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Abstract: We report a new technique, coined free-space angular-chirp-enhanced delay (FACED), 

to generate large-scale, wavelength-insensitive, actively tunable optical dispersion, at least 3 

orders-of-magnitude larger in dispersion than the current techniques.  
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Pulse compression or stretching through optical dispersion has long been instrumental in scientific research and 

technological advancement. In general, large dispersion of >0.1 ns/nm or higher can be realized with an assorted 

types of optical fibers [1-4]. It, however, comes at the expense of severe optical loss – a fundamental trade-off 

between dispersion and loss in any classical media. Together with the intrinsic wavelength-dependent light 

scattering loss, the prevailing fiber-based pulse stretchers/compressors are restricted to operate within their low-loss 

spectral windows (e.g. ~1550 nm for standard silica fibers), not to mention their vulnerability to pulse distortion by 

optical nonlinearity [5]. Also, the total dispersion is typically fixed once the fiber is fabricated and is thereby not 

flexibly adjustable. Although dispersion tunability can be achieved by the prism-pair or the grating-pair [6, 7], their 

tunable ranges are compromised by the excessively large footprint – limiting their utility to small-scale dispersion 

compensation (typically ~1 ps/nm or smaller). To date, there is no viable solution for achieving wavelength-

insensitive, low-loss, largely-scalable active dispersion tunability within a practical footprint. We here present a new 

technique for pulse stretching/compression, coined free-space angular-chirp-enhanced delay (FACED), which 

equips with all these unmet capabilities. 

 
Fig. 1. Schematic setup of generating tunable optical dispersion using FACED device.  is the tilted angle between the two mirrors.  

A FACED device mainly consists of a pair of quasi-parallel and highly-reflective plane mirrors (See the 

schematic shown in Fig. 1). The input broadband pulsed laser beam is first angularly dispersed by a diffraction 

grating, and is then coupled into the mirror-pair entrance by a 4-f lens system (i.e. lenses 1 and 2). The beam is then 

decomposed into a set of spatially-chirped zig-zag paths in the device. The zig-zag paths are spectrally encoded and 

effectively introduce the wavelength-dependent path-length differences, i.e. dispersion. The dispersed light is back-

reflected following nearly the same zig-zag paths for a minute tilted angle  (typically ~mrad) and can be restored 

to its original input beam profile after the grating. Both anomalous and normal dispersion can be obtained simply by 

manipulating the orientation of the FACED device.  

The performance of the FACED device (mirror length × mirror separation: 200 mm × 15 mm) has been tested in 

an octave-spanning wavelength range, namely at 710 nm, 1060 nm, and 1550 nm. Figure 2a demonstrates the large 

scale, actively tunable optical dispersion from +/–200 ps/nm to +/–2.5 ns/nm at 710 nm by tuning the tilted angle . 

The measured dispersion tunability is accurately predicted by the ray-tracing model, in which the dispersion is 

inversely proportional to . As a comparison, same amount of dispersion can be achieved by a double-pass Treacy 

grating-pair configuration [6], but with a grating separation as far as ~200 m, assuming a groove density of ~1800 

lines/mm. The two insets of Fig. 2a (top left and bottom right) show the single-shot wavelength-to-time mappings at 

80 MHz, enabled by FACED, in both the anomalous and normal dispersion cases; the stretched optical pulse closely 
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resemble the wavelength spectrum measured by classical spectrometer. Moreover, the spectrum profile is preserved 

over the large tunable range (the two inset color intensity maps (top right and bottom left of Fig. 2a)).  

Figure 2(b) compares the dispersion-to-loss ratio (DLR), between the FACED and silica fibers across an octave-

spanning wavelength range, 710 nm – 1550 nm. Below 1060 nm, the DLR in FACED shows more than 10-fold 

improvement compared to that in fiber. Notably, the DLR in FACED at 710 nm is ~1 ns/nm/dB, suggesting that 

only ~1 dB extra loss is introduced for every 1 ns/nm increase in dispersion. In comparison, fiber introduces 

excessive loss of 50 dB at 710 nm. As can be seen, the FACED device is particularly superior to fiber-based devices 

for large dispersion operation outside the telecommunication window where loss in fiber is impractically high.  

 
Fig. 2. Basic performance of the FACED device. (a) Measured total dispersion (D) at 710 nm (red dots: normal dispersion and blue dots: 

anomalous dispersion) as a function of the relative tilted angle , which is in good agreement with the analytical ray-tracing model (back curve). 

The two inset color intensity maps show the evolution of temporal profile of the stretched pulse within a range of normal and anomalous 

dispersion. Another two insets show the single-shot stretched waveforms (red) and the corresponding spectra (black) measured by the 

conventional spectrometer, at D ~ +/- 2 ns/nm. (b) Dispersion-to-loss ratio (DLR) of the FACED devices and the silica fibers at 710 nm, 1060 

nm, and 1550 nm. Error bars show the standard deviations of the results measured at different dispersion values. (c), (d), and (e) demonstrate 

large-scale and active pulse compression by FACED at 1550 nm. (c) Evolution of the compressed pulses with dynamically tunable positive 
dispersion, from 0 to +247 ps/nm. (d) The compressed sub-picosecond pulse (with dispersion of +247.0 ps/nm) measured by an autocorrelator. (e) 

The optical spectra measured before and after compression. PSD: power spectral density.  

 We here demonstrate the utility of FACED in active pulse compression. Specifically, laser pulses, which are 

pre-stretched by a dispersive fiber to a pulse width of ~7.4 ns, at 1550 nm are launched into the device and 

recompressed. The width of the compressed pulse is actively tunable across almost four orders of magnitude, from 

~7.4 ns to 895 fs (Fig. 2(c)-(d)), which is not readily achievable with any fiber-based and grating-pair compressors. 

Figure 2(e) shows that FACED is virtually immune from spectral distortion caused by optical nonlinear effects that 

limit the performance in fiber-based stretchers/compressors, thanks to the free-space operation of FACED. This 

attribute, together with its large-scale reconfigurable dispersion tunability, is particularly useful for chirped pulse 

amplification adopted in high-energy laser applications [8]. In summary, we here demonstrated a new type of optical 

dispersive element, FACED, which provides large-scale dispersion tunability with insignificant loss and is 

essentially wavelength-insensitive. FACED could therefore unlock diverse applications covering the spectral range 

in which large and tunable dispersion is desired yet forbidden, especially in the visible and mid-infrared bands. It 

should also be noted that such unprecedented pulse compression/stretching capability is achieved with a compact 

table-top footprint using off-the-shelf optomechanical components.   
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