Metallization

By X. Shi, Y. L,

This paper reports metallization of PZT (lead zirconate
titanate) piezoelectric ceramic surfaces accomplished b
an electroless plating process with proper after-treat-
ment. With this method, nickel electrodes can be formeg
on PZT piezoelectric ceramic components used in piezg
electric ceramic wave filters. The main mechanical ang
electric properties of the piezoelectric ceramic compo
nents with this type of plated Ni electrode are as good a
or even better than, those with “fired-on” Ag electrodes.
This paper introduces the detailed process of pretreat
ment, electroless plating and after-treatment, and dis+
cusses the principles, results and various effective facto
in each process, and indicates preferred operating cond
tions and control methods feasible in practical production.

Piezoelectric ceramics, as one kind of important elec
ceramics used to manufacture various piezoelectric cells
now widely applied in scientific research, national defe
and everyday life. As used in piezoelectric ceramic w
filters or other devices, it is necessary to form proper met
electrodes on the surface of the ceramic substrate.
commonly used electrode material is silver, which can f
the so-called “fired-on” silver electrodes. We conside
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for 45 min and dried. The roughening solution was typically

yprepared by adding 6 g,&r,O, into 10 mL concentrated

sulfuric acid and 10 mL 27.6 M hydrofluoric acid, then
diluting it to 100 mL.

iz
- The roughened substrates were sensitized in,Solltion
5,(typically prepared by adding 2.26 g Sp@i 8.4 mL 12 M
HCl solution, then diluted to 200 mL) for 10 min, then baked dry.

Adtivation
sThe sensitized substrates were soaked in Psi@ution
- (typically prepared by adding 0.2 g Pd@ 2 mL 37 wt
percent HCI solution, then diluted to 80 mL) for 10 min to
activate their surfaces, then baked dry.
tric
,Blegtoless  Plaing
nsellowing the pretreatment process described above, the
ageramic substrates were pre-plated by dipping in a pre-
alfitating solution of 60 g/L NalfPQ, solution at 75°C and
Tiiewing out immediately. This was repeated three or four
priines, then the substrates were plated in an aqueous solution
rexpntaining 40 g/L NiC}6H,0, 40 g/L NaHPO,-H,0, 30 g/L

utilizing nickel to replace silver as electrode material th&ta,C,H.O,-2HO and 30 g/L NECI and operated in batch

accords with application demands. That would save n
metal resources and cut costs greatly. Moreover, becay
the lower mobility of nickel in ceramic substrates, compa
to silver, the use of nickel electrodes may prolong service
and improve the stability and reliability of the compone
and integrated devices. The “fired-on” method, now cg
monly used, is not suitable for making nickel electrog
however, because if heated in air, nickel oxidizes easily,
loses its conductivity. When heated in a reduced atmosp
ceramic substrates tend to be partially reduced and lose
dielectric characteristics. Therefore, the electroless ni
plating method was chosen to accomplish metallizatio
the PZT ceramic surface. By this method, including prg
pretreatment, electroless plating and proper after-treatn
satisfactory nickel electrodes, capable of replacing the d
monly used silver electrodes, can be formed on the surfa
piezoelectric ceramic substrates. In this paper, the proc
of pretreatment, electroless plating and after-treatmen
reported, various influencing factors of each process
pointed out and discussed, as well as the proper prg
conditions and controlling indexes.
Experimental  Procedure
Pretreatment

Degreasing

Sintered PZT ceramic substrates were soaked in de-g

pis@de under thermostatic control.

se dthe results of plating under various conditions were com-

r@@red to optimize plating conditions. The acidity and compo-
Ig@ion of the plating bath were continually recorded while the

nejectroless plating was carried on under optimal conditions
rgo as to determine the controllable process indexes for prac-

glécal production.

and

h&@juation  of Elecoless  Plaing  Qualiy

tAdie appearance of the coating was checked by direct obser-

chkltion to determine whether it was fully covered and smooth,

n @fid whether there were any apparent defects, such as unplated

pareas, pores, pinholes and curved edges, etc. In addition, the

newtrface resistance, Rs, of the coating was chosen as an index

oid-evaluate the quality of the coating. Raw resistance values

cwefe measured between two points at a distance of one cm on

rdbessurface tested; Rs is the average of the raw resistance
gedues obtained from 4-5 different areas. The value of Rs is
alesely related to the density of the coating; it can be used to
dasgkcate coating quality.

