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Abstract - Effects of different surface conditions on the electrical and mechanical properties of 
lead zinc niobate titanate ( Pb0.91(Zn113Nb2/3)0.09Ti03 ( PZNT 9119)) piezoelectric single crystal 
(PSC) have been investigated. The PZNT PSC wafers manufactured by different surface conditions, 
such as lapped by #2,000, #4,000, #6,000 Al203 powders and by diamond paste to mirror, were cut 
into many slivers elements by pitch of 180 Jl m with 30 Jl m thick diamond blade for fabricating 
array medical transducer. The amounts of chippings were increased of the surface conditions of 
#6,000 and mirror. lapped wafers. In addition, a weak bonding strength of Au electrode on the PSC 
was seen of the mirror lapped wafers after dicing. Damaged PSC sliver showed many spurious modes 
on the piezoelectric impedance response. It is important to control the surface roughness of PSC to 
prevent chipping and to realize .a good electrode bonding strength on the PSC after dicing. 

1. Introduction 
Recent reports indicate that some single 

crystals of the relaxor (Pb(B1,B2)0aHead 
titanate PbTiOa (PT) binary system have 
excellent piezoelectric properties near the MPBI· 
2>. The authors have conducted an investigation 
with a view to improving a high sensitivity and a 
broad bandwidth of ultrasonic transducers of 
echo ultrasound (Fig. 1) by using 
Pb[(ZnvaNb2ta)o.9tTio.o910a (PZNT 91/9) single 
crystal3-4) instead of the conventional Pb(Zrt· 
xTiJOa ceramics that have mainly been used for 
present transducers. Single crystals between 
Pb(Zn113Nb2ta)Oa and PbTiOa can be grown by a 
flux method over the whole composition range. 
Kuwata et al. reported an extremely large 
electromechanical coupling factor in the 
longitudinal bar-mode (k33 = 0.92) and 
piezoelectric strain constant d33> 1,500 pC/N for 
PZNT 9119 PSC. The authors reported that 
large size PZNT 91/9 single crystals have been 
successfully obtained using a novel flux method5> 
and solution Bridgman process6) with a suitable 
ratio of 45mol% PZN-PT 9119: 55mol% PbO flux5>. 
The largest crystal had dimensions of 43 X 42 X 40 
mm and weighed 420 g. The transducer obtained 
from the ingot has an enough size 
(> 15x25x0.3mm) and quality level for cardiac 
medical transducers. 
In order to fabricate array type transducer, the 
PSC vibrator is cut into tiny slivers ranging from 
100-200 microns pitch by diamond blade saw. In 
the dicing process, many chippings are occurred 
due to its low mechanical brittleness of the PSC 
compared to that of PZT ceramics. However, no 

reports on the effects of different surface 
conditions on the electrical and mechanical 
properties of PZNT PSC have been reported. The 
purpose of this report is to investigate chipping, 
mechanical strength and electrical properties of 
PZNT PSC with different surface controlled 
vibrators. 

2. Experimental Procedure 
The PZNT 9119 single crystal was grown by 

solution Bridgman method using a PbO flux. A 
detail process of PSC growth has been reported. 6> 
Obtained PZNT ingot was sliced into 0.5mm thick 
(001) wafers. These· wafers were lapped with 
different white Al203 powders, #2,000, #4,000 and 
#6,000. In addition, mirror lapped wafers were 
prepared by lapping of #6,000 wafers by using 
diamond paste. Thickness of 0.05 and 0.2 J.t m­
Cr/Au electrodes were deposited on both sides of 
PSC by sputtering. 
For the investigation of electrical and mechanical 
properties, the 10 pieces of 1mm width X0.3 mm 
thick X 10 mm Length rectangular bars and 10 
pieces of 0.15 mm width X 0.3 mm thick X 10 
mm length sliver vibrator were formed from the 
each surface roughness (lOO) wafer. The sliver 
vibrator's size is a similar to that of the medical 
array ultrasonic transducers of 2.5 MHz center 
frequency. In order to measure the piezoelectric 
properties, the specimens were poled at 0.3 
kV/mm in a silicone oil bath. The electric field was 
applied at a temperature of 200't for 10 min, and 
the specimens were cooled to 25't in the same 
field. The electromechanical coupling factor 
rectangular bar mode, k33' was measured by the 
resonance-and anti-resonance method using the 
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sliver vibrator. 
The bending strength a max was measured by 3-
point bending test by using IxiOx0.3mm 
rectangular bar and O.I5xiOx0.3mm sliver 
samples. The average value of IO pieces of I mm 
width rectangular plates and O.I5 mm width 
sliver of each four kinds of surface roughness 
vibrators were measured. 

