
C h a p t e r  4

R e s u l t s  a n d  d i s c u s s i o n

D oping effect on physical, electrical, and optical properties o f 

P LZT (3/52/48) ceramics is shown and discussed in this chapter.

4.1 C h a ra c te r iz a tio n  o f P L Z T  p ow de r

4.1.1 D e te rm in a tio n  o f c a lc in in g  te m pe ra tu re  fo r  P L Z T  
pow de r

The calcin ing temperature o f  P LZT powder was determined by 

perform ing heat treatment o f  the samples at d iffe ren t temperatures and 

detecting a perovskite phase. Fig. 4.1 shows the X -ray d iffrac tion  

patterns o f  raw P LZT powder calcined at 850, 900 and 950 °c  fo r 10 h 

and o f  P LZT  sample sintered at 1250 ° c  fo r 2 h. Calcined powder at 850 

° c  showed a m ixture o f  P b Z r0 3 and P b T i0 3 w h ile  a single-phase 

perovskite w ith  partial crysta lliza tion was observed in P LZT  calcined at 

900 ° c . A  single peak o f  the plane (111) and tw o peaks o f  planes (002) 

and (200) indicated the crysta lliza tion o f  tetragonal perovskite phases. 
(3,52.53) Y h g y  were observed in the powder calcined at 950 ° c  fo r 10 h. 

Hence this temperature was selected fo r the calcin ing condition o f  PLZT 

powder which was sim ilar to the condition o f  Poosanaas in 1999.<3) In 

addition, PLZT sample sintered at 1250 ° c  for 2 h shows the single phase 

o f  tetragonal perovskite w ith  high c rys ta llin ity  as shown in the same 

figure.
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Fig. 4.1 X R D  patterns o f  P LZT (3/52/48) powder under d iffe ren t heat 
treatment and sintered sample
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SEM  micrographs o f  calcined powder prepared by a conventional 

oxide m ix ing  method are shown in Fig. 4.2 and 4.3. Fig. 4.2 shows as- 

calcined powder before m illin g  o f  which agglomerated particles was 

clearly observed. Fig. 4.3 shows the dispersion o f  powder after m illin g  

fo r 10 h. Average particle size o f  m illed  powder is in the range o f  0.6 -

0.8 pm.

4 . 1 . 2  M i c r o s t r u c t u r e  o f  c a lc in e d  P L Z T  p o w d e r

Fig. 4.2 SEM  micrograph o f  PLZT (3/52/48) powder calcined at 950 °c  

fo r 10 h (before m illin g )

15 k v  X 10,0 0 0 1 pm

15 k v  X 10.0 0 0 -  '1  pm 000001

Fig. 4.3 SEM  m icrograph o f  calcined PLZT (3/52/48) powder after 

m illin g  fo r 10 h
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4.2 Dependence o f  la tt ic e  pa ram e te rs  on dopan ts

Lattice parameters o f  all doped P LZT  samples were determined by 

the values o f  d-spacing o f  (002) and (200) peaks. Table 4.1 shows the 

varia tion o f  lattice parameters w ith  the types o f  dopant. Theoretical 

density or X -ray density is calculated from  the predicted molecular 

w eigh t w hich according to the formulas in Table 2.2 or 2.3.

Table 4.1 Lattice parameters and X -ray densities o f  0.5 at% doped PLZT 

(3/52/48) ceramics sintered at 1250 °c  fo r 2 h

Doping Lattice parameter ( ) tetragonality cell volume Molecular weight X-ray density

Ions c a (c/a ratio) ( Â  3) (g/mol) (g/cm3)

