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Abstract— Here in this paper gains are shown in S-band for Thulium doped tellurite fibre amplifier. The gain is 
wider than for normal fluoride fibre and closer to C-band. We are using 2 pump and duplex pumping system. 
Pump setups were used for several frequencies ranges. What we have observed is that TDTFA has better 
bandwidth range as compare to TDFFA 
Keywords- Amplifiers, doping, fluoride, bandwidth.

1. Introduction 

Earlier, say about 40 years when we only have only one type of amplifier that can amplify the 
electrical signals only. It was used in the optical amplification too, the process was to convert 
light to some electrical signal by using some kind of photodiode which can convert light to 
voltage, then we can use the amplifier to amplify, of course!. This amplified signal needs to 
convert to light so that they can traverse through fibre again for at least 100 kilometres. This 
so called In-line amplifiers are used after 100 kilo-metres. This was the limit of optical fibre. 
This to and fro conversion of light was seems to be lossy and very costly. This problem was 
tackled by a group of scientists in 80s at the optoelectronics research group. They proposed a 
method to stop light attenuation by using a light to light amplifier without conversion to any 
other form involved. They presented idea of powering the signal in the fibre only by using the 
energy released by the atoms of the fibre material[1-5]. This requires two this thing doping of 
fibre and extra laser pumps which can excite the atoms of doped material to some higher 
level than it can radiates below to another sub-threshold level and when signal comes then it 
radiates back to original state now this transition provide the required amplification to 
signals. The doped material was selected to be Erbium a rare-earth element with atomic 
number 68. They are used for their active properties and have very high gain efficiency[6-
10]. Another feature of erbium is that it has appropriate energy levels for the type of atomic 
structure it has for amplifying light at 1600 nm. Doping is mainly done in the core of fibre. 
EDFAs uses semi-conductor lasers to power up Erbium Doped Fibre to amplify light in 1.5 
μm wavelength region where telecommunication fibres have their losses to the bare 
minimum. It has one of the best feature enabling for the communication networks. It has less 
noise and can amplify more than one signals wavelengths simultaneously, which allow D-
WDM possible. Earlier, an electronic repeater was required in between points about 100 km 
apart. The repeater is a fibre optic receiver connected directly to a fibre optic transmitter. As 
shown in figure-1. Optical fibre amplifier optical signals to be transmitted over longer 
distances without the need for conventional repeaters which converts light to electrical 
signals then amplify it and convert it back to light domain. A dual pump system was used to 
transmit energy into erbium fibre, 980 nm or 1480 nm were mainly the wavelength values of 
the laser-pumps. When a weak signal say at 1600 nm enters the fibre, the light radiates the 
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erbium atoms to release their energy as extra 1600 nm light. This process will continue as the 
signal follow through the fibre, amplifying the signals as it goes in optical domain.  

Erbium doped fibre amplifier became very popular and cost saver for many industries 
purpose. The limitation of this EDFA is that it cannot handle the non-linear effects over the 
link. Necessity is the mother of invention, this drawback was enough for the scientists to look 
for some other alternatives. Here in this paper thallium doping is suggested in tellurite fibre  

 

 
 

Figure-1 
 
Here in this paper gains are shown in S-band for Thulium-doped tellurite fibre amplifier. The 
gain is wider than for normal fluoride fibre and closer to C-band EDFA. We can see from the 
figure-2 S-band and C-band are closer and have a lower transmission loss for near about 
wavelength of 1500nm.                                   
As we require amplification in S-band which quite possible by using 3H4 to the 3F4 
transition of Thallium. The upper level of fluorine has lifetime of 2.5 milli-second lesser than 
the lower level 
 

 
 

Figure-2 

A general pumping scheme is shown in figure-3, input signal is coupled with pump laser, 
followed by the doped fibre, which amplifies in light domain. The pump laser excite the 
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doped fibre to higher level 3 which rapidly decays to a sub level just below which when 
interacts with input signal return back to original energy state, giving back the required 
energy  

Here two pumping schemes are used 

 
 

Figure-3 

Here we are using two pump schemes which are represented in Figure-4. The first amplifier 
system has the dual pump system with the wavelength of 800-nm pump laser.  On the other 
hand the 1064- or 1047-nm pumps main work is to re-excite the Hydrogen level and 
depopulate the F. This process has limit as it is in-efficient and weak. The gain set-up for the 
first system consists of two co-propagating pumps at wavelength of 800 nm from a Ti: α-
Al2O3 laser and a wavelength near about 1100 nm from a laser. The Nd-LiYF4 laser’s main 
purpose was to further de-populate the Fluorine so that it can lower the re-absorption from 
the below level of fluoride. An additional counter-propagating 1047-nm pump from a Nd-
LiYF4 laser is operated. Tenable laser diode is the source of signal. Pump laser and signal 
containing information are multiplexed together in such a way that their wavelength were 
divided this is what called wave-length division multi-plexing a.k.a WDM, at the end butt-
coupling is with the tellurite fibre to get the output. 
 
2. GAIN CHARACTERISTICS 
 
The laser pump power level on the fibre were near about 100 to 400 mW for 700x to 1200y 
nm wavelength range if we take x to be forward Co-propagating and y to be backward 
counter-propagating direction. Now here fibre specifications such as diameter of the core is 5 
micro meter, loss is around 6.5 dB/m at wavelength of 1500 nm. The length of the fibre is 
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0.7m. Numerical aperture (NA) is 0.4. Gain were measured at 1480 nm with 800x, 1070x, 
near about 14dB. By. In Figure-5 is showing a 3-dB band-width of 55 nm as compare to 
TDFFA. TDTFA is wider. This will increase the bandwidth. 

 
Figure-4 

The second pump system consist of, wavelength of 1500 or 1600 Nano-metre for energizing 
ions to the higher state of Fluorine, while the 1047 or 1064 nm is used primarily to energize 
the Fluorine atom to the Hydrogen atoms. Amplifier for the other scheme system consists of 
2 1047 nano metre Neodymium-doped yttrium lithium fluoride pumps launched bi-
directionally into a 1 m-long TDTFA. Also, a 1600-nm source is used to power up from the 
backward direction. Remaining all components are same as in earlier scheme. This system 
operated in same manner as above scheme, uses a fibre with similar doping level and NA, the 
only change is in diameter of core which is now of 2.6 micro metre (Fibre B). Cut-off 
wavelength of fibre is 1360 nanometre. In order to increase the modal coupling the length 
was 1m taken. Input and output coupling devices surrounding the active fibre, isolator and 
modal adapter were used. The isolator used as an optical isolator, whereas the modal  consists 
of: dispersion compensating silica fibre, telecom silica, and high numerical aperture silica 
fibre. High numerical aperture fibre.  
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Figure-5 
 

Figure 5 shows the comparison between tm fluorescence doped glass and TDFFA. Both the 
graphs are almost coherent to each other. Now again if we compare to earlier graphs of 
TDTFA we will still get TDTFA to be broader. 
 
 3. Conclusion  
 
There is chance of reaching gain values up to 20 dB with still there is scope of improvement 
on the front of amplification, and in future even higher gains with an upcoming improved 
active fibre is still a possibility. Increased bandwidth and wider gain profile are the advantage 
of TDTFA. It is a S-band fibre that imposes with C –band. This will satisfy the future 
communication needs and broad-band applications. Moreover it will reduce the transmission 
loss while transmitting the data. 
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