The adhesion of coating to substrate is an important index
of coating quality. It is measured by soldering a copper wire
vertically on the coating, with the area of soldering controlled
to 5 x 5 mm. With the substrate firmly fixed, the copper wire
is pulled vertically, while the pulling force is measured with

ilmgpring meter. The pulling force value measured as the

solution at 83C for 1 hr, then rinsed with distilled water. Thecoating is pulled apart from the substrate is the adhesion

composition of the degreasing solution was: 50 g/
30 g/L NaOH, 30 g/L NgO,, and 10 g/L NaSiQ

Roughening
De-oiled, clean ceramic substrates were roughened i
etchant at 80C hr for 2-30 min, then rinsed with distille

between coating and substrate.

Coating thickness is also one of the important indexes
related to coating quality. Three methods were used to
measure coating thickness:

n a(l) Weight loss. A nickel-plated substrate is weighed, then
d its nickel coating is stripped off and the substrate is

water, boiled in water for 15 min, then ultrasonically cleal
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ned weighed again. The difference in weight gives the mass
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of the nickel coating, from which, with the density
nickel and the area of the coating, the coating thick
can be calculated .

(2) Coulometric analysis. Under constant potential
constant current), a small squéeeg.,1 cn¥) of nickel
coating as the anode and a nickel flake as the cath

]

obefore plating. Pretreatment includes degreasing and rinsing,
assighening, sensitization and activation.
The ceramic surface was etched chemically by an etchant
(@m the roughening process; holes and crevicgsudize, that
can adsorb Shfrom the sensitizing solution and adsorb?Pd
ddem the activating solution, were produced on the surface.

Electrolysis will cease when the nickel coating squarBuring activation, palladium metal is produced:

used as the anode, is dissolved completely becaus
remaining ceramic substrate does not conduct. N
surement of the mass of this nickel coating square
provide the coating thickness.

(3) SEM. The coating thickness can be measured app,
mately from SEM photos of the sections of nich
plated substrates. The average of several values
tained from different parts of the substrate were u
because of inhomogeneity of thickness.

The results obtained by the three methods agreed cl
with each other. Thickness data used here are mostly obt
by the first method.
Measurement of concentrations of main
components in plating  bath
The acidity of the plating bath was determined by pH nfe
The concentration of Kiin the plating bath was determing
by spectrophotometry. The absorbances were measure
spectrophotometérpperating at a wavelength of 500 n
using butanedione dioxime as developer.

Aftertreatment

ng
After electroless plating, washing in order with dilute a
and base, and ultrasonically washed with distilled water

substrates were then electroplated. The electroplating |b

was prepared as follows: 300 g NisTH,0, 15 g NaCl, 40
g H,BO, and 0.5 mL nickel brightener were mixed a
diluted to 1 L with distilled water. Electroplating paramet
were temperature of 5C, current density of 0.1 A/ctrand
time of 1 min.

Heat treatment

Washed with water and dried after electroplating, the sy

strates were treated at 200 for 8 hr, then heated in,N
atmosphere to 400-48C and maintained at that temperatt
for 35 min.

By the steps above, nickel electrodes were formed on
ceramic substrates that can be used in wave filters. T
substrates were returned to Suzhou Chequers Elect
Company Ltd., then polarized, severed and mounte
devices with conventional procedures. Their performa
was then measured. The electrical property data rep
below were all developed by Suzhou Chequers Electr
Company Ltd.

Results and Discussion
The process of nickel plating on surfaces of piezoele
ceramic substrates reported here is in fact a catalyzed o

tion-reduction reaction that occurs on the interface betw

the electroless plating solution and the ceramic surface
essential requirement for this reaction to progress suc
fully is that some active centers should be formed that
catalyze the reduction of Nibby NaHPQ,. That is the reaso
that pretreatment of the ceramic substrates is nece

e the
lea-
can
The newly produced Pd is the activating center capable of
raatalyzing the reduction of Niby NaHPQ,, so roughening

ab a critical step in pretreatment, it directly influences the
plocess of electroless plating. Insufficient roughening causes
setsufficient sensitization and activation, therefore no ad-
equate activating centers will be formed, making electroless
bqabting difficult; a satisfactory coating cannot be obtained.
ai@ecdthe other hand, over-roughening will produce holes that
are too large, too deep and too numerous on the ceramic
surface, holes that cannot be completely filled by deposited
Ni; therefore, defects, such as pinholes or even unplated
spots, will appear and degrade the smoothness and density of
tehe Ni coating.

