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Multichannel measuring system of planar dependencies of pyroelectric current is
presented.

Onucano 0OaraTokaHajlbHY BHUMIPIOBAJIBHY CHCTeMY /ISl BH3HAYEHHS ILIAHAPHHUX
3aJIe3KHOCT el MipoeIeKTPUYHOro CTPyMY.

Introduction

Experiments, upon character of the phase transition in non linear ferroelectrics, belonging to TGS
group, conducted by many authors [1-5], proved significant dependence between electric parameters of the
sample and place of sample cutting. Different temperature characteristics of pyroelectric coefficient,
spontaneous polarization, and electric permeability were observed for the samples cut of different single
crystal regions. In some cases slight shift of the Tc temperature was observed. It is caused by the fact that
electric parameters are strongly related with growth pyramids present in the sample. It was quite obvious
that the next step in our researches should be related with measurements of planar dependence of electric
parameters.

In order to perform this task we designed and constructed computer measuring system, making
possible parallel recording of pyroelectric current from 6 regions of the sample’s surface. This paper
contains information about idea of measuring system and first measurements performed with use of one
channel.

Experiment

Measuring system will consist of PC computer with AD/DA data acquisition card and 6 channel
measuring current amplifiers. Diagram of one current amplifier is shown on fig. 1.
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Fig. 1 Diagram of current amplifier (one channel).
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Key parameters of utilized devices

- INA111 is measuring amplifier with calibrated gain (wide range of regulation with use of 1
resistor). Unbalanced voltage for this device is 500uVmax.

- TLC271 is low noise operation amplifier with very high input impedance — typically 10"2Q and
extremely low current of input polarization — typically 0,7pA (max 60pA). Unbalanced voltage for this
device is typically 1,1mV, but it can be adjusted by external resistor.

Block diagram of measuring system is presented on fig. 2.
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Fig. 2. Block diagram of measuring system.

Preparation of the samples

As researched material was used triglycine sulphate (TGS) in the single crystal form. [6-8]

TGS is obtained in reaction of sulfuric and amino-acetic acids. Chemical formula of TGS is:
(NH2CH2COOH)3'H2S04. Solution of TGS is obtained by mixing proper amounts of distilled water and
mentioned above acids. Such obtained solution is filtered and left for crystallization. Crystals are dissolved
in distilled water and left for successive crystallization, in order to eliminate impurities. In the moment
when spontaneous crystallization occurs, at the bottom of the crystallization vessel, small single crystals are
taken off and treated as the seeds for the regular crystal growth. Seeds are mounted on the end of the
rotative handle, plunged in the solution. Handle is rotating with speed 60 rev./min. Evaporation speed is
adjusted experimentally.

Single crystals are cut into 2mm slices, with use of wire saw, perpendicular to the ferroelectric b axis.
After mechanical treatment samples are formed in a shape of rectangular parallelepiped, measuring 6mm x
6mm x 2mm. Electrodes are attached to the sample’s surface as it is shown in fig 3.
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Fig. 3. Ferroelectric sample and attached electrodes (top view). S-sample,
1-6 top electrode contacts, 7-GND.

Control measurements and conclusions

Control measurements were performed with use of one channel of new designed system.
Measurements were repeated several times and compared with measurements made with use of high
accuracy KEITHLEY K195 picoammeter. Comparison of the characteristics let us expect that after
assambling and configuration of remaining channels we will possess new and unique tool for measurements
of planar — temperature characteristics of pyroelectric effect. Comparison of processing characteristics is
shown on fig. 4. Temperature characteristic of pyroelectric current measured with use of new designed
system is presented on fig 5.
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Fig. 4. Comparison of processing characteristics
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Fig. 5. Temperature characteristics of pyroelectric current recorded with use of new designed system.

1. Cohen R.E.: Theory Of Ferroelectrics: A Vision For the Next Decade And Beyond J. Phys.
Chem. Solids 2000, vol. 1, — pp.139—146

2. X.S. Wang, J.Q. Zhang: A Disscusion on Type Il Pyroelectric Detectors, Infrared Phys. 1992,
vol. 33 No. 6, — pp. 475—480

3. R. Muralidharam, R. Mohankumar, P. Ramasamy: Effect of Rare-earth Dopants on the Growth
and Properties of TGS Single Crystals, Journal of Crystal Growth 2002, vol. 234, — pp. 545-550.

4. A. Czarnecka, J. Stankowska: Low frequency dielectric dispersion of L-threonine admixtured
TGS crystals, Physica Status Solidi Basic Research 1998, vol. 207, no. 2, — pp. 557-5635.

5. 8. Aravazhi, R. Jayavel, C. Subramanian: Growth and Characterization of L-alanine and L-
valine Doped Triglycine Sulphate Crystals, Material Research Bulletin 1997, vol. 32, no. 11, — pp.
1503-1513.

6. W. Proszak, M. Trybus, W. Kalita: Modelling of Domain Structure and Pyroelectric Effect in
TGS Single Crystals Doped with Lysine. 5" International Symposium On Microelectronics Technologies
and Microsystems, 7-9 June 2001, Pitesti, Romania.

7. W. Proszak, Researches of selected electric properties of threonine doped TGS single crystals,
Procedings of 6™ Microelectronics Technologies and Microsystems, Journal of Lviv Polytechnic
National University, Vol. 458 (2002).

8. K tapsa, M. Trybus, T. Runka, W. Proszak, M. Drozdowski, Brillouin scattering studies of the
ferroelectric phase transition in L-lysine doped TGS single crystals, Journal of Molecular Structure, Vol.
704 (2004) 215-218.

59



