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Abstract. A system is described in which a recently proposed method is utilized. 
The selective polarization is achieved by means of m,.cycle polarization voltage, 
m = 1, ... , 5. The value of this voltage in each cycle is constant and can be 
adjusted in the range ±30 Y. The duration of each cycle is h ::::: 0.32 s. The depo
larization current id is converted to a voltage 'U = -Rid, where R = 106 -108 0. 
This voltage is digitized by means of a digital oscilloscope and the digitized data 
is sent to IBM PC for storage and processing. The first measurements show the 
existence of the proposed SPD-thermograms and the efficiency of the system. 

PACS number: 77.22.Ej 

1. Introduction 

A new type of them1ograms for investigation of polar dielectrics was proposed in 
[1]. They are measured by periodic repetition of cycles Selective Polarization
Depolarization and here will be termed SPD-thennograms. 

The measurement of SPD-thermograms requires a system that is greatly different 
from traditional instruments available for study of dielectrics in the time and frequency 
domains [2-6]. Such system has to contain these main parts: 

(a) a generator of polarization voltages; 
(b) a meter of ilie charge q21; 
(c) a kit of switches for fast altering ilie operating modes (polarization/depo

larization); 
(d) a control unit; and 
(e) a unit for quick data acquisition. 

Here, the first system for measurement of SPD-thermograms is described. The terms 
and the notation used are the same as in work [1]. 
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2. System Description 

The system block-diagram is shown in Fig. 1. 
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unit sample clock 

Fig. 1. System block-diagram 
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L, H - terminals of the m'easuring capacitor containing the sample under investigation; GPY - a 
generator of polarization voltage. Generates ni-cycle polarization voltages, where mis from \ to 
5; DAC - a \ 0-bit digital-to-analog conve1ier. Uses the output voltage of a counter and generates 
a linearly increasing voltage Us which controls the temperature of the sample w1dcr investigation ; 
1-U conve1ier - a unit that converts the depolarization current id(t) into a proportional voltage 
u(t) (RF= 1-100 MO, R1 = 5.11 kO); the op-amp is LF355; TEK 5223 - a digital storage 
oscilloscope Tektronix 5223, option I 0, used here as an analog-to-digital converter; GPIB -
General Purpose Interface Bus (IEEE 4888 interface). The control unit produces signal s and 
some other signals, not shown here, that control the system 

An 1-U converter converts the depolarization current id(t) in a proportional voltage 
v(t). A digital storage oscilloscope Tektronix 5223 with a build-in GPIB interface, in 
Talk Only mode, is used as a 10-bit analog-to-digital converter. Its Sample Clock pulse 
train is obtained by dividing the main's frequency on I, 2, etc. (We do not use the 
internal Sample Clock of TEK 5223.) Thereby the error caused by the voltage of the 
main is approximately the same for each measured value of the depolarization current. 

An IBM compatible PC with a GPIB interface [7] acquires and processes the digital 

values of the depolarization current. 
The period of pulse train Sample Clock, Tse, is 20 ms or more because of the low 

data transfer rate between the computer and TEK 5223 (approximately one byte for 

10 ms). 
One value of charge q21 is calculated from a set of depolarization current values 

measured in an entire PDPD-cycle, that is, in two consecutive cycles Polarization -
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Depolarization (PD-cycles). The first of these PD-cycles is "positive" and the second 
one is "negative". In such two PD-cycles, the depolarization current has the same 
magnitudes and waveforms, but opposite signs. The used values of the depolarization 
current are calculated by subtraction of the corresponding values measured during the 
positive and during the negative PD-cycles. Thus the errors that are equal in these 
two PD-cycles are removed. Such errors can be caused by the voltage of the main, 
by the output offset voltage of the 1-U converter, and by the "zero" line offset of the 
oscilloscope. 

The capacitor with the sample under investigation is placed in the camera of a 
thermostat that supplies constant and linearly increasing temperatures from several 
degrees above the environment temperature till 90 °C. 

The temperature in the camera is controlled by voltage Us generated by a 10-bit 
Digital to Analog Converter (DAC). The DAC input receives the output number of 
a binary counter. Each falJing edge of pulse training s increases this number by one 
and the temperature in the camera by 0.07 °C. Signal s is high leveled only during 
depolarizations in positive PD-cycles, i. e. once per PDPD-cycle. So the temperature 
in the camera increases by 0.07 °C for each PDPD-cycle, and one thermogram contains 
1023 PD PD-cycles. 

