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('cromi<.' (J(."hZr,."'j;_"f)j (1'Z"), I % ma\',\' (?f'niohillm doped 1'hZrll..~2,~1'j(I,J-,'()5 (I'NZ1) (1/1,// %
mo.\'s (~f',l:,'ullillm ,I(I!)..,£! j'hZro..~2,~rio.J75()3 (1'(;Z:'~' »'cre '\IICC(~,'i,\:/i(il_I' d~'l'(lsil('d h)' ,'nli(/ S(II~(I;(J'1
me/had. 771e pzr. FNZr 011,1 PC;ZT ceramic were ana/)'Zed h.I' _\'-ra}' ,/~(li'a<"lj'm (.\1<1)). 171('
XI?!) .\pec/ra \I'ar recorded on a l.Jhilip.~ 'Ype PW 3701 d~[/i'ac/o/11e/er llSill,1J ('oK,. (A"" '=' 1.7X()Y

A) ,-atlia/ion al 30 KVand 30 nlA (900 walt). The spectra .~hows that }'ZT and }'CiZT cerami<.'
are PO("c/J',~r:Jlline \1,i/11 tetragonal strnctllre. The lattice (.'onrtants a/1al.,;.ri.'i (!f. rile .~rV~I'll
cer0111ic.'i \I'as- anal.\'Zed by vi,~llal basic pro,{!;ram. Using C'ohen :\. anu' rr0111er '.'i al,~vrilhms ill
vis1,al b(1.ric program, tl,e lattice Co/I,~tmlt,~ are a = b = 4.195 A', and c = .f. 306 A.. c a ratio =
1.026 ,fCJr PbZrO.525Tio.475()j c(!ranlic; a = b = 4,187 A', and c = 4.302 A, c,!a ralic) = I.O2/,fi)r I
% 111a\'s (!(11inhilcm doped FbZrO.525Tio.47.~()j ceramic; a = b = 4.185 A. and <" = ;,t.296 A, <.'/a

ralic) = 1.027.(or I % nla~.~ l?f gallill111 doped PbZrO.525Tio.475()j ceramic, rC,\jJc<,'rivcly 771e

r~ft)rni vallie qf the lattice CO/1,\'tant qf PNZT and [.J(;ZT ceramic i...' po ihl,IJ a...:...o(.'ialed

\flith the anti site dl;'fects' (?f Nh andGa dofJa:lts'.

Ke.V1vOrd\' 

:

PZ7: 

PNZ7: PGZ7: XRD. lattice constants, (:~raI11er 's /11et/1(}d.

Vi.~'1(al Ba.~'ic Prugran1.

Pb TiO3, PbZr x Ti l-xO3 have been used as
pyroelectric IR detectors [1]. The merit
of pyrosensor compared to other
infrared sensor materials such as
semiconductors as a wide. range of
response frequency: can be used at

room temperature: shows quick

f.lnkoduefioh

A pyroelectric infrared (IR)
detector has advantages of wavelight
independent sensitivity and can be
operated at room temperature. It is also
expected to provide various thermal
obser\/ations for objects at near ambient
temperature. Ceramic and thin film of

(t-.;".,'"""", 5;."".).;.)LA~ c.,...,,~. A~J"~'I,,"{ N~!'~...
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response in comparison with other
temperature sensors and high quality
materials for. the pyrosensor is

unnecessary [2].
PbZrx Til-xO.. 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. It \\'as repol1ed that solid
solution IJ1ethod derived is
thermodynamically stable.

I.n this paper we report the
fabrication of the .'. PbZro.525 Tio..~75C..

(PZT) ceramic. I % mass of niobium

doped PbZro.525 Tio.4750J (PNZT)
ceramic and 1 % mass of gallium doped
PbZro.52~-rio.47503 (PGZT) ceramic by
solid sollition method. The PZT, PNZT
;111<:: PCZT cer...mics was exc,mined 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.

where: d = interplanar spacillg: {I, " -,.

the lattice constants; h, k. / ~ the planes
indices; }. = wave length «( ;.".
1.7889 A)); () = the diffraction angle: {:t.'

/ )," / ., (' ."'-=1- -j- ,,-. r = -: (J= 10 sln-2H. ,4
/) if); R = J.2/(4c2); (' = }.1/('1{;). ,~, H.

(' = nun1erator, and I) is a constant

The solutions of the I1llmeratuf
A, R, and (~ from Equat ion (3) lIse
Cramer's algorithm [16,17). F:.)r t\1.:
case of three equations v:it\1 three
unknowns numerator A. R, ilJld ('.