>d Other investigators have reported that the roughening
] pyogess occurs mainly on the grain boundaries of the surface
mof a ceramic body, and that grains themselves are only
modestly etchedl? The crevices left by etching are mostly
distributed in hollows of ceramic grain boundary areas.
During electroless pIating nickel will be reduced and depos-
|ted in those crevices, joining with the surface platmg as a
B whole and exhibiting an

chor effect” that can greatly in-
crease adhesion of the Ni coat-
ing to the ceramic body. Ac-
cordingly, adhesion will in-

" crease with increasing rough-
ening. Our

Sn? + Pd? —> Sn* + Pd

experimental results are not in
| agreement with those reported
by references, however. It was
necessary to observe the mor-
phology of the surfaces and sec-
#2 tions of PZT piezoelectric ce-
Z'e%reasle 0 "é'&”zrez"r?gzrfaczforamlc substrates after different
PZT ceramic substrate beforelf')retrea‘tment steps and electro-
PZJughening. less plating with a Shimadzu
hese

raglectron probe microanalyze B pm
0 rimdel EPM-810Q.
nceFigure 1 is a photograph of
prtkedoiled, dry, clean surface di
ORZT ceramic substrate befo
roughening. It shows clearly
fine and closely packed surfad
composed of tiny spherical PZ
ctderamic particles. In Fig. 2, &
xjolaetograph of a dry, clean su
dage of a roughened substra
Treving many holes with diam
ceters of about severgim, in- &
cstead of the tiny spherical pa '
Vicles shown i Fig. 1. That I 2 Nomtdografd,
sghoates that in our experimentgeramic substrate.

I
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the etching durind
roughening occurred
not only on grain
boundary areas, bu
also on the grains
themselves. The hole
and hollows were
evenly distributed or
the whole ceramic sur
face rather than bein
mainly concentrated

Fig. 3J—Séc'tion ofelectroles's.-nickel-plate n hollows ofthe grain
PZT ceramic substrate: (a) nickel coating; oundary area. S0, _th
(b) loose ceramic layer with copious etch-‘anchoring effect” is
ing holes; (c) PZT ceramic body. not as remarkable a
reported in the references. Also, adhesion of the coati
the substrate does not simply increase with increasing rg
ening. This difference between our results and that of

ko

electroless plating is also impossible. Experimental results
, show that 8-9 min of roughening is satisfactory for the PZT
ceramic substrates used.
t HBF, and HNQ were used instead of HF andS®, to
5 prepare the roughening solution, controlling roughening time
sfrom 0.5 to 30 min. The results showed that this etchant is too
severe for our PZT ceramic; the surface structure was dam-
aged seriously, making plating difficult. This severe etchant
- may be used for PZT ceramic substrates with thickness more
g than 1.20 mm if roughening time is controlled precisely. Itis
not applicable for substrates less than 1.00 mm thick. Follow-
ing proper roughening, 4-5 min ultrasonic cleaning were
eneeded to remove ceramic particles loosely connected to the
surface and those that had fallen off in roughening, but still
sremained in crevices of the ceramic body. Otherwise, those
gptrticles would be sandwiched between the nickel coating
ughd the substrate, thereby decreasing the adhesion of the
thlectrode layer and increasing the contact resistance and

subelectric loss.

tionThe aim of sensitization is to have the surface of roughened
substrates adsorb a layer of&hat will reduce P to Pd in
the succeeding activation process to form catalytic centers.
During sensitizing, the gray-green ceramic substrate gradu-
ally turned black. Sensitization was finished when an even
black surface was obtained. Figure 4 shows the morphology
of the sensitized surface of a PZT ceramic. Compared with
Fig. 2, it can be observed that etching holes had been covered
with polyhedral SnClparticles, but that a few large etching
holes had not been covered entirely. This is another indica-
tion that over-roughening is not good for plating.