Undoped 4 1339 4.0359 1.0243 67.3350 323.05 7.966

B3* 4 1339 4.0496 1.0208 67.7929 322.84 7.907

Ba2* 4.1301 4.0460 1.0208 67.6102 322.70 7.925

B i3* 4.1339 4.0393 1.0234 67.4485 322.97 7.951

Co2* 4 1339 4.0393 1.0234 67.4485 323.17 7.956

Cr3* 4 1303 40325 1.0243 67.1630 323.05 7.987

Cu2* 4 1375 4 0393 1.0243 67.5072 323.19 7 949

Fe3* 4 1375 4 0461 1.0226 67 •'347 323 06 7 919

Gd3* 4 1303 4.0427 1.0217 67.5032 322 71 7 938

K* 4 1375 4.0393 1.0243 67.5072 322 30 7 927

L i' 4 1375 4 0427 1.0234 67.6209 323.00 7 931

M l,3* 4 1267 4.0359 1.0225 67.2177 323.06 7 980

Nb5* 4.1339 4.0703 1.0156 68.4877 323 07 7.833

N i2* 4 1303 4 0461 1.0208 67.6168 323.17 7 936

SeJ* 4 1375 4.0461 1 0226 67.7347 323.09 7.920

รท4' 4 1303 4.0461 1.0208 67.6168 323.29 7 939

Sr2' 4.1339 4.0427 1.0226 67.5621 322.45 7 925

V 5' 4 1339 4 0427 1.0226 67.5621 322 86 7 935

พ 1" 4 1125 4 0668 1.0112 68.0161 323 44 7.896

y  -* J 1303 4 9427 1.0217 67 5032 322 37 7 930

Zn2' 4 1375 4 0427 1 0234 67.6209 323 20 7 936

The tetragonality o f  all the samples was calculated by a "c/a" ratio. 

It can be seen that all the dopants reduce the tetragonality o f  PLZT 

crystal but not to a sign ificant extend. However, N b 5+ and พ 6, dopants 

seem to decrease the tetragonality o f  PLZT ceramics more than the
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Others. Th is  fin d in g  is s im ila r to the results o f  previous investigators. 
(3.52) Yhere js n0 s ign ifican t d iffe rence in X -ra y  densities o f  a ll samples. 
The c/a ratios are in  the range o f  1.0112 fo r พ 6+ doped and 1.0243 fo r  
undoped samples. X -ray  densities are in the range o f  7.832 g/cc fo r N b 54 
and 7.992 g/cc fo r C r34 doped samples.

Te tragona lity  o f  the samples in fluence the e lectrica l properties o f  
P LZT  ceram ics. I t  has also been found by the previous study that grain  
size affected the te tragona lity  o f  PZT (52 /48 ) ceram ics.'I6)

1.0400 1--------------------------------------------------------------------------------— ——1

Undoped 1 2 3 4 5 6

Valency of dopant

Fig. 4.4 Dopant va lency as a func tion  o f  te tragona lity  o f  0.5 at% doped 
P LZ T  (3 /52 /48 )



4 1

B u lk  densities o f  the samples measured by the A rch im edes method  
are shown in Table 4.2. The re la tive  density is the percentage o f  b u lk  
density to  theore tica l density. The re la tive  densities o f  a ll the samples 
are in the range o f  95.43 % fo r N i2+ and 99.96 % fo r N b 5+ doped.

4 .3  D e n s i ty  o f  d o p e d  P L Z T  c e ra m ic s

Table 4.2 B u lk  and re la tive  density o f  0.5 at% doped P LZ T  (3 /52 /48 ) 
ceram ics

Doping Ions bulk density 
(g/cmb

theoretical density 
(g/cnf)

relative density 
(%)

Undoped 7.827 7 966 98 26
B2* 7.898 7.907 99.89
Ba2* 7.819 7.925 98.66
Bi1+ 7 812 7.951 98.25
Co2* 7 807 7.956 98.13
Cr2* 7.718 7 987 96 63
Cu2* 7 728 7.949 97.22
Fe’” 7.858 7.919 99 23
Gd2* 7.802 7.938 98.29
K’ 7 616 7 927 96 08
1.1* 7 689 7 931 96 95
M ท 2 ' 7 663 7 980 96 03
Nb5* 7 829 7 833 99 95
Ni2* 7 573 7.936 95 43
Se" 7 818 7.92 98 71
รทJ* 7 732 7.939 97 39
Sr2’ 7 815 7 925 98 61
V5* 7.764 7 935 97 84
พ',' 7 662 7.896 97.04
Y2* 7 739 7.93 97 59
Zn2‘ 7 796 7.y_>6 98.24
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M icrostruc tu res o f  P LZT  ceram ics sintered at 1250 ° c  fo r 2 h were 
exam ined by a Scanning E lectron M icroscope (SEM ). F ig. 4.5 a -u  show  
the SEM  m icrographs o f  a ll polished and the rm a lly  etched samples. 
Small amounts o f  in te rg ranu la r and in tragranu la r pores were observed in 
a ll the samples. Okazaki, K .; Nagata, K .<6) and Y in , z . พ .(54) suggested 
that size and amount o f  poros ity  affected the desired properties o f  P LZ T  
ceram ics.