Eq'Jation (3) become:
G,(' + G1R + ':l:;A = Go: I

h:("'+hlH+h.1A=ho: ~. (4)

CIC + c~H + (.'JA = Co; J

.,where: OJ = .Ea-,. a:! = hJ = J::ay: a.~ ==

CJ = .Eab',' 04 = J::asin2(J: h:! = 1'i: h;
= C:! = .E rb',. h., = .E }o$in2 B; (.'.: = 1'J-':

c., = .E £5 sin2 &, can be reduced to the

previaus case by imbedding it in three
dimensional space with a solution
vector x (A, B, () and row vectors a ({fl,
0-" 03), b (hJ. h:!. h3), C (CJ. C2, C3).

2. Theory

3.

£xperimehtal Pl'oeedut"e

Ceramic of PbZrxTiJ_",O) (PZT), I

% mass of niobium doped
PbZro.525 Tio.4750) (PNZT I %) and J

% mass of gallium doped
PbZru.525 Tio.47503 (PGZT 1%) were
prepared by solid solution method. The

PZT ceramic was prepared by mixing
2.65 grams lead titanate (PbTiOJ, 99

%], 3.35 grams lead zirconate (PbZrOJ,
99.7 %] and 20 ml aceton in a bowl tl)r
1 hour, meanwhile, the PNZT 1% and
PGZT 1 % ceramics were made by

J"".4 tL.t-(.- P«~.. I¥. Td"+..cLcfl- v..L 4. No. 3. ~ 200$
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Cramer's algorithm. The flowchart of
this experimental procedure is shown in
Figure 1.

Re$:ults ahd discus.sioh4.
A search in the ICDD-PDF

database using the software available

\),'ith the diffractometer was identifled :

PZT (PDF No" 33-07R4) [18]. The

peak positions of each phase were

extracted by means of singlc-peak-
profile-fittings. The remaining 12

inten~e peaks corresponding to th~

phase of interest, PZT, were readily

indexed in a tetragonal c,~II. Table I

contain the observed X-ra)' po\\,der
diffraction data for PZT, PNZT I % and

PGZT 1%

mixing a 2.65 grams lead titanate
[PbTiO.-;, 99 %], 3.35 grams lead
zirconate [PbZrOJ, 99. 7 ~'/o], 0.06
gram 11iobium oxide [Nb2O..., 99.9 ~/O)
a 110 gallium oxide [Ga20:\, 99.9 %],
respectively and 20 ml aCl:ton in a bowl
for I hour. The mixture was then
pressed at -,~ 1.83 MPa for 5 minutes to
fllrm a pellet;. followed by a sintering at
~50')C fl)r 10 hours in a Furnace. The
PZT, PNZT and PGZT ceramic were

analyzed by x-ray diffraction (XRD).
The XIW spectra was recorded on
Philips type PW 3701 diffractometei-
using CoK" (}o.cn = 1.7889 A)

radiation at 30 kV .and 30 mA (900
\vatt). The lattice constants analysis of
the grown ceramics aFe analyzed by
visual bas;c program using Cohen's aild
,"

2_6~ 9

Lead titanate
(Po TiO3. 99./0]

2.35 9

Lead zirconate

[PbZrO3, 99.7 /0]

Mixed with 20 ml aceton in a bowl for 1 hour,

6.009 PZT, PNZT 1/0 and PGZT 170 powder

Pelletized with a 31.83 MPa pressure for 5 minutes and

sintered in a furnace at 850°C for 10 hours.

6.00 9 PZT, PNZT and PGZT ceramic.

Analyzing and characterizing: the structure, lattice

constant and c/aratio (by XRD Philips type PW 3701, visual

basic p~ogram using Cohen's and Cramer's algorithm).

STOP

SUI11Jnary' of salnple fabrication and ch.:lractcrization.Fi('1urc::0

(,~/.."",,~. 5~,,'..:h)~ Cc~ A l"P~" <"{ N.:..{,
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Table 1. Observed X-ray powder
diffraction data of PZT, PNZT 1 % and
PGZT 1 %.

8.173389= 13({;+ 361~+ 223.771657A I

4.843369= :«:+ 6.~~+ 140.442ro{~

r1.'.182691 = 22.l.771657C+ 140.44211261:1+ 4,<;7.612593,\

25.12 25.06lc

001

25.08

26.0C 26.06

2,

100 26.02

32.90 32.88 32.80

3.

0

36.30110 36.38 36.364,

45.56 45.50 45.60

5.

111

50.54 50.64

6.

002 50.64

50.96.

51.04 51.02

7.

200

58.28 58.288. 102 58.20

63.88 63.98 63.849. I 11 2

10. ! 2 11 64.98 65.06 64.94

74.94lle 022 74.84 74.84

12.

