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Abstract: Photosensitivity of H-free phosphosilicate fibers is investigated by means of 
intrafiber interferometer and IR spectrophotometry. Induced refractive index increases stepwise 
with dose and its maximum value is evaluated to be 4.5*10-4. The depth of investigated 
absorption peaks changes periodically. Variations in rigidity of glass matrix under UV 
exposure can explain the both phenomena. 

 
Introduction. Phosphosilicate fiber (PSF) is a challenging material for Raman converters and optical 

amplifiers, however, having a relatively low photosensitivity. Exposure of even H-loaded PSF under 248 nm 
irradiation fails to change its refractive index. Irradiation at 193 nm leads to the index induction in the PSF core 
if fiber is loaded with hydrogen [1,2]. This fact complicates the technology of production of telecommunication 
devices based on PSFs.  
 In this work we show that considerable changes in the induced index can be achieved in an H-free PSF 
under 193 nm irradiation. This phenomenon allows to adjust the reflection peak positions after the Bragg grating 
has been written in PSF. Study of photosensitivity in H-free PSFs is of a special interest for understanding the 
photosensitivity mechanism both in H-loaded and pre-exposed PSFs. 
 This work is devoted to investigation of photosensitivity of H-free PSF measuring the dose 
dependencies of the induced index and IR absorption.  
 

Experimental. In our experiments we measured both the bulk samples and fibers. Optical PSFs, having the 
core doped with 11 mol.% of P2O5 (Δ=0.01, λс=1.1 μm) [3], were used for photosensitivity measurements. The 
induced index increase was estimated using a Mach-Zender intrafiber interferometer [4] that was formed by two 
long-period gratings written in H-loaded fibers beforehand. Further, after the hydrogen was removed from the 
fiber at room temperature (approximately in two weeks), we irradiated the fiber section between the gratings by 
a homogeneous laser beam and calculated the induced index value in the fiber core by a change in the 
interference pattern. We have proved that temporal presence of hydrogen in PSF doesn`t changes its 
photosensitivity as compared to the initial fiber. 
 We have measured the induced IR absorption in several bulk samples, which were cut from a preform 
analogous to that used for fiber drawing. The IR transmission spectra were measured with a Fourier-
spectrometer both before and after the bulk samples were exposed to excimer laser radiation at different doses. 
As a result we could measure the dose dependencies of induced absorption in some IR absorption peaks related 
to the vibrations of phosphorous atoms bound with other atoms in the glass matrix. So it allowed to correlate the 
dose dependence of induced index with the dose dependencies of induced absorptions in the above peaks, which 
could represent the dynamics of some photochemical reactions proceeding in the fiber under irradiation and 
leading to the index induction. 
 Fibers and bulk samples were exposed to 193 nm irradiation of excimer lasers (Lumonics 530 and 
CL5000) with duration pulses of 6 and 10 nsec, accordingly. Power density was 350 mJ/cm2 at a 10 Hz pulse 
frequency. 
 Fig.1 shows the dose dependence of the refractive index induced in H-free PSF irradiated with CL5000 
excimer laser. The maximum induced index value, we have measured in this experiment, equals to 4.5*10-4 at a 
4.7 kJ/cm2 dose. Exposure of this fiber to a 10 kJ/cm2 dose could raise the induced index value to about 8*10-4, 
that is well enough for writing Bragg grating in this fiber. 
 In Fig.2 one can see dose dependencies of induced index measured for two fiber samples, which have 
been exposed to Lumonics 530 irradiation. The photosensitivity in this case is notably worse than that for the 
previous sample. In our opinion, it is due to a greater pulse duration of this excimer laser. 
 The dose dependencies of induced index, presented in Figs. 1 and 2, demonstrate periodically repeated 
deceleration in its growth for all samples. Interruptions in the induced index growth are mostly pronounced in 
Fig.2 in the dose ranges of 0.4-0.7 and 1-2 kJ/cm2. For the first sample (Fig.1) slowing down of the induced 
index growth occurs at about 0.5, 2.0 and 3.2 kJ/cm2. Curiously, decelerations in the index growth occur in any 
case only within one step of dose increment. Fig.3 shows dose dependencies of induced losses in absorption 
peaks at a 3050 nm wavelength (3280 cm-1) corresponding to the absorption of hydrogen bond between oxygen 
atom in the OH group of (Si-O)3 ≡Si-OH silanol group and non-bridging oxygen atoms inside (Si-O)3 ≡P=O 



phosphorous center, denoted below as P-O-H bond, at a 3780 nm wavelength (2646 cm-1) relating to an overtone 
of the P=O bond vibrations in phosphorous centers, and at a 4425 nm wavelength (2260 cm-1) being an overtone 
of the fundamental absorption band at 1130 cm-1 that corresponds to the Si-O-Si linkage vibrations. We haven’t 
revealed any induced absorption at a 2720 nm (3672 cm-1) peak corresponding to the vibrations of hydroxyl 
groups that don`t bind with silicon atoms. One can see from Fig.3 that there is a correlation between any pair of 
curves. The same correlation seems to exist between the corresponding concentrations of the point centers.  
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Fig.1.Induced index obtained at exposure with CL5000 laser.             Fig.2.Induced indices obtained at exposure by Lumonics530 laser. 
 

