Investigation of high radiance laser-pumped phosphor converted light sources in
sensor applications
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We investigate the relation between radiance and spectral filter effect of a
miniaturized illumination system based on volume holographic optical elements
(HOE). Optical simulations, verified in experiments, show that high radiance light
sources as phosphor-converted lasers and HOE cascades are beneficial.

1 Introduction

Actively illuminating sensor applications, as fluores-
cence analysis in life sciences, require spectrally
condensed and well-defined radiance in different
spectral bands [1]. To serve this purpose, an illumi-
nation head based on volume holographic optical el-
ements (HOES) is presented. Fig. 1 shows a sketch
of such an illumination head realizing two different
spectral bands which are selected by addressing
the corresponding light source. The first HOE di-
rects collimated light to a second HOE, which is re-
alized as a multiplexed HOE. The latter one directs
light from different angles and with different wave-
lengths out of the illumination head, aligned on a
single optical axis. Due to the spectral selectivity of
HOEs, this setup acts as spectral filter.
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Fig. 1 lllumination head based on HOEs for actively illu-
minating sensor applications.

The illumination head is of particular interest, when
realized as a miniaturized device to allow for cost-
efficient production and to reduce installation space.
At the same time a high quality of spectral output is
critical. As known from the theory of HOEs and
etendue considerations, see section 2, the radiance
of the light source is a limiting factor for miniaturiza-
tion. To design the optical system of the illumination
head, the presented contribution sets up a simula-
tion to model the relation between radiance of a light
source and filter effect of a HOE and validates the
simulation in an experiment for two setup sizes in
section 3. The simulation is used in section 4 to
evaluate the filter effect of a miniaturized HOE cas-
cade comparing a phosphor-converted LED (pc-
LED) and a phosphor-converted laser (pc-laser).

2 Theoretical background

The function of a volume HOE is described by a dif-
fraction on Bragg-layers if the Bragg-equation is sat-
isfied [2]. In the Bragg-equation

nl=2dsin(6) (8]

the thickness of the Bragg-layer d is depending on
the HOE whereas the wavelength A and the incident
angle to the Bragg-layer 6 are properties of the ray.
n is the diffraction order. From equation (1) it be-
comes evident that a HOE will not only diffract rays
of the design wavelength and the design incident
angle but also rays which are originating from an-
other incident angle having a suitable wavelength.

A light source with higher radiance and same radi-
ant flux can be collimated with lower rest-diver-
gence. Hence, the angle distribution impinging the
HOE is narrower for higher radiance sources which
leads, according to equation (1), to fewer spectral
parts in the diffracted rays. Therefore, the filter ef-
fect is better for high radiance light sources.

3 Experimental proof and simulation

In the experimental setup, see Fig. 2, a blue laser is
focussed on a phosphor sample (SYB35) [3] with
broad emission spectrum operated in transmission.
The fluorescence of the phosphor is collimated with
an exchangeable lens (A: f = 30 mm, B: f= 8 mm)
before it interacts with a volume HOE designed for
528 nm and 16 um thickness which deflects plane
waves from 0 to 50°. A spectrometer, attached to an
Ulbricht-sphere, detects the diffracted waves. Differ-
ent radiance levels are realized by altering the posi-
tion of the focussing lens. A camera measures the
resulting emission spot size on the phosphor.

The simulation in Zemax OpticStudio utilizes the
phosphor as a light source and models aperture and
collimator lens as in the experiment. The described
HOE is implemented as volume HOE and its refrac-
tive index modulation is chosen to match the HOE
efficiency in the experiment. A detector represents
Ulbricht-sphere and spectrometer.
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Fig. 2 Experimental setup with exchangeable lenses A/B.

The resulting spectra are plotted in Fig. 3. In the
larger setup A, the spot size does not have a signif-
icant impact on the spectrum, whereas the central
spectral intensity drops by 50 % in the smaller setup
B when the spot diameter is increased by a factor of
four. This effect is observed in the experiment and
successfully modelled in the simulation.
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Fig. 3 Resulting spectra of different spot sizes (see leg-
end for spot diameter) in experiment (E, solid lines) and
simulation (S, dotted lines) for the large setup A (left) and
the small setup B (right). In each plot, the spectra are nor-
malized to the maximum value of the smallest spot, for
experiment and simulation respectively.

4 HOE cascade

Since experiment and simulation give approxi-
mately equivalent results, the simulation is used to
lay out the miniaturized HOE cascade. The setup
represents one spectral band of the illumination
head in Fig. 1. A lens with 8 mm focal length colli-
mates light from the source onto a first volume HOE
which directs the rays onto a second volume HOE
(modelled as singleplex). Both HOEs are attached
to a glass plate with thickness of 16 mm and have a
lateral distance of 13 mm (centre to centre). Two
detectors are placed in the setup, one after the first
and one after the second HOE. As light source, a
pc-LED is compared to a pc-laser. Consisting of a
thermally conductive phosphor, e.g. a ceramic
YAG:Ce?* [4], on which a laser is focussed to realize
a small emitting spot, pc-lasers emit higher radiance
levels than pc-LEDs. As pc-laser, a surface mount
device (SMD) is used with an elliptical emitting area
of 250 x 450 um and a luminous flux of 500 Im [5].
Comparable LEDs with similar flux have an emitting
area of about 1 x 1 mm [6]. The emitting area of both
light sources is simulated in the setup using the
same spectrum and luminous flux.

Fig. 4 presents the resulting spectra. Stray light de-
creases significantly using a HOE cascade since
scattered light and Fresnel reflections are mitigated
by the second HOE. Comparing the pc-laser to the
pc-LED, the pc-laser ends up in a higher efficiency
(intensity is increased), and in a better filter effect
(spectrum is less spread) than the pc-LED for both,
a single HOE, and a HOE cascade. Hence, a high
radiance light source is not only beneficial for a sin-
gle holographic filter, but also for a HOE cascade.
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Fig. 4 Resulting spectra after first (left) and second HOE
(right) for a pc-laser and a pc-LED. All spectra are normal-
ized to the same value and can be compared to each
other.

Conclusion

In the context of an illumination head for sensors
based on holographic filters, the dependency of fil-
ter effect and radiance of the used light source is
investigated with special remark on miniaturization.
A dependency is observed in experiments and suc-
cessfully modelled with simulations. We found that
the radiance of a light source is even more important
for smaller setups. The usage of a filter cascade im-
proves the overall filter effect but cannot compen-
sate for a lack of radiance. Especially in miniatur-
ized setups, pc-lasers are beneficial.
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