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Abstract: Spectral shaping of ultrafast laser pulses in the 3.6–3.9-µm wavelength region is 
implemented using a CaF2-windowed digital micromirror device.  Short-pass, long-pass, bandpass 
and multi-wavelength shaping is demonstrated, targeting applications in spectroscopy and 
compressive sensing. 
© 2020 The Authors.  

 

1. Introduction 
Spectral shaping has been used widely with ultrafast laser pulses in the visible and near-infrared, where transmissive 
and reflective liquid-crystal spatial light modulators are readily applicable [1,2], but extending this functionality to 
the mid-infrared (mid-IR) is made difficult by the infrared absorption of liquid crystals [3] and the poor transparency 
of indium-tin oxide [4].  The ability to carve arbitrary mid-IR spectra from a broadband light source has potential 
applications in compressive spectral sensing [5], coherent control [6], swept-source OCT [7] and time-resolved 
spectroscopies [8].  Digital micromirror devices (DMDs) have been used in the near-IR for time-domain shaping [9], 
but their application in the mid-IR region has received less attention due to the near-infrared cutoff wavelength of 
the borosilicate window materials used in commercially available DMDs.  Here, we introduce a route to mid-IR 
spectral shaping based on retrofitting a commercial DMD with a high transparency CaF2 window and applying this 
device in the focal plane of a grating shaper.  A throughput of 10% is obtained, at update rates equal to DMD update 
rates of 20 kHz, allowing a range of spectral shapes to be demonstrated with a shaping resolution of 1 nm. 

2. Experimental Configuration 
Figure 1 presents the 4-f spectral shaping configuration. The mid-IR source was an MgO:PPLN (periodically-poled 
lithium niobate) OPO (Spark-OPO™, Chromacity Ltd.), which provided 100-MHz pulses with an instantaneous 
spectral coverage of 3.6–3.9 µm and an average power of 300 mW.  The OPO output beam of 4 mm diameter was 
reflected from an aluminum coated ruled diffraction grating (75 lines mm-1) and the spatially dispersed mid-IR light 
was focused on the DMD (DLP7000, Texas Instruments) by a CaF2 lens with a 250 mm focal length. The DMD 
comprised 1024×768 micromirrors with a 13.68 µm pitch, which could tilt ±12°.  Mid-IR light illuminated the DMD 
with an incident angle of 12° with respect to the normal direction of the DMD surface so that when mirrors were in 
the “ON” state the light was returned to the grating, while those in the “OFF” state sent light into the beam-block.  
Typical DMDs are made with borosilicate windows, which have high absorption for wavelengths longer than 2.5 µm, 
therefore we retrofitted the DMD with a CaF2 window using the process described in [10].  
The spectrally shaped beam after the DMD was recombined by the grating and launched in a mid-IR spectrometer 
(waveScan 1500 – 6300 nm, 1 nm resolution, 6 Hz refresh rate, APE) for characterization. 

 
Fig. 1.  (a) DMD re-windowed with a CaF2 wedge, and (b) experimental layout of the DMD-based mid-IR spectral shaper. 



3. Spectral Shaping Performance 
The spectral distribution on the DMD was first calibrated using horizontal and vertical single line scans. The spatial 
beam distribution was found to be 580 µm covering 30 DMD micromirrors, while the spectral beam distribution 
extended over 4.8 mm across 248 DMD micromirrors, permitting spectral shaping with a resolution of 1 nm. 
Simple spectral shaping was demonstrated by turning half of the DMD micromirrors “OFF” on the left and the right 
side, achieving short-pass and long-pass spectral filters respectively (Figs. 2a and Fig. 2b). A band-pass filter was 
generated by turning “ON” a stripe of 80 horizontal pixels, while other pixels were on the “OFF state” (Fig. 2c). 
Results demonstrated a 100% wavelength contrast performance, which could be further controlled via the vertical 
DMD pixels.  Such spectral shaping capability should make it possible to produce spectra of any arbitrary shape, for 
example those in Fig. 2e and Fig. 2f.  In Fig. 2d we demonstrate single-line wavelength scanning, which is a potential 
route to a simple single pixel spectrometer or a mid-IR swept-source OCT implementation. 

 
Fig. 2. Mid-IR spectral shaping examples using a DMD. The output spectrum is represented by the red filled curve, while the black curve 
corresponds to the original OPO spectrum. (a), (b) and (c), show example output spectra using short-pass, band-pass and long-pass selectivity 
respectively.  (d) demonstrates line-scanned of 5.2-nm FHWM spectra by turning on a 5-pixel-wide column on the DMD.  An arbitrary multi-
wavelength shaping (e) and a spectral power tuning (f) can be achieved via selective control of vertical DMD micromirrors.  

In summary, we have implemented a compact DMD-based spectral shaper for mid-IR pulses with a 1-nm resolution, 
10% efficiency and 20 kHz update rates.  Shaping was demonstrated by re-structuring the spectra of mid-IR laser 
pulses using short-pass, long-pass, bandpass and multi-wavelength transmission functions.  Stochastic optimization 
techniques are in development to allow the generation of arbitrary spectra for any input spectra and will be presented.  
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