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Introduction 
The contemporary trend in industrial and medical fields is 

to adopt solid state lasers with high average power, this requires 
technologies of higher harmonics generation with efficiency 
and stability, the efficiency of nonlinear crystal long-wavelength 
laser emissions to the visible and ultraviolet spectral ranges 
has led to a constant increasing use of these crystals. Among 
them KTP is one of the nonlinear crystal frequently opted for 
its excellent properties like a large nonlinear optical coefficient, 
wide acceptance angles, thermally stable phase-matching 
additionally to its attractive nonlinear optical characteristics, It 
is also utilized in electro-optic applications such as waveguide 
modulators and Puckers cells because of its large electro-optic 
coefficients and low dielectric constants, These high efficiency 
and stability is sufficient to fulfil the expectancy. However this 
crystal suffers from an important disadvantage, that is the 
formation of the colour centre called gray tracking. 

Gray tracking is a fatigue damage arises due to defect in 
crystal characterised by a coloured appearance in them which 
is commonly known as darkening that reduces the non-linear 
property of crystal through optical power losses(by absorption) 
that is said to be as chromic damage and so as lowering its 
performance in applications. Mostly flaws in crystal will decrease 
the efficiency of their property, here quoted some illustration to 
showcase effect in crystal due to this damage, Benoˆıt Boulanger  

 
[1], experiments show that gray tracking modifies the parametric 
gain and also many experiments proved that this damage lowers 
the SHG efficiency and causes astigmatism of the output laser 
beam and limits the overall lifetime of optical elements, So as 
if gray tracks once initiated, absorb a significant portion of the 
propagating beams causing optical power losses and continued 
operation often leads to catastrophic damage especially in KTP 
(KTiOPO4) [2,3]. The scope of this paper is concerned with 
propagating the overall knowledge of gray tracking including 
their mechanism and effects. 

To implicate the idea in simple terms let’s say that Ionizing 
radiation such as laser beam or x-rays is capable to produces 
electrons and holes that become separately trapped within the 
lattice of KTP thus forms colour centres. Thus classification 
is done based on two sources nothing but both the laser and 
electric-field which is its prime application, by inducing damage 
susceptibilities. Depend on the source they are named as photo 
chromic damage and electro chromic damage. This colouration 
phenomenon generally observed in KTP crystals during the 
second harmonic generation (SHG). Some possible mechanisms 
that lead to the formation of these electron-hole pairs during 
SHG are effects of sum-frequency generation, one-photon 
absorption and multi-photon absorption. However, the damage 
susceptibilities of the crystals also depend on the growth 
technique. Many different hypotheses have been presented 
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to explain this phenomenon, which will be seen in following 
sessions.

Mechanism Involved in Gray Tracking Formation
Focus of many investigators is to recover the KTP from gray 

tracking to produce assured product for industrial use, To do so 
the core cause of gray track should be known, though various 
susceptibility is feasible, general believe is that defects that 
trap photo induced electron and holes is the primary engender, 
the defect mentioned is trapping sites, Optical absorption and 
electron paramagnetic resonance [EPR] studies can be opted 
to identify the trapping sites. Few investigators worked on in 
it namely Roelofs [4] described four distinct Ti3+ through EPR 
Spectral study in electrically induced or annealing in a hydrogen 
atmosphere in flux grown crystal, flowingly Andreev and Asimov 
found the same effect in X-ray irradiation at room temperature 
also Andreev [5] demonstrated the same using Laser beam. 
Likely the application themselves efficient to produce trapping 
sites. Elimination of these trapping sites considerably increases 
the gray track damage threshold. One can easily understand the 
mechanism with the description of X.B. Hua [6] as of the laser 
irradiated in KTP, some electron–hole pairs will be produced in 
the perfect lattice. 

Figure 1: Optical absorption spectra of flux grown KTP taken at 
room temperature.
(a) Before irradiation,
(b)After irradiation at0 oc,
(c) 9.5h after the radiation [8].

Many of the electrons and holes will immediately recombine 
to restore the perfect lattice; but, a portion of the electrons and 
holes will migrate sufficiently far from each other and encounter 
a stabilizing entity, either a vacancy or an extrinsic impurity. 
Thus, a few of the electrons and holes will be stabilized at widely 
separated sites within the crystal and form the point defects 
(optical absorption centres) that contribute to the formation of 
a gray track [6]. Primal scholars [1,4,7] suggested that Ti3+ may 
cause optical damage but this didn’t give any direct relation 
to the cause of gray tracking, there after Scripsick MP et al.[8] 
have overcome above statement, by experimentally proving 
that Fe3+ traps holes and Ti3+ traps electron, Nizamutdinov et al. 