The average gra in sizes were calcu la ted from  the SEM  m ic ro ­
graphs by the line  intercept method. Table 4.3 shows the average grain  
sizes o f  0.5 at°/o doped P LZT  (3 /52 /48 ) ceram ics sintered at 1250 ° c  fo r 2 
h. These average gra in  sizes are in the range o f  0.9 -  2.0 pm.

Table 4.3 Average gra in  size o f  0.5 at% doped P LZ T  (3 /52 /48 ) ceramics 
sintered at 1250 ° c  fo r 2 h

4 .4  M ic r o s t r u c t u r e  o f  d o p e d  P L Z T  c e ra m ic s

Doping Ions average grain size 
(pm)

Undoped 1.13
b 3+ 0.90
Ba2* 0.98
Bi3' 1.07
Co2' 1.63
Cr3* 1.25
Cu2+ 1.12
Fe3* 1.21
Gd3 1.10
K* 1.34
Li* 0.96

Doping Ions average grain size 
(fim)

Mn3* 1.34
Nb5* 1.27
Ni2* 1.35
Sc4' 1.05
รท4' 1.20
Sr2* 1.10
V 5* 1.12
พ 6* 1.96
Y 3* 1.32
Zn2' 1.50



20 k V  * X  5,0 0  0  5 \Lm  000003

Fig. 4.5 a. SF.M micrograph o f undoped PLZT (3/52/48) ceramics

20 k V  X 5,0* 0  0  5 1แท 000032
F ig .  4 .5  c. S E M  m ic r o g r a p h  o f  0 .5  a t°/p  B a O  d o p e d  P L Z T  ( 3 / 5 2 / 4 8 )

c e r a m ic s

Fig. 4.5 b. SEM micrograph o f 0.5 at% B2O3 doped PLZT (3/52/48) 
ceramics

F ig .  4 .5  d . S E M  m ic r o g r a p h  o f  0 .5  a t%  B i 20 3  d o p e d  P L Z T  ( 3 / 5 2 / 4 8 )
c e r a m ic s



Fig. 4.5 e. SEM micrograph o f 0.5 at% CoO doped PLZT (3/52/48) 
ceramics

F ig .  4 .5  g . S E M  m ic r o g r a p h  o f  0 .5  a t%  C u O  d o p e d  P L Z T  ( 3 / 5 2 / 4 8 )
c e ra m ic s

Fig. 4.5 f. SEM micrograph o f 0.5 at% Cr2 Û3 doped PLZT (3/52/48) 
ceramics

F ig .  4 .5  h . S E M  m ic r o g r a p h  o f  0 .5  a t%  F e 2C>3 d o p e d  P L Z T  ( 3 / 5 2 / 4 8 )
c e r a m ic s  Ê



Fig. 4.5 i. SEM micrograph o f 0.5 at% GcFO;! doped PLZT (3/52/48) 
ceramics

F ig .  4 .5  k .  S E M  m ic r o g r a p h  o f  0 .5  a t%  L i 2 0  d o p e d  P L Z T  ( 3 / 5 2 / 4 8 )
c e ra m ic s

Fig. 4.5 j. SEM micrograph o f 0.5 at% K 2 O doped PLZT (3/52/48)