After starting the measurement procedure, the PDPD-cycles are repeated periodically 
and voltage Us increases linearly. The thermostat reaches steady-state mode after two 
minutes and then the temperature of the sample under investigation begins to increase 
linearly, too. 

Switches K 1 to K 3 (K1 and K 2 are contacts ofreed relays and K3 is MOS transistor) 
change the operation mode. When K 1 and K 3 are closed and K 2 is opened the sample 
under investigation is polarized; when K 1 and K 3 are opened and K2 is closed it is 
depolarized. 

During measurement of a thermogram the oscilloscope constantly sends and the 
computer receives pairs of bytes. Each pair consists of a Most Significant Byte and a 
Least Significant Byte and presents one read value of the depolarization current (one 
sample). 

The oscilloscope is adjusted so that its sweep is triggered (through channel 2) by 
rising edges of pulse train s. So each pair of bytes with an attribute "triggered'', that 
follows a pair without this attribute, is a first pair measured during depolarization in a 
positive PD-cycle (during a positive D-cycle). 

2.1. Control Unit 

The control unit (Fig. 2) produces a few signals that control the system. Frequency 
divider D decreases 16 times the frequency of pulse train C15 = Sample Clock of 
TEK 5223 and the result is the system clock c. Two consecutive falling edges of 
system clock c define one system cycle (Fig. 3); the duration of one system cycle is 
h = 16Tsc- Active for divider D are the falling edges of signal C15 = Sample Clock. 
That is why all edges of system clock c, as well as the beginning and the end of each 
system cycle, coincide with falling edges of pulse train Sample Clock (Fig. 3). On the 
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hand, TEK 5223 gets samples during its rising edges. Therefore, the oscilloscope reads 
exactly 16 samples in one system cycle and none of them coincides with the beginning 
or with the end of this cycle. 
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Fig. 2. Control unit 
B 1 -B3 - buttons stop, step and start; Kb-K~ - switches for setting up the number of system 
cycles in P-cycle; Kf;-K;1

1 - switches for setting up the number of system cycles in D-cycle; 
D - frequency divider; c - the system clock; CY, DL, ... - output signals that control the 
system. As input pulse train c16 , the Sample Clock of TEK 5223 is used 
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Fig. 3. Tnput signal of the control unit Cl6 and system clock c 
The arrows show when TEK 5223 takes samples 

The number of system cycles during one polarization (in a P-cycle) m i~ set by 
means of switches Kb to K3 (Fig. 2) and the number of system cycles dunng one 
depolarization (in a D-cycle) Nd + 1 is set by means of switches ~<i to K~'1 · T~e 
number of samples made by TEK 5223 in one P-cycle is 16m and m one D-cycle ts 

16(Nd + 1). 
Signal DL (Fig. 2) is high leveled (DL = 1) during each D-cycle. Exactly, DL ~ 1 

is a command for performing a depolarization and D L = 0 is a command for performmg 

a polarization. 
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Signal D L * is similar to signal D L. The difference between them is that the high 
level of D L * appears little later than the high level of D L; the delay is Tse- This 
delay is greater than the time needed for disappearing of the big initial depolarization 
current, coming from the "own" capacity of the measuring capacitor and from the 
fast polarizations is the sample under investigation. Therefore, D L * is suitable for 
switching on the I-U converter. 

The level of signal CY is changed at the beginning of each PD-cycle and defines 
the "sign" of the PD-cycles. The PD-cycles in which the level of CY is high are 
"positive" and the rest are "negative". 

The control unit returns to its initial state. (Ao = · · · = AJ = 0, CY = 1, 
DL = DL* = s = O; first system cycle in a positive P-cycle) after switching the 
power supply on or after pressing the button stop. Then the system-cycle number 
can be increased manually by pressing the button step. This provides the possibility 
to check and adjust the polarization voltages in all the system cycles that assemble a 
P-cycle. 

After pressing button start, the control unit begins to generate periodic control 
signals which define consecutive PDPD-cycles (Fig. 4). 
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~ l.J21.J!!_ 
DL • 1.._, ___._.: 

: 

CY~ 
: 

s --+1:.--~ 
positive PD-cycle negative PD-cycle next PDPD-cycle 

Fig. 4. Operating wavefonns of the control unit for m = 2 (two-cycle polarizations) 
and Nd= 3 (four-cycle depolarizations) 
Since the value of m is small, signals A 2 and A 3 , not shown here, arc constantly 
low-leveled. (See text in section 2.1) 
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2.2. Generator of Polarization Voltage 

The generator of polarization voltage (Fig. 5) produces m-cycle polarization voltages, 
1 ;::: m ;::: 5, which are constant during a system cycle. 