The sensitizing time is the main factor affecting sensitizing
outcome. Experimental results show that the concentration of
adsorbed S#ions on the ceramic surface was saturated in the
first several minutes and that prolonging sensitizing time
thereafter would not change the apparent concentration of
Sn2 ions on the surface. The same kind of PZT ceramic
substrates were sensitized, using various sensitizing times,
from 2-30 min. They were then activated and plated in an

t electroless solution under identical conditions. Coating thick-
yness and adhesion of coating to substrate were then measured.
penetrate a very loose layefThe results show that 10-15 min is the proper sensitizing time
of the substrate surface withunder our experimental conditions. A shorter time causes
plenty of etching holes, just plating failure; a longer time brings no improvement.
as though the anchors wefe Activation is the key step in the entire pretreatment. Prior
in a porous, sandy soil. Thesteps, such as rinsing, roughening and sensitizing are only the
presence of this porous, loosgreparations for it. Figure 5 is a photo of the surface morphol-
o ATl 4l layer also increases the conogy of a PZT ceramic substrate after activation. Compared
Fig. 5—Morphology of activated tact resistance between elecwith Fig. 4, it can be seen that the Sp@rticles adsorbed
surface of PZT ceramic substratey g je and substrate, andduring sensitization are covered with a layer of larger poly-
makes the electrical properties of devices worse. hedral particles that are the Pd grains, the active centers),
Control of roughening conditions and the after-treatmetitat were reduced and deposited there during activation. The
is needed to improve the properties of components. Tdistributive density of Pd grains on the substrate surface is
composition of the roughening solution and the rougheningviously less than that of Sn(articles—the uncovered
time should be carefully chosen through experiments, @nC|, particles and unfilled etching holes can still be ob-
cording to the composition, properties and thickness of therved in deeper surface layers. The whole number and
ceramic substrate, and so on, because they directly influedeasity of active centers directly influence the initial rate and
the roughening level and results. The color of roughenkedel of hydrogen evolution in electroless plating. Insuffi-
substrates after being boiled in water indicates the levelaiént activation brings about a low rate; moreover, because of
roughening and can be used as a general criterion to cortrok of active centers in some areas, it may lead to formation
the roughening conditions. An even gray-green indicateunplated patterns or even no plating at all. Over-activation
proper roughening, and electroless nickel plating can preHl lead to a plating reaction too violent, with too high a rate,
ceed. An original black without noticeable changes indicatémat will cause a decline in the density of deposited Ni, a
insufficient roughening; nickel cannot be deposited on|tiendency to bubble, and the encapsulation of impurities.
ceramic surface. A muddy yellow indicates over-etching aiidhether activation is good or not is influenced by the results

references probably results from the different ceramic
strates and different compositions of roughening solu
used.

Figure 3 shows the sectio~
morphology of electroless #H™
nickel-plated PZT ceramic sul:¥
strates. It can be observe. & &
clearlythatthereisaloose lay
retaining plenty of etching hol
between the deposited Ni ar - ¢+
the substrate, because ti*¢

roughening holes were nc
| :
o o

completely filled with depos:

ited nickel. Although some *

“rivets” are found stretchec,
T

ko
Fig. 4—Morphology of sensitized
surface of PZT ceramic substrate

¥ down from the nickel layer
§ their anchoring effect is no
# very strong because theg
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g 9 P 9 Temp, "C Fig. 8—Relation of coating thickness to plat-

Fig. 7—Relation of coating thickness to plat- ing bath pH.

ing temperature.

