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Abstrack

Ceramic of PbZr,Ti,, 05 (PZT). 1 % mass of niobium doped b Zr s351i0.~Os (PNZT) and 1 %
mass of gallivm doncd PhZrgsysTioz505 (PCZT) were successfuily deposited by solid solution
method. The PZT. PNZT and PGZT ceramic were analyzed by x-ray diffraction (XRD). The
XRD spectra was recorded on a Philips type PW 3701 diffractometer using Cok o (2., = 1.788Y
A) radiation at 30 KV and 30 mA (900 watt). The spectra shows that PZT and PGZT ceramic
are polyerysialline with tetragonal structure. The lattice constants analysis of the grown
ceramics was analyzed by visual basic program. Using Cohen’s and Cramer’s algorithms in
visual basic program, the lattice constants are a = b = 4.195 A and ¢ = 4306 A: ¢ a ratio =
1.026 for PbZrgs»sTig 47505 ceramic; a = b = 4.187 A and ¢ = 4.302 A. c‘a ratio = 1.027 for 1
% mass of niobium doped PbZros25Tig 7505 ceramic; a = b = 4.185 A. and ¢ = 4.296 A. c/a
ratio = 1.027 for 1 % mass of gallium doped PbZrgsssTiaersQs ceramic, respectively. The
reform value of the lattice constant of PNZT and PGZT ceramic is pos. wblv associated
with the anti site defects of Nb and Ga dopats. o

Keywords :  PZT, PNZT, PGZT, XRD, lattice constants, Cramer’s method,
Visual Basic Program.

{. Infroduction PbTiOs, PbZr,Ti,.,Os have been used as
o pyroelectric IR detectors [1]. The merit

A pyroelectric  infrared (IR) of pyrosensor compared to other
detector has advantages of wavelight infrared sensor materials such as
independent sensitivity and can be semiconductors as a wide range of
operated at room temperature. It is also response frequency; can be used at
expected to provide various thermal room temperature; shows  quick

observations for objects at near ambient
temperature. Ceramic and thin film of

(ice Comatanitn Ansdlyin ] Nickivam.  (lagommson. Siansdd)
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response in comparison with other
temperature sensors and high quality
materials for. the pyrosensor is
unnecessary [2].

PbZr,Ti;.4O; ceramic can be
grown by solid solution method [3 -
13]. The solid solution method is of
particular interest because of its good
control of stoichiometry, ease of
fabrication and low temperature
synthesis. 1t was reported that solid
solution inethod derived is
thermodynamically stable.

In this paper we report the
fabrication of the “"PbZrys2sTios75C3
(PZT) ceramic, 1 % mass of niobium
doped Pbe()_525Tio_47503 (PNZT)
ceramic and 1 % mass of gallium doped
PbZry.s2sTip 47503 (PGZT) ceramic by
solid sohition method. The PZT, PNZT
and PGZT ceramics was examined by
X-Ray diffraction. The lattice constant
was analyzed by visual basic program,
and the lattice constants obtained by
using Cohen’s and Cramer’s algorithm
are described.

2. Theory

The lattice constants analysis of
the grown ceramics was analyzed by
visual program usmmg Cohen’s and
Cramer’s algorithm, Cohen’s method of
determining lattice parameter is even
more  valuable when applied to
method

tetraconal  structure The

provides a direct means of determining

these parameters, although the equation
are naturally more complex than those
needed for cubic structure. Tetragonal
phase 1 1ikes: on  the ]i_‘|:~_'_"\'{'|\_u as
Equation (1), (2). (3) : [14,15]
! 2ed 85in 8, (1)
he + & {

)

Nasint8=C>a + BS av+ A ad.
o P L

S ysinf 0= ay4 HZT»/ +A>:y(>’_ (3)

pa—y L
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N Ssint 0= ad+ BS vS+A> 857
L Y y y»

where : = interplanar spacing: «, ¢ =
the lattice constants; A, k, / = the planes
indices; A = wave length ((4.,
1.7889 A)); 8= the diffraction angle. «
=W+ kS y=F: §=10sin"26 A
D10 B = 2Y(4cY), C = 2Fi(4a). A, B,
(" = numerator, and /) is a constant.
The solutions of the numerator
A, B, and C from Equation (3) use
Cramer’s algorithm [16,17]. For the
case of three equations wath three
unknowns numerator A, B. and (.
Equation (3) become:
a,C+a,B+a;A=a,
bC+b,B+b,A=h, §. (4)
¢, C+e.B+c,A=c, |
where : a; = Tdrar=by=Zay as =
c; =X ab:as=Xasin®@ - b>= Sy b;
=co=Z 95 by = Epin’6; ¢c:= X5
Cy Z &'5in?8, can be reduced to the
previous case by imbedding it in three
dimensional space with a solution
vector x (4, B, () and row vectors a (u,.
ao, a3), b (b], bg, 1)3), C (C/, Co, C;).

