
Overview of  
Photon etc’s  
Laser Line Tunable 
Filter (LLTF)  
and Tunable Laser 
Source (TLS) 
applications

The narrow-band light is used in  
the measurement of the optical properties 
of materials and in the characterization 
and calibration of optical instruments. 
Historical calibration sources used 
more conventional lamps in the past 
(e.g., quartz-tungsten halogen lamps) 
in combination with conventional 
monochromators. This output from  
the monochromator suffers from low 
power and low brightness which prevents 
this approach from being used in many 
advanced applications. Combining recently 
developed sources and spectral filters, 
e.g.  laser-driven white-light sources 
(supercontinuum (SC) source) and laser 
line tunable filters (LLTF), the emitted flux 
is increased several orders of magnitude 
over conventional lamp-monochromator 
systems; the increased flux available  
opens up many radiometric and 
photometric applications not possible  
with conventional systems. 

Steve Brown  
NIST ”

“
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Technology introduction

FIG. 1  Picture of Photon etc’s LLTFs. 

The Laser Line Tunable Filter (LLTF) is  
a non-dispersive, widely tunable bandpass 
optical filter. At the core of the filter is 
a volume Bragg grating (VBG) able  
to efficiently select a narrow spectral 
window to be filtered out of a broadband 
light source.

The LLTF provides a wider tunable range 
than other commercially available tunable 
filters. A single filter has the potential to 
offer full continuous tunability from 400  
to 2500 nm, with an unrivalled out-of-band 
rejection of <-60 dB throughout this range. 
This instrument is the only commercially 
available tunable optical filter with  
an optical density higher than OD 5 over 
such a wide spectral range.

The LLTF can be combined with most 
commercially available broadband light 
sources such as Laser driven Plasma Light 
Sources (LPLS) or a high repetition rate 
femtosecond lasers (Ti:Sapphire).  
One of the most popular combinations is 
the coupling of the LLTF with commercially 
available supercontinuum such as NKTP’s 
SuperK series to create a Tunable  
Laser Source (TLS). 
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https://www.photonetc.com/products/lltf-contrast
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FIG. 2  Illustration of the out-of-band rejection of a volume holographic grating at λc = 632 nm. Bands of ±45 nm are presented,  
and an out-of-band rejection of -60 dB is obtained.

High efficiency (up to 65 % 
including all polarizations and 
coupling losses) 

High out-of-band rejection1  
(< -60 dB) (see Fig. 2)

High optical density 2 (> OD 6.5)

Wide spectral range, up to  
400-2500 nm in a single device

High spectral resolution, down  
to 0.15 nm of FWHM bandwidth

Compatible with high average 
power light source (> 20 W)

Harmonic extinction

Modular input/output options

1 The out-of-band rejection of an optical bandpass filter is 
defined as the ability to select precise wavelengths, but to 
attenuate to very low levels those outside a specific band.

2 The OD is defined as the logarithmic ratio between the 
radiated power of the incident beam and the radiated power 
transmitted through the instrument.

In
te

ns
ity

 (d
B)

Wavelength (nm)

0

-20

-40

-60

-80

-100

550 600 650 700

-4
5n

m
 b

an
d

+4
5n

m
 b

an
d

c

Unique features



Overview of Photon etc’s Laser Line Tunable Filter (LLTF) and Tunable Laser Source (TLS) applications 5

Transmission gratings  
vs reflectance gratings
A VBG is a diffraction grating in which there is a periodic modulation of the refractive index through the entire volume of a photosensitive 
material. This modulation can be oriented either to transmit or reflect the filtered incident beam as depicted in figure 3.

FIG. 3 Schematic of transmission gratings (a) and reflectance gratings (b). VBGs can be fully described by the following parameters: the thickness of the grating, the refractive index of the photo-thermo-
refractive glass (n0), the period (Λ) of the grating, the angle (θ) between the incident beam and the normal of the entrance surface (N), and the inclination of the Bragg planes (φ) defined as the angle 
between the normal (N) and the grating vector (Kg). Only a small fraction of the incident beam respects Bragg’s law and will be diffracted. In order to select which wavelength will be diffracted, the angle of 
the filter is adjusted to meet Bragg’s condition: λB=2n0Λcos(θ+φ), where λB is the diffracted wavelength.
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TRANSMISSION GRATINGS are 
used in the standard LLTF providing  
a spectral resolution ≤ 2.5 nm in  
the visible range (400-1000 nm)  
and ≤ 5 nm in the SWIR range 
(1000-2300 nm). A single LLTF  
can combine up to 4 transmission  
gratings in order to provide continuous 
tunability in the full 400 to 2500 nm 
range in a single device. 