of sensitization, the concentration of the activating age®lating time
activation time and activating procedure, etc. After prop®ith other conditions unchanged, the longer the plating time,
sensitization, with certain concentrations of activating agettig thicker the electroless nickel layer, but the rate of depo-
the results of activation depend mainly on the latter tvgition of Ni onto the ceramic surface decreases as plating
factors. Experimental results indicate that under our congroceeds. Accordingly, a curve can show the relationship
tions, 10-15 minis the proper activation time. Activation ti tween plating time and coating thickness. Figure 6 shows
should be prolonged to 30 min if the substrates are first ringbd relation of coating thickness to plating time when using
with distilled water after being pulled from the activatinghe same plating bath with pH 5.2 and temperature 6€75
solution. Electroless plating can then proceed, following|thtecan be seen from Fig. 6 that under these conditions a nickel
referenced method. coating about 21m thick will be obtained after 30 min. The
thickness should be controlled to aboytrit so as to leave
Factors in Control of Electroless Plating some room for fining in after-treatment; therefore, the pre-
In terms of use of the platings as electrodes, the density offdreed plating time is 10-15 min.
electroless nickel coating and the contact state and adhgsion
between plating and substrate are importantindexes ininvelating  temperature
tigating and evaluating the quality of the nickel plating. THeigure 7 shows the relation between coating thickness and
surface resistance, Rof the coating was selected as |aplating temperature obtained using the same plating bath: pH
indicator of density of the coating and it was discovered tHaR, plating time 20 min. It shows that with other conditions
when Rs< 8Q (most are about(3), the density of plating remaining unchanged, a higher plating temperature results in
matches application demands; because with only a glighthicker plated layer. If the temperature is beloWw®5the
fining in after-treatment, the Rf these coatings will def deposition rate of Ni is so slow that deposition hardly occurs
crease to less tha®] equivalent to the surface resistance df a practical process. The deposition rate of Ni and the
pure nickel flakes. When Rs > @Qit indicates that the thickness of the plated layer are both appropriate when the
density of the coating is not up to standard and that the platpigting temperature ranges from 70-8D, with 75°C se-
is not suitable for application, even after a fining. lected as the preferred temperature.

When used as electrodes of piezoelectric components, the
nickel plating should adhere to the ceramic substrates firnpi of plating  bath
and not peel off, even after repeated mechanical and eleciroe curve in Fig. 8 shows the relation of the thickness of the
magnetic driving and long-term vibration at high frequencplated layer to the pH of the plating bath (adjusted with dilute
Adhesion of plating to substrate, therefore, becomes taydrochloric acid or aqueous ammonia, and measured with a
important index in evaluating plating quality. It is commonlpH meter), with temperature 7& and plating time 15 min.
required that adhesion be more than 0.5 MP%/bmit the | It can be seen from Fig. 8 that under the same conditions as
measurement of adhesion is a destructive test; only [spefore, coating thickness increases with increased pH, indi-
checks can be made during production, and the test resultcatiang that the deposition rate of Ni also increases with
no help in preventing defective products in the plating primcreasing pH. If the deposition rate is too high, the plated
cess. Another indicator was needed to quantify adhesignlayer will be less dense and impurities in the bath will

Other investigators pointed out that the adhesion betwemmtaminate the Ni plating because of codeposition or
coating and substrate is closely related to the thicknessadsorbtion, so that the quality of the plating will be degraded.
coating?If the coating is too thick, its adhesion will decreas®@n the other hand, basicity will lower the stability of the bath,
greatly, because its internal stress becomes greater tharb#tause in addition to low solubility of orthophosphite, the
adhesive force. The same conclusion was reached in @action of oxidizing EPO, to HPQ;? becomes spontaneous
study. It was demonstrated that test results of adhgsrather than a catalyzed reaction under basic conditions. So,
always matched application demands when the thicknesdath pH cannot be too high or too low. During the electroless
the coating remained at the level of sevaral plating process, the pH of the bath continuously decreases

Further increase in coating thickness caused remarkaleause of the production of ibns. That makes the depo-
decrease in adhesion. When coating thickness is more thasiion rate of Ni lower and lower, with more and more no-
pm, the coating frequently has curved edges and peelsméting spots. When the pH bath reaches about 4.0, the quality
easily. The adhesion of the coating can be controlled, thepéplating is already quite poor; when pH goes down to about
fore, by regulating the thickness of the coating; it is unner&s8, the plating process has practically ceased. We preferred
sary to test the adhesion of each item. to control pH in the range of 5.2-5.8. Obviously, the pH of the
bath should be monitored and regulated constantly during
plating.
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Table 1

