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A strong reduction of spatial coherence of the emission of large aperture vertical- cavity
surface-emitting lasers occurs when they are driven by microsecond electrical pulses. The
spatial decoherence manifests itself in the formation of a Gaussian far field intensity dis-
tribution. The coherence radius we extract from the beam divergence is 1.4 micrometers.
We will in this contribution first show the changes in the degree of coherence when going
from CW to pulsed operation and then demonstrate the marked influence it has on the
propagation and far-field properties. We will compare the experimental propagation with
calculations based on a novel coherent mode expansion and show the good quantitative
agreement.

Introduction
Vertical-Cavity Surface-Emitting Lasers (VCSELs) are electrically driven semiconductor
lasers which emit light perpendicular to the epitaxial substrate. They are nowadays found
in various fields, most prominently in data communication, due to their small sizes, cost-
efficient production, and single-longitudinal-mode emission. The typical power emitted
is of the order of a few milliwatts. For other applications, such as printing, illumination,
materials processing and pumping, an increase of their emitted power is essential. Broad-
area VCSELs (BA-VCSELs) with aperture diameters of a few tens of micrometer and
powers of up to tens of milliwatts are promising candidates for such applications.
Apart from increasing the device area, an additional gain in peak power is possible by
pulsing the devices with a low duty cycle, thereby reducing the thermal load, avoiding
thermal roll-over and re-emission of carriers from the active quantum-well layer. How-
ever, this pulsed operation also changes the coherence properties of the emitted light.
Operating with a pulsed drive current in the microsecond regime, a distinct and new op-
erating regime exists where the laser is emitting a high power spatially nearly incoherent
beam [1]. This is not due to an increase of the number of modes participating. Rather,
the laser fails to achieve coherent emission because the thermal chirp speed exceeds the
modal buildup timescale which is increased due to thermal lensing.

Spatial coherence properties
We studied a 50 µm diameter aperture device, emitting at 850nm and measured the degree
of coherence with a double slit experiment. The 50 micron aperture diameter VCSEL is
re-imaged with a magnification of 40 onto the surface of a CCD using an asphere with
a focal length of 7 mm. The slits are then placed directly behind the lens at a distance
of 32 cm from the CCD, corresponding to the far field of the image. In this geometry,
the visibility of the fringes is a measure of the absolute value of the angular coherence in
the far field, V = |µ| [2]. We have used a slit separation of 150 µm in order to maximize
the contrast between the coherent (V=1) and incoherent (V=0) case. The visibility as a
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Figure 1: The top half shows the power emitted by the VCSEL in CW (dashed line) and
the peak power in pulsed operation (solid line). The pulse duration is 1 µs, the duty cycle
2%. The bottom half shows the visibility in CW (dashed interpolation, ×) and in pulsed
operation (solid interpolation, +). TH and RO indicate the threshold and roll-over current.

function of drive current, both in CW and pulsed operation is shown in the bottom half of
figure 1.
In CW operation, the emission is incoherent below threshold (indicated by TH in figure 1).
Above threshold, the spatial coherence first increases but current crowding and increased
gain together with thermal lensing causes an increase of the number of transverse modes
participating in the emission up to the thermal roll-over (indicated by RO in figure 1).
This increase causes a drop in the degree of coherence. Past the thermal roll-over, the
coherence increases again due to a reduction of the number of lasing modes for large
detuning between the cavity and the quantum well gain.
When the injection current is pulsed with a period of the order of the thermal timescale in
VCSELs (1 microsecond pulses, 2 percent duty cycle), the emitted power can be increased
substantially. The degree of coherence is now monotonically decreasing with current
and spectral analysis shows that this is not due to an increase of the number of modes
participating. Rather, the laser fails to achieve coherent emission because the chirp speed
exceeds the modal buildup timescale.

Spatial coherence and propagation
In the case of a superposition of coherent laser modes, the far field is obtained by a fourier
transformation of the emitted field. Similarly, the transition from the near field throught
the Fresnel to the Fraunhofer zone can be readily calculated using well known propaga-
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Figure 2: Normalized contour plots of the intensity profile in different regimes. The insets
show the 2-D near and far field distributions. (a) CW operation at an injection current
of 70 mA. (b) Pulsed operation, pulse peak height 300mA. (c) The calculated profile
evolution for case (b) using equation 1, starting from the measured near-field distribution.

tion kernels. In the case of our spatially partially coherent radiation, this transition is very
different and the computational burden is much increased. We will use the characteris-
tics of the propagation to verify the spatial coherence properties and propose a simple
propagation algorithm which is computationally both simple and efficient.
To measure the propagation, we use an asphere ( f = 7mm) to image the intensity dis-
tribution at difference distances from the VCSEL aperture. In CW operation the spatial
evolution of the intensity profile is determined by the superposition of the evolution of the
different transverse modes, each with its own structure and divergence (figure 2 (a)). The
far field is the (weighted incoherent) sum of the intensities of the Fourier transforms of
each mode and is only attained at a distance of several centimeters.
Under pulsed operation, the propagation behavior is qualitatively different as can be seen
in figure 2 (b). Indeed, the nearly circularly symmetric “edge-enhanced” near-field distri-
bution is first transformed into an approximately flat-top profile and then after propagation
over 140 micrometer the distribution has a Gaussian profile which continues to spread
without a further change in its functional form. As was discussed in [1], this gaussian
far field is typical for a so-called quasihomogenous source [2] which has a coherence area
small compared to its aperture. To model the light emitted by a quasihomogeneous source
with a Gaussian far-field intensity distribution, we take a collection of mutually uncorre-
lated elementary Gaussian sources centered at different positions in the source plane. The
waist size of each elementary source is chosen equal to that of a single coherent Gaussian
source that produces the same far-field angle as the quasihomogeneous source [2], i.e.,
equal to σ. Mathematically, the cross-spectral density function at the source plane can
thus be modelled by the expression

W (x1,y1,x2,y2) = ∑
m∈A

∑
n∈A

S(xm,yn) × exp

[
−(x1−m∆)2

σ2

]
exp

[
−(x2−m∆)2

σ2

]

× exp

[
−(y1−n∆)2

σ2

]
exp

[
−(y2−n∆)2

σ2

]
, (1)

where A is the region where the (spectral) intensity distribution S(x,y) is non-zero and
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S(xm,yn) are the intensity values at the sampling points separated by a distance ∆ in x
and y directions. Numerical simulations indicate that if we choose ∆≤ σ/2, Eq. (1) gives
accurate results for both S and µ. They are then close to the forms S(r̄) and µ(∆r) that
depend only on average and difference coordinates. The result given by this procedure is
presented in figure 2 (c) and corresponds very well with the measured profiles in figure 2
(b). This indicated that the used spatial coherence length, which was extracted from an
independent measurement of the divergence, as well as the initial assumption of quasi-
homogeneity are valid. The slight discrepancies with the experimental data (b) can be
attributed to imperfect black levels and nonlinearity of the CCD camera, the noncircularity
of the beam as well as to the fact that we average over the duration of the pulse.
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