20 k V X  5 .0  0 0  ร เฬท 000020
F ig .  4 .5  1. S E M  m ic r o g r a p h  o f  0 .5  a t%  M n -O -S  d o p e d  P L Z T  ( 3 / 5 2 / 4 8 )

c e ra m ic s •t-L/ไ
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F ig .  4 .5  0 . S E M  m ic r o g r a p h  o f  0 .5  a t°/o  S e 0 2  d o p e d  P L Z T  ( 3 / 5 2 / 4 8 )

Fig. 4.5 m. SEM micrograph o f 0.5 at% NbiOs doped PLZT (3/52/48) 
ceramics

c e ra m ic s

20 k V X 5 .0 0  0  5 |im 000026

Fig. 4.5 ท. SEM micrograph o f 0.5 at% NiO doped PLZT (3/52/48) 
ceramics

F ig .  4 .5  p . S E M  m ic r o g r a p h  o f  0 .5  a t%  S n C >2 d o p e d  P L Z T  ( 3 / 5 2 / 4 8 )
c e r a m ic s



Fig. 4.5 q. SEM micrograph o f 0.5 at% SrO doped PLZT (3/52/48) 
ceramics

Fig. 4.5 ร. SEM micrograph o f 0.5 at% WO} doped PLZT (3/52/48)
c e ra m ic s

ธ Jim 0 0 0 0 1 2

Fig. 4.5 r. SEM micrograph o f 0.5 at% V 2 O5 doped PLZT (3/52/48) 
ceramics

F ig .  4 .5  t .  S E M  m ic r o g r a p h  o f  0 .5  a t%  Y 2O 3 d o p e d  P L Z T  ( 3 / 5 2 / 4 8 )
c e r a m ic s



Fig. 4.5 น. SEM micrograph o f 0.5 at% ZnO doped PLZT (3/52/48)
ceramics
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F ig . 4.6 D opant valency as a func tion  o f  the average grain size o f  0.5 at% 
doped P L Z T  (3 /52 /48 ) ceramics

F ig . 4.6 shows dopant valency as a func tion  o f  the average grain 
size o f  0.5 at%  doped P L Z T  (3 /52 /48 ) ceramics. W ith  the exception o f  
W 0 3, it  seems that the rest o f  the dopants em ployed have no s ign ifican t 
e ffect on the average gra in  size. H ow ever, the anom alous grain g row th  
observed in  the 0.5 at% W 0 3 doped P L Z T  (3 /25 /48 ) ceramic w hich 
needs fu rth e r con firm a tion .

C o 1'- M n

1.13 Undoped •  ̂ Ni F eb

พ'’

2 CÏL *"Sr2 gT • Bi3
Ba

1 C r รท N b5*
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R oom  tem perature d ielectric constant (K )  and the d issipation 
fac tor (D ) o f  poled samples measured at five  d iffe ren t frequencies, 100 
H z, 1 kH z, 10 kH z, 100 kH z  and 1 M H z , are shown in  Tab le 4.4

Tab le  4.4 D ie lec tric  constant (K )  and dissipation fac tor (D ) o f  undoped 
and 0.5 at% doped P L Z T  (3 /52 /48 ) ceramics

4 . 5  D o p i n g  e f f e c t  o n  d i e l e c t r i c  c o n s t a n t

Doping 100 Hz 1 kHz 10 kHz 100 kHz 1 MHz
Ions K D K อ K D K D K D
Mu’* 1308 0.0063 1295 0.0064 1311 0.0067 1299 0.0077 1314 0.0128
Cr3* 1448 0.0187 1434 0.0191 1395 0.0202 1374 0.0212 1426 0.0291
V5" 1471 0,0205 1456 0.0209 141 1 0.0224 1365 0.0273 1338 0 0995
Ni2* 1476 0.0202 1461 0.0206 1416 0.0217 1372 0.0237 1355 0.0324
Y3* 1478 0.0215 1463 0.0219 1477 0.0228 1428 0.0271 1425 0.0438
Co2" 1480 0.0150 1466 0.0153 1432 0.0165 1398 0.0185 1391 0.0271
พ 1489 0.0242 1475 0.0247 1422 0.0253 1370 0.0269 1350 0.0341
K.* 1506 0.0199 1491 0.0203 1445 0 0214 1400 0.0231 1385 0.0284

