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Abstract: Spatial structuring of the intensity, phase and polarisation of light is useful in a wide
variety of modern applications, from microscopy to optical communications. This shaping is
most commonly achieved using liquid crystal spatial light modulators (LC-SLMs). However,
the inherent chromatic dispersion of LC-SLMs when used as diffractive elements presents a
challenge to the extension of such techniques from monochromatic to broadband light. In this
work we demonstrate a method of generating broadband vector beams with dynamically tunable
intensity, phase and polarisation over a bandwidth of 100 nm. We use our system to generate
radially and azimuthally polarised vector vortex beams carrying orbital angular momentum, and
beams whose polarisation states span the majority of the Poincaré sphere. We characterise these
broadband vector beams using spatially and spectrally resolved Stokes measurements, and detail
the technical and fundamental limitations of our technique, including beam generation fidelity
and efficiency. The broadband vector beam shaper that we demonstrate here may find use in
applications such as ultrafast beam shaping and white light microscopy.
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1. Introduction

Over the last decade, advances in beam shaping technology have significantly improved our
ability to manipulate and exploit the fundamental properties of light. This has led to developments
in fields ranging from microscopy to optical communications and micro-manipulation [1-4].
Modern beam shaping techniques allow us to arbitrarily structure the intensity and phase of a
light beam [5, 6]; more sophisticated schemes can additionally shape the local polarisation state
of monochromatic light [7-11]. This ability to structure polarisation has recently gained interest
as it provides an additional degree of control over a light beam, enabling the production of fields
beyond the scope of those achievable with uniform polarisation. These include fields possessing
sub-diffraction limited features [12, 13], and vector vortex beams which carry orbital angular
momentum (OAM) and display spin-orbit coupling [14].

In general, polarisation shaping requires independent spatial control of the intensity and
phase of two orthogonal polarisation components. This is most commonly accomplished in
a reconfigurable manner using liquid crystal spatial light modulators (LC-SLMs), which can
spatially control the phase of incident light. For monochromatic light, arbitrary intensity, phase
and polarisation shaping has been demonstrated using LC-SLMs as diffractive elements in a
two-stage process [7, 15]: firstly, an LC-SLM is used to diffract an incident beam with a uniform
linear polarisation into two independent orders, and the polarisation state of one of these orders is
then rotated by 90° (stage 1). Secondly, both orders are recombined onto a common axis using a
birefringent element, such as a beam displacer (stage 2). By independently shaping the intensity
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and phase of the two diffraction orders in stage 1, the intensity, phase and polarisation of the
resultant monochromatic beam can be controlled.

An extension of this technique to enable broadband intensity, phase, and polarisation structuring
is attractive as it would enable polarisation control of white light or ultrashort pulses [16, 17].
However, the method described above is inherently narrow-band as it relies on a diffraction
grating to separate incident light into two components, meaning incident broadband light would
be chromatically dispersed. In addition, LC-SLMs are only capable of controlling the spatial
phase of a single linear polarisation state. Therefore, the challenge in extending the bandwidth of
these polarisation shaping techniques lies in simultaneously performing chromatic dispersion
compensation in a polarisation insensitive manner while combining beams of orthogonal
polarisation to propagate along a common axis. [18, 19].

In this work, we demonstrate an optical system which combines polarisation control and
dispersion compensation to create beams with arbitrarily specified intensity, phase and polarisation
structures over a bandwidth of up to 100 nm. In our optical setup, stage 2 described above is
replaced with a second LC-SLM positioned within a Sagnac interferometer to simultaneously
recombine the beams and also compensate for the chromatic dispersion [20,21]. In this way, we
harness the dispersion of the second LC-SLM to exactly reverse the dispersive effects introduced
by the first. By including suitable polarisation optics within the Sagnac interferometer, we ensure
that the second LC-SLM can operate on both polarisation states [20]. We demonstrate the
operation of our system by generating broadband radially and azimuthally polarised beams, and
broadband Poincaré beams whose polarisation states span the entirety of the Poincaré sphere. We
analyse the resulting beams using spatially and spectrally resolved Stokes measurements, and
detail the technical and fundamental limitations of our technique, including beam generation
fidelity and efficiency.

