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ABSTRACT
ADP:KDP (85:15) mixed crystal was grown using slow cooling tech-
nique. The crystalline perfection of the grown crystal was studied
using HRXRD curve. The homogeneity of KDP along the length of
mixed crystal was analysed. Low Urbach energy value of the grown
crystal indicates good crystallinity of the mixed crystals. Etch pit
density was found using chemical etching studies. Vickers hardness
studies indicate that the quality of the mixed crystal is more stable
compared to ADP. The photoconductive nature and piezoelectric
coefficient of the crystal were found. The laser stability of the crystal
was observed at 532nm using Nd:YAG laser.

HIGHLIGHTS

1. Mixed crystal of AKDP in the ratio of 85:15 was successfully
grown using slow cooling technique with a size of
45� 10� 10mm3

2. Homogeneity of mixed crystal along the entire length of crystal
was analysed

3. The band tail energy (Urbach Energy EU) of the grown crystal
was EU ¼ 0.91eV.

4. The calculated etch-pit density for the mixed crystal was
3.6� 103/cm2

5. The piezoelectric charge d33 value obtained for the mixed crys-
tal was 6 pC/N.
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GRAPHICAL ABSTRACT

1. Introduction

Ammonium Dihydrogen Phosphate (ADP) and Potassium Dihydrogen Phosphate
(KDP) are used as the second, third and fourth harmonic generator of Nd:YAG and
Nd:YLF lasers. Both the materials can be used for electro-optical applications like Q-
switch (for Nd:YLF, Nd:YAG lasers) and Ti-sapphire lasers. ADP and KDP shows
optical transparency in the wide region of the optical spectrum, high nonlinear effi-
ciency combined with reproducible growth to bulk size and damage resistance to laser
radiation. Because of these mentioned properties, the ADP and KDP crystals are exten-
sively used in applications such as nonlinear optical (NLO), electro-optical and photore-
fractive storage devices [1–4]. Both these materials’ growth characteristics have been
extensively studied as they can be used to grow bulk size single crystal. The electro-
optical, electrical and optical properties of the mixed crystals depend on the parameters
like structure, purity, surface, chemical composition interface morphology and homo-
geneity [3]. In this regard, mixed crystals have been under the focus of researchers due
to their unique physical properties which include spin glass state emergence and the
anomalous protonic conductivity in a certain intermediate mixing concentration range
caused by the competition of antiferroelectric and ferroelectric interactions [5, 6]. S. Sen
Gupta et al., reported the physical properties such as lattice parameter and dielectric
measurements on KDP and ADP mixed crystal [7]. Ravi et al., have discussed about the
structural, mechanical, electrical and optical properties of L-arginine phosphate sulphate
(LAPS) and L-arginine Phosphate (LAP) mixed with ADP and KDP Crystals [8]. Rajesh
et al., have reported bulk size mixed crystal in the ratio of ADP:KDP (90:10) and
compared their properties with pure crystals [6]. Inspite of the extensive research in
this area, the growth of defect less bulk size mixed crystals is a great challenge. There
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are several problems associated with the growth of such mixed crystals by the conven-
tional slow evaporation technique primarily due to low growth rates and longer periods
of growth. Also, this technique is unstable because of spontaneous nucleation from solu-
tions at the high supersaturations which is the primary factor to obtain bulk size crystal
with higher growth rates [9–12]. The present work explains the growth and various
properties of bulk size AKDP (ADP:KDP) crystal grown with 85:15 composition
using slow cooling method. The optical conductivity, extinction coefficient, refractive
index, reflectance, Urbach’s parameters, work hardening coefficient, yield strength,
were calculated.