REFLECTANCE GRATINGS are used in high-resolution LLTF, providing a spectral 
resolution ≤ 1 nm. A single filter can combine up to 7 reflection gratings (RBG),  
in order to benefit simultaneously from both the high resolution provided by RBG, 
and the wide tunable range characteristic of the LLTFs. A selection of ranges covered 
by reflectance gratings are shown in the figure below where each blue block 
represents a single grating. 

FIG. 4  Examples of different custom ranges for reflectance gratings. One can choose up to 7 of those ranges to integrate into  
a high-resolution LLTF.
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Spectroscopy Ultra-high-resolution optical 
absorption

Time-resolved 
photoluminescence (TRPL)

Light beam induced current 
(LBIC)

Overview

The TLS provides access to a wide spectral window, covering up to 400 nm to 2500 nm 
with a high spectral resolution (<2.5 nm (VIS),<4 nm (SWIR),<1 nm (custom)).  
Hence, this system is perfectly suited for a wide range of spectroscopy measurements 
such as reflectance, absorbance, luminescence, time-resolved photoluminescence (TRPL) 
and light-beam induced current (LBIC) measurements or pump-probe experiments.
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Spectroscopy
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Ultra-high-resolution optical absorption

Absorption spectroscopy is a standard optical method that can rapidly provide information 
on a sample thickness or its composition. It is easily achieved by sending light through  
a sample and collecting the transmitted signal as a function of the wavelength.  
More complex absorbance can also be performed to gain access to electronic properties 
such as the number density in DC plasma. In this work from Durocher-Jean et al. 
broadband absorption spectroscopy (BBAS) is used to examine excited states in plasma.

The experimental setup is composed of a supercontinuum source (400-2400 nm)  
coupled with an LLTF. The LLTF outputs a low power (<1 mW.nm-1), collimated laser  
beam centered at 841 ± 2 nm, which travels along the axis of the plasma column  
(see Figure 5). The LLTF guarantees that the laser is as less invasive by filtering only  
a small bandwidth of the incident white light into the plasma. The signal coming out  
of the plasma is directed into an optical fiber and into an ultra-high-resolution  
HyperFine spectrometer providing <2 pm spectral resolution. This setup was able  
to probe “the number density of Ar 1s2 and Ar 1s4 states (Paschen notation) [...]  
in reduced-pressure, nominally pure argon DC plasma columns. These are probed via  
the absorption of the Ar 2p3-1s2 and Ar 2p8-1s4 transitions observed at 840.8 nm  
and 842.5 nm, respectively (see Fig. 6). [...]  [T]his newly developed variation  
of BBAS is very well suited for spatial and temporally resolved measurements,  
although this feature has not been evidenced yet.”

FIG. 5  Schematic of the 
experimental setup used  
for absorption spectroscopy 
measurements of DC  
plasma [1].

We used the tunable laser source to cha-
racterize the number density of excited 
species in DC plasmas. The plug-and-play 
system was easy to use and to integrate 
into our existing setup. The high out-of-
band rejection of the LLTF was paramount 
to our research and offered new diagnostic 
capabilities. 

Prof. Luc Stafford 
Université de Montréal ”

“
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FIG. 6  Optical emission and absorption spectroscopy 
measurements of the Ar 2p3-1s2 transition at 840.821 nm and  
the Ar 2p8-1s4 transition at 842.465 nm. Two measurements are 
taken for each condition: one of the laser signal absorbed  
by the plasma, IL+P (laser on, plasma on - blue line), and  
one of the laser signal alone, IL (laser on, plasma off - ref line). 
Adapted from [1].