el

/N

3. Experimental Procedure

Ceramic of PbZr,T1;..0x (PZT). |
% mass of  niobium  doped
PbZl’o,szSTio,nsOg (PNZT ]%) and |
% mass of  gallium  doped
PbZrys25Tiga7s03 (PGZT 1%) were
prepared by solid solution method. The
PZT ceramic was prepared by mixing
2.65 grams lead titanate [PbTiOs, 99
%], 3.35 grams lead zirconate [PbZrOs,
99.7 %] and 20 ml aceton in a bowl for
1 hour, meanwhile, the PNZT 1% and
PGZT 1% ceramics were made by



mixing a 2.65 grams lead titanate
[PbTiO:, 99 %), 3.35 grams lead
zirconate [PbZrOs, 99.7 %], 0.06
gram niobium oxide [NbyOs, 99.9 %]
and gallium oxide [Ga20s, 99.9 %],
respectively and 20 ml accton in a bowl
tor 1 hour. The mixture was then
pressed at 31.83 MPa for 5 minutes to
form a pellet followed by a sintering at
850°C for 10 hours in a Furnace. The
PZT, PNZT and PGZT ceramic were
analyzed by x-ray diffraction (XRD).
The XRD spectra was recorded on
Philips type ~ PW 3701 diffractometer
using CoK, (Yo = 1.7889 A)
radiation at 30 kV and 30 mA (500
watt). The lattice constants analysis of
the grown ceramics are analyzed by
visual basic program using Cohen’s and

21

Cramer’s algorithm. The flowchart of
this experimental procedure is shown in
Figure 1.

&. Resualic and discussion

A search in the ICDD-PDF
database using the software available
with the diffractometer was identified :
PZT  (PDF No® 33-0784) [18). The
peak positions of cach phase were
extracted by means of single-peak-
profile-fittings. The remaining 12
intense peaks corresponding to the
phase of interest, PZT, were readily
indexed in a tetragonal cell. Table 1
contain the observed X-ray powder
diffraction data for PZT, PNZT | % and
PGZT 1%.

|

} um oxide
<ice aoped

oy

o]

A

Mixed with 20 ml acet

on in a bowl for 1 hour.

Y

y

6.00 g PZT,PNZT 1%

and PGZT 1% powder

Pelletized with a 31.83 MPa pressure for 5 minutes and
sintered in a furnace at 850°C for 10 hours.

Y

6.00 g PZT,PNZT

and PGZT ceramic.

Y

Analyzing and characterizing : the structure, lattice
constant and c/aratio (by XRD Philips type PW 3701, visual
basic program using Cohen’s and Cramer’s algorithm).

A

f"”’-—_
Cstor >

Figure

{LAice Contlands AN«L/!& r{ Neiob i,

Summary of sample fabrication and charactcrization.

{ laj/«m~, Siawadi)



22

Table 1. Observed X-ray powder
diffraction data of PZT, PNZT 1% and
PGZT 1%

001 | 25.08 | 25.12 | 25.06
100 | 26.02 | 26.0C | 26.06
101 | 3290 | 32.88 | 32.80
‘110 | 36.38 | 36.36 | 36.30
111 | 4556 | 4550 | 45.60
002 | 50.64 | 50.54 | 50.64
200 | 5096-| 51.04 | 51.02
102 | 58.20 | 58.28 | 58.28
112 | 63.88 | 63.98 | 63.84
10! 211 | 6498 | €5.06 | 64.94
11. | 022 | 7484 | 7484 | 7494

12. 1220 | 7676 | 76.86.| 76.82

. Figure 2 shows XRD spectra of
PZT, PNZT 1% and PGZT 1% ceramic
tetragonal phase. The presence of
intense  diffraction = peaks  that
correspond to (110) plane if compared
with diffraction peaks from of (001),
(100), (101), (111), (002), (200), (102),
(112), (211), (022), and (220) planes
implied that the PZT, PNZT and PGZT
ceramic assessed a strong preferential
orientation.  Similar trends were
observed in the XRD pattern of PZT,
PNZT and PGZT deposited by solid
solution method indicating preferential
orientation [10,12,13].

Equation (1), (2), (3) using
Cohen’s algorithm in visual basic
program for 1 % mass of gallium doped
PbZl’o,sstio.nsO;; (PGZT 1%) ceramic
produces numerator A, B, C as the
following :

W ®INIO O w N

Jortsl Worie Perngitalivsn Y. Telisologe. Vol §, No. 3, Juts 2005

8.17338% = 136C+
4.843309= 3C+
17182691=  23.771657C+ 14044202013+ 4S7.642593A

W+ 2ITIGSTA
6SB+ 1404QMD6A

When Equation (4) was carried
out by using Cramer’s algorithm in
visual basic, we got the lattice constant
of PGZT 1% ceramic as the following:
a=b=4185A; c=4.296 A; c/aratio
= 1.027. The XRD spectra showed that
the PZT, PNZT and PGZT ceramic
were  tetragonal  structure.  The
calculated lattice constants and c/a ratio
of PZT, PNZT and PGZT ceramic were
given in Table 2. These values are in
good agreement with those observed by
other researchers [19,20]. The reform
value of the lattice constant of PNZT
and PGZT . ceramic is possibly
associated with the anti site defects of
Nb and Ga dopants.