2. Crystal growth

The ADP and KDP materials were recrystallized four times for purification. The recrys-
tallized material was dissolved in deionised water (resistivity �18.2MX cm) at room
temperature to grow good quality seed crystals. Using slow cooling method, large size
crystals were grown from the collected seed crystals. The mounting of the collected seed
crystal is done at the platform centre made of acrylic material and is fixed in the crys-
tallizer. The seed mounted platform stirs the solution to avoid stagnant regions. This
prevents crystal inclusions which is formed due to solution’s supersaturation inhomo-
geneity. A 5000ml standard crystallizer is used for the growth of the crystal. An external
water bath is used to control the crystallizer temperature. A temperature fluctuation
lower than 0.01 K was maintained. The solution filtration was done using 11mm pore
sized Whatman filter paper. Next, the filtered solution was heated over to 60 �C for
3 hours and further heat reduced to saturation temperature 50 �C. Then, an ADP crystal
of 6�6�8mm3 size is fixed at crystallizer centre and placed inside the constant tem-
perature bath. The temperature was decreased at a rate of 0.04 �C h�1 from the satur-
ation point (50 �C) with a stirring rotation rate of 20 rpm. This was maintained for 25
days. The crystal with a size of approximately 45x10x10mm3 was harvested (Figure 1).

3. Results and discussion

3.1. Energy dispersive X-Ray analysis (EDX)

The EDX spectrum of AKDP mixed crystal depicted in Figure 2 reveals the presence of
K, O, and P. It is inferred that the atomic percentage of O, P and K are 75.7, 21.3 and
3.0 which is very close to the ADP-KDP composition.

Figure 1. The grown ADP-KDP mixed crystal.
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3.2. High resolution X-Ray diffractometry analysis

The Crystalline perfection of AKDP mixed crystal was analysed using High resolution
X-ray Diffraction (HRXRD, Panalytical X’ Pert PRO MRD system) using CuKa radi-
ation (k¼ 1.5405 _AÞ: The DC (diffraction curve) was recorded using x scan where the
detector was kept at the 2�B angular position with wide opening for its slit. The speci-
men was chemically etched in a non-preferential mixture of etchant water and acetone
at a volume ratio of 1:2 before recording the diffraction curve. This etching removes the
undesirable non-crystallized solute atoms that remain on the surface of the crystal and
also ensure the surface planarity. Figure 3 depicts diffraction curve recorded for the
grown mixed crystal using (200) diffracting planes in symmetrical Bragg geometry using
HRXRD. The calculated full width at half maximum (FWHM) is 27 arc s with a very
sharp curve satisfying the plane wave dynamical theory of X-ray diffraction [13]. A very
sharp DC and absence of additional peaks infers perfect crystallinity of the grown mixed
crystal without internal structural grain boundaries [14, 15]. A low value of FWHM
indicates the presence of low concentration of unavoidable point defects like self-inter-
stitials and vacancy defects [16, 17]. The decrease in lattice parameter d (interplanar
spacing) results in more scattered (also known as diffuse X-ray scattering) intensity at
slightly higher Bragg angles (�B) as equation (2d sin �B¼ nk; n and k are the order of
reflection and wavelength respectively, which are fixed). The density of such interstitial
defect’s density is very less which are unavoidable due to thermodynamical conditions.
These defects therefore very hardly influence the device performance.

3.3. Optical measurements

3.3.1. Optical transmission and homogeneity analysis of AKDP mixed crystal
The mixed crystal’s linear optical property was analysed using Perkin Elmer Lambda-35 UV-
Vis-NIR spectrometer in 200–1100nm range covering the entire visible, near-ultraviolet and

Figure 2. EDAX spectra of grown crystal.
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higher energy part of the near-infrared region to find the transmission range. An optically
polished 3mm thick mixed crystal was used for this study. The crystal was found to be highly
transparent between 350 and 1100nm (Figure 4). This supports its usage for optical applica-
tions. Homogeneity of KDP along the length of crystal was determined by taking the UV-
Vis spectra for different places, chosen from bottom to top of the crystal. The transmission
spectra were recorded for the different places with uniform thickness. The observed results
are shown in Figure 5. The transmission recorded at all these regions (Bottom, Mid and Top)
are almost same. To confirm the reproducibility, the beam was passed through the crystal’s
multiple times and the same spectra were observed. This shows that the KDP is uniformly
distributed throughout the crystal. The direct band gap energy was calculated by using the
formula as shown below,

Figure 3. The high-resolution rocking/diffraction curve (DC) recorded for AKDP specimen using (200)
diffracting planes.