2. Experimental setup

Figure 1 shows a schematic of our optical setup. In the first stage, the infrared component of
a supercontinuum laser source is removed by filtering between 455-600 nm. We then test the
operation of our system at various wavelengths which span a range of 100 nm within this window.
The beam is collimated and expanded using lenses F1 and F2 to slightly overfill a first LC-SLM,
labelled SLM1, at a small angle of incidence (~ 5°). The hologram displayed on SLM1 is designed
to separate this incident beam into two beams diffracted at different angles (shown as beams A
and B in Fig. 1). This hologram also enables independent spatial control of the local amplitude
and phase within each beam.

Lens F3 Fourier transforms the field leaving SLM1, and aperture APT1 blocks any unwanted
orders (e.g. in Fig. 1 the undiffracted zero order leaving SLM1 is shown in grey). The polarisation
of beam A is then rotated by 90° using a half-wave plate (HWP1). A combination of glass cover
slips are placed in the path of beam B to act as an optical delay element (ODE), to compensate for
the optical path length difference introduced by HWP1. The path length difference is fine-tuned
by adjusting the number of cover slips and the angle of the ODE by up to ~10°. To minimise
any astigmatism, ideally one would align the ODE normal to the incident beam and choose its
thickness to exactly correct for the chromatic dispersion. The beams diffracted from SLM1 also
suffer from chromatic dispersion: within each diffracted order (i.e. beams A and B), different
wavelengths are transmitted across a range of angles, as illustrated in Fig. 1(i).

The second stage in our setup uses a second LC-SLM (SLM2) placed within a displaced Sagnac
interferometer, to simultaneously overlap the beams of orthogonal polarisation and to correct
for the chromatic dispersion introduced by the fixed grating period on SLM1. The horizontally
polarised beam A (shown in red) passes straight through a polarising beamsplitter (PBS), before
its polarisation is rotated 90° by HWP2 to become vertically polarised in order to match the
modulation axis of SLM2, which is placed in the image plane of SLM1.
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Fig. 1. Experimental setup: Stage 1: beam preparation and shaping. Stage 2: displaced
Sagnac interferometer for dispersion compensation and beam combination. Stage 3: vector
beam analysis. Main text gives details of operation. SC laser is a Fianium Femtopower 1060
Supercontinuum laser (SC-400-6) filtered to produce an input source of 145 nm bandwidth.
PMF is a polarisation-maintaining fibre. Lenses F'1 and F2 have focal lengths of 20 mm
and 100 mm respectively, and are used for a 5x beam expansion. SLM1 and SLM2 are both
Boulder Nonlinear Systems P512-0635 LC-SLMs. HWP1 and HWP?2 are half-wave plates.
(N)PBS is a (non-)polarising beamsplitter cube. Lenses F'3 — F5, of focal length 300 mm,
make a 4-F imaging system. M1-M7 are broadband dielectric mirrors. ODE is an optical
delay element. LP is a linear polariser. QWP is a quarter-wave plate. BP is an interchangeable
bandpass filter. The camera is a Prosilica GC660 CCD. (i) Schematic showing the nature of
chromatic dispersion in beams A and B formed by SLM1 in stage 1.

If SLM2 was a mirror, beam A would reflect from it along the upper grey path shown in Fig. 1
and then reflect from the PBS and retrace its path back through the system. Instead we apply
a grating to SLM2 which deflects beam A such that it impinges upon the point X within the
PBS. This grating applies an angular deviation to beam A that is equal in magnitude but opposite
in direction to that applied by SLM1. Thus Beam A is now overlapping and collinear with the
optical path of the blocked zero diffraction order from SLM1. This is important because it is only
along this optical path that the chromatic dispersion of beams A and B is fully compensated. The
vertically polarised beam (Beam B) takes a path in the opposite direction to beam A around the
Sagnac interferometer. Beam B already has the correct polarisation for modulation by SLM?2,
and after deflection by the grating displayed on SLM?2, the polarisation of beam B is rotated
90° by HWP2 before it also arrives at point X at the PBS. Therefore beams A and B are both
dispersion-compensated, remain orthogonally polarised, and are now overlapping and collinear.
The combined beam (shown in purple), exits the PBS via the same port through which beams
A and B entered. It is reflected by beamsplitter NPBS before aperture APT2, positioned in the
Fourier plane of SLM1 and SLM2, blocks unwanted diffraction orders from SLM?2.

The third stage of the set up is used to spatially and spectrally analyse the Stokes parameters of
the generated beams. Here the camera is positioned in the Fourier plane of SLMs 1 and 2.