Cu2* 1513 0.0190 1498 0.0194 1456 0 0204 1412 0.0223 1400 0 0291
Bi3* 1524 0.0212 1509 0.0216 1460 0 0230 1411 0 0251 1393 0.0349
Fev 1530 0.0204 1515 0.0208 1494 0.0217 1422 0.0236 1404 0.0308
รท4’ 1540 0.0198 1525 0.0202 1478 0.0217 1430 0.0236 1412 0.0285
Nb5’ 1547 0.0247 1532 0.0252 1474 0.0281 1417 0.0772 1227 0.3667

Undoped 1552 0.0204 1537 0.0208 1489 0.0221 1435 0.0244 1433 0.0367
Li* 1566 0.0202 1551 0,0206 1506 0.0217 1458 0 0231 1441 0.0282
Se4' 1585 0.0197 1570 0.0201 1522 0 0218 1473 0 0237 1455 0.0294
B3* 1610 0.0205 1594 0.0209 1544 0.0223 1493 0.0242 1482 0.0298
Zn: 1619 0.0203 1603 0.0207 1 556 0.0217 1507 0.0232 1491 0.0295
Ba:* 1626 0 0214 1610 0 0218 1 562 0 0231 1 508 0 0250 1489 0 0319
Sr2' 1645 0 0207 1629 0 02,1 1561 0 0224 1525 0 0226 1508 0 0301
Gd" 1647 0.0189 163 1 0.0193 1582 0 0209 1533 0 0232 1517 0 0301
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Fig . 4.7 D ie lec tric  constant as a function  o f  dopant valency o f  0.5 at% 
doped P L Z T  (3 /52 /48 ) ceramics

D ie lec tric  constant measured at a frequency o f  100 H z shows the 
m axim um  va lue  at 1647 fo r  G d3+ doped P L Z T  ceramic and the m in im um  
at 1308 fo r  M n 3+ doped P L Z T  ceramic. F ig . 4.7 shows the va ria tio n  o f  
d ie lectric  constants w ith  the valencies o f  dopant. It  can be seen that there 
is no s ig n ifican t change in  d ielectric constant o f  P L Z T  ceramics w ith  
dopants, except fo r M n 3+ o f  w h ich  the lo w  d ielectric constant is 
observed. T h is  resu lt is p a rtia lly  due to the low er re la tive  density.
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4 . 6  D o p i n g  e f f e c t  o n  p i e z o e l e c t r i c  c o n s t a n t

The piezoelectric constant (d33) o f  a ll the samples were measured 
w ith  a d33 m eter (B e rlin c o u rt P iezo d-m eter M ode l C A D T ) at an applied 
v ib ra tion  frequency o f  120 Hz. The  p iezoelectric constants o f  undoped 
and doped P L Z T  ceramics are show n in  Tab le 4.5.

Tab le 4.5 P iezoelectric  constants (d33) o f  undoped and 0.5 at% doped 
P L Z T  (3 /52 /48 ) ceramics

Doping Ions d33 ( X 10'12 m /V )

M n3+ 168
V 5' 273

Co2* 312

C r3+ 314

Undoped 315
K* 323

B i3*
B 3* 333

Fe3’ 341

Cu2* 343

Se4* 343

Doping Ions d33 ( X 10‘ 12 m /V )

N i2+ 347

Sr2* 350

รท4* 353

Gd3* 357

y 3+ 357

Li* 358

N b5* - 372

Z n2' 382

พ 6* 384

Ba2* 395
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Fig . 4.8 shows the va ria tion  o f  p iezoelectric  constants w ith  dopant 
valencies. It can be seen that the p iezoelectric  constants show no 
s ig n ifican t d ifference in a ll the samples excepted that o f  M n  dopant. 
T h is  indicates that type o f  the doping ions and the leve l o f  concentration 
(0.5 at% ) employed do not s ig n ifica n tly  a ffect the p iezoelectric property 
o f  the P L Z T  ceramics. T h is  resu lt is s im ila r to the p revious investigation  
by Tan im ura  in 1988.(2) The freak effect o f  M n  doped P L Z T  ceramics on 
p iezoelectric constant needs to be fu rthe r studied fo r  con firm a tion .