[9]. Experiments proved existence of EPR spectra Fe3+ in KTP 
for the first time following him Stenger et al. [10] and Gaite 
[11] distinguished four spectra of Fe3+ in flux grown KTP, latter 
studies suggested that Fe3+ occupy Ti(1) and Ti(2) sites depend 
on crystal and ENDOR(electron-nuclear double resonance) 
studies by Scrip sick suggested that oxygen vacancies are located 
adjacent to the Ti3+ centres also (Figures 1 & 2) [8] depict EPR 
results conformance with all these theory basis they forwarded 
to trapping sites identification in flux grown crystal and induced 
gray track through x-ray source where the effect was found at 
500nm due to Fe3+other negligible effect due to Fe2+or Fe4+also 
seen in (Figure 1) [8].

Figure 2: EPR spectra of flux-grown KTP taken at 77K with 
the magnetic field parallel to the a axis of the crystal. The 
spectrometer settings were the same for each trace. 
(a) Before irradiation,
(b)Immediately after an irradiation at 0°C [8].

Figure 3: Recovery of flux-grown KTP.

The gray track induction produced by x-ray source was 
used for investigation. The gray track didn’t last for more hours, 
they experienced recovery within 10hrs to the partial stage 
pre irradiated condition at room temperature, continuous 
monitoring of optical absorption at 500nm wavelength for 20hrs 
showed declination, A significant decay of the EPR spectra from 
the two Ti3+ centres and growth of the isolated Fe3+ centres is 
seen in (Figure 3) [8]. All these lead to the formulation concept. 
The optical absorption at 500 nm and the EPR signals from the 
Ti3+ and Fe3+ centres were monitored over a period of 20h at 
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room temperature [8]. The chemical formulation representation 
given with respect to the above hypothesis on redistribution of 
charges is equation (1) 

There is an excellent correlation, as shown in (Figure 3), 
between the decay of the optical absorption and the decay of 
the two Ti3+ centres. Also, the growth of the EPR spectrum of the 
isolated Fe3+ centres coincides directly with the other decays. 
From these results, it is concluded that gray tracks are formed 
in KTP when isolated Fe3+ ions trap holes and Ti4+ ions (with 
an adjacent oxygen vacancy) trap electrons. But he nowhere 
addressed about the role of K+ (potassium) centres which is one 
of the major constituent in KTP crystal though he given chemical 
formation and decay formula he didn’t mention on the thermal 
effect and activation energy which is an important parameter 
while considering the combination and recombination but V. 
Mürk [12] model of two subsystem overcame previous statement 
on K+ ions and also given some acceptable reason for formation 
of these defects. From his experiments he conveyed the two 
subsystem based on natural KTP crystallographic structure one 
is the radiation-resistant oxide framework of TiOPO4, and the 
relatively mobile of the K+ captions located in the framework 
cavities as the energy needed for creation of a defect in the 
potassium sub lattice is very less say not greater than 1.4 eV, the 
local lattice vibration occurs when there is overheating which 
is much enough for non-radioactive TiO6 octahedral exactions 
develop a Freckle-defect pair, Ki

+- V(K+) ,the micro volume 
containing Ki

+- ion capture electron and form Ti3+ colour centres 
and holes outside this volume create various oxygen colour 
centres and thereby gray tracking emerges he also experiments 
on bleaching process which is of great use from the time of 
growth of crystal will be seen in detail in session of recovery 
from gray tracking later. 

Laser Induced Gray Track
Laser is one of the prime application of KTP but this also 

remain a cause for gray tracking to make it simple the purpose 
of it’s make itself a inducer of its damage. In accordance with 
consideration of gray tracking as a multiphase damage there 
is said to be involvement of simultaneous exposure of multiple 
waves like, IR and visible rays. People considered gray tracking 
and its source cause as a mystery until mechanism of photo 
chromic damage as been explored, because they experienced gray 
track for variety of rays and situation for instance they observed 
gray track formation due to second harmonic generation 
[2,4,13,14] which is neither IR nor Visible Rays, even Blachman 
R proved it with UV radiation. Studying the effect caused by these 
sources may lead to some revelation of formation of gray track 
by laser i.e. in application.