[1] Durocher-Jean, A., Jean-Ruel, H., Dion-Bertrand, L.-I.,  
Blais-Ouellette, S., & Stafford, L. (2020). Ultra-high-resolution 
optical absorption spectroscopy of DC plasmas at low pressure 
using a supercontinuum laser combined with a laser line tunable 
filter and a HyperFine spectrometer. Journal of Physics D: 
Applied Physics, 54(8), 085204.  
https://doi.org/10.1088/1361-6463/abc7db

https://iopscience.iop.org/article/10.1088/1361-6463/abc7db
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Time-resolved photoluminescence (TRPL)

Cu(In,Ga)Se2 (CIGS)  is one of the most efficient materials used for thin-film photovoltaics and is currently being tested in tandem 
configuration along with perovskite for flexible solar cells applications. In order to push the limit of this material, a better understanding 
of its optical properties is paramount. In this work from El.-Hajje et al. [2], metastable defects in CIGS solar cells are characterized  
with time-resolved photoluminescence (TRPL). TRPL is a technique where the sample is excited with a pulsed light and the 
luminescence signal decay is analyzed as a function of time. 

In this study, this contactless optical technique is achieved by combining a supercontinuum source (pulse duration: 6ps, repetition rate 
set to 20 MHz) with an LLTF. The TLS was coupled to a single-mode fiber combined with a homemade microscope and an Aurea infrared 
single photon detector connected to a PicoHarp 400. This setup illustrated in Figure 7, was able to achieve TRPL with 200 ps time 
resolution. 

This research led to “the observation of a hysteresis phenomenon regarding the minority carrier dynamics following the activation  
of the metastable defects [...] The developed contactless characterization method was compared with classical current–voltage 
measurements. TRPL leads to a more complete understanding of the physics of metastable defects in terms of quantifying the shift  
in minority charge carriers dynamics that it induces.”

FIG. 7  Schematic representation of the TRPL experimental setup as well as the sample studied. Adapted from [2].

[2] El-Hajje, G., Ory, D., Paire, M., Guillemoles, J.-F., & Lombez, L. (2016). Contactless characterization of metastable defects in Cu(In,Ga)Se 2 solar cells using time-resolved photoluminescence.  
Solar Energy Materials and Solar Cells, 145, 462–467. https://doi.org/10.1016/j.solmat.2015.11.016

Spectroscopy
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https://www.sciencedirect.com/science/article/abs/pii/S092702481500598X?via%3Dihub
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Light beam induced current (LBIC)

Continuing its quest to improve CIGS efficiency and trying to get closer to the Shokley Queisser limit, Lombez et al. [3]  investigated  
the external quantum efficiency (EQE) of CIGS cells on the micrometric scale. Standard measurements of optoelectronic properties  
of solar cells are typically averaged over the local properties. Hence, they do not represent well the realistic characteristics of the cell, 
since each submicron region has different properties.

In this research, light beam induced current (LBIC) maps are used to measure the spatial variation of the optoelectronic properties  
of CIGS cells. LBIC consists of probing a sample with a given excitation wavelength while measuring the current-voltage characteristic  
at each point. The obtained cartography can provide valuable information on the short-circuit current, EQE and carrier lifetime. 

The setup is composed of a supercontinuum source (pulse duration: 6 ps, repetition rate set to 80 MHz) coupled to an LLTF.  
The LLTF is coupled into an optical fiber combined with a homemade microscope. This setup provides spectral (400-1000 nm)  
and spatial information (resolution around 2 μm).

Light beam induced current (LBIC) maps are acquired at different excitation wavelengths allowing the calculation of the spectral 
response EQE(E) in different cell regions. Figure 8 shows three examples of EQE maps. At excitation wavelengths above the band gap, 
absolute spatial variations of EQE close to 5%-10% are observed while larger spatial variations are seen at wavelengths close to the band 
gap. The maps highlighted different spatial variation. “Micrometric variations are attributed to intrinsic properties of the polycrystalline 
absorbers whereas longer range fluctuations could be linked to the fabrication process of the microcell.”

Spectroscopy

FIG. 8  EQE results of a 25 µm CIGS microcell. a) Spectral 
response EQE(E) from different regions ; Lines are the 
experimental data, dots represent the corresponding fits;  
b) EQE map at 870 nm, and c) EQE map at 1050 nm.   
Adapted from [3].