Influence  of After-reatment on Electrical

Properties  of PZT Ceramic Substrates
Exper.  Substrate ABC R Q,
group  thickness Q
d/mm
1 1.20 - - - 7.44 1340
2 1.20 -+ - 9.19 1092
3 1.20 - -+ 7.00 1424
4 1.20 -+ 4+ 7.66 1369
5 1.20 + + + 5.98 1720
6 0.85 - - - 7.22 839
7 0.85 -+ - 7.66 814
8 0.85 - -+ 6.73 945
9 0.85 + - - 6.10 1089
10 0.85 + + + 4.25 1575

A: Electroplated; B: Low-temp heat treatment; C: High-te
heat treatment; -: Not performed; +: Performed

Table 2

Comparison of Electrical Properies  of
PZT Ceramic Substrates  With Different Electrodes
Type* Substrate R Q,
of thickness Q
Electrode d/mm
A 1.20 5.98 1720
A 0.85 4.48 1537
B 1.00 4.71 1567

* A: Plated nickel; B: Fired-on silver

After-treatment
After all the previously described procedures, an even @
ing of silver-gray nickel, with a smooth, dense surface al
thickness of about onem, can be obtained on the surface
the PZT ceramic substrate. This kind of coating has ¢
corrosion resistance, mechanical strength, solderability,
adhesion to the substrate. Its surface resistangis, gener-
ally several ohms, but the contact resistance between cq
and substrate is relatively high, as are the resonant resist

factor are the key problems. It was thought that the main
cause of high dielectric loss was that the etching holes formed
in roughening were not being completely filled with depos-
ited Ni during plating, so that there was a porous and loose
layer between the electrode layer and the substrate that
caused high contact resistance and, consequently, high di-
electric loss. Additionally, the slightly high Rf nickel
plating indicates that the density of the plating is not great
enough, which slightly elevates the dielectric loss. The lower
mechanical quality factor is mainly related to the higher
resonant resistance,.R

Influence  of plating  on electrical properties
Generally, Q has an inverse correlation with,Rind R is
mainly related to the resistivities of ceramic and electrode
materials. Because we are comparing different metallic elec-
trodes on the same ceramic material substrates, the signifi-
cant factor is the different influence of the resistivities of
different metals on RUsually, the smaller the resistivity of
the electrode material, the smaller the corresponding R
Although the Q of piezoelectric ceramic components with
nickel electrodes is often not as good as those with silver
MHlectrodes, because of the better conductivity of silver, nickel
is still expected to replace silver electrodes because of its
advantages in cost and service life. Accordingly, the aim of
this workis to reduce fof piezoelectric ceramic components
with nickel electrodes as much as possible to improye Q
During electroless plating, because of dismutation or re-
duction by newly released atomic hydrogen, part of the
reducing agent, sodium hypophosphite, will be reduced to
phosphorus atoms that co-deposit with nickel; consequently,
the so-called “nickel coating” obtained by electroless plating
is in fact a nickel-phosphorus alloy. Analytical results show
that the electroless nickel coatings obtained in our experi-
ments contain 9-10 wt percent phosphorus. The resistivity of
this alloy is greater than that of pure nickel by nearly 10 times.
Accordingly, a layer of nickel was plated over the electroless
nickel coating to reduce its resistivity, with the expectation of
reducing the Rof the components and improving their Qm
(in this case, electroplating cannot be carried on without
electroless plating, so it cannot replace the electroless plating
process). Moreover, electroplating has a fining function also
for the electroless coating, repairing possible defects on the
surface, such as pinholes, and making the coating more
dense. That also assists in reducin@fi R of the coating.
Experiments demonstrate that surface resistapoédrfine
electroless coating is generally abo@ Before electroplat-
ing, and is reduced to $Go 10% Q after electroplating,
Ogfuivalent to that of pure bulk nickel. In particular, for the
Ngidzoelectric ceramic substrates with electrodes made of
@lectroless nickel and fined by electroplating, their resonant
ofGsistance is apparently lower, and their mechanical quality
Fadtor has been improved (see Table 1). The PZT ceramic
substrates used in experimental groups 1-5, listed in Table 1,
afiRge identical, having the same shape, size and composition,
a8R8.pretreated and plated with electroless nickel, then polar-

R, and dielectric loss. A piezoelectric component with thised under the same conditions; the only differences being

kind of coating has too low a mechanical quality factqy,
For applications in wave filters, transducers, etc., howe
low dielectric loss and high Qare necessary. According|
the after-treatment must be performed for the electrg
formed by electroless plating to improve their electric pr|
erties further to meet application demands.