3. Result and Discussions 
Table I shows the summarized results. 
Figure 3 shows a typical frequency response and 

an impedance of a damage-free PSC slier (A) and 
a damaged PSC sliver. Many spurious modes are 
seen if the sliver has many chipping or cracks 
after the dicing. 

Figure 4 shows a surface condition of #2,000 
sample view from the top. There are many 
scratches and small bumps caused by Al203 
polishing powder. These small mechanical 
damages may cause a origin of the chippings or 
cracks of the sliver in dicing process. However, 
the sliver vibrators rapped by #2,000 or #4,000 
showed a few amounts of chippings or cracks. In 
comparison mirror lapped sliver vibrators showed 
many chippings or cracks after dicing as seen in 
Fig. 5. Therefore, hidden cracks below the surface 
strongly affect the chipping and cracks of PSC 
sliver during the dicing. 
In addition, samples of #6,000 and mirror showed 
a weak electrode bonding strength. 
The chipping-less vibrators that of #2,000 and 
#4, 000 showed high electro-mechanical coupling 
factor; k33' = 85%. However, the lower value of 
79% and 75% were obtained and many spurious 
modes were seen in the #6,000 and mirror samples, 
respectively. These degradations of electro­
mechanical coupling factor k33' caused by the 
defects of surface may affects the sensitivity 
scattering between channels of array type 
transducer. Three point bending strength of PSC 
Imm bar sample increase with decreasing surface 
roughness, Rmax. up to 0.05 JL m. Surprisingly, 
the mirror lapped samples showed the lowest 
bending strength of the Imm bar and O.I5 mm 

slivers samples. The cause is estimated that there 
are many hidden small cracks under the surface. 

4. Conclusion 
The relation between surface roughness, 

bending strength and its electrical properties of 
the PZNT 9119 piezoelectric single crystal (PSC) 
were investigated. The results are as follows: 

I) The bending strength increased with 
decreasing surface-roughness of the PZNT PSC 
vibrator if no chipping were seen. 

2) The amount of chippings in the PZNT vibrator 
increased markedly m the vibrator lapped 
#6,000 and mirror. 
3) The increasing of the chipping amounts 
affects a decreasing of the bending strength, 
deteriorated electromechanical coupling factors 
and boding strength of the electrodes on the sliver 
vibrators. 
4) In the view point of the fine pitch dicing 
process for fabricating the array type ultrasonic 
transducers, the #4,000 lapping which has 
approximately the Rmax=O.I JL m surface 
roughness is the best for the PZNT 9119 PSC 
vibrators. 
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Table I 
conditions 

Physical and electrical properties of PZNT 91/09 PSC vibrators with different surface 

Surface condition #2,000 #4,000 #6,000 Mirror 
Al203 Powder particle size (f.L m) 12.7 6.4 4.2 <1.0 
Surface roughness Rmax. (f.L m) 0.16 0.08 <0.05 <0.02 
Bending strength (W-1.0mm) (kg/mm3) 43 44 45 38 
Bending strength (W=0.15mm) (kg/mm3) 51 63 48 
ElM coupling factor k33' (%) 85 85 79 76 
Spurious mode few few some many 
Chipping few few some many 
Electrode peeling off none none few many 
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Figure 1. Echo ultrasound and medical prove 
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Figure 2 . Structure of medical proves. 
Note : Piezoelectric material and matching 
la ers are cut into small slivers b dicing. 
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Figure 3. Typical freq_uency r~sponse 
and impedance of good PSC sliverW and 
damaged PSC shver(B). The damaged 
PSC sliver shows many spurious modes. 

(A) 

(B) 

Figure 4. PZNT PSC surface lapped by 
#2,000 Al203 powder. Note : There are 
many scratches on the surface of the 
PSC. 
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Figure 5. Diced PSC surfaces of 
different surface conditions, #2,000, 
#6,000 and mirror lappin~ (View from the 
top) . Note : Mirror lappmg and #6,000 
lapded PSC show electrode peeling off 
an many chipping after dicing. D1cing 
pitch is 180 micron with 30 micron blade . 
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