Figure 4. Uv-vis. spectra of grown crystal.
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ahv ¼ Aðhv�EgÞ
1
2, (1)

a ¼ 2:3026
t

log10
100
T

� �
(2)

where Eg is the crystal’s optical band gap, A is the constant and v is the incident light
frequency, T is the Transmittance in % and t is the thickness of the grown mixed crystal
[18, 19]. The direct optical band gap of the grown mixed crystal is calculated by plotting
ðahvÞ2 versus (hv). Figure 6 shows the Tauc plot value of grown mixed crystals. The cal-
culated direct optical band gap of the mixed crystal is 4.9 eV.

3.3.2. Determination of optical constants
Proper analysis of optical parameters of mixed crystal provides clear idea about the
resolution tuning of various technical devices. The optical conductivity (3), extinction
coefficient (4), refractive index (5) and reflectance (6) have been calculated using the
transmittance data using following formula [18]

rop ¼ anc=4p, (3)

K ¼ ak=4p, (4)

n0 ¼ �ðRþ 1Þ62

ffiffiffi
R

p

ðR� 1Þ , (5)

R ¼ exp ð�atÞ6 ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
exp ð�atÞT� exp ð�3atÞT þ exp ð�2atÞT2

p
exp ð�atÞ þ exp ð�2atÞT : (6)

The response of optical conductivity and variation of extinction coefficient with reference
to wavelength is shown in Figure 7(a) and (b) respectively. The variation of refractive index
and reflectance as a function of wavelength is shown in Figure 8(a) and (b). From the figure,
it is noted that the reflectance and refractive index of mixed crystal grown is low in the entire
visible region and decreases when compared to pure KDP and ADP crystals. The lower val-
ues of extinction coefficient and also higher optical conductivity of mixed crystal in entire

Figure 5. UV-vis spectra for different places, chosen from top to bottom.

156 IYAPPAN. G ET AL.



Figure 6. Optical band gap spectrum.

Figure 7. (a) Wavelength dependence of the optical conductivity and (b) Wavelength dependence of
the extinction coefficient.
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visible region substantiates its application for optical fabrication [20, 21]. The optical studies
showed good optical behaviour of the mixed crystal for device application. The obtained
results are compared with pure ADP and KDP; the values are tabulated in Table 1.

3.3.3. The Urbach energy (absorption band tail)
An optical absorption spectrum of inorganic material provides the basic information
regarding the composition and optical band gap [24]. The material’s optical absorption

Figure 8. (a) Wavelength dependence of the refractive index and (b) Wavelength dependence of the
reflectance.

Table 1. Optical parameters.
Parameter ADP KDP Mixed crystal

Cutoff wavelength below 200 nm [6] below 200 nm [6] 210 nm
Bandgap 4.12 ev [22] 4.7eV [23] 4.9 ev
Reflectance 1.18 1.17 1.13
Extinction coefficient 5.2� 10�6 4.2� 10�6 2.7� 10�5
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spectra are of three regions namely weak absorption region due to presence of impur-
ities and defects in the material, absorption edge region because of structural perturb-
ation and system disorder, strong adsorption region which gives the optical band gap
energy. The Urbach tail is defined as the exponential part near the optical band edge
which is found along the absorption coefficient curve. This appearance of exponential
tail in the low crystalline, poorly crystalline, amorphous and disordered materials due to
localised states in the band gap extended [22, 25, 26]. The relationship between a and
energy of photons (h�) near the optical band gap edge is called as Urbach empirical
rule and is given by the following exponential equation

a ¼ ao exp ðh�=EUÞ, (7)

where, h� is the photon energy, ao is constant and EU is the Urbach energy (exponential
absorption edge width). Straight line equation is obtained by taking the logarithm on
both sides of the last equation which is given below.

lnðaÞ ¼ lnðaoÞ þ ðhv=EUÞ (8)

Figure 9. Plot of ln (a) vs. Ht.