>  500 

a *  400
fHX
~  300
32
1 200jl

Fig . 4.8 P iezoelectric constant as a func tion  o f  dopant valency o f  0.5 at% 
doped P L Z T  (3 /52 /48 ) ceramics

Undoped

Valency o f dopant
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P ho tovo lta ic  properties o f  poled P L Z T  samples were measured 
under the illu m in a tio n  o f  high in tens ity  u v  ligh t. L ig h t in tens ity  using 
in  th is  study was 2.10 m W /cm 2. Photovoltage and photocurrent were 
determ ined from  the p lo t between the measured current w ith  the applied 
voltage from  -100 to +100 V , w h ile  the samples were being illum ina ted  
is show n in  F ig . 4.9. Photovoltage (Eph) and photocurren t (Iph) were 
estim ated from  an intercept o f  voltage and current axes, respectively. 
Photoconductance (Gph) was determ ined from  the slope o f  Iph-Eph curve 
o f  each doped P L Z T  cermaics, w h ich  was in  the order o f  10'12 ohm  1 
Tab le  4.6 shows the va ria tion  o f  photovo lta ic  properties w ith  dopants.

4 . 7  D o p i n g  e f f e c t  o n  p h o t o v o l t a i c  p r o p e r t i e s

Applied voltage (V)

Fig. 4.9 P lo ttin g  curve o f  photocurrent as a function  o f  an applied voltage
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Table 4.6 Photovo ltage (Eph), photocurrent (Iph), photoconductance (Gph) 
and photovo lta ic  power (Pph) o f  undoped and 0.5 at%  doped 
P L Z T  (3 /52 /48 ) ceramics

Doping
Ions

Eph
(V/cm )

p̂h
(nA/cm )

Gph
X 10'12 (ohm '1)

p ph
X 10'9 (V A /c m 2)

Co2+ 46 0.02 0.76 0.92

N i2+ 53 0.02 0.60 1.06

C r3+ 73 0.03 0.64 2.19

M n3+ 323 0.17 0.90 54.91

Z n2+ 346 0.39 1.96 134.94

Cu2+ 372 0.13 0.62 48.36

L i+ 424 0.34 1.47 144.16

b3+ 470 0.50 1.87 235.00

Fe3+ 476 0.11 0.39 52.36

v 5+ 498 0.21 0.73 104.58

Undoped 590 0.60 1.90 354.00

Y 3* 593 0.42 1.23 249.06

Se4" 659 0.40 1.04 263.60

K ' 667 0.42 1.10 280.14

N b 5+ 707 0.64 1.59 452.48

รท4" 740 0.43 1.09 318.20

พ 6" 761 0.51 1.21 388.11

B i3 786 0.42 0.99 330.12

S r2 787 0.41 0.92 322.67

Ba2' 845 0.59 1.28 498.55

Gd3' 845 0.55 1.14 464.75
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Fig . 4.10 shows the re la tion  between the photovoltage and the 
photocurrent o f  P L Z T  ceramics. A  dashed line  in Fig. 4.10 represents 
the constant power curve (p ho tovo lta ic  power = Eph X Iph) corresponding 
to the undoped P L Z T . Dopants d ivided in to  five  groups as discussed in 
page 13, g ive d iffe ren t effects o f  photovo la ic  properties. It  is c learly  
seen that donor A -  and B-sites as w e ll as isovalence dopants provide 
h igher p hotovo lta ic  properties w h ile  3d trans ition  dopants decrease the 
properties as compared to  the undoped P L Z T . The acceptor dopants 
provide photovo lta ic  properties in  between the 3d trans ition  and donor 
groups.