Research Article Vol. 25, No. 21| 16 Oct 2017 | OPTICS EXPRESS 25083

Optics EXPRESS

SLM1 Hologram

Fig. 2. LC-SLM Hologram design and CCD image of a radially polarised broadband vector
vortex beam: (a,b) The holograms displayed on SLMI1 (a) and SLM2 (b) to generate a
broadband radially polarised beam. (c) A radially polarised vector vortex beam, for example,
can be generated by combining a horizontally polarised HG | beam and a vertically polarised
HG beam. (d) A CCD image with aperture APT2 removed and no bandpass filters present
in stage 3. All input wavelengths combine to form a broadband vector beam at the lower centre
of the panel. As aperture APT2 is removed, the chromatically dispersed zero diffraction
orders reflected from SLM2 can also be seen in the upper left and right corners.

3. Hologram design

In this section, we explain how the holograms displayed on SLM1 and SLM2 are designed to
create broadband vector beams. The complex forms of beam A and beam B depend upon the
required amplitude, phase and polarisation structure of the target beam, as described in detail
in [7] and [15]. In short, our aim is to generate an arbitrary broadband vector beam of central
wavelength Ag in the Fourier plane of SLM1, given by:

Ea(x, y, d)e'#aty-40)

E(x,y, ) = Eg(x, y, dg)ei¢n )

ey
where Ep g is the field amplitude and ¢4 g the phase of the horizontally and vertically polarised
field components respectively, and x, y are Cartesian coordinates across the transverse plane of
the target vector beam. With reference to Fig. 1, the spatial modes of beams A and B are therefore
given by Eap = Ea pe'®r5.

The hologram at SLM1 is designed to simultaneously create beams A and B at our central
design wavelength Ay. The complex field required at SLMI is then given by:

Sdual(’/@ v, /10) = Wrelei¢g1°balA + (1 - vvrel)B

= Squa (i, v, /lo)eiQSs,dual(u,v,/lo),

@)

A= [g(EAeim)] ei(aiA,m[)’ B= [c&(EBeiqﬁB)] ei(d)B,nh)’ 3)

where u and v represent Cartesian co-ordinates across the face of SLM1, and & represents the
Fourier transform as SLM1 is in the Fourier plane of the target field. Equation (2) includes two
parameters, Wy and ¢giobar that can be experimentally tuned to optimise the relative power and
global phase between beams A and B respectively. Wy is a real number between 0 and 1 which
specifies the relative power sent into beams A and B (e.g. the power is nominally the same when
Wrel is set to 0.5). ¢ e and ¢p gic are the phase tilts to steer beams A and B to separate positions
in the far field of SLM1.

The hologram design requires complex modulation using a phase-only LC-SLM. There are
a number of algorithms to achieve this, all of which control the resulting intensity by spatially
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modulating the efficiency of light transmitted into the target diffraction order, and differ only
in where they send unwanted light [22,23]. Here we follow the method described by Davis et
al [5]. In short, the amplitude function is encoded as a spatial variation in the contrast of the
gratings used to diffract light into the first orders. This variation in contrast spatially modulates
the efficiency with which light is diffracted into the first orders, hence allowing us to control the
amplitude by introducing spatially varying losses. Assuming the LC-SLM is illuminated with a
beam of uniform intensity and phase, the phase hologram to be displayed on SLM1 is given by:

|
H(u,v, ) = [1 - —sine ! (Saual,norm (U v, 20)) 1, dual (45 v, o) “4)

where Squal.norm is amplitude function Sgua normalised to a maximum of 1. Equation 4 therefore
represents a hologram which gives complete control of the intensity and phase structure of beams
A and B, and also the relative power transmitted into beams A and B.

By choosing appropriate deflection angles of beams A and B from SLM1, the correction
at SLM2 can conveniently be achieved with just a single grating. This is possible because
upon arrival at SLM2, beam B has undergone an additional mirror flip with respect to beam A
(occurring due to its reflection by the PBS). This increases the overall efficiency of the broadband
vector beam shaper (see discussion section). The phase tilts given to beams A and B by SLMI, to
ensure only a single grating on SLM?2 is necessary are:

2r 2r
i s = T + > i s = — = + > 5
Sranls V) = Tt v, gnaer) = G wy) 5)
where A is the central wavelength of the broadband source. Beam A is located at position (x, y)
and beam B at (—x, y) in the Fourier plane of SLM1, where the origin in this frame is the location
of the zero order diffracted beam. f; is the focal length of lens F3. The above choice of phase tilts
means that the single grating displayed on SLM?2 is given by:

2n
stma(u, v) = ——(—ux —vy). (6)
¢ Ao f3 Y
Figs. 2(a) and 2(b) show examples of the hologram patterns used to generate a broadband radially
polarised vector vortex beam.