[3] Lombez, L., Ory, D., Paire, M., Delamarre, A., El Hajje, G., & 
Guillemoles, J. F. (2014). Micrometric investigation of external 
quantum efficiency in microcrystalline CuInGa(S,Se)2 solar  
cells. Thin Solid Films, 565, 32–36.  
https://doi.org/10.1016/j.tsf.2014.06.041
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https://www.sciencedirect.com/science/article/abs/pii/S0040609014007056?via%3Dihub


Overview of Photon etc’s Laser Line Tunable Filter (LLTF) and Tunable Laser Source (TLS) applications 11

Calibration

As stated previously, the LLTF provides the cleanest output on the market with  
an out-of-band rejection of < -60 dB. This feature makes it an ideal tool to spectrally 
calibrate photodetectors. The wide spectral range covered by the TLS (LLTF and 
supercontinuum source) (400-1000 nm VIS, 1000-2300 nm SWIR, 400-2500 nm  
EXT IV) allows the precise calibration of a vast array of photodetectors ranging  
from CCD, EMCCD, sCMOS, InGaAs, MCT and more. In addition to focal plane  
arrays, the TLS can be used to calibrate single pixel detectors such as photodiodes  
(APD, SPD, etc.), photomultiplier tubes (PMTs) or any other photosensitive device  
in this spectral range.

“

”

Using Photon etc.'s tunable laser source 
allowed us to characterize the spectral 
response of our detector with precision 
over the entire spectral range of interest. 
The source is easy to use and the control 
software is well designed. 

Rosalie Forest 
Senior Systems Designer | Telops
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Thin-film and sensor 
characterization
Thin-film filters are important elements of optical instruments, as the applications of  
those instruments broaden, the properties of those filters are becoming more challenging.  
Thin-films filters can be integrated in many cutting edge applications such as hyperspectral 
microscopy, Raman spectroscopy or astronomy. One key specification that remains tricky  
to measure is optical density (OD) greater than 6, or even greater than 4 near steep edges. 

In this work from Liukaityte et al. [4], they propose a new transmittance setup able  
to provide spectrally resolved measurements of thin-film filters with OD between 0 and  
12 in. The setup is composed of a supercontinuum source from NKTP coupled with  
an LLTF providing a 2 nm spectral resolution over 400-1000 nm spectral range. More 
details on the setup is shown in figure 9 below. The setup was able to measure the OD 
with of thin-films with a relative uncertainty better than 1%.

PIXIS 1024B

FEMTO OE-200-SI

MFOL

ODFW

MRC

RRC

FOC

TFF
BS

RFOL

ODF2ODF1

ROD

SH
OSD

NKT EXB-6 LLTF

λ

FIG. 9  Schematic of the high-OD spectral transmittance 
measurement setup: NKT EXB-6, supercontinuum laser source; 
LLTF, laser line tunable filter; OSD, order sorting device;  
SH, shutter; BS, beam splitter; ODF1, optical density flip 1;  
ODF2, optical density flip 2; ODFW, optical density filter wheel, 
TFF, thin-film filter; MRC, measurement reflective collimator; 
MFOL, measurement fiber-optic link; FOC, fiber-optic coupler; 
ROD, reference optical density; RRC, reference reflective 
collimator; RFOL, reference fiber-optic link). Adapted from [4].

[4] Liukaityte, S., Lequime, M., Zerrad, M., Begou, T., & Amra, C. 
(2015). Broadband spectral transmittance measurements of 
complex thin-film filters with optical densities of up to 12. Optics 
Letters, 40(14), 3225. https://doi.org/10.1364/ol.40.003225

https://www.osapublishing.org/ol/abstract.cfm?uri=ol-40-14-3225
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A similar setup based on a supercontinuum source and an LLTF was also used in this work from Bahrami et al. [5] to characterize  
the performance of a plasmon waveguide resonance sensor. More details on the setup are presented in figure 10.

Thin-film and sensor characterization

FIG. 10  a) Optical setup used to detect the resonance angles.  
b) The normalized reflectance spectrum measured for 20 nm  
and 100 nm AuNPs immobilized on the PWR sensor.  
Adapted from [5].

[5] Bahrami, F., Maisonneuve, M., Meunier, M., Montazeri, A. O., 
Kim, Y., Kherani, N. P., Aitchison, J. S., & Mojahedi, M. (2016). 
Kinetic analysis of nanoparticle-protein interactions using a 
plasmon waveguide resonance. Journal of Biophotonics, 10(2), 
271–277. https://doi.org/10.1002/jbio.201500267
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Hyperspectral 
microscopy

Darkfield hyperspectral imaging

PLE
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Hyperspectral microscopy

Darkfield hyperspectral imaging

Darkfield microscopy coupled with hyperspectral imaging provides an efficient way to study nanomaterials in tissue, live cells or solution. 
Scattered light from plasmonic or other nanostructures provides useful information on their composition, size and distribution.

