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1. INTRODUCTION 

Triglycine Sulphate (TGS) is one of the most intensively examined ferroelectric material, 
finding wide application, as active element of the IR sensors, in the range of room temperature. 
Temperature of the Curie point for TGS is 49ºC and the material shows second order phase 
transition. Structure of the crystal lattice is monoclinic, both below, and above the Curie point. 
Cleavage plane is perpendicular to the ferroelectric  b axis (0,1,0). One of the most important 
disadvantage of TGS is depolarisation process, influencing the electric parameters and 
performance of the detectors based on this material. Well known method for improvement of 
electric properties and elimination of depolarisation process is doping pure TGS with optical active 
particles [2,3,4]. 

TGS single crystals doped with l-lysine (TGSL10) were grown below Curie point with use of 
static method, by evaporation of the solvent. Morphology changes were observed in new grown 
single crystals in comparison to pure TGS. Parameters of the crystal lattice were determined with use 

Lviv Polytechnic National University Institutional Repository http://ena.lp.edu.ua



 

 

189 

of powder X-ray diffraction method [7, 8] and compared with parameters of pure TGS. Temperature 
characteristics of spontaneous polarisation Ps were measured, after observations of domain structure 
of new material and theoretical model of correlation between domain structure parameters and 
spontaneous polarisation was developed and verified by measurements [10]. Samples were divided 
into three groups with different domain structure distortion parameter. Measurements of coercive 
field [9] were conducted within mentioned groups and compared with each other. 

 
2. EXPERIMENT 

CRYSTAL GROWTH 
TGS was obtained in reaction of sulphuric and amino-acetic acids. Chemical formula of TGS 

is: (NH2CH2COOH)3
.H2SO4. Solution of TGS was obtained by mixing proper amounts of distilled 

water and mentioned above acids. Such obtained solution was filtered and left for crystallisation. 
Crystals were dissolved in distilled water and left for successive crystallisation, in order to 
eliminate impurities.  

Pure crystals of TGS were dissolved in distilled water and after addition proper amount of l-
lysine (10 % by weight) left for the crystallisation. In the moment when spontaneous 
crystallisation occurred at the bottom of the crystallisation vessel, small single crystals were taken 
off and treated as the seeds for the regular crystal growth. Seeds were mounted on the end of the 
rotative handle, plunged in the solution. Handle was rotating with speed 60 rev./min. Evaporation 
speed was adjusted experimentally. 

 
CHARACTERISTIC OF THE SINGLE CRYSTAL 

Obtained crystals were investigated with use of powder diffraction method [7,8] (apparatus 
DRON 2.0 with goniometer GUR5, quartz monohromator and Cu lamp), in order to confirm the 
change of parameters of the unit cell, as a result of doping process. Unit cell parameters were 
calculated with use of DHN-Powder Diffraction System software.  

Single crystals were cut into 2mm slices, with use of wire saw, perpendicular to the 
ferroelectric b axis. After mechanical treatment samples were formed in a shape of rectangular 
parallelepiped, measuring 6mm x 6mm x 2mm.  Observations of the domain structure were 
performed after ageing of the samples i.e. after 200 hours after last phase transition [5, 6]. This 
method was chosen because active elements of the pyroelectric detectors, working at room 
temperature, have no  possibility to rejuvenate in nominal conditions. Polished surface of the 
samples were then etched with amonium water in order to visualise the domain structure. In order 
to increase the contrast thin layer of the liquid crystal was deposited on the samples’ surface. Two 
kinds of different liquid crystals were used (MBBA, PCB).  

Images of domain structure in polarised light were registered by CCD camera, with video 
output connected to the PC. After the observations of the domain structure silver electrodes were 
attached to the samples (b surfaces of the samples were covered by silver conductive paste). 

Previous works confirmed that basing on observations of the domain structure one can 
perform preselection of the samples and „predict” values of spontaneous polarisation [10]. In order 
to do this distortion coefficient Wsp has to be calculated according to the formula (1). 
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Estimated values of Wsp [10] were taken as boundary values in the process of samples 
classification. Samples were classified into three groups, after observations of domain structure in 
(110) growth pyramid and after calculation of the average value of Wsp coefficient, for domain 
patterns observed in these areas of the samples. 
 

Table 1 

Values of Wsp coefficient calculated  
for three types of assumed domain structure 

Type of the domain structure Wsp value 
I 0,83 
II 0,53 
III 0,15 

 
GR I contains samples with Wsp higher then 0,83. GR II contains samples with Wsp 

reaching values between 0,83-0,53 and GR III samples with Wsp reaching values between  
0,53-0,15. Exemplary temperature dependencies of coercive field in particular groups are 
presented in Fig. 4. 
 

3. RESULTS 

Morphology of the new obtained TGSL10 single crystal differs from the morphology of pure 
TGS. Dimensions of the b (0,1,0) surface are larger, which makes this material more attractive 
from the point of view of technology and its application in IR detection devices. Parameters of the 
unit cell were changed. Unit cell parameters for pure TGS and TGSL10 are presented in Table 2. 
Morphology of the new obtained TGSL10 is presented on Figure 1. Figure 2 contains the 
diffraction peaks for TGSL10. 

 
 

 
Fig. 1. Morphology of the new obtained TGSL10 
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Fig. 2. Diffraction peaks for TGSL10 

 
 

Table 2 

Unit cell parameters for TGSL10 and TGS 
 

Material a, Å b, Å c, Å ß V, Å3 

TGSL10 9.481 12.643 5.721 110.414 642,721 

TGS 9.401 12.633 5.719 110.259 637.239 

 
where a, b, c, ß are parameters of the unit cell  in  notation of monoclinic system and V is the 

volume of  the unit cell. 

Diffraction diagram presents intensity of the diffraction peaks as a function of position angle 

��� 
�� 	
�� ��������� �:º to 56º. Observations were made in the range of 5º to 125º with step 0.1º. 
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domains observed in (110) growth pyramid were lenticular and elongated in direction 

perpendicular to c (0,0,1) axis of the crystal. Because the concentration of the dopant was not high, 

significant differences of domain amount were not observed when compared with pure TGS. 

Domains observed in TGSL10 were more elongated. Images of domain structure of TGSL are 

presented on Figures 3a and 3b.  
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Fig. 4. Temperature dependencies of spontaneous polarisation measured  
for the samples belonging to different groups 

 
4. CONCLUSION 

New pyroelectric material TGSL10 was obtained. Dopant has significant influence on the 
morphology, electric properties and domain structure of the material. Influence of the dopant was 
also confirmed in case of the unit cell parameters. Increase of Ec was observed as well as higher 
linearity of this parameter, when compared with pure TGS. Growth plane b(0,1,0) was wider, what 
makes new obtained material more attractive from the point of view of its application. It was 
proven, that simplified mathematical model found  confirmation in case of the real single crystals 
and let us predict the values of the spontaneous polarisation and coercive basing on observation of 
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Fig. 3a. Domain structure  
of TGSL10 observed after etching 

Fig. 3b. Domain structure of TGSL10  
observed after deposition of liquid crystal 
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the domain patterns. The higher is distortion of the domain structure (low value of Wsp 
coefficient) the higher are coercive field values. This  makes possible preparation of the simplified 
method of samples classification based on optical observations. 
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