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Development of Large Diameter Piezo-single Crystal PMN-PT
of High Energy Transfer Efficiency
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Abstract:

The variation of titanium concentration is inevitable due to the segregation along the growth direction of a large PMN-PT
piezoelectric single crystal with 80 mm in diameter grown by the Bridgman method using one-batch. Ti distribution along with
the growth direction and the dependence of dielectric and piezoelectric properties on Ti concentration have been investigated.
It is concluded that these properties which strongly depend on Ti concentration are superior to those of usual PZT(Pb(Zr,
Ti)O3) ceramics. It is also observed that the dielectric and piezoelectric properties vary even with the same Ti concentration. In
order to make uniform Ti concentration, it is necessary to develop the growth method by continuous feeding. And optimization
of poling conditions and the development of a domain control technique need to be developed to keep dielectric and

piezoelectric properties within the desirable range.
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Fig.1 Ternary phase diagram of relaxer, lead zirconate (PZ),
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Fig.2 Unit cell of perovskite lattice structure
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Photo 1 PMN-PT single crystal obtained by one batch
Bridgman method (Diameter: 80 mm, Weight:
3500 g)
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Photo 2  (100) wafers obtained from 80 mm in diameter PMN-
PT single crystal ingot

Series 1 wafers

Ti concentration is varying along with X-X" direction.
Photo 3  Series 1 and series 2 wafers

WZZEo T8Il L, BIWIH o A &5 7 7 =T
WEgeE L, XMGAlEicrsiciie Lz, BEHFmo
FADFERICHRE LA v Ty b2, NENDWEEE 21
74X = =YWt % T, Photo 2 1R EHE Y - —
NI Y L7z Py = —id, (001) TTHY, H
MR EIE 45° 2 LT ) IS Twb, 20720,
FHET 2= NOEETIE, TIRENRRL>TWDL, [V
Ty bSO EHEY 2= Oy LRI E R, 2
7 x— O Y H LALE %2 Photo 3 12779, &4 1, 20
=%, BBy 2 — O LA S 10 mm~15 mm
OETIEY MLz, T2 FORESZ, WIRHE—F
BlE—F) COREBEFEMEFMATIETH S LH 1
13mmx4mm & L, EAIEHR 0.35mm, 7= — Kk
PO L7zEFE Lz RIIL 27 =2—D6DDFKIIX
3T {100} THI & L 72

22 FE - EEREORESE

WAL, AR 100 nm O EM & Lz, L%,
EinA 5 2000C L EEFCTHEL, M- ba2—L v b
I8y J— K (k) YHP4192A f Y E— ¥ Y AT F 54 F—T
WHRRFWEL, RAHREISTT 2 FRROE—
B O % #3752 S IE TR~ OMIEBIRE (T &
L. minfl z 1B 75 842 5 2 SO (F21) —
WEE, To & L7z MM EIE 1kHz 2 vy, it iRiE
1V, BN 7 ARLE L7z, MER % Fig. 3127R7,
TS, BEEINEECEHEEE (°C), MEEZFEEE (¢fn) Th

35000

TC
& 30000 ~
. I
£ 25000 T . ¥
z AN/
£ 20000 o/ \
Q Py
2 15000 | - i \
= H
3 Vd
£ 10000 \C
a 5000
0
0 50 120 150 200 250
Temperature (°C)

Fig.3 An example of the measurement of dielectric constant
vs. sample temperature
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Fig.4 Variation of Ti concentration along with the growth
direction straight line is a polinomial fitting curve
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Fig.5 Pseudo binary phase diagram of PMN-PT as a
compound of PMN and PT
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Table 1 Dielectric and piezoelectric properties of rod sample

Before poling After poling
Ttem Densigy C . C e I fa k33 ds; T, Ty T,
(g/em’) (nF) r (nF) r (kHz) (kHz) (%) (pC/N) (°O) (°C) (mol%)

Sample A 8.10 0.020 2484 0.043 5 5429 84.0 194.0 91.7 1594 148 94 28.1

Sample B 8.10 0.018 2436 0.0415 5493 78.5 194.5 92.9 1741 152 83 29.4

Sample C 8.10 0.019 2322 0.044 1 5446 67.5 196.5 94.9 2 060 164 57 31.8
Sample dimension: 9.2 mm X 2.9 mm X 2.9 mm
Direction of poling and vibration is [001].
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