Gray tracking induced by a laser is classically studied on the 
basis of several types of experiments:

1.	 	 Visual observation of the darkening.

2.	 	 Observation of second-harmonic beam distortion 
during 1064-nm SHG [3,13].

3.	 	 Optical transmission coefficient measurement by the 
beam which creates the damage [5] or by a probe beam 
during laser exposure [3,13,15].

4.	 	 Optical transmission or absorption spectra [2,13,16-
18], 

5.	 	 Electron spin resonance (ESR) spectra [14,16] 
measured before and after laser irradiation.

6.	 	 From these experimental studies, some properties of 
the laser-induced gray-tracking have been determined 
[3,13]: 

(a)  The gray tracking threshold (expressed as the laser 
peak intensity above which the damage is observed) is a 
decreasing exponential function of the Q-switch frequency 
[13] knowing the threshold will render a productive usage, 
limitation and maintenance of devices. 

(b)  This also help in knowing the concept that a laser beam 
with a polarization parallel to the polar axis of KTP, i.e., the 
binary axis creates more damage than a beam polarized 
orthogonally to the axis [2], [14] this information gives us a 
knowledge on positioning of Crystal.

(c)  The time constant is dependent on the intensity of the 
laser beam as far the level of gray-tracking reaches the 
asymptotic value [14,15,17,18]. This gives the assumption 
about the intensity of laser and safe duration of its exposure 
to the crystal, thereby indicate the lifetime of crystal.

So far the revelation of these properties will implicate their 
careful usage and limitation of device part but elucidating 
the mechanism of gray track will actually help in précising 
parameters from growth stage itself making it superefficient 
and increasing its lifetime in application. Laser beam radiation 
in KTP produces photo carriers in the volume of the beam. Then, 
the electrons and holes will drift apart and become trapped 
separately by the defects in the crystal by following the possible 
mechanism as mentioned before. The actual application of this 
crystal is to transmit secondary harmonic energy waves, today 
third harmonics is also being in existence effectively for use 
from the incidental fundamental waves, these waves are with 
adequate peak power intensity for respective applications this 
beyond certain limit (threshold) seem to cause the gray tracking, 
detail studies of these is as follows:

Dependencies of Gray Tracking
For any damage or growth process there are factors which 

influence them, these should be taken into consideration for 
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successful product and for reduction of blunder, the various 
condition and dependent factors influencing the gray track is as 
follows.

Wavelength and Threshold
Experiments of Boulanger B [19] on KTP regarding 

the wavelength and intensity peak power and proved the 
dependency of gray tracking, He tried out with 1064nm, 532nm, 
355nm where many focussing only on SHG of 532nm his team 
worked hardly on proving the influence of 355nm which they 
considered as a possible THG, went in vain because ultimately 
they ended up with result that neither 1064nm nor 355nm have 
no influence on inducing gray tracking in contrast to report of 
Blachman R [20] and in accordance with report of Loiacono 
GM [2] but their investigation on intensity peak power gave an 
important parameter for consideration i.e. the threshold value 
of intensity peak power 80MW/cm2 above which darkening of 
crystal start appearing. As a known fact electron excitation from 
the valence band to the conduction band action is responsible for 
any kind of reaction occurring say here as harmonic generation, 
there is need of energy for excitation and transmission Thus 
there is requirement of constant high power of laser that is also 
one of the inducing factor of damage that cause astigmatism 
of SHG efficiency and finally result in catastrophic damage so 
in below two subtopics dependencies of alternating solutions 
where discussed.

Repetition Rate of Laser
The alternative solution for the blame of constant high 

power that reduce the lifetime of crystal rapidly is providing 
them in pulse mode, that leads to another considerable factor 
repetition rate, It seem to decrease the threshold of gray 
tracking, previously the threshold value was mentioned as 
80MW/cm2 which was under weak focussing whereas to the 
experimental evidence of Fève JP [21] that the gray-tracking 
peak power threshold strongly decreases when the repetition 
rate is increased: from 125MW/cm2 at 1kHz to 18MW/cm2 

at 6.3kHz, and to a few MW/cm2 for frequencies greater than 
10kHz. Therefore the threshold itself depends on frequency and 
focussing condition. These strong focussed crystal take lot time 
say more than a year to recover from the gray tracking. Qiuhui 
Zhang [22] also conducted studies on high repetition rate of laser 
in KTP and devised some useful model. As mentioned before 
once gray tracking started it continuously accumulates and ends 
at catastrophic damage. He devised a model on accumulation of 
gray tracking once it is started i.e. once colour centres formation 
initiated with according to the mechanism previously discussed, 
the bond breaks incessantly and absorption increases, the 
density of colour centres contribute to gray tracking centres, So 
there comes the relationship with variation in colour centres 
which is given by the number of colour centres n∆  [23,24].     
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k T