When combined with a standard research grade microscope equipped with a darkfield condenser, the TLS can transform the microscope 
into a hyperspectral darkfield setup. This system is continuously tunable in the VIS (400-1000 nm), NIR (900-1620) nm or both  
(400-1620 nm) spectral ranges. This state-of-the-art platform allows in-depth characterization of nanomaterials without any peculiar 
sample preparation. 

In this work from Patskovky et al. [6] gold plasmonic nanoparticles (AuNPs) targeting CD44+ human breast cancer cells are studied 
with hyperspectral darkfield imaging. This setup has been successfully used to perform 3D spectral localization and spectroscopic 
identification of CD44-targeted AuNPs in fixed cell preparations (see Fig. 11). “Such spatial and spectral information is essential  
for the improvement of nanoplasmonic-based imaging, disease detection and treatment in complex biological environments.”

FIG. 11  Darkfield images taken at different planes along the 
optical z axis using the 100X objective. Focal plane is positioned 
to the glass substrate surface (S points) (a) or to the top surface 
of human breast cancer cells or inside the cell (C points) (b). 
Adapted from [6].

[6] Patskovsky, S., Bergeron, E., & Meunier, M. (2013). Hyperspectral 
darkfield microscopy of PEGylated gold nanoparticles targeting 
CD44-expressing cancer cells. Journal of Biophotonics, 8(1–2), 
162–167.

a) b)
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FIG. 12  a) Darkfield image at 576 nm extracted from  
the hyperspectral data, b) zoom of the regions where the spectra 
were extracted c) extracted scattered spectra - see corresponding 
targets.

Hyperspectral microscopy

Darkfield hyperspectral imaging

In collaboration with Prof. David Ginger from University of Washington, 100 nm gold nanoparticles were studied using Photon etc.’s 
hyperspectral darkfield imager. Scattered data were acquired from 432 nm to 849 nm with 3 nm steps. Fig. 12 a) and b) shows  
the hyperspectral results and typical scattered spectra (c) extracted from the data. The shift in wavelengths can help identify the size  
of the particles and the spatial information can help assess their distribution. 
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Hyperspectral microscopy

PLE

Photoluminescence excitation (PLE) is a spectroscopy technique 
where the excitation wavelength is varied and the luminescence 
signal is monitored over a fixed broadband emission range. PLE is 
an efficient technique to study absorption lines of a given material 
and, when combined with hyperspectral imaging, it provides a 
useful way to identify inhomogeneity and non-radiative losses.

When combined with a standard research grade microscope, the 
TLS can transform the microscope into a hyperspectral PLE setup. 
This system is continuously tunable in the VIS (400-1000 nm), NIR 
(900-1620 nm) or both (400-1620 nm) spectral ranges. This 
state-of-the-art platform allows in-depth characterization of 
advanced materials without any peculiar sample preparation.

In this work from Rolston et al. [7] PLE hyperspectral imaging was 
used to study the luminescence yield of perovskite solar cells 
fabricated with two different processes: open-air rapid spray plasma 
processing (RSPP) and spin-coating. Figure 13 shows PLE spectra 
(a) extracted from the PLE hyperspectral images (c, e) confirming 
that the RSPP technique provides higher photoluminescence yield 
than the spin coated one and also is better suited for fast open-air 
manufacturing of perovskite solar modules. 

We found that the PLE was a unique metrology for optoelectronic 
characterization of perovskite photovoltaic absorber films  
to quantify emission depending on the process parameters.  
As a result, we were able to identify optimal processing methods 
for perovskite films and were able to explore new fabrication 
approaches for the perovskite with improved luminescence.  
The added benefit of using the Photon etc. technology was  
the hyperspectral imaging that allowed us to make correlations 
between film morphology and optoelectronic properties. 
Understanding these correlations gave us a better sense  
of the type of visible defects that are detrimental to device 
performance. We think that PLE is an exciting tool that  
can be used in future experiments to further study additional 
aspects related to perovskite composition, stoichiometry,  
and stability. 

