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Abstract: An upconverter is demonstrated for long-wave infrared (LWIR) detection in a wide 

wavelength range, which can be potentially used for LWIR spectroscopy. The LWIR signal is mixed 

with a 1064 nm laser beam in a silver gallium sulfide (AgGaS2) crystal using angle tuning for 

optimal phase-matching. This allows for efficient, high-speed detection of long-wave infrared 

signals using a standard silicon detector.  
OCIS codes: (190.0190) Nonlinear Optics; (190.7220) Upconversion 

1. Introduction

Many substances can be identified by their spectral features associated with fundamental rotational and vibrational 

absorption bands in the long-wave infrared spectral region. A variety of applications, such as infrared hyperspectral 

imaging [1,2] for medical applications and infrared spectroscopy [3,4] for instance used for environmental gas 

monitoring [5] and exhaled breath analysis [6] has attracted much attention. Throughout the past decades, significant 

scientific progress has led to new attractive mid-IR light sources, such as narrow band optical parametric oscillators 

[7] and quantum cascade lasers (QCL’s) [8] driven by a demand from industrial applications.

However, direct LWIR detectors, such as Mercury cadmium telluride (MCT) detectors and bolometers, generally

have poor signal-to-noise ratio, several orders of magnitude lower than that of silicon-based detectors, mainly due to 

its unavoidable dark noise originating from the finite temperature of the detector. Cooling is therefore required to 

optimize the performance of traditional LWIR detectors, but it generally makes them bulky and inconvenient to use. 

The response time of most IR detectors is generally much slower than their silicon detector counterparts. The lack of 

cheap, efficient detectors in the LWIR range has to some extent prevented widespread use of IR spectroscopy. 

2. Experiment

An upconverter is demonstrated in this study showing how the IR radiation can be frequency converted via the 

nonlinear process of sum-frequency generation (SFG), which allows for the use of silicon detectors to acquire the up-

converted signal [9]. Silver gallium sulfide (AgGaS2) is the preferred nonlinear material in the 5 to 10 µm range 

because of its high nonlinear coefficient of deff ~13 pm/V, broad transparency range from 550 nm to 12 µm, and being 

commercially available. The AgGaS2 crystal was cut at θ = 43.3° (φ = 0) for type II phase-matching (eLWIR + opump → 

eNIR). The infrared source, for example a QCL laser, is mixed with a pump laser and focused into the nonlinear crystal 

for sum-frequency generation. Figure 1(a) shows the setup of the upconverter covering the range from 9 to 12 µm by 

angular phase match tuning of the nonlinear material. The upconversion signal in the 956 to 977 nm range is detected 

using a silicon detector.  

Direct detection of LWIR pulses has been challenging due to a slow rise time of MCT detectors. Upconversion 

allows for the use of silicon detectors typically having much faster response time. Figure 1(b) shows averaged 

oscilloscope traces of upconverted LWIR signals at 10.2 µm with a pulse duration of 50 ns. The upconverted signal 

is detected by a silicon avalanche photodiode (APD210, Thorlabs) having a rise time of 500 ps and NEP = 0.4 pW/√Hz. 

The average power of the LWIR signal is varied between 12.24 and 7.04 mW, adjusting the QCL driving current. It 

should be noted that pulse shape is tilted due to the AC coupled mode of operation of the APD detector. Using a stable 

continuous wave laser for the upconversion process, the frequency conversion scheme does not add timing jitter nor 

amplitude fluctuations to the upconverted signals, hence, allowing for direct pulse characterization.  



Fig. 1(a) Show the setup of upconverter and (b) Oscilloscope traces of upconverted signals, averaged by 10 sweeps, with 
a sampling rate of 5 GHz, at IR power of 7.04, 8.88, , 10.48, and 12.24 mW respectively.  

3. Conclusion

In this study, we demonstrate upconversion detection for long-wave infrared sensing in a wide wavelength range 

proving it potential for LWIR spectroscopy using QCLs, potentially improving the signal-to-noise ratio, acquisition 

speed and applicability in real life applications. Long-wave infrared signals were successfully upconverted to the near 

infrared range allowing for detection using fast, efficient and low-noise silicon detectors. The fast acquisition time 

demonstrates the potential for real-time measurements.  
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