γσ−
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where D- is a constant of proportionality, F0 -the peak 
photon flux density of the incident, m- the order of multi-photon 
absorption, kB -the Boltzmann constant, T- the temperature, 
U0 -the initial activation energy of damage which is found to 
be 1-3eV for various materials, γ the material parameters, and 

T cσ σ σ= +  the stress which includes thermal stress  0
m

T C KFσ α=  
(C: a constant, a  : the thermal expand coefficient, K: the bulk 
modulus of crystal) and the stress  c cKn vσ = (nc: the density of 
colour centres, v: the volume of each ion) induced by lattice 
expand owing to colour centres. This colour centres accounts 
primarily to gray tracking not the catastrophic damage, including 
gray tracking other factors (for e.g., thermal stress) that has been 
excluded from the equation may also add to the catastrophic 
damage. Including the above term with the nF- initial colour 
density (The density of absorption centre can also be estimated 
by Macula formula [25]), V- the volume of the focus region,  is 
the change of colour centres after an infinite time, r is a constant 
describing the rate of relaxation, t is the time, It gives the density 
of gray tracking after each pulse as below 

1
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After each irradiation there will be summation of density 
term with change in exponential term alone which is seen after 
2nd irradiation,
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Similarly nth irradiation is given by,
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f is the repetitive rate of incident pulses, t the lasting time 
of irradiation. This iteration ends up i.e. the saturation of gray 
tracking occurs only if 0U γσ≥   i.e. the stress induced by the 
expansion of colour centres is lesser than atom binding energy, 
this can be made as indication for the extent the crystal withstand 
before the entire damage, Using this one can simulate the gray 
tracking formation in crystal.

Influence of Impurities 
Next alternative is adding impurities sometimes intentionally 

in name of do pant to enhance the property of material for 
instance: Ce improves the KTP transparency, trivalent metal 
cation are used to decrease the electrical conductivity along 
the c axis, Nb5+ shifts the second harmonic generation cut-off 
to shorter wavelengths, and also to reduce the required power 
and thus improving the threshold of gray tracking. C.Zaldo 
[26,27] one among major contributors involved in the do pant 
investigation, explored by incorporating different do pants like 
Zr, Er, Na, W, Ho, Nd, Nr, and dual composition (Wr:Rh) such 
different dopants of particular interest was tested UV,   and x-ray 
irradiation but if doped samples does not meet the requirement 
say like inducing it by photons with energy lower than the KTP 
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band gap [28] they also suffer from damage. He and his team 
experimented on both doped and undoes KTP and thermally 
bleached (It is a thermal treatment which involves heating the 
sample above the room temperature to reproduce the crystal to 
the state before irradiation) heating the crystal doped samples. 
They presented following information for us:

A. The presence of impurities will induce two changes:

B. Appearance of a band at about 488nm especially for high 
concentration of impurity

C. Shift of Optical absorption edges which solely depend on 
concentration of impurities, they viewed that the shift is 
caused due to local lattice distribution and stress created by 
impurities.

D. The growth sectors of 001 of KTP incorporate more 
impurities comparatively because this axis has structural 
channels which eases the ion exchange and impurity diffusion

E. Damage induced in doped samples has higher thermal 
stability in comparison with undoped sample.

F. They also tried the trapping efficiency of electron though 
they made a statement that it is very difficult because it differ 
for each impurity.

G. They also devised a model for kinetic damage and erasure. 
With this as reference one can gain information and predict 
changes that could happen on addition of impurities, hence 
there would be some conceptual knowledge in prior and 
reduce the redundancies [29].