4. Results

We now demonstrate the generation of broadband vector beams using our system. In stage 3 of the
experimental setup (shown in Fig. 1) we characterise the polarisation structure of the generated
beams using spatially resolved Stokes measurements, as described in [15, 16]. We perform these
Stokes measurements at four different wavelengths over a 100 nm range, using the following
bandpass filters: 555.6+4.05 nm, 589+5 nm, 635+3.5 nm and 655.6+6.05 nm. Reference [15]
and the captions of Figs. 3-5 provide detail of the fields required on SLM1 to generate the
following beams. Figure 3 shows initial system tests to generate linearly and circularly polarised
vector beams. Each panel shows an array of polarisation ellipses, describing the ellipticity and
orientation of the local polarisation. The local intensity is represented by the semi-major axis of
each ellipse and also its brightness. Accompanying insets show a CCD capture of each beam
when imaged through the respective bandpass filter.

Figure 4 shows the generation of radially and azimuthally polarised vector vortex beams. We
can see that the desired polarisation structure is reproduced in all of the measured wavebands.
Because our target beams are generated in the Fourier plane of SLM1, we also observe that the
radius of maximum intensity is smaller for shorter wavelengths. Figure 5 shows the generation of
Poincaré beams (lemon and star type), whose polarisation spans the majority of the Poincaré
sphere [24,25].
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Fig. 3. Experimentally generated broadband vector beams with uniform polarisation: Top
row: (a-d) the polarisation ellipse maps of a Gaussian beam whose polarisation is uniformly
linear at an angle of 45° shown at the four defined wavebands from 555 nm to 655 nm. In
this case the spatial mode of both beams A and B is Gaussian (HGp), their relative power
is equalised, and their global phase difference tuned to O radians. All of these parameters
are controlled by adjusting the hologram on SLM1. Bottom row: (e-h) when the global
phase difference between beam A and B is adjusted to 77/2 radians, we generate a uniformly
circularly polarised vector beam. Inset within each polarisation ellipse map is a CCD image
showing the intensity with no quarter wave-plate or linear polariser in place in stage 3. Scale
bar in (a) and (e) is 30 um.

Fig. 4. Experimentally generated broadband vector vortex beams with spatially varying
polarisation: Top row: (a-d) in the Fourier plane of SLM2, the experimental broadband
polarisation ellipse maps of a broadband radial vector vortex beam. This beam is formed by
shaping the spatial mode of beams A and B with an HG o and HG(,; mode respectively.
Bottom row: an azimuthally polarised vector vortex beam, formed by shaping beams A and
B with HG(; and HG o modes respectively. Inset within each polarisation ellipse map is a
CCD image detailing the intensity with no quarter wave-plate or linear polariser in place in
stage 3. Scale bar in (a) and (e) is 30 um.
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635nm | ()

Fig. 5. Experimentally generated broadband Poincaré beams: Top row: (a-d) the "Lemon"
Poincaré beam, formed by shaping beam A with modes LG1,o + LGq,o exp(in)/2) and beam
B with modes LG, exp(in/2) + LGq,o. Bottom row: (e-h) the "Star" type Poincaré beam,
formed by shaping beam A with modes LG ¢ exp(in/2) + LGg,0 and beam B with modes
LG, + LGy, exp(im/2). The colour of the ellipses indicates the handedness of the local
polarisation state, where blue is left-handed and red is right-handed. Inset within each
polarisation ellipse map is a CCD image detailing the intensity with no quarter wave-plate
or linear polariser in place in stage 3. Scale bar in (a) and (e) is 30 um.

5. Discussion and conclusions

There are numerous factors which influence the efficiency, fidelity and bandwidth of our broadband
vector beam generator. In general, the beam generation efficiency is below 1 when the desired
amplitude of the complex field required at SLM1 does not exactly match the amplitude of the
beam incident on SLM1. This effect occurs at all wavelengths, and arises because amplitude
shaping using a phase-only LC-SLM is lossy. This efficiency depends strongly on the exact form
of the input beam and the desired mode, and is the main theoretical limit to the efficiency of our
system [5]. The generation of the radially polarised vector vortex beam of the type shown in
Fig. 4 can, for example, be achieved with a theoretical efficiency of ~ 30 %.