1 2 

CY 

3 
Fig. 5. Block-diagram of the gen
erator of polarization voltage 
(1) primary generator of polariza
tion voltage; (2) polarity switch; (3) 
high voltage amplifier 

The primary generator of polarization voltage contains five groups of two poten
tiometers, and an analog multiplexer operated by signals A0 , A1 and A2 (A 3 is not 
used). In the first system cycle (of the P-cycles), the polarization voltage is adjusted 
crudely and exactly by means of the first group of potentiometers; in the second system 
cycle it is adjusted by means of the second group, etc. 

The polarity switch multiplies the polarization voltage by + l in the positive PD
cycles and by -1 in the negative. 

The high voltage amplifier increases the level of the polarization voltage up to 

±30V. 

2.3. I-U Converter 

The diagram of the I-U converter is outlined in Fig. 1. Its output voltage is u(t) = 
- RFid(t), where id(t) is the depolarization current, and Rf= 1-100 MO. 

It is well-known that a current-to-voltage converter of this type works well if the 
source of its input current has an active output impedance and if this impedance is 
sufficiently large. Its properties however are worsened when it is used for conversion 
of depolarization current. The reasons for this are two: (a) The measuring capacitor 
causes a phase delay in the feedback loop. (b) The voltage gain from the measuring 
capacitor to the output of the converter is very large and even small noise on this 
capacitor worsens significantly signal-to-noise ratio. The detailed consideration of 
these topics is beyond the scope of the present paper. 

2.4. Software 

The system software consists of about 30 subroutines and program SpdTgmlO written 

in Borland Pascal. 
Program SpdTgml 0 measures a complete thermogram and writes it in a disk file in 

more details, it does the following: 
(a) Initializes the system. 
(b) Receives from the operator data for the sample under investigation and for the 

system settings. 
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(c) Makes a "refresh" of the GPIB interface. For doing this it takes quickly 40 bytes 
from the interface. (It was found experimentally that the number 40 is suitable.) 
After that, it continuously and quickly accepts all bytes sent via GPIB. So it 
avoids data ove1TUn (and data loses) in the oscilloscope. 

(d) Amongst the accepted bytes it finds a Least significant byte and thereby becomes 
able to identify the pairs Least significant byte - Most significant byte. 

(e) Finds the first pair of bytes sent during a positive D-cycle. So it becomes able 
to identify the D- and P-cycles. 

(t) Allows the temperature to increase, and 1023 times: measures a value of charge 
Q21 and detem1ines the error code of this value. 
If finds out data overrun in the oscilloscope or a failure in the system synchro
nization, terminates the measurement and stops. 

(g) Writes in a disk file the measured values of charge q21 and all data for the sample 
under investigation and for the system settings. 

3. Experimental Results 

The system described here has the following specifications: 
(a) number of system cycles during a polarization m ::; 5; 
(b) nwnber of system cycles during a depolarization Nd+ 1 ::; 2046; 
(c) "amplitude" of the polarization voltage Upnax ::; 30 V; 
(d) polarization voltage in a system cycle - only constant; 
( e) system cycle duration h ~ 20 ms; 
(t) number of samples (measurements of depolarization current) in system cycle -

fixed, equal to 16; 
(g) parameters d1 > 0 and d2 > 1 - practically free [1]. 
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Fig. 6. SPD-thermograms measured 
with cellophane 
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thermogram A is h = 0.32 s, and 
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Two thermograms measured with a sample of cellophane are presented in Fig. 6; 
the used measuring capacitor is outlined in Fig. 7. The measurements procedures for 
thermograms A and B differ only in the duration of the system cycle h. For thennogram 
Ah = 0.32 s and for thermogram B h = 0.8 s. The maxima of these thermograms have 
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to be the same in magnitude [l]. As it is seen however, the maximum ofthermogram 
B is smaller. This is possibly due to a change of the sample moisture during the 
measurement. It also can be seen that the shapes of the thennograms are different. 
Hence, the activation energies of the dipoles that cause the measured peaks are not 
equal [ 1]. 

35 

Fig. 7. Measuring capacitor 
(1) the sample under investigation; (2) capacitor plates made of 0.3 mm thick aluminum foil; 
(3) 0.035 mm thick Teflon insulation; ( 4) squeezing plate; (5) the wall of the thennostat 
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