o  donor A  site 

□  donor B  site 

A. isovalence  

X acceptor 

o  3d transition  

■  undoped

Fig . 4.10 Photovo lta ic  response as a function  o f  doping ions

4.8 D op ing  e ffec t on p h o to s tr ic t iv e  p ro p e rtie s

Pho tos tric tive  properties o f  a ll the samples aie shown in Table 4.7. 
It must be noted that photo-induced strain or photostric tive  strain were 
calculated using the fo llo w in g  equation:(2'3)
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Xph ~~ ฟ้33 X Eph (1.1)

where Xph is photo-induced stra in 
d33 is p iezoelectric constant 
Eph is photovoltage

Table 4.7 Photo-induced stra in  calculated from  d33 X Eph fo r 0.5 at%
doped P L Z T  (3 /52 /48 ) ceramics

Doping Ions d33
xlO "12 (m /V)

Eph
(V/cm)

Xph
(X l O - 5)

Co2+ 312 46 0.14
N i2+ 347 53 0.18
Cr3+ 314 73 0.23
M il3" 168 323 0.54
Cu2+ 343 372 1.28
Zn2+ 382 346 1.32
V5" 273 498 1.36
L i+ 358 424 1.52
b 3+ 333 470 1.57
Fe3+ 341 476 1.62

Undoped 315 590 1.86
Y3* 357 593 2.12
K+ 323 667 2.15

Se4' 343 659 2.26
Bi3" 332 786 2.61
รท4" 353 740 2.61
Nb5' 372 707 2.63
Sr2" 350 787 2.75
พ 6' 384 761 2.92
Gd3 357 845 3.02
Ba2' 395 845 3.34
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P iezoelectric constant and pho to -induced stra in are found to be 
p ropo rtiona l to pho tovo ltage in P LZ T  ceram ics inco rpo ra ting  dopants as 
shown in F ig . 4.11 and 4.12. D onor A -and  B -s ites as w e ll as isovalence  
dopants (B a2+) are found to increase pho tos tric tion  in  P LZ T  ceram ic. A  
decrease in pho tos tric tive  property is found in P LZ T  doped w ith  3d 
trans ition  elements. D op ing  w ith  acceptor ions p rov ides photo-induced  
stra in in between. Th is fin d in g  is s im ila r to  the p rev ious investiga tions  
by Tan im ura  in  1988.<2)

constant strain

o donor A site 
□  donor B site 
A. isovaience 
X acceptor 
o 3d transition 
■  undoped

Photovoltage ( V / cm )

Fig. 4.11 V a ria tio n  o f  photovoltage w ith  p iezoe lectric constant

o donor A site 
o donor B site 
A isovalence 
X  acceptor 

3d transition 
I undoped

Fig. 4.12 Photo-induced strain as a func tion  o f  pho tovo ltage in P LZT  
(3 /52 /48 ) ceramics
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o donor A site 

□  donor B site 

A isovalence 

X accqrtor 

o 3d transition 

■  undoped

P l i o t o c u i r e n t , Ip h  ( n A  / c m  )

F ig. 4.13 Response speed, d33 X  Iph / c  , as a func tion  o f  pho tocurren t in  
undoped and 0.5 at% doped P LZ T  (3 /52 /48 ) ceram ics

The figu re  o f  m erit fo r response speed calcu la ted by d33 Iph /  c  is 
shown in  F ig . 4.13. I t  was found that pho tocurren t is p ropo rtiona l to the 
m erit o f  response speed. The m axim um  value was found in  N b 5+ doped  
PLZT .

The e ffec t o f  dop ing on P LZT  (3 /52 /48 ) ceram ics can be 
summarized as fo llow s :

1. D onor A -and B-sites were found to increase photovo ltage, 
photocurrent, and photo-induced strain as compared to undoped 
P LZ T  ceramics. These dopants are suitab le fo r the app lica tions  
w h ich  requ ired fast response speed.