The efficiency of the system is also reduced by the basic optical components, such as the
wavelength dependence of half-wave plates and beamsplitters. In addition, in our proof of
concept experiment we used a double-pass of a 50:50 non-polarising beamsplitter to out-couple
the broadband vector beam, further reducing the efficiency by 75%, following reference [20].
However, in our experiment the displaced Sagnac interferometer configuration spatially separates
the input and output beams, and so the NPBS could be replaced with a mirror, thus avoiding this
75% efficiency loss. We note that the efficiency may be further improved by replacing SLM?2,
which displays a simple phase tilt hologram, with a more efficient static custom-built diffractive
optical element.

The hologram on SLM1 is designed for a specific wavelength which can be chosen to be at
the centre of the desired operational bandwidth (). There are several effects that occur when
this hologram is illuminated with light of a wavelength other than 1y. Some of these we can
compensate for in our system, but some we cannot. The most evident wavelength dependent
effect is angular dispersion which spectrally separates an incident broadband beam. This arises
due to the fixed period d of the pattern on the SLM, and can be understood from the grating
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equation defining the diffraction angle, 6,,,(1) of diffraction order m: 6,,(1) = sin~!(mA/d). As
described above, this form of angular dispersion is compensated for in our system by using SLM?2
to generate the opposite angular dispersion to SLM1.

In addition to angular dispersion, the diffraction efficiency and fidelity of our hologram is also
wavelength dependent. This is because LC-SLMs operate by controlling the optical path length
(OPL) of light travelling through the liquid crystal interface. For a given hologram pixel, the
phase change ¢ is given by: 6¢ = §(OPL)/A, where OPL is the product of the distance travelled
through the liquid crystal and its refractive index. Therefore, assuming material dispersion is
small, light of wavelength A will experience a phase pattern that has been rescaled by a factor
Ap/A. Since amplitude modulation using a phase only LC-SLM is achieved by adjusting the
local contrast of the displayed grating, this rescaling means that wavelengths other than 1o will
experience a grating with a different (and therefore slightly inaccurate) spatially varying contrast.
As grating contrast is related to diffracted intensity in a non-linear way (given by Eqn. (4)), then
at wavelengths other than Ay this effect results in small non-linear departures from the target
intensities diffracted into beams A and B.

In order to study the scale of the wavelength dependent effects that we are unable to correct for
in our system, we performed a set of simulations. This allowed us to investigate the wavelength
dependence of the fidelity and efficiency of our system in the absence of any residual alignment
inaccuracies, giving insight into the theoretical limitations of our proposed broadband polarisation
shaping method. In our simulation we use scalar diffraction theory to model the propagation of
beams of wavelength range 555 nm < A < 655 nm through our system having diffracted from
the hologram on SLMI1 that has been designed for wavelength 1o = 605 nm. The simulation
proceeds as follows: we assume that SLM1 is illuminated by a scalar Gaussian beam G(u, v, 1),
and the effect of the phase hologram on SLMI1 yields a field given by G. exp(iH1y/A) at the
plane of SLM1. Performing a Fourier transform yields the field at APT1. From this point on
beams A and B are orthogonally polarised in our experiment, and so we now separately model
the propagation of beams A and B, having passed through each aperture independently. The
effect of each aperture is included by multiplying by a binary 2D function that is 1 inside the
aperture and O elsewhere. A second Fourier transform yields the fields at the plane of SLM2,
and the field representing beam B is mirror flipped about the vertical axis to account for the
additional mirror reflection in the experiment. The effect of SLM2 is accounted for by multiplying
the resulting fields by exp .(i®spy2 10/ A) before a final Fourier transform and the application of
APT?2. Therefore we have two scalar fields, ¥4 and ¥p, representing the horizontal and vertical
field components respectively that arrive at the camera plane. The fidelity F of the generated
fields (0 < F < 1) is calculated using:

2
F(/l) = '// [\P;(x’ Vs }')EA(X’ Ys /l) + \PE (x’ Vs A)EB (x, Vs /1)] dXdy b (7)

where the total intensity of the target field (|Es|> + |Eg|?) and the total intensity of the generated
fields (|¥4|> + |¥3|?) have been normalised to 1. The efficiency of the generated fields can be
calculated from the fraction of power lost after each aperture.