  
 Discussion. Periodical change in the matrix 

state (a state of Si-O-Si bonds, Fig.3, curve 1) is 
an important result of this work. It seems to 
determine the state of phosphorous centers. 
Fig.3 demonstrates that the variations in the 
induced absorption peak magnitude associated 
with the overtone of P-O-H bond vibrations 
(curve 3) correlate with the matrix state. So 
does the induced absorption peak related to the 
overtone of P=O bond vibrations, curve 2 
(except for the initial range of doses up to 0.3 
kJ/cm2). On the other hand, a change in the state 
of phosphorous centers should result in a 
change of the glass matrix state, since the 
presence of phosphorous atoms in silica 
network leads to a macroscopic phenomenon, 
i.e. photosensitivity under UV exposure. So the 
correlation of curves in Fig.3 seems to reflect a 
complicated pattern of interaction between glass 
matrix, phosphorous atoms and their 
neighborhood. 
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Fig.3.The depth in some absorption peaks versus the dose of radiation. 
 
Macroscopic changes in the glass matrix under UV irradiation, related to the presence of phosphorous 

centers in it, could be judged from the dose dependencies of the induced index depicted in Figs. 1 and 2. 
Periodical growth of induced index can be correlated with the periodical change in the state of Si-O-Si bonds 
(Fig.3). Results presented in Figs. 2 and 3 were obtained for the samples exposed to the radiation of the same 
Lumonics 530 excimer laser. However, one can fail to get a quantitative fit of these results due to a different type 
of the samples (fibers and bulk samples). So, the induced index growth presented in Fig.2 within some dose 
ranges (0.3-0.5, 0.7-1.0, 1.8-2.2 kJ/cm2) can be compared to the one shown in Fig.3 (curve 1) in almost the same 
dose ranges, and the absence of induced index growth in the dose ranges (0.4-0.7, 1-1.8 kJ/cm2) in Fig.2 can be 
related to a decrease in the induced absorption (Fig.3, curve 1, except for the 0-0.3 kJ/cm2 dose range).  



One can suppose that the periodical growth of the induced absorption in the curve 1, Fig.3, reflects the 
increase in the glass matrix order near the phosphorous centers, bringing about index induction. At the same 
time, the phosphorous atoms seem to acquire a more perfect structure restoring the P=O bonds and losing the 
OH groups. This is possibly because of the enlargement under UV irradiation of distances between the glass 
matrix atoms and the phosphorous centers, resulting in the matrix stress relaxation of some strained Si-O-Si 
bonds. This process could increase the coordination number of atoms in a glass matrix cluster near the 
phosphorous centers, leading the matrix to a pass through the rigidity transition from floppy to a rigid state [6]. 
In this state strained Si-O-Si bonds cannot relax in the vicinity of the phosphorous centers. As a result, the 
process of the index induction is slowing down and the maximums in the absorption peak growth versus dose 
dependencies (Fig.3, curves 1, 2) are achieved. But at a continuous UV irradiation this state of rigidity cannot be 
held for a long time. For example, the formation of a non-bridging oxygen atom inside the cluster of glass matrix 
rigidity is able to reduce the mean coordination number value inside the cluster and thus to induce an abrupt pass 
of this cluster from rigid to a floppy state [7]. This increases the possibility of strained Si-O-Si bonds to relax 
near phosphorous centers and causes a further growth of glass matrix order and induced index value. In a floppy 
state the glass matrix allows the POH bonds to recover, leading to a decrease in a number of P=O bonds, as one 
can see from Fig.3. This figure shows that the peaks associated with (P=O) and (POH) bonds are related by 
anticorrelation dependence. Taking into account that the total number of P=O bonds (both free and linked with 
the OH groups) is nearly constant during the exposure, one can assume that the formation of POH bonds leads to 
a decrease in the number of P=O bonds, being free from the OH groups. The reverse is also true. 

 
Results. The maximum value of the refractive index induced in an H-free PSF exposed to 193 nm irradiation 

was 4.5*10-4 at a dose of 4.7 kJ/cm2 and excimer pulse duration of 6 nsec. The increase in excimer pulse 
duration seems to lead to a noticeable decrease in photosensitivity. 

In all fibers the induced index growth is accompanied by a periodical decrease in its rate. During the 
PSF exposure similar periodical changes occur in the magnitude of the absorption peaks related to the overtone 
of Si-O-Si and P-OH bond vibrations, as well as the overtone of P=O bond vibrations. Periodical changes in 
these optical parameters can be explained by a periodical growth of the glass matrix rigidity during the exposure 
that is interrupted by reverse transitions of the matrix clusters from the rigid into the floppy state due to point 
defects induced inside these clusters under UV irradiation. 
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