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Abstract: A technique describing voltage trandformation of a trangently oscillating Piezodectric
Trandformer (PT) has been reported. The fird part is deding with determinaion of input and output
voltage of PT at resonance using Pico scope; a computer based oscilloscope. It was found that, as time
goes, the output voltage of the PT fluctuated due to frequency aging; therefore a second part of
experimental st-up was needed to record transformation retio as a function of trangent time. To do
that, Computer 2 was connected to DMM1 and DMM2, for the purpose of measuring the voltage
trandformation, in additiond to tha, Lab view program was inddled in Computer 2 and used to
caculate voltage ratio as a function of trandent time. In this technique, caution was taken when
interpreting results from resorence (110.50 kHz) relative to PT operdting in frequency (kHz) range
between (1091 110.50 1 114) asafunction of transent time.

Keywords: Drift frequencies; Voltage transformation; Transent time LabView programming; PT;
Piezodectric Transformer; Ascending voltage, Descending voltage;, Pico scope; Computer  based
oscilloscope; Voltage differential probe; GPIB card

1. Introduction

A rapid technique of determining the resonance frequency of a Piezodectric Transformer (PT) or
sensor [1,2] is by exciting it with an interrogation frequency, and then analyzing the output parameters
of the sensor. PT is comparable to quartz crysta resonator, PZT transducers, and other sensors that
measure physcal parameters by tracking the sensor resonance frequency as a function of the
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environmental parameter of interest. While deady-state frequency measurements enable precise
determination of resonance frequency they are inherently time consuming or reaively expensve
requiring insruments such as a spectrum anayzer and other techniques as reported earlier in [3-10]. In
this work the author is describing a characterization technique using an excited PT as Device Under
Test (DUT), this technique has proved to be very accurate and can be gpplied to any kind of oscillating
piezoelectric sensor [11-16], with characteridtic drift frequencies corresponding to their trandgent time.
The described technique in this paper has a measurement resolution of 109 -114 kHz, a vaue
ultimately limited by the behavior of the PT itsdf, with a messurement time of more than 3600
seconds.

The prototype PT was ordered as per customized design from APCI, a piezoeectric manufacturer in
USA, the cogt of production of the single disk PT was gpproximately $180. The PT was then mounted
indde Teflon insulations reedy for eectrical characterization. A frequency below the ant resonance, a
Y is approximately114.20 kHz, (See Figure 1) was used to excite the PT, this frequency caused the PT
to mechanicdly oscillate in turn, the osdllaions in the PT generated a continudly amplified sgnd
voltage that was detected by using Pico scope and digitd multimeters, as the frequency of the excited
PT tends to drift toward resonance (109.50 kHz). While this technique has been demondtrated to be
ussful for determining a trangently oscillating PT, with proper modification, this technique could be
used to determine other sensor platforms, for example, surface acoudsic wave sensors, where
information can be obtained from the drift frequencies of a trangently excited sensor in a few decimd
aboveit’'s ant resonant frequency.

2. Theory

In andyzing materiad usng the resonance method, the piezodectric condants are usudly determined
with greater accuracy from high voltage transducers at any particular resonance frequency as reported
ealier in [17-19]. The piezodectric eement vibrates most efficiently when excited a resonance, a
point where it converts mogt of its dectricd energy input into mechanica energy [20]. The pattern of
PT responsesis depicted in Figure 1.

A

Impedance
=

fa

X <— —>Y

>
Frequency

Fig. 1. Genera curve of impedance versus frequency of a piezoelectric device excited very close to resonance
frequency (fr) between X and Y.

As the frequency from the sgnd generator is tuned to the frequency Y very close to ant resonant of
PT, the device oscillations will firg approach a frequency a which impedance is higher (ant
resonance) or frequency of maximum impedance as denoted as fa This maximum impedance
frequency approaches the resonance frequency, fr, the frequency a which impedance is very smdl in
the driving drcuit, approximately to that of device osdllaions. The sgnd voltage vadues for minimum
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impedance frequency, fr, and maximum impedance frequency, fa, can be scanned as the sensor
oxcillate fredy due to a single excitation frequency a any point Y very close to fa In this paper, the
author has described a sophitticated experimenta technique, and voltage transformation of an excited
PT a Y = 11420 kHz. The changes in drift frequencies and amplified output Sne voltages were
recorded directly to their corresponding transient time as the PT oscillates.