Depth
The radiation damage depend on depth of impurities is tested 

with Li+, N+, Ar+, Er+, B+ and many, where each ion have their 
own effect means here the depth of affection layer with respect 
to the energy loss in nuclear or electron range in the complex 
structure of crystal consisting of covering layer, transition layer 
of amorphous cluster and buried amorphous layer respectively, 
Where comes the role of energy there comes the play of threshold, 
this discussion is also not a exempt to it, threshold value of the 
electronic energy deposition(natural energy that an ion posses 
in electron level) from the analysis of data seems to be 100eV/ 
ion/ Å. Each ion depend on their energy effectively take their 
place among the layered structure, Among others B+ seems to 
dwell deeper into the structure and Li+ was on superficial layer 
which again emphasis on the energy of ion [30].

Polarisation
The study related to dependence of gray-track susceptibility 

with respect to polarization was conducted by Hua XB [6], 
they irradiated light in directions perpendicular and parallel 
to the polar axis of KTP crystals. He explains the lifetime of 
susceptibility incoherence with mechanism responsible for 
formation of gray tracking, the longer the lifetime of electrons 
and holes, the higher will be the crystals susceptibility to gray 

tracking. Though the source here is laser, involvement of electron 
and hole significantly affected by the electric field, as the topics 
were separated based on source you encounter this here. There 
are structural channels parallel to the polar z-axis through which 
the K+ ion can easily move under the influence of an electric field 
by a hopping mechanism, leading to a high ionic conductivity 
along this direction [31,32]. They focused only on role of holes 
to the orientation in parallel and perpendicular direction, when 
a light beam is propagated in a crystal, the optical frequency 
electric field would interact with the charges in the crystal.

 If the optical frequency electric field is parallel to the z-axis, 
the K ions will hop along the structural channel due to the 
high ionic electric conductivity in this direction. In this case, K 
vacancies do not localize at a definite position and will not serve 
as a stabilizing entity for the whole trap. In other words, the 
whole trap will become destabilized and have a short lifetime. 
As a result, the optical absorption centres will annihilate as soon 
as they are produced when the optical frequency electric field 
is parallel to the z-axis. In contrast, when the optical frequency 
electric field is perpendicular to the z-axis, the hole trap will be 
stabilized because the potassium vacancy can keep its position 
and provide a stabilizing force for the hole trap, i.e. the hole trap 
will have a long lifetime in this case [13]. To conclude the laser 
irradiation in the direction for which optical frequency, electric 
field will be in ||z polarization give a rare chance to gray tracking 
irrespective of exposure time.

Control of Gray Tracking Formation in KTP Crystal
Gray tracking formation before laser irradiation depend on 

growth technique and factors like environment, temperature, 
flux and impurities, To the fact ‘As stitch in time saves nine’ 
controlling at early stage in easy and deduce post work and also 
provide efficient result. Research by Perlov D [33] investigated 
temporal and spatial dimension of gray tracking for quantitative 
evaluation of KTP gray track susceptibility with respect to 
the factor, they reported the first experimental evidence of 
dependency on the material Curie temperature and electrical 
conductivity, and they observed the susceptibility of KTP could 
be significantly decreased by adjusting the growth parameters. 
For instance impurities included in crystal would originate the 
optical absorption where in case susceptibility also depend on 
absorption coefficient before laser irradiation this event add 
to the cause so that one can understand that crystal with many 
impurities indicated large susceptibility but exceptionally crystal 
with high concentration of hydroxyls had low susceptibility. This 
lead to the understanding the role of moisture in preventing gray 
tracking.

Considering this concept Shinji Motokoshi [34,35] tried 
to improve the gray-tracking by controlling the hydroxyl 
concentration in KTP crystal using the thermal annealing 
process. It was found that large GTS (gray tracking susceptibility) 
in original crystal was improved by annealing in the air and that 
was almost returned to original value by annealing in vacuum. 
These results mean that the change of GTS was caused not only 
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by an effect of the heating, but also by the transfer of molecules in 
the air such as oxygen and hydroxyl. However, it was previously 
reported that the annealing did not influence to the gray-tracking 
and the hydroxyl. The reason of difference with their data was 
due to the annealing conditions. The optimization of annealing 
conditions such as temperature, time, and environment had 
been investigated and a new approach proposed was thermal 
annealing pre-process. It was demonstrated that the gray-
tracking formation and the hydroxyl concentration could be 
controlled by thermal annealing process before laser irradiation, 
the KTP crystal was decreased transmittance with the laser 
irradiation time before the annealing.