76.76 76.86, 76.82220

Figtlre 2 shows XRD spectra of
PZT, PNZT 1 % and P()ZT 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), (Ill), (002), (200), (102),
(112), (2l1), (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
PbZro.525 Tio.47503 (pGZT 1 %) ceramic
produces numerator A, B, C as thefollowing:

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 = h = 4.185 A; c = 4.296 A; cia ratio
= 1.027. The XRD spectra showed that

the PZT, PNZT and PGZT ceramic
were tetragonal structure. The
calcumted lattice constants and cia ratio
of PZT, PNZT and PGZT ceramic were
given in Table 2. These values are in
good agreement with those observed b)'
other researchers [19,20]. The reform
value of the lattice constant of PNZT
and PGZT ceramic is possibly
assoc'iated 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

PbZrO.S2S Tio.47s03 (PZT) perovskite
structure. The PZT perovskite structure
can be simplified with general formula
of AB03, where A is a mono\'alent or
divalent metal (Pb2+) and B is
tetravalent or pentavelant (Ti4+ or Zr4j,
with the Pb atoms at the tetragonal
corners, Ti or Zr atoms at the boqy
centres, and the oxygen (0) 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 PbZrO.525 Tio.47503
lattice as follow
Pb1_y/2ZrO.j25 Tio.47s-yNby03. This donor
doping causes the not easy reorientation
of deficiency related dipoles. Whereas,
the refonn value of the lattice constant
of PGZT ceramic is due to the
increasing dopant introduce oxygen
deficiencies in the PbZrO.525 Tio.47503

J.." r.l fL., p~~ It. Tdt...c¥ 1;..,[. 4. Nc. 3. J~ 200S"
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la.ttice as tollow PbZrO.525 Tio.475_yGayO3-
y'2. l-his acceptor doping causes the easy
rCt)rielltalion of deficiency related

dirt)l~s
30()() , ' , ..I I I I I r

J

0------'-' ~ ~
~~~ -

~~ ~:=:.--:~'~ 
,.J~ !

I!
-=-
:::;.. I 5()()

o§

~

i' I ., .1
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j , Ii II
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2(! an~lc (dc~.)

Figurl:. 1. The XRD spectra of galiillm ox;de do:)ec! PbZrU.525 Ti;J.4750J ccr::1J~1i/:

tetragonal phase.
(a) PbZrO.525 Tio.47503 (PZT) ceramic,
(b) I % niobium oxide doped PbZrO.525 Tio.4750J (PNZT) ceramic,
(c) 1 % gallium oxide doped PbZrO.525 Tio.47s03 (PGZT) ceramic.

Table 2. The tetragonal structure and the lattice constants of PZT, 1 % mass of niobium
oxide doped PbZro.525 Tio.47503 (PNZT) ceramic and I % mass of gallium oxide uoped
and PbZro.525 Tio.47503 (PGZT) ceramic by visual basic program. ,-

170 mass of

niobium

doped
PbZro.525 Tio.475~i~ZT 

170)

"170 mass of

gallium doped
PbZrO.525 Tio.4

7503 (PGZT

170)

PZT

4.195

4.306

1.026

4.187
4.302
1.027

4.185
Lattice constant 4..296

1.027

:'.~::Lattice Constants
in literature [19]

0 (A)

c(A)
c/o ratio

o(A)
c(A)

c/o ratio
0 (A)

c(A)
c/o ratio

1.0274.041

4.131
1.022

';;:,~;~,;;:?"

""'",';""'V;'
,?;;.,.;-:;:.;;;;;

Lattice constants

in literature [20] lliKill;:lli~:j

~ftj~i~::::::::::1

~ c.,~. A..."J.).,~<'{ fJ~t.; (r"'.A/""""'~' ~",.r.);.)



24

or Zr41

(

.,
Pb~

~~~~;/) A

.G)8 G

---h7)
00

02-

~

C'io

~

4)

020 vacancyc~)~-~
G)

v).

0

;:
'--/ '--/ '--/

Figure. 3. Crystal d~ficiencies.in PZT perovskite s.ructure for acceptor dopants (Ga.\

These dipoles are generated by an Ga3+
iu:1 (eff~ctiv~Jy n~gative charge) ilnd ar.
oxygen vaCancy site (effectively
positive charge) (Figure 3). Acceptor
doping gallium-oxide more likely very
effective f~r 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].

~rystal planes, and the clystallinc
qllality of the grown ceramic
significantly depends on the galliulll
oxide doped lead zirconium titanate.
Using Cohen's and Cramer's algorithms
in visual basic program, the lattice
constants are a = b = 4.195 A, and c =
4.306 A; cia ratio = 1.026 for
PbZro.525 Tio.47503 ceramic; a -= h =
4.187 A, and c = 4.302 A, da ratio =

1.027 for 1 % mass of niobium doped
PbZro.525 Tio.47503 ceramic; a = b =
4.185 A, and c = 4.296 A, Cia ratio =

1.027 for 1 % mass of gallium doped
PbZro.525Tio.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.

5.

t!onelusiohS

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), (Ill), (002), (200),
(102)., (112), (211), (022), (220)
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