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High-Resolution, Digitally  
Controlled Multimode Laser

H igh-resolution, arbitrarily shaped laser 
beams with high brightness and tunable 

spatial coherence, useful for basic research and 
a variety of applications, have captured much 
recent attention. In work over the past year, we 
have devised a novel and efficient method to 
create such laser sources, and used the method 
to generate a variety of complex, digitally con-
trollable beams.

Generally, a laser beam can be shaped by 
controlling intensity, phase and coherence 
either directly at the source or externally. In 
beam-shaping approaches external to the laser 
source, the beam’s intensity, phase or coherence 
are controlled separately. Such controls are rela-
tively slow and cannot yield high-resolution, 
arbitrarily shaped beams. Moreover, the coher-
ence control suffers from high power loss, and 
is not practical—if it is feasible at all. 

Beam shaping at the laser source is com-
monly performed by dynamically controlling 
the intensity and phase distributions in a con-
ventional laser using an intra-cavity spatial light 

modulator (SLM), to digitally select and control 
specific modes.1 Unfortunately, the number of 
lasing modes in such a laser is modest, yield-
ing only low spatial resolution. Further, these 
schemes provide only limited control of the laser 
light coherence, needed for applications such 
as the generation of propagation-invariant and 
speckle-free laser beams.

By resorting to a degenerate cavity laser that 
incorporates an intra-cavity digital SLM and 
an intra-cavity spatial Fourier filter, it is pos-
sible to exploit a very large number (about 105) 
of independent lasing modes with direct access 
to both the near-field and far-field planes—pro-
viding full, independent control of all of the 
beam’s degrees of freedom.2 We have used this 
approach to develop a novel, rapid and efficient 
method to generate high-resolution laser beams 
with arbitrary intensity, phase and coherence 
distributions.

To show the efficacy of our method, we gen-
erated a variety of unique and high-resolution 
complex laser beams for which the spatial 

coherence can be rapidly tuned, with a 
little change in the laser output power.2 
Further, by simultaneous control of inten-
sity, phase and coherence, we showed that 
a shaped laser beam can be efficiently 
reshaped after free-space propagation into 
a completely different shape—and that 
extremely high-order laser modes can be 
generated with high fidelity.

As other recent work has shown, 
high-resolution digital control in degen-
erate cavity lasers, such as those we have 
demonstrated, can also be exploited for dem-
onstrating first-order phase transitions in 
crowd sychrony,3 simulating spin systems,4 
and laser solvers for optimization and other 
hard mathematical problems.5 OPN

A digital degenerate cavity laser arrangement allowed the generation of a Newton lasing 
mode in less than 1 μs. A laser output beam with a desired distribution is obtained by 
controlling the intensity, phase, and coherence distributions inside the laser cavity using 
a near-field digital SLM and an adjustable far-field aperture.
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