Figure 10. Urbach band tail energy (EU) diagram.
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From the straight-line slope, the EU value was calculated (Figure 9). Plotting is done
using lna against the incident photon energy, E. Figure 10 shows the band tail energy
diagram. The obtained EU values are compared with the pure system and tabulated in
Table 2. The value of Urbach energy of the grown mixed crystal decreases with the
increase in KDP percentage. The band tail broadens along with the disorder increase.
This is due to the number of possible bands to tail and tail to tail transitions increase.
It was reported that this disorder creates states redistribution and creation of one-to-
one tail states at the band states expense [23]. The decrease in the Urbach energy is
opposite to the behaviour of the optical energy gap. Good crystallinity and less disorder
in the near band edge is the inference from the minimum value of EU. Another formula
that correlates between the absorption coefficient (a) and the optical energy gap [27]
suggested by Urbach is shown below.

a ¼ b exp
rðh��E0Þ

KBT

� �
(9)

where b is a pre-exponential constant, r is steepness parameter which is a constant, Eo
is the transition energy. Eo is equal to Eg for direct transitions and Eg ± Ep for indirect
transition. Here, Ep is the energy of the phonon associated. For the current crystal sam-
ple grown, Eo ¼ Eg which gives the following equation.

ln a ¼ ln b� rEg
KBT

� �
þ r

h�
KBT

� �� �
(10)

From (8) and (10)

ln a0 ¼ lnb� rEg
KBT

� �
, and (11)

ðh�Þ
EU

¼ r
h�
KBT

� �
(12)

where, EU¼0.91 eV, KB is 8.6713�10�5 eV/K which is Boltzman constant and T is 273.16 K
(Absolute temperature). The steepness parameter r, is found using Equation 13.

r ¼ KBT
EU

� �
(13)

Hence the steepness parameter is calculated either from the slope of Figure 9 or from
the Equation (11) directly. The strength of the electron-phonon interaction (Ee�p) is
calculated [28–30] from r using the following equation. The parameters calculated are
tabulated and shown in Table 3.

Ee�p ¼ 2
3r

(14)

Table 2. The obtained Urbach energy (EU) values for pure and
mixed crystal.
Parameter ADP KDP Mixed crystal

Urbach energy (EU) 3.70 eV 2.44 eV 0.91 eV
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3.4. Etching analysis

Chemical etching plays influential role in identifying the crystal’s growth mechanism and
defects. This leads to the improvement of etch spirals, growth striations, step pattern and
rectangular etch pits on the surface of the crystal [30]. When the crystal is subjected to any
physical or chemical process, these growth units may dissociate themselves from the crystal
leaving behind a shallow pit. There are different methods to obtain preferential dissolution
on a crystal surface such as 1. thermal etching, 2. chemical etching, 3. electrolytic etching and
4. ionic etching. Chemical etching is the widely adopted method in the field of etching and
substantial work on the different crystals is now available in the literature [31, 32]. So, chem-
ical etching study is done using water as an etchant. For the etching times of 5s and 10s, the
etching study on the grown mixed crystal was conducted at room temperature to investigate
the distribution of structural defects. The grown mixed crystal was dried using tissue papers
after dipping in water etchant. Using the reflection mode of optical microscope, the micro-
structure of the crystals was analysed. A photomicrograph of the grown mixed crystal before
etching is shown using Figure 11(a). In this current case, only a few rectangular etch pits
which were scattered are observed for the above-mentioned etching time (Figure 11(b) and
(c)). It was observed that the size of etch pits enlarged with the etching time increase. The
etch-pit density for the mixed crystal calculated is 3.6� 103/cm2. The shape of these etch pits
is determined by the lattice structure and symmetry [33]. Also, these etch pits correspond to
the dislocation outpoints. The obtained etch pits features show the dislocation position. The
presence of dislocations strongly influences many properties of crystal. Also, it is inferred
that the crystal does not have layered growth with two-dimensional nucleation mechanism.
From these studies, it can be seen that the mixed crystal grown has better quality.