To understand this result, let us
consider the crystallographic
deficiencies due to impurity in a
PbZrosasTio47s03  (PZT)  perovskite
structure. The PZT perovskite structure
can be simplified with general formula
of ABOj, where A is a monovalent or
divalent metal (Pb®) and B s
tetravalent or pentavelant (Ti** or Zr*"),
with the Pb atoms at the tetragonal
comners, Ti or Zr atoms at the body
centres, and the oxygen (O) atoms at the
face centres. The reform value of the
lattice constant of PNZT ceramic is due
to the increasing dopant introduce Pb
deficiencies in the PbZrgs2sTig47503
lattice as follow
Pb1_y/zzro_525Tio.475-be.\.~O3. This donor
doping causes the not easy reorientation
of deficiency related dipoles. Whereas,
the reform value of the lattice constant
of PGZT ceramic is due to the
increasing dopant introduce oxygen
deficiencies in the PbZrgs25Tig47503



lattice as follow PbZrg s25Tio.475.¢GayOa.
v2. This acceptor doping causes the easy

rcorientation  of  deficiency related
dipoles. ‘
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Figure 2. The XRD spectra of galiium oxice doped PbZrg.s25Tiy.47503 ceramice

tetragonal phase.

(a) PbZrgs25T10.475C3 (PZT) ceramic,
(b) 1% niobium oxide doped PbZrg s25Tig.47503 (PNZT) ceramic,

(c) 1% gallium oxide doped PbZrg s25Ti0.47503 (PGZT) ceramic.

Table 2. The tetragonal structure and the lattice constants of PZT, 1% mass of niobium
oxide doped PbZro s25Tig 47503 (PNZT) ceramic and 1% mass of gallium oxide doped
and PbZry s25Tip.47s03 (PGZT) ceramic by visual basic program. .

1% mass of 1% mass of
niobium gallium doped
PZT doped PbZros25 Tioa
PbZroses Tioars | 7503 (PGZT
O3 (PNZT 1%) 1%)
a(A) 4.195 4.187 4.185
Lattice constant c(A) 4.306 4.302
c/aratio 1.026 1.027 1.027
Lattice Constants a(4) 3038
in literature [19] <(A) 2t
c/aratio 1.027
a(A) 4.041
c(A) 4131
c/aratio 1.022

Litice Coralartts. fnalipsin of Niolivar.

( Ingaamsss, Sawsdl)



24

OO
IYJ @ / | [}
o
1 ™ | N\t
| @ B /'3 | S (I \
e | e
ey
A I S R
~ | ® | £5) | e ‘ B )
T (U e
i 4 41 SR B Ve o E
‘{s,)"oi(ﬁ,‘:ﬁ
| @~ @ ¢/ | L ]
\/ e | e |
14 3 { k;’
[ N —

N

4+
or Zr"

Figure. 3. Crystal deficiencies.in PZT perovskite siructure for acceptor dopants (Ga'

These dipoles are generated by an Ga'*
ion {effectivelv negative charge) and an
oxygen vacancy site (effectively
posiiive charge) (Figure 3). Acceptor
doping gallium-oxide more likely very
effective for generating movable dipoles
and domain pinning, since the oxygen
ions are still movable even below the
Curie temperature -(e.g. at room
temperature), because the oxygen and
vacancy adjacent (only 2.8 A) and
hopping easily occurs [2].

5. Conclusions

We  have investigated the
dependence of gallium oxide doped lead
zirconium titanate on lattice constants
of PZT, PNZT and PGZT ceramic by
using visual basic program in
conjunction with Cohen’s and Cramer’s
algorithm. The ceramic are
polycrystalline in tetragonal structure
with preferred orientation in (001),
(100), (101), (110), (111), (002), (200),
(102), (112), (211), (022), (220)

Jormsl lor Porgitaliar & Temologis Vol G, Ne. 3, Juli 2005

crystal planes, and the ciystaliine
quality of the grown ceramic
significantly depends on the gallium
oxide doped lead zirconium titanate.
Using Cohen’s and Cramer’s algorithms
in visual basic program, the Jattice

constants area = b =4.195 A, and ¢ =
4306 A:; c/a ratio = 1.026 for
PbZl‘o.525Tio.47503 ceramic; a = b =
4.187 A, and ¢ = 4.302 A, c¢/a ratio =

1.027 for 1 % mass of niobium doped
PbZl’o 525Tlo 47501 cera'mc a = b =
4.185 A, and ¢ = 4.296 A, c/u ratio =
1.027 for 1 % mass of gailium doped
PbZro.s25Tio.47503 ceramic, respectively.
The reform value of the lattice constant
of PNZT and PGZT ceramic is possibly
associated with the anti site defects of
Nb and Ga dopants.
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