 In the case of the annealing in air, however, the decrease 
of transmittance was suppressed, and also the transmittance 
decreased again by annealing in the vacuum as mentioned before, 
As a result they understand that KTP crystal could include the 
hydroxyls in air by the annealing process. In this work, it was 
shown the dependence of gray-tracking susceptibility on pre-
annealing conditions as atmosphere gases, temperature and 
humidity for KTP. The annealing was made with an electric oven 
at the temperature up to 1000 0C. The atmosphere in the oven 
was exchanged to air, nitrogen, oxygen, and vacuum (at 10-3 
torr). The humidity in nitrogen gas was changed from 6 to 99% by 
control the flow rate both dry and wet gases. The annealing time 
in vacuum was 72 hours, and the others were 12 hours [34,35]. 
In comparison with no annealed sample, the samples annealed 
in air and N2-wet indicated decreased gray-tracking formation. 
The contrast occurred while annealing them in vacuum and 
dry gases. This cleared that gray-tracking formation could be 
controlled by humidity in gases but not the kind of gases. Thus 
one can understand the dependency and positive application of 
impurity well and thus efficient control is made easy. 

Elimination of Gray-Tracking Effects of KTiOPO4

Controlling make the KTP resistant to gray track to increase 
the life time of it in application, where elimination is the process 
done after the appearance of gray track to the extent until it meet 
the catastrophic damage for the purpose of reuse, Generally two 
methods are followed to eliminate the chromic damage which is 
explained in following sessions [36]. 

Thermal Annealing
Thermal annealing is the general and simple, effective 

processes to retrieve the original state of crystal by eliminating 
the gray tracking, The temperature depend on density of gray 
tracking formed so the temperature differs in each crystal and 
approximating it prior is difficult, from our analysis of multiple 
data mostly KTP recovered from gray tracking was annealed 
about temperature above 150 °C.

Strong Focussing Mechanism
There was discussion on some dependencies previously 

there one could find the dependency and relation of radiation 
beam radius, focussing and power density in formation of gray 

tracking and among them respectively. Thus it is known that 
radius of beam and power density are inversely proportional, 
XIANG Zhen [30] proposed a system based on the above concept 
that eliminate the formed gray track. They thus made a setup as 
in below figure (Figures 4-6) where the radius of input beam is 
enlarged this technique resulted in decrease of power density 
so as decrease in conversion efficiency. Therefore it resulted 
in condition that one should compromise between conversion 
efficiency and deformation of gray tracking, when they went 
into detail analysis of any alternate way they found one thing in 
common that the increase in radius within the KTP only provided 
the required changes. So they adjusted the setup by adjusting 
the lens L2 of the focussing system thus the radius of incident 
beam on surface is small but in enlarges inside the crystal this 
provided the satisfactory result with un changed conversion 
efficiency and this idea of enlarging the beam only at output 
surface is strong focussing and both output and input is weak 
focussing. However effective may the strong focusing the large 
divergence in crystal may lead to phase mismatching, Luckily 
KTP has large acceptance angle that prevent this but careful 
choosing on focus ratio and the distance between the crystal 
and focussing system to be made to avoid discrepancies, else one 
may phase consequence like decrease in efficiency due to phase 
matching and appearance of gray track.

Figure 4: (a) Appearance of gray tracking,
(b) Disappearance of gray tracking [15].

Figure 5: Setup of (a) weak focussing,  
(b) Strong focussing [30].

Electrically Induced Gray Track
Any material finally reaches the application status which 

involves electrical device and application of electric field, the 
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application of an electric field leads to damage by electrolysis i.e. 
by electrical currents flowing through the crystal. For instance: 
For dc fields;0.4kV/cm along the polar axis, a grey colouration is 
observed and this is known as electric field induced gray tracks 
[31]. Furthermore, at ac fields of; 0.4 kV/cm and 1 Hz frequency, 
there is induced order-disorder phenomenon involving K+ ions 
have been observed. The schematic diagram of experimental 
set up electrically inducing of gray track shown [40]. The 
crystal structure of KTP (space group Pna21) consists of three-
dimensional network of TiO6 octahedral and PO4 tetrahedral 
[32]. There are structural channels parallel to the polar c axis 
through which the K+ ions can easily move under the influence 
of an electric field by a vacancy mechanism, (similar to one of 
two sub system modelled by Murk V [7] leading to a high ionic 
conductivity along this direction emphasized by Morris PA [33]. 
Gray tracks produced in KTiOPO4 (KTP) by applying a dc electric 
field have been studied through optical absorption, Raman 
scattering, and synchrotron x-ray topography. The study of the 
optical absorption and Raman scattering from the gray-tracked 
region suggests that their formation is accompanied by changes 
in the electronic levels of Ti4+ and also provided information on 
remnants strain of gray tracking [34-36].