3.5. Microhardness studies

A material’s hardness is defined as the measure of resistance when subjected to the local
deformation. A selected flat and smooth surface of the mixed crystal grown was sub-
jected to several loads like 5g, 10 g, 25 g, 50 g, 75 g, 100 g at room temperature using
Vickers hardness tester fitted with a diamond pyramidal indenter [34]. With constant
indentation time of 5s for all the loads, Static indentations were made. Repeated inden-
tations were made at various sites of the grown mixed crystal surface. The Vicker’s
hardness number was calculated using the relation [35],

Hv ¼ 1:8544
P
d2

� �
kg=mm2 (15)

where P is the applied load in Kg and d is the indentation impression diagonal length in mm.
The Hv, which is the variation of hardness value with the load P and the variation of Hv

Table 3. Steepness parameter (s) and electron phonon interaction (Ee�p) of the pure and
mixed crystal.

Crystal
The constant

(a0) � 10�2 (cm�1)
Steepness parameter

(r) � 10�2
Electrone-phonon

interaction Ee-p � 10�2

ADP 24 0.63 1.05
KDP 22 0.95 0.70
Mixed crystal 12 2.6 0.25
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against the indentation diagonal d are shown in Figure 12(a) and (b). It shows that the (hv)
increases with the increase of applied load (P). It is observed from these results that the hard-
ness increases with the load increase satisfying reverse indentation size effect (RISE) [36].

3.5.1. Analysis of experimental data
The calculation of work hardening coefficient is done from the plot of log P versus log
d, the length (l) of radial cracks is related to the function of applied load (P) for inden-
tation by the empirical relation [37].

l ¼ C1P
m1 (16)

where C1 and m1 are constants. The m1 value is found and shown in Figure 13 from
log l and log p plots. An empirical relation between the length of the crack (l) diagonal
of indentation (d) is given by

l ¼ C2d
m2 (17)

where, m2 is found from the log l and log d plots and is depicted in Figure 14. The
work hardening coefficient (n) value is calculated from the below equation with the

Figure 11. (a) Surface of grown crystal before etching, (b) After water etchant for 5s and (c) after
water etchant for 10 s.
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calculated m1 and m2 values where n was found to be 2.38 and which can also be con-
firmed using Meyer’s relation as follows. The Meyer’s law (Equation 18) gives the rela-
tionship between load and size of the indentation.

P ¼ k1d
n (18)

where k1 and n are constants for specific material. Figure 15. shows the work hardening
coefficient calculated from log P versus log d plots. After every indentation, material
needs time to come back to the elastic mode. Hence a correction x is applied which is
known as the dislocation density measure of the material to the d value and related to
Kick’s law as [38]

P ¼ k2ðd þ xÞ2 (19)

From Equations 19 and 20 we have,

k1d
n ¼ k2ðd þ xÞ2; (20)

Figure 12. (a) Vikers micro-hardness of grown crystal and (b) Variation of Hv vs diagonal (d).
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ðk1dnÞ1=2 ¼ ðk2Þ1=2ðd þ xÞ, (21)

ðk1Þ1=2ðdnÞ1=2 ¼ ðk2Þ1=2ðd þ xÞ, (22)

k1
k2

� �1=2

¼ d þ x
dn=2

, (23)

dn=2 ¼ k2
k1

� �1=2

d þ k2
k1

� �1=2

x (24)

The slope of dn=2 versus d yields ðk2k1Þ
1=2 (Figure 16) and the intercept is a measure of

x. The material’s yield strength is found using the relation [35]

Figure 13. Plot of log l vs log p.

Figure 14. Plot of log l vs log d.
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r� ¼ Hv
2:9

½1� ð2� nÞ� � 12:5ð2� nÞ
1� ð2� nÞ

� �n�2
( )

(25)

Using these mentioned relations, the hardness parameter of pure and mixed crystal
like x, n, k1, k2, r� are calculated and tabulated in Table 4.