Here the high dielectric loss and low mechanical qu3

Qsubjected to different after-treatment. The difference in their
V@lectrical properties should then be attributed to the different
.after-treatments they experienced. Experimental results of
d@®ups 6-10 in Table 1 also indicate the influence of after-
OCBreatment on electrical properties of piezoelectric ceramic
components. Comparing datain Table 1, it can be seen clearly
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litat the R of the substrates was significantly reduced by
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electroplating,
with Q_ im-

That verified
our former

conclusions,
—h

ter-treatment.

4 A oy Efects of
Fig. 9—Section of PZT ceramic substrate after lowheat
temperature heat treatment: (a) nickel coating; (bjregtment
loose ceramic layer with copious etching holes; :

PZT ceramic boé/y. P ’ (Ctompa”ng re-
sults of experi-

ment group 1 with those of experiment groups 4 and 5, li

LA
A

in Table 1, or comparing results of groups 6 and 9 with th

of group 10 in Table 1, it can be seen that heat treatmen
improve Q, of piezoelectric components and is an indispe
able step. The effect of heat treatment on improvemenj g
is much less than that of electroplating. Results in Table 1
show that heat treatment is of no benefit in reducingfR

substrates—it probably increasgsBmewhat occasionally.

Accordingly, the im-
provement effect of he:
treatment on Qis not
the method of reduci
R, It was thought th
during heat treatmen
the nickel atoms (in
cluding the electroles:
and electroplated coa-

8 pm

the ceramic surface
thermal diffusion, fill-
ing the loose lay
formed in roughenin o,
Also that ohmic contact ity g e o 1 W L
would be formed be+ig. 10—Section of PZT ceramic substral
tween metal coating andfter low- and high-temperature heat trea
ceramic substrate, an@®"t
reduce the contact resistance and improve the Q

Heat treatment includes two steps. Experiments indic
that heat treatment at 20€C has no noticeable effect ¢

proved as well.

+~—a analysis and

and demon-
strated the net
i cessity and im-
‘= portance of af-

variation of contact quality between the nickel coating and
the ceramic substrate through heat treatment, by means of an
electron probe microanalyzer. The results of our investiga-
tion confirms our analysis (see Figs. 3, 9 and 10).

The effects of low- and high-temperature heat treatment
can be seen by comparing Figs. 9 and 10 with Fig. 3. There
is no significant difference between Figs. 3 and 9; a loose
layer having plenty of etching holes is still there between
nickel and ceramic in Fig. 9. While in Fig. 10, that loose layer
can hardly be seen, most etching holes have been filled by
nickel. There is no obvious dividing line between nickel
coating and ceramic base. That indicates that ohmic contact
has been formed between coating and base.

Summary

After electroplating and low- and high-temperature heat
treatments, application performances of electroless nickel
electrodes have improved. Electrical properties of PZT pi-
stezbelectric ceramic substrates with these nickel electrodes
o as good as, or better than, those with “fired-on” silver
t wibctrodes (see Table 2).

ns-

f Editor's note: Manuscript received, June 1996; revision
alsoeived, December 1996.
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components. The purpose of this step is to remove the water

and air trapped inside coatings and substrates, that may noj
able to escape sufficiently in a direct high-temperature hg
treatment and would oxidize nickel at high temperature. £

:

direct high-temperature heat treatment may also cause ther-

mal stress and reduce the mechanical strength of the ceramic : . .
base. It is the high-temperature heat treatment that has an If you are interested in preparing a

apparent effect on improving electrical properties of PZT  paper for consideration for
i ts. E i ts indicated that heat treat- . . .
ceramic components. Experiments indicated that heat trea publication in

ment at 200-500C will reduce resistivity and improve
electrical properties of PZT ceramic components (see Table P&SF, contact
1). Temperature higher than 580, however, is not produc-

tive for heat treatment because it has no better effect, and AESF for

nickel will be oxidized more easily. We investigated the  “|nstructions to
Authors.”
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