms of the spatial coherence have
a dramatic effect on propagation
properties. For example, a Bessel
spatial coherence function induces
propagation invariance to any
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(a) Experimental arrangement of the modified degenerate cavity (MDC) laser. (b) A circular mask
generates a Gaussian-like spatial coherence function (left), whereby beam shape and image are
distorted after short free-space propagation distances (center and right). (c) An annular ring mask
generates a shaped beam with a Bessel spatial coherence function (left), whereby beam shape is
maintained even after long propagation distances (center and right). (d) Multimodal imaging of the
heart of Xenopus embryo (tadpole). (Left) Speckle-free image with low-spatial-coherence illumina-
tion from the MDC shows the heart with outlines of ventricle and conus ateriosus. (Center) Speckled
image with coherent illumination from the MDC. (Right) Spatially resolved speckle-contrast,
obtained from speckled images, enables the characterization of blood flow.

transverse distribution of light (that
is, to any image).

For biomedical imaging in
particular, the MDC can serve as
a compact source for switching
between coherent and incoherent
illumination.’ The latter enables
traditional low-speckle, high-speed
video-microscopy, while the former
allows extraction of dynamic
information on flow processes, such
as blood flow, using laser speckle
contrast imaging.
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