2. Isovalence dopant especia lly Ba2* provides the same e ffec t as 
donor A - and B- sites.

3. D op ing  w ith  acceptor ions results in low er pho tovo lta ic  and 
pho tos tric tive  properties.

4. Decreasing and scattering results in pho tovo lta ic  and 
pho tos tric tive  properties are found in P LZ T  ceram ics doped 
w ith  3d trans ition  elements.
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4.9 D op in g  e ffe c t on o p tic a l a b so rp tio n  edge

O p tica l transm ission spectra o f  undoped P LZ T  (3 /52 /48 ) sample 
measured at room  temperature w ith  an exc ita tion  wave length o f  200-900  
nm by a U V /V is  spectrophotometer is shown in F ig . 4.14. De te rm ina tion  
o f  the op tica l absorption edge or energy band gap has been described in  
chapter 2. The tangentia l line at h igh  a  reg ion o f  the hv vs (a  h v ) 1/2 
curve is extrapo la ted to in te rcept the h V axis as shown in F ig. 4.15. Th is  
in te rcept value is defined as the energy band gap.

F ig. 4.14 O p tica l transm ission spectra o f  P LZT  (3 /52 /48 ) ceram ics th in  
section

600
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ร 400
ร
พ ็ 300 

200 

100
2.00 3.00 4.00 5.00 6.00

i[/I
y  -  3776.5x - 12504

3.31 eV -  375 ททา

Energy’ , Il V  (eV)
Fig. 4.15 Square roots o f  (a  h v ) as a function  o f  (h v ) o f  P LZT  (3 /52 /48 ) 

ceram ics th in  section
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O ptica l absorption edge o f  a ll P LZ T  samples was measured and 
calcu la ted using the method described above and was shown in Table 4.8.

Table 4.8 Op tica l absorption edge o f  undoped and doped P LZ T  (3 /52 /48 ) 
ceram ics

Doping Ions absorption edge 
(nm)

B i3+ 370

Co2+ 370

L i+ 370

N i2+ 370

Sr2+ 370
undoped 375

B3’ 375

C r3+ 375

K + 375

M n3+ 375

Se4" 375

Doping Ions absorption edge 
(nm)

รท4+ 375

y 3+ 375
 ๆ 2+Zn 375

Ba2+ 380

Fe3+ 380

V 5- 380

Gd3" 385

N b5* 385

Cu2+ 390

พ6+ 390

The re la tionsh ip  between va lency o f  dopant and the op tica l 
absorption edge is shown in F ig. 4.16. The m axim um  value o f  
absorption edge is found at 390 nm fo r Cu2+ and พ 6+ doped P LZT  
ceram ics. The next in teresting dopants are G d3" and N b5+ w h ich  exh ib it 
the absorption edge value o f  385 nm, h igher than the undoped. The 
remainders in s ig n if ic a n tly  sh ift the absorption edge o f  P LZT  ceram ic.



In spite o f  the d iffe rence in the type o f  dop ing  ions, the value o f  
the absorp tion edge o f  Cu2 doped P LZT  is same as พ 6+. The previous  
in ves tiga tion  upon the e ffec t o f  C u2+ dop ing on the op tica l properties o f  
P LZT  (8 /65 /35 ) was reported by B ryknar, z . in 1998.<55) The 
transm ission spectra in his w o rk  showed the absorption edge sh ifted to 
the v is ib le  reg ion when P LZT  ceram ic was doped w ith  1 w t%  o f  CuO. 
The sh ift in  absorption edge may be caused by the reduction o f  CuO  to 
Cu20 . The band gap energy o f  Cu20  is 2.1 eV (40), hence low er than 3.3 
eV o f  P LZ T  ceramics.

M l-c

395

390
CuJ+

า พ 64

385 G f a*

380 -
Ba ธ3/Fe34 °v"+

Undoped K4 7 2* . .  3;375 H ■  X  o M ney3+ ASe’4
Sn«4

370 1 L i 4* C o ^ S r 2

Ni
rBi
Cr3'

Undoped 1

o donor A site 
□  donor B site 
A isovdence 
X acceptor 
o 3d transition 
■  undoped

V a le n c y

Fig. 4.16 Scatter d iagram  o f  absorption edge as a function  o f  dopant 
valency in P LZT  (3 /52 /48 ) ceramics
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