Figure 15. Plot of log P versus log d.

Figure 16. The slope of dn=2 versus d.

Table 4. The hardness parameter for the pure and mixed crystal.
Crystal n k1 (10

3 g/lm) k2 (g/lm) X (lm) rv(MPa)

ADP 1.08 0.97 9.11 0.23 103.17
KDP 2.72 1.01 10.33 0.24 94.23
Mixed crystal 2.38 2.15 5.74 0.25 92.70
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3.6. Photoconductivity analysis

The photoconductivity analysis of mixed crystal was done by connecting the crystal sample
in series to Kiethley-480 picoammeter and DC power supply. Microprobes were employed
as the electrical contacts and connected at 4mm distance of the crystal surface. The applied
voltage was in the range of 0 to 50V in steps of 1V/s. To measure the dark current of the
mixed crystal, protection from all the possible radiation was done. Then, the crystal sample
was exposed to 50 W halogen lamp radiation. The corresponding photocurrent (Ip) is
recorded for the same values of the applied voltage. The Id and Ip nature with the increasing
voltage is shown in Figure 17. The linear increase in the dark current and photocurrent
with the applied voltage was noted from the photoconductivity study. It is observed that
the photocurrent is greater than the dark current and hence the grown mixed crystal has
positive photoconductivity. This is due to the increase of charge carriers’ numbers or their
lifetime in the presence of radiation [39]. Figure 18 shows the distributions of spectra of

Figure 17. Dark current and photocurrent as function of the applied voltage.

Figure 18. Temperature dependence of Photoconductivity for grown crystal.
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DC photocurrent for the grown mixed crystal in the range of 303 K to 323 K. It can be
inferred from this figure that the highest value of the photocurrent (Photo-peak) increases
as the temperature increases from 303 K to 323 K. This might be due to generation of new
charge carriers. The schematic block diagram of the experimental setup for photoconduct-
ivity measurement is shown in Figure 19.

3.7. Piezoelectric studies

The lack of centre of symmetry is needed for the existence of useful properties like
piezoelectricity in a single crystal. When mechanical force is applied on any piezoelec-
tric materials, they produce electric charge (field) or vice versa [40]. Piezoelectric char-
acterisations is done on the grown mixed crystal. A High-grade silver paste was used to
coat the polished basal surface of the crystal. The piezoelectric charge coefficient d33
was measured using a piezometer (PM300, Piezo Test, UK). The sample is poled at 205/
kV/cm for 1 hour at room temperature and piezoelectric measurements were carried
out. The d33 value obtained for the grown mixed crystal was 6 pC/N. This is higher
compared to the pure systems. The charge symmetry due to KDP mixing lead to large
dipoles when subjected to mechanical stress which briefs the increase of d33 value for
KDP mixed ADP crystals. These values are shown in Table 5.

Figure 19. Schematic block diagram of the experimental set-up for the photoconductivity measurement.

Table 5. Piezoelectric coefficient values of the pure and
mixed crystal

Crystal
Piezoelectric charge

coefficient (d33) value (pC/N)

ADP 2.00
KDP 3.00
Mixed crystal 6.00
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3.8. Laser damage studies

Some industries, use frequency converter, buffer ingots or filter of high threshold material to
laser damage for laser assisted photonic devices. This increases the durability and efficiency
of the fabricated devices. A clear idea of laser damage threshold (LDT) is very important for

Figure 20. The schematic of the optical layout used for measuring LDT.