Dr. Nick Rolston 
Stanford University ”

“

[7] Rolston, N., Scheideler, W. J., Flick, A. C., Chen, J. P., Elmaraghi, 
H., Sleugh, A., Zhao, O., Woodhouse, M., & Dauskardt, R. H. 
(2020). Rapid Open-Air Fabrication of Perovskite Solar Modules. 
Joule. https://doi.org/10.1016/j.joule.2020.11.001

FIG. 13  a) Photoluminescence excitation (PLE) spectra of RSPP and spin-coated perovskite. (b) Optical image and (c) corresponding 
PLE map of spin-coated perovskite compared with (d) optical image and (e) corresponding PLE map of RSPP perovskite. The higher 
luminescence from RSPP is observable in both the spectra and the PLE map. Adapted from [7].
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FIG. 14  a) Photoluminescence excitation (PLE) hyperspectral 
image extracted at (b) PLE (orange filling), reflectance and PL 
(blue filling) spectra extracted from the same two regions  
(see corresponding targets on a). 

[8] Zelewski, S. J., Urban, J. M., Surrente, A., Maude, D. K., Kuc, A., 
Schade, L., Johnson, R. D., Dollmann, M., Nayak, P. K., Snaith, H. J., 
Radaelli, P., Kudrawiec, R., Nicholas, R. J., Plochocka, P., & 
Baranowski, M. (2019). Revealing the nature of 
photoluminescence emission in the metal-halide double 
perovskite Cs2AgBiBr6. Journal of Materials Chemistry C, 7(27), 
8350–8356. https://doi.org/10.1039/c9tc02402f 

PLE

In collaboration with Prof. Pablo Docampo from Newcastle University, perovskite crystals aged in air were studied with PLE and 
reflectance imaging using Photon etc.’s TLS as the excitation and PL imaging was performed with Photon etc.’s IMA, with a 532 nm 
laser excitation source (see figure 14). The PLE spectrum shows that the intensity of the PL emission depends on the energy of 
 the exciting photons with a maximum intensity reached at 2.03 eV excitation. Having access to the spatial information also provides 
valuable information on the inhomogeneity of the samples. It has also been shown that combining the PLE with Raman spectroscopy 
 can help identify the origin of the PL emission in perovskite crystals. Finally, combining PL and PLE measurements with a Frank-Condon 
model can provide insight on the electron-phonon interactions [8].

Hyperspectral microscopy
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Cancer research 
Hyperspectral reflectance imaging using a tunable laser source can be used for laparoscopy diagnostics. Laparoscopy is a surgical 
diagnostic procedure used to examine the organs inside the abdomen. This laparoscope design requires a camera, light-source and 
a filter. The LLTF (bandpass filter) possesses a spectral range of 400-1700 nm and is coupled to a supercontinuum SuperK FIU-15 
(broadband source) to create a tunable laser source. Hyperspectral imaging helps the identification of tissues such as healthy cells  
or cancerous lesions. Light entering tissue will undergo absorption and scattering and each type of tissue will react differently.  
So to identify these tissues, an illumination of 400-1700 nm is an adequate spectral range to collect images of various cells. 

Cells or smaller structures contain mostly water and are therefore transparent. To solve this obstacle, fluorescence imaging can help  
to visualize biological processes taking place in a living organism to provide contrast. To accomplish fluorescence imaging, fluorophores 
can be used to color certain structures of the area of interest. A fluorophore is a molecule with the ability to emit light while absorbing 
light at a specific energy. For example, indocyanine green (ICG) is a promising fluorophore. It absorbs light mainly between 600-900 nm 
and emits fluorescence between 750-950 nm but it can also be detected in an attractive region, the NIR-II window (1000–1700 nm). 
In figure 15, we can observe that in this spectral range, there is less autofluorescence, scattering and absorption in the biological tissues 
than in the visible and NIR-I windows. Hence, in this region we can achieve a higher depth penetration. 

In the future, this design could also be used to build a system for intraoperative applications since hyperspectral imaging is  
a non-invasive method with high spatial and spectral resolution for clinical practice.

FIG. 15  The weaker autofluorescence by the tissues in the NIR-II 
window contributes to enhancing the signal to-background ratio. 
The reduced scattering and minimal absorption of emission 
signal by the tissues help improve spatial resolution and depth 
penetration, which can be up to 10x better.
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