3. Experimental Set-up

The PT was mounted between Teflon insulation using four screws labeled as a, b, ¢, and d. The screws
were used to support the top and bottom Teflon insulations as shown in Figure 2 (8. In this figure
screw number 1 is an input eectrode attached to the ringside of the disk, which is labeled as number 5.
This screw passes though the upper Teflon insulation number 4, to make a contact with platinum
electrode coated on the surface of the disk. Screw number 2 was used as output terminal and connected
to the platinum eectrode (dot sde) through the center of the upper Teflon cover, number 4. The third
screw was inserted to the center of the bottom full-face eectrode or screw number 3 via Teflon cover
number 6; this screw was used as ground electrode for both input and output screw terminals.

1 2
a b C d

C:) —— 4
e 5 P

MF=ldmm, ¥ =1l6mm, F =23 mm

(&) (k)

Fig. 2. In drawing labeled (a) isthe mounting of PT inside the Teflon insulation showing screw terminals for
input and output through upper and bottom Teflon. The diagram labeled as (b) is the parameters of disk PT
marked as X, Y, and Z.

In Figure 2 (b) is a diagram showing the diameters of the disk, X is the dot eectrode that is 8 mm, Y,
is the diameter of both dot and undectroded region which is 12 mm, and Z is the diameter of the disk
which is 23 mm. The picture in Figure 2 (c) is showing the bp and bottom view of mounting positions
of the PT.
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o

Dizk shaped PT (DUT) e, ey e

HE Yt |

(Cj ] : - ‘
.i LI B i v, # —

r stz | /T\.TI s

Biottom Teflon insulstion 10-mm Upper teflon insulation

Fig. 2 (c). A picture showing the side view of both top and bottom Teflon insulations, which supports the PT.

In order to perform test, the Sgnd generator terminds were connected to screw 1 and screw 3, see
screw postions in Figure 2 (8), and tuned to a frequency very close to the ant-resonance frequency,
fa = 114 kHz, of the PT. The input Sgnas were gpplied directly to the ring eectrode of the disk from
the sgnd generaor; the input parameters were then recorded directly from the frequency counter, Pico
scope, digitd multimeter 1 or DMM1, and computer 1. The output signa voltages were measured from
the dot eectrode and the full-face bottom eectrode (common eectrode) by usng the Pico scope,
computer 2, and digita multimeter 2 or DMM2 as shown in Figure 3.

Computer 1
| Computer 2
F. Counter Pico scope Osci”oscope Lab view Program
Modd: M S6100 Model ADC-216
| GPIP Card
ADF25A (M1053) X10/ X100
Voltagedifferential probe
h2 :
< o) Ch1 ‘ c o N
—_ = = G.):
S g § =F
(] [
£ ] 294 PT (DUT) — < ot
S0 = g = g o
< 0w Qv O
O
E @ p—— & -
n T » _ o -
9' lllllllllll y: 3
GPIB Cable 1

Fig. 3. Set-up for characterization of an excited PT; voltage transformation as a function of resonant frequency,
drift frequencies, and transient time.

For this case, the sgnd generator was then set to few decimds higher than that of the PT, this was a
controlled input sine voltage (8.0 RMS Voltage) set to vibrate at 114.20 kHz, an excitation frequency
which was higher in few digits (0.20 KHz) very close to the ant resonant frequency of the PT. After the
PT was interrogated by usng 114.20 kHz, it continued to oscillate fredy in frequency range less than
that of fa as time goes it produced an amplified sgnd voltage, and the drift frequencies shifted toward
the center frequency, fr, as the PT continues to oscillate. This effect caused a maximum amplified
voltage of trangently excited PT with higher output sgnd voltage observed a the center frequency.
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The experimental results of this PT were reported within the frequency range (X | fr i fal U), where
X=109 kHz, was the lower frequency to the left of resonance curve, the maximum output sgnd
voltage was observed at resonance (fr = 110.50 kHz).

