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ABSTRACT

The effect of the electrode type on the dielectric and piezoelectric properties of Pb(Mg;;Nb,;3)03-PbZrO5-PbTiO; (PMN-PZT)
single crystals was investigated in an effort to improve their properties for various piezoelectric applications. First, three different types
of PMN-PZT single crystals [PMN-PZT-A (piezoelectrically soft type; dielectric constant ~ 10,000), PMN-PZT-B (piezoelectrically
soft type; phase-transition temperature between the rhombohedral and tetragonal phases (Tgy)~ 145°C), PMN-PZT-C
(piezoelectrically hard type; high mechanical quality factor (Q,,) ~ 1,000)] were fabricated using the solid-state single crystal growth
(SSCG) method. Then, four different types of electrodes [sputtered Au, sputtered Cr/Au, sputtered Ti/Au, and fired Ag] were formed
on the single crystals, and their dielectric and piezoelectric properties were measured. The single crystals with a sputtered Ti/Au
electrode showed the highest dielectric and piezoelectric constants but the lowest coercive electric field (E¢). The single crystals with
a fired Ag electrode showed the lowest dielectric and piezoelectric constants but the highest coercive electric field (Ec). This
dependence on the type of electrode was most significant in the piezoelectrically hard PMN-PZT-C single crystals. However, the
effects of the electrode type on the phase transition temperatures (T, Trr) and dielectric loss were negligible. These results clearly
demonstrate that it is important to select an appropriate electrode so as to maximize the dielectric and piezoelectric properties of single
crystals in each type of piezoelectric application.
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Table 1. Piezoelectric Properties of PZT-5H Ceramics and PMN-PT Single Crystals

ds3 [PCN] (ks3) ds1/ds; (kss/kso) dis (kis) ds6 (kse)
PMN-PT Single crystals 1,500 ~2,500 (k;5>0.9) 1,000 ~2,000 (k3;>0.85) 4,000~ 6,000 (k;5>0.95) 2,000~ 2,500 (k35>0.9)
PZT-5H Ceramics 600 (ks33~0.75) —250 (k3;~0.4) 750 (k;5~0.7) 0
Table 2. Piezoelectric Properties of PMN-PT Single Crystals at Different Crystallographic Orientations
ds3 [PC/N] (ks3) ds1/d;; (ksstkso) dis (kis) dsg (kse)

<001> Poling 1,500 ~ 2,500 (k33> 0.9) —-800 ~—1,000 < 100 0

<011> Poling < 1,000 1,200~2,000 (k3,>0.85) 2,000 ~3,000 (k;5>0.9) 2,000~ 2,500 (k35> 0.9)

<111> Poling < 300 ~ —150 4,000~ 6,000 (k;s>0.95) 0
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(b) PMN-PZT-B Single Crystals
(piezoelectrically soft type; Ks'~10,000) (piezoelectrically soft type; Trr~145°C)

(a) PMN-PZT-A Single Crystals

(c) PMN-PZT-C Single Crystals
(piezoelectrically hard type; Qm~1,000)

Fig. 1. Three different types of (001) PMN-PZT single
crystals grown by the solid-state single crystal growth
(SSCG) method.

(a) PMN-PZT-A Single Crystals (piezoelectrically soft type; Ks'~10,000)

(b) PMN-PZT-B Single Crystals (piezoelectrically soft type; Trr~145°C)

(c) PMN-PZT-C Single Crystals (piezoelectrically hard type; Qm~1,000)

Fig. 2. (001) piezoelectric PMN-PZT single crystal plates with an electrode of sputtered Au, sputtered Cr/Au, sputtered Ti/Au, and

fired Ag electrode (from left to right).
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Fig. 3. Polarization of (001) PMN-PZT single crystals [4 x 4 x 0.5 (t) mm’; with an electrode of sputtered Au, sputtered Cr/Au,
sputtered Ti/Au, and fired Ag electrode] with electric field.
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Table 3. Remanent Polarization (P,), Coercive Electric Field (E), Dielectric Constant (K3T), Piezoelectric Constant (ds3), Dielectric
Loss (tan 8), and Phase Transition Temperatures from Rhombohedral to Tetragonal Phase (Tkr) and from Tetragonal to Cubic
Phase (T¢) of (001) PMN-PZT Single Crystals [4 x 4 x 0.5 (t) mm’; with an Electrode of Sputtered Au, Sputtered Cr/Au,
Sputtered Ti/Au, and Fired Ag Electrode] at Room Temperature

Electrode P, (uC/cm®)  Ec (kV/em) K,! tan & ds; (pC/N) Trr CC) Tc (°C)
Au 28.2 3.8 9,460 0.006 2,330 73 132
PMN- Cr/Au 276 4.1 9,500 0.007 2,650 7 131
PZT-A Ti/Au 27.5 3.8 10,350 0.007 3,000 71 131
Ag 28.1 4.8 8,450 0.007 2,260 72 133
Au 29.2 3.7 4,150 0.004 1,400 144 205
PMN- Cr/Au 27.7 3.7 4,130 0.004 1,350 144 204
PZT-B Ti/Au 28.4 35 4,310 0.005 1,450 145 206
Ag 28.1 4.1 3,950 0.004 1,310 144 207
Au 272 4.6 3,400 0.002 1,250 141 205
PMN- Cr/Au 28.0 4.8 3,200 0.002 1,150 145 205
PZT-C Ti/Au 28.0 4.5 3,600 0.002 1,300 145 204
Ag 27.1 6.3 3,150 0.002 1,100 145 206
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Fig. 4. Dielectric constants of (001) PMN-PZT single crystals (4 x 4 x 0.5 (t) mm’; with an electrode of sputtered Au, sputtered Cr/
Au, sputtered Ti/Au, and fired Ag electrode) with temperature.
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