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ABSTRACT

Pyroelectnic properties, figure of merits, and the other properties ol the Pb(ZnsNbar)Os-PhiFe,.Nbia)(s sys-
tem, as expected to have excellent pyroelectric properiies in the operating temperature range of pyroeleciric
type infrared sensor, were investigated. In the Pb(Zn;aNby,)O-Pb(Fe;Nb»)0s system, suppression of the pyro-
chlore phase dependsd an sinlering condition, as like sinlexing temperature, holding time, sintering atmosphere.
The specimen, sintered by the same composition atmosphere powder at 1050°C for 1.5 b, possessed the best
physical property. It was found thal the piezoelectric parameters were mainly depended on the amount of
spontaneous polarization and then the 0.2PZN-0.8PFN showed the best pyro- and piezeeleclric properties. In
terms of the experimental method, twe pyroelectric-lesting methods, ie. stabic and dynamic methods, had a
same tendency. Also the result of pyroelectric lesting by the static methed mndicated that the diffuse phase
{ransition resulted in the temperature difference of phase transition between dielectric constanl and pyroelectric
coefficient.
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Fig. 1. The curves of spontaneous polarization, pyro-
electric coefficient, and dielectric constant in
case of (a) ABQs, (b) {AAWBB"0; type ferro-
electric materials.
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Table 1. Particle Size Distribution Analysis of Attrition
Milled xPZN-(1—x)PFN Powder at 600 rpm

during 2 h.
Compo- Mean Standard 100%
sition x diameter deviation cumulative
{w (W Size (W)
0.0 0.3839 0.2200 1.14779
0.05 0.3807 0.1947 1.01589
0.1 {14659 0.2485 1.29356
0.2 0.5036 0.3206 1.66525
0.4 0.4008 0.2182 1.14205
0.8 0.4487 02654 138675
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Fig. 2. The formation of free charges by infrared ray
in pyroelectric system.
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Fig. 3. Schematic representation of apparatus to mea-
sure thermally stimulated cwrrent and pyroele-
ctric current.
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Fig. 4. Measuring system of pyroelectric infrared sen-
sor for the voltage responsivity.
{(a) equivalent circuit of the pyroelectric sensor,
(h) measuring circuit ‘
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Fig. 5. X-ray diffrachion patterns of xPZN-{1—x)PFN
sintered at 1000C for 1.5 h.
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Fig. 6. X-ray diffrachon patterns of xPZN-(1—x)PFN
sintered by (a) same composition, and (b) Pb
ZrQ; atmosphere powder.

B3 o]Fo]3 pyrochlore 4Fe] perovskite Ao Ab
Aolgizks A& o 5 Ak &, oA 2deEs}
Axo R ZA4E perovskite 42 HAe] FRlHE AlE
vlehfia, e 2 yEdAelel wE pyrochlore 4
¢ A EHE vl Frl Fig 69 by xPIN-(1-x)
PEN 28 24%g PbZ0; 497 #2g Abgshel
1000 A 243 H=, x=0.8%] EAJ A pyrachlore
Afe] perovskite ALET} 23l welt) t]Se] x=042]
Aol A A} b perovskite P 4AA S 42
T Wgrh ol AA, == PhOY FdwkE A A
= PbZr0, F-417] Eatef nls) 59 =4 47 £
29 Afelle Phel FHUWAl olz; Zng IHYE o
AAIA FL7) dfele B4, 2FA7E B} 954 A
T2 A - AREe ud 5 als AlgkE oH
AlA 47 Jial HeE A gl AR &
4ex 1050t adzds HatA A adHAF
o] A=bgls &7 HI}E Fig. 74 =A)&kgch
PbZrQ; ¥-4]7] e =ik Fod 34 297
g Al d, wmE frAike] BETE AFF
Aeki4e) A4l Fig 8 1050To] 4 1.5 h%et 44

=
7

—752—

14
—=— 2 Shwith PZ alm powder
—— 2 5hwith equal comp powder
12 - —— 1 5h with equal comp powder
10 |
£
2 s
o
E
o
4
2 -
a )
0o 02 04 06 o8
Composition (x)
Fig. 7. Variation of weight loss with sintering condi-

tiens in the xPZN-(1—x)PFN sintered at 10507C,
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Fig. 8. A plot of laftice parameter and density vs. com-
position {(x) of xPZN-(1—x)PFN sintered at
10507 for 1.5 h
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Fig. 9. Microstructure of xPZN-(1—x)PFN {a) x=00, (b) x=008. (&) x=0.1, () x=0.2, (&) x=04, and (0 x=08
sintered al 1050C for 1.5 h.
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Fig. 10. Microstructure of xPZN-(1—2)PFN (a) x=0.0, (b) x=0.05, {¢) x=0.1, (d) x=0.2, {&} x=04, and () x=0.8
sintered at 1100T for 15 h.
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Fig. 11. Microstructure of Q.2PZN-0.83PFN sintered at
(a) 9507, (b) 1000%C, {¢) 1050%, and (d) 1100°C
for 15 h
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Fig. 13. A plot of (a) dielectric constant, and (b) dielec-
tric loss vs. temperature in the 0.2PZN-0.8PFN
sintered at varipus temperatures for 1.5 h.
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Table 2. Piezoelectric Properties of the xPZN-(1—x)PFN Ceramics Sintered at 1050¢.

Composition Experimental f. gain Coupling Piezoelectric Mechnical Frequency
() density phase factor constant d quality constant
(g/cm®) ) K, (pC/M) factor Q. fi-d {Hz'm)
0.0 7.359 7257 0.119 155 386.6 24673
0.05 7.436 87.23 0.270 258 650 4 24433
0.1 7407 82.76 0.187 200 410.5 24175
0.2 7.389 85.28 0.285 367 2884 2.3229
04 7.376 §3.10 0.242 297 230.3 2.2877
0.8 7.072 69.20 0.129 136 270.5 24285
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Table 3. FPyroelectric Properties of the xPZN-(1—x)PFN Ceramics Sintered at 1050T.

Composition Pyroelectric Dielectric Dielectric FMy FMyp
(%) coefficient p constant e, loss tan & (K107 Coem/T) | (X107 Ceem/T)
(107" C/em®-K)
00 5.269 2025 0.0112 1.001 4.252
0.0 3.368 1549 0.0121 0.836 2.998
01 5.769 1880 0.0522 1.180 2241
0.2 7.484 1722 0.0101 1672 65.892
04 6.080 1578 (0.0209 1.482 4.074
0.8 0.967 1009 0.0254 0.369 0.735
where FMy=p/Cv g, FMp:p/Cv‘\/(a-tanS) , Cy=286
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