The trandformation ratio was then cadculated automaticadly; usng output to input voltage ratio
parameters recorded usng DMM 1 and DMM 2; connected to Computer 2 through GPIB card 1 and
GPIB cad 2. To tet the exact trandent time stability of the PT, a computer controlled Lab view
program was nade and indalled in Computer 2. This program was used to caculae the transformation
ratio of the PT as a function of trangent time. The block diagram in Figure 4 is showing the program
used to caculate voltage transformation as a function of trandent time.

PUCrtke oF replae

'-_U:I—‘@Eé_ﬁ_' I ML@

|

Fig. 4. The block diagram showing lab view program used to read data from Digital Multimeter 1 (DMM1) and
Digital Multimeter 2 (DMM2), this program was then used to calculate the transformation ratio as a function of
time of an excited Piezoelectric Transformer (PT).

In this program, Digitd multimeter 1 or DMM 1 was programmed to read input voltage while DMM 2
was programmed to read output voltage. The block labeled as number 1 tracked voltage parameters of
DMM1 and that labeled as number 2 tracked voltage parameters of DMM 2. The ratio of DMM 2 to
DMM 1 gave the voltage transformation ratio as a function of time. A file was created to read and
display voltages from DMM 1 as input voltage (V in), and DMM 2 as output Voltage (V out). The
collected data had output voltage (V out), input Voltage (V in) and Voltage transformation ratio (V out
/ V in). Thee data were then put into Microsoft exce to derive the curve showing voltage
transformation as a function of trandent time and drift frequencies.

4. Results and Discussions

The voltage transformation of a continudly oscillating PT has been presented in two parts, the firs
part has been reported as transformation ratio of the PT a resonance only, the second part has been
reported as transformation ratio of the PT due to drifting frequencies in between 114 kHz and 109 kHz
as a function of trandent time. The firs part of the results is shown in Figure 5, the curve indicated by
green lineisthe output voltage (160 V), while blue line indicates the input voltage (8.0 V).
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Fig. 5. The input and output voltages as displayed on Pico scope oscilloscope screen when the PT was excited at
110.5 kHz. The green line shows the output voltage (160 V) while the blue line shows input voltage (8.0 V).

The behavior of sgna voltage of this PT seemed to be ungtable, and decreased rapidly as frequency
tends to drift from 110.50 kHz to 109 kHz due to dielectric and mechanica losses of the PT. In Figure
6 (a) and Figure 6 ), is the curve, which shows transformetion ratio as a function of drift frequencies.
The curves were obtained by plotting the data point of RMS voltages againgt drift frequencies, these
data were obtained by direct reading and teking data from the computer based oscilloscope or Pico
scope. Then, the stopwatch was used to record the variation of trandgent time as voltage transformation
changes. The data of voltage transformation againgt drift frequencies were then plotted with their
respective time starting from 51 seconds to 5117 seconds.

183 1 F20(3)
123
17.3 1
E 173
16.3 1
163
153 1
= ,E\ES.E .
E Bhe 5143 1
o =
B4 5133 1
= N =
g 123 =123
k= 8
g 11,32 o § 113
k7 5] 1
g 103 4 % 103 4
[_|
23 4 E 07 -
23 4 23
731 73 \
10918
g3 £ 7 S117(5) : £ 11380
31 (53 63 » kH= kH=
53 :_I_LI_I_'_I.I_I_I_'_I_I_I_I_'_I_I_I_I_'_I_LI_I_H 53 3 - t + -
109 110 111 112 113 114 0 1000 2000 3000 4000 SO00
Frequency (kHz) Time (3)

(&l [15)]

