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Mod-hop-free tuning of ICOPO  

Q: What is mod hop free tuning?  

How we achieve mod-hop-free tuning? 

A: 

1. Mod hop free tuning: 

For a laser cavity, only the frequency which matches the cavity resonated mode can exist and 

transmit.  The spacing between each mode is so-called free spectral range (FSR), which can 

be written as the equation below [1]:  
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where c0, n and d are the speed of light, refractive index and the cavity length, respectively.  

The transmission spectrum is shown below as an example. The FSR is 1.5GHz for a 100mm 

cavity length. 

 

Fig. 1 Transmission spectrum for a 100mm cavity length with R=99%, for the 

detailed calculation please refer to [2].  

The final output wavelength for a laser cavity depends on the characteristic of the system gain 

and loss, and typically the output will be the wavelength with the highest net gain. Since the 

transmission function of the cavity is very sharp, the possible output wavelength will be 

limited at those specific wavelengths with a separation by FSR. 

Mod-hop-free tuning means that the output wavelength can be smoothly tuned, without 

hopping to the other mod separates by the multiplication of FSR. A basic method to do this is 

to tune the cavity length, which will slightly change the FSR thus smoothly tuned the output 

wavelength as the example figure below. 
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Fig. 2 Example of the shift of the cavity transmittance spectrum by tuning the cavity length.   

2. How we achieve mod-hop-free tuning 

Tuning the cavity length can only achieve mod hop free tuning range within single FSR. For 

more than one FSR, the characteristic of the net gain will cause the frequency hop back. 

To overcome the one FSR limitation of the mod-hop-free tuning range, HCP's ICOPO utilize the 

technique that adjusts both the cavity length and the etalon angle synchronously.  By 

applying a pre-calibrated tuning mechanism, both of the transmission peaks of the etalon and 

cavity will shift together in the same scanning speed allowing the output frequency tuned 

smoothly without mod hop. The typical mod-hop-free tuning range under this technique is 

more than 20GHz. Figure 3(a) shows the frequency change during tuning, and figure 3(b) 

shows the CH4 isotope absorption spectrum measured by the mod hop free tuning scan. 

  

Figure 3(a). Idler frequency detuning (0 corresponds to 3266 nm) measured by a wavelength meter. (b). Absorption spectrum 

of CH4 and CH3D (3266.46nm) obtained by experiment (solid) and HITRAN database (dashed). 

Reference: 

[1] https://www.rp-photonics.com/free_spectral_range.html 

[2] https://www.rp-photonics.com/finesse.html 
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