Figure 6 shows the simulated performance of our system. Figure 6(a) shows how the fidelity
and efficiency of a radially polarised vector beam varies with wavelength. The maximum value of
the fidelity is dependent upon choice of aperture sizes and the gradient of the phase tilt diffracting
the beams away from the zero diffraction order. Across the entire 100 nm bandwidth the fidelity
never falls below 0.995. Insets show a comparison of the intensity of the ideal beam and the
generated beam for the lowest fidelity case. The right-hand side shows a comparison of the
polarisation structures and individual horizontally and vertically polarised field components in the
ideal case and that generated using our proposed method. Interestingly, we observe the efficiency
of beam generation increase as the wavelength is reduced. This is because when performing



Vol. 25, No. 21| 16 Oct 2017 | OPTICS EXPRESS 25088

0.999 .
0.998 horizontal
10.4
0.997
0.996 | .
vertical

>
> (]
i 5]
g 0.995 10.35 5
i &=
0.994 - [Tl Generated
Radially polarized beam
0.993 .
0.992 - [ horizontal
0.991 ¢ Generated
0.99 - 0.25 |
560 580 600 620 640 660 ’
Wavelength (nm)
b ‘ ‘ ‘ \ \ 0.55

Fidelity

0.999 | .

0.998 | i horizontal

0.997

0.996

0.995 10.45 :

0.994 | Generated
Poincaré beam

0.993
0.992
0.991 1 Generated

0.99 ' ' 0.35
560 580 600 620 640 660

Wavelength (nm)

Efficiency

horizontal

(d) Generated

N
NN
AW

vertical vertical

Fig. 6. Simulated performance of our broadband polarisation beam shaper: Fidelity and
generation efficiency as a function of wavelength for a radially polarised beam (a), and a
"Star" type Poincaré beam (b). Insets within the graphs show ideal and generated beam
intensities for the lowest fidelity wavelength (655 nm). Insets to the right-hand side show
polarisation maps and beam components in both cases. (c,d) Ideal (c) and generated (d) beams
with a more complicated polarisation structure. In this case the illumination wavelength was
655 nm while the SLM1 hologram design wavelength was 605 nm. The construction of this
type of beam is considered in more detail in [15].
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phase-only amplitude modulation, it is possible to increase efficiency at the expense of fidelity by
thresholding the maximum intensity that Sgu, is normalised to in Eqn. 4, an effect described in
detail in [22] (section: limited beam overlap). When the wavelength is decreased in our system,
we believe that an effect analogous to this intensity thresholding occurs, thus increasing the
generation efficiency at the expense of a small reduction in fidelity. Figure 6(b) shows that
similar trends are seen in the case of the generation of a Poincaré beam. Figures 6(c) and 6(d)
show a comparison of the ideal and generated cases in the generation of a beam with a more
rapidly varying polarisation structure, which also shows good performance. These effects may
contribute towards some of the small polarisation imperfections observed in our experimental
results. However, we note that in general these effects appear relatively minor over the bandwidth
that we used here.

The experimentally generated polarisation structures are good approximations to the target
states for all wavelength bands tested in our set-up. In addition to the minor theoretical effects
described above, residual misalignments and aberrations in the optical setup also have a cumulative
effect on beam fidelity, and are likely mostly responsible for any reduction in the quality of our
experimental results compared to the ideal cases. In general, any undesired intensity and phase
variations across beams A and B will modify the ellipticity and orientation of the structured
polarisation fields. The LC-SLMs themselves introduce aberrations due to the non-flat nature of
their surfaces. For monochromatic beams, in-situ aberration correction can be used to compensate
for these defects [26]. However, as above, when using broadband light, such corrective phase
masks may only be optimised for a single wavelength (1y). The performance of these corrective
phase masks will depend on wavelength in a manner analogous to the theoretical effects described
in Figs 6(a) and 6(b). We found that applying such phase masks optimised for the central
wavelength band did improve the quality of the generated beams across all wavelength bands.

In our proof of concept system, the bandwidth was limited by the spectral response of the
wave plates and SLMs (which had anti-reflection coatings optimised for 633 nm) available for
the experiment. The stability of the system will also affect the usable bandwidth: in order to
generate a coherent polarisation state, the path lengths travelled by beam A and beam B must
differ by less than the coherence length defined by the bandwidth of the system. Vibrations that
vary the relative path lengths by more than the coherence length will destroy the coherence of
the overlapped beams. Therefore, the use of a Sagnac interferometer also offers advantages in
stability as vibrations should change both path lengths by the same amount.

In summary, we have demonstrated a technique for generating dynamically reconfigurable
broadband vector beams over a bandwidth of 100 nm. This bandwidth corresponds to a coherence
time of ~8 fs [27]. Broadband vector beams may find applications in white-light microscopy and
ultrafast beam shaping [28-31].
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