Fig. 6. The voltage transformation of the PT as a function of drift frequencies and time; In Figure 6 (a) is
voltage transformation as a function of frequencies while Figure 6 (b) represents voltage transformation as a
function of transient time.
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The voltage transformation in Figure 6 (a) showed that a 51 seconds the voltage transformation was
6.30 a 11390 kHz. The voltage trandformation of this PT continued to increase until it reached
resonance at 11050 kHz after 920 seconds, a this point the voltage trandformation was a its
maximum peak (18.30) and saturated. The data taken after 5117 seconds have shown that after voltage
transformation reached saturation at (110.50 kHz), the frequencies of the PT continued to drift toward
left, and transformation ratio decreased to 6.30 a 109. 40 kHz. Figure 6 (b) is showing the reverse path
of drift frequencies of results shown in Figure 6 (a) because the voltage trandformation increased from
(114 kHz) toward resonance (11050 kHz). Any initid excitation frequency that is lower than
resonance (110.50 kHz) had caused descending voltage transformation away from resonance, which
vaied with drift frequencies, for example, the voltage transformation decreased from 11.30 to 6.3
when frequency shifted from 110.23 kHz to 109.78 kHz a 2100 seconds and 5117 seconds,
regpectively. The voltage transformation has shown an ascending behavior when the PT was excited
with frequency higher than resonance, for example, the voltage transformation increased from 6.30 to
10.30 when the drift frequency of the PT shifted from 113.90 kHz to 112.23 kHz; respectively.

Experimentdly; it was difficulty to capture the trangent time data without having a stopwatch. In order
to capture trandent time and voltage transformation in red time, a lab view program was ingdled in
Computer 2 and used to capture voltage transformation as a function of time. By usng this technique,
it was possible to record voltage trandformation as a function of time for more than 3600 seconds. The

results are depicted in Figure 7. These results have shown the same voltage trandformation and the
same patterns as those observed in Figure 6.

18 4
16 §
14 4

12 4

[=2100 seconds

1o+ 1= 110.23 kHz

Voltage Transformation Fatio (Vout! Vin)

35 535 1035 1535 2035 2535 3035 3535
Tune ()

Fig. 7. Voltage transformation of a PT as a function of transient time when the PT was excited at 114.20 kHz, as
the PT oscillates freely, the voltage transformation was recorded as a function of time from 35 seconds to 3600
seconds.

The voltage fluctuation came from the PT itsdf, eg., from didectric as well as the mechanica losses
and temperature rise from the PT as it ostillates. The voltage behaviors caused by initia excitation or
an interrogation frequency (114.20 kHz) have shown that the PT could be operated successvely in
more than 3600 seconds with transformation ratio higher than 6.3, a frequencies lower or higher than
resonance.
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5. Conclusions

The voltage transformation observed in the first part of this investigation, has indicated thet resonance
techniques underestimate the value of voltage trandformation due to the didectric and mechanica
losses, which is a function of trandent time and drift frequenciess When a PT was excited a a
frequency very close to its resonance (110.50 kHz), the output signal voltage was at its maximum peak
showing transformation ratio of 184. As the PT ostillates with time, the transformation ratio decayed
exponentidly as the frequency drifted toward left from 110.50 kHz to 109 kHz. In order to record this
data in red time and publish the results;, DMM1 and DMM?2 were added to the experimenta set-up and
connected to computer 2 through GPIB card 1 and GPIB card 2. In additiona to that the lab view
program was made and ingtalled in Computer 2.

By udng this st-up, it was possble to capture and record voltage transformetion retios and
frequencies of an ostillating PT as a function of trangent time. It was found that when the PT was
interrogated with a single frequency (114.20 kHz), the frequency drifted from right to the left. It was
noted that caution should be taken when interpreting results from the resonance method for any sensor
relaive to PT, because, large number of piezoeectric parameters of sensors and other piezoeectric
devices have been presented only at resonance, neglecting the drift frequencies and trandent time
dependency. In this experiment, specid caution has been taken, and proven by interpreting the voltage
transformation results of a PT, excited from a sngle interrogation frequency (114.20 kHz), the effects
of trandent time, and drift frequenciesin voltage transformation, have been demongtrated.
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