Figure 21. Laser damage profile of a. ADP b. KDP and c. mixed crystal of ADP:KDP (85:15).
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laser driven devices selectivity [41] as continuous high-power laser exposure, irradiation
leads to surface damage. For this investigation, a Q-switched Nd: YAG laser (532nm, 10Hz,
7 ns) of pulse mode is configured in order to find the grown crystal’s LDT. A 1mm diameter
beam was used to focus on the sample with a 10 cm focal length lens. Figure 20 shows the
schematic of the optical layout used for measuring LDT. Both single and multiple shots LDT
measurements were made on the samples. The sample is irradiated at different spots on the
same plane (100) at similar experimental condition and the damage patterns (Figure 21)
were observed using an optical microscope. The detailed data are given in Table 6. The
grown mixed crystal’s LDT was determined using the following equation

P ¼ E
spr2

GW=cm2 (26)

where s is the width of the pulse, E is the energy at which the grown crystal showed
damage, and r is the damage spot radius [42]. The damage on the grown crystal due to
laser shows the melting, cracks, solidification, fusion or decomposition of the material
surface. The LDT of mixed crystal is determined to be 28.3GW/cm2. It is clearly evi-
dent from table that the damage threshold value of mixed crystal is much higher than
pure ADP and KDP crystals (9.8 GW/cm2 and 10.7 GW/cm2), which has been deter-
mined using the same experimental configurations. This shows the strengthening of

Table 6. (a) Laser damage threshold value of ADP, (b). KDP, (c) Mixed crystal AKDP (85:15).
Single shot

Energy (mJ) Effects

1 No damage observed
3 No damage observed
5 No damage observed
8 No damage observed
10 A small dot is seen
11 A small dot is seen in the other place
13 Visible crack is seen
15 Heavy damage is seen on crystal surface
Single shot
Energy (mJ) Effects
1 No damage observed
2 No damage observed
3–5 No damage observed
6 A small dot is seen
7–10 A small dot is seen in the other place
11 A small dot is seen in the other place
12–13 Visible crack is seen
14 Surface damaged
15 Depth crack is seen
16-17 Heavy damage is seen on crystal surface
Single shot
Energy (mJ) Effects
1 No damage observed
2 No damage observed
3–5 No damage observed
6 A small dot is seen
7–15 A small dot is seen in the other place
16 Visible damage is seen
17 Small crack is seen
18–20 Surface damaged
25 Depth crack is seen
30 Heavy crack is seen on crystal surface
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lattice due to KDP molecules interstitial positions on ADP [6]. This analysis proves the
mixed crystal’s high resistance to optical damage. Hence this mixed crystal grown can
be used in the applications related to high power lasers.

4. Conclusions

Good quality mixed crystal of AKDP was successfully grown using slow cooling method.
The HRXRD analysis confirms the crystalline perfection of the grown mixed crystal. The
transmittance spectrum reveals the transparent nature of the crystal in the entire visible
region. Homogeneity of KDP along the length of mixed crystal is found using the UV-Vis
spectra for different as-grown regions chosen from top to bottom of the crystal. The optical
parameters such as the optical conductivity (rop), coefficient of absorption (a), reflectance
(R), extinction coefficient (K) and refractive index (n) were studied with respect to the
wavelengths. Optical studies reveal a shift of the absorption edge toward the higher wave-
lengths with the addition of KDP. The grown mixed crystal is found to have a lower extinc-
tion coefficient, of the order of 103. The band tail width (EU) or Urbach energy is
estimated and found to be 0.91 eV. The low value of Urbach energy indicates that the
grown mixed crystal has good crystalline perfection. The unambiguous etch pits show
good perfection and high quality of the grown mixed crystal. Microhardness test shows the
increase of hardness number (Hv) with the increase in load (P). The Meyer index number
or work hardening coefficient n was found to be 2.38. Yield strength (r�) of the mixed
crystal is also analysed and it is found to be 92.7Mpa. Photoconductivity studies confirm
the positive photoconductive characteristics of the mixed crystal at various temperatures.
The piezoelectric nature of the mixed crystal has improved when compared with the pure
ADP and KDP crystals due to the incorporation of KDP in ADP. The mixed crystal’s laser
damage threshold is found to be 28.3GW/cm2 which is very high than pure ADP and KDP
crystal. The higher crystalline perfection, transparency, high mechanical strength, wide
band gap, positive photoconductivity, high piezoelectric value and higher laser stability
confirm that this mixed crystal grown can be used as a potential material for the optoelec-
tronic devices’ fabrication.
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