Figure 6: The schematic diagram of experimental set up 
electrically inducing of gray track [40].

Remnant Strain of Gray Tracking
Raman spectra of KTP crystals containing gray tracks were 

obtained by passing the laser beam through the gray-track 
region. The x-ray topography of the gray-track region was 
recorded using the synchrotron radiation source operating at 
2GeV with 250mA current. Satyanarayan MN [37] aim was to 
identify the localized structural changes or disorder that may 
occur along the grey tracks. In their observation they found gray 
colouration which obviously due to absorption but in region of 
400-850nm to achieve their aim they should check the effects 
of absorption and Raman spectrum, all there reports were 
in comparison with the virgin and gray tracked crystal, so the 
resulted Raman intensity was reduced for gray tracked crystal 
than the virgin which is due absorption but the normalised 
intensity was greater for gray tracked crystal, so looked for 
other parameter influencing the Raman intensity. Such as that 
wavelength of incident radiation and the electronic energy level 
structure in the crystal seems to play a role, He found that for 

lower wavelength still lower comparative values were obtained 
than the previous which impose a direct relationship. If there is 
any structural change or disorder in the crystalline state then it 
gives rise to the new Raman lines and frequency shifts. 

The existing Raman lines might also split, if there is a localized 
disorder and translational symmetry is destroyed within the 
crystal. Here in their experimental research they didn’t find 
any such features, so they strongly believe and recommend that 
no major structural changes is happening to the crystal due to 
electrically induced gray track but this is not the only criteria to 
confirm it, further investigation with inclusion several condition 
is necessary to come to an conclusion. They also proposed a idea 
on comparing the structural damage due to both ac and dc field, 
where the work is not yet published, However from the so far 
investigation there is only revelation of electronic level changes 
which is relating to dc field. Nevertheless, the x-ray topography 
indicates that a remnant strain persists along the gray tracks 
[37].

Influence of water vapour in electrical damage
The moisture influence was seen in recovering the gray 

tracking in crystal before applying it as a device, Here its 
influence in electro-optic device. The research work of Morris 
PA and Crawford MK investigation results indicate that the 
susceptibility of hydrothermal and flux grown KTP crystals 
to electric-field damage is increased when the atmosphere 
surrounding a device has a relatively high vapour pressure of 
water. Protons from the atmosphere migrate into the crystals due 
to the applied electric field and provide charge compensation for 
the Ti3+ defects responsible for damage in KTP [38]. Here they 
compare two growth technique one is hydrothermal and another 
is flux growth, among them flux grown is highly susceptible to 
the electric field damage. This is happening due to migration 
of Hydrogen from atmosphere to the crystal via cathode, some 
researchers also observed yellow colour induced at anode 
due to excess electron [38]. Morris PA [39] made significant 
contribution in investigating electro chromic damage of KTP by 
analysing many parameters like temperature, optical properties 
and also the possible potassium vacancy system at very early 
stage, among them most minute and significant is the relation of 
AC conductivity with the gray tracking [40-44]. The creation of 
damage is directly proportional to the average current which in 
turn proportional to the AC conductivity of crystal, the crystal’s 
conductivity might increases due to impurity addition. This 
damage leads off at cathode and migrates to anode until the 
entire crystal gets damaged.

Conclusion
This article covers broad scope of gray-tracking, this even 

helps amateur to acquire knowledge on it because this explains 
the phenomenon of gray-tracking including its effects in product 
,causes for formation, possible mechanism in crystal that employ 
gray-tracking such as laser induced ,electrically induced and 
defects due to its growth technique ,polarisation effects and 
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influence of impurities and its depth and this mostly concentrate 
on KTP crystal which is a promising superior material for a 
variety of nonlinear optical and electro-optical applications. It 
also direct your way of search if interested in further investigation 
on gray tracking.
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