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Sandia Corporation's i n t e re s t  hi t h i s  f i e l d  is somewhat d i f f e ren t  than tha t  
of the average company represented a t  t h i s  meetii l~.  I n  t n i s  f i e l d  of piezo- 

e l e c t r i c  ceramics, there a r e  cer tain materials or process in^, "trade secretsf1 
held by the producers.. In addition, due to  the s t a t e  of the knowleQ,e of 
many variables af fe  ctinb performance of the ceramics under t h e i r  application 
conditions, we recogniz e the necessity of currently clef ining Sandia procure- 
ment b~ specifications that lack much of what we c a l l  Itcomplete manufacturing 
informationf1. It i s  our primary airn to  assure production ava ih  b i l i t y  of 
hi: h u i l i t y ,  r e l i ab le  ceramics f o r  Ecadia applic, tioins i n  a competitive 
supplier atmosphere by me;.ns of such performance specifications. If such 
high qudlity and r e l i a b i l i t y  of uniform procluct can be obtained without; 
our imposin; complete specifications on materials anc! process controls, 
our requirements can be met. Sandia i s  chief ly  interested in the  products 
tha t  a r e  being turned out. iiow wrif o m  are these products? 'Jhat a r e  t h e i r  
physical character is t ics? a r e  these character is t ics  measured in a manner 

Gking them applicable t o  c e r t a L ~  applica'tions? iad,  i f  there  are tech- 
niques and procedures f o r  alterini, a d  i m p r o v h ~  these physical constants 
when they f a i l  t o  meet specifications.  Sandia Corporation does not  wish t o  
urge any of the fabricators o f  these materials t o  share their 41tknaw how" 
with t h e i r  competitors. Sancia Corporation does,hmever, intend t o  con- 
tinue t o  be a s  helpful iil t h i s  f i e l i  a s  possible by kiving freely,  t o  a l l  
fabricators,  the benefit  from any research or development work originated 
and done a t  t h i s  i n s t a l k  t ion, such as measuri% f a c i l i t i e s ,  techniques, 
e tc. 

Duril;, t he  past  four or f ive  years a t  Sai,dia c e r t a i l  thini;s have become 
quite wel l  known about these compos&tions. For instance in t h e  e a r l i e r  
days t h ~ s e  piezoelectric compositions were used pr imwily i n  trarisducers 
where mechanical s t r e s ses  were sli, ht, o r  if they were e l e c t r i c a l l y  driven 
the driving vo1tat;e was quite low. Mhereas, now it is common practice 
t o  s t r e s s  these elements up t o  25,000 or 30,000 p s i  t o  generate voltage or 
energ7 pulses. These h i  h s t r e s ses  when applied quickly ( in  micro-seconds) 
introduce problems i n  mechanical uniformity and crushing strength, whereas 
when s t resses  a re  a: plied slowly ( i n  a few seconds) they create r e s i s t i v i t y  
problems. Furthermore, operat ion over wide temperature raiGes i s  being re- 
quested i n  many of these applications. Barium t i t ana te  c e r d c  has been 
fa i r ly  sat,is%actary in af ficieucy and uniformity over i t s  useful temperature 
ranLe, but it car1 only be used up t o  about 90°C an& even a t  this low top 
te~nperature one must t o l e ra t e  considerable increases in conb 'c t iv i ty  i n  
the  upper r211,,e. These l imitat ions have beer1 the cause of rather  extensive 
re8earch a i d  development work t o  produce b piezoelectric ceramic showing 

equal or bet ter  eff ic iency whiLe demonstratir~, more unif'orm physical char- 
a c t e r i s t i c s  over a much wider ternperatwe range Cup t o  L2S°C). 

Lead zirconate-lead t i t ana te  (YZT ) arid lead me t a n i o b ~ t e  compositions a re  
a r e s u l t  of these demands. The e a r l y  work on lead zirconate-lead t i t a i u t e  
compositions was done a t  The Eureau of Standards and is being 

*Presented a t  Piezoelectric Coramic Conference a t  Rutgers University, Iqew 
ilruriswick, 11ew Jersey, February 20, 1957, by Thomas G. Kir~sley, Sandia 
Corpor.at,j.a~~, ii7 b~lqwrque, iiew l'iexico. 
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continued to Some consid&able degree a t  other research ins ta i ia t ions  
under various names. Most of the development work on lead metaniobate 
has been done a t  General FLectric. Both of these compositions show 
much higher Curie points, 380° and 575 OC respectively, permitting 
operation without much deterioration close to these temperature points. 
Both have lower d ie lec t r ic  constants, 600 to  1000 f o r  BT, depending on 
composition, and approximately 280 for  the lead metaniobate. Both are 
known to  show rather  high e l e c t r i c a l  conductivity i n  the  upper tempera- 
tu re  range. To date t h i s  conductivity a t  the higher temperature has been 
somewhat of a handicap. It tends to l imi t  the  degree of poling O r  

activating by limiting the  potent ial  t h a t  may be applied a t  elevated 
temperature,  here the poling is  usually done. This conductivity i s  
also detrimental to most of the higher temperature applications. 

PZT when working into a high impedance, slows an eff ic iency of about 
& times t h a t  of barium t i t ana te  as  e i ther  a voltage or energy generator 
when stressed t o  200 t o  30,000 psi,  Lead metaniobate is  about equal i n  
efficiency to PZT as  a voltage generator, under these conditions and i n  
t h i s  s t r e s s  range, but drops t o  about the  efficiency of PZT as an 
energy generator. (see attached table. ) 

Some other compositions have come for th  t o  answer the current demands, 
but they a r e  a t  t h i s  time bel ieved, to  be secondary to. the two jus t  
described, 

When comparing eff ic iencies  of these compositions, conditions were 
specified because it has been shown t h a t  PZT when highly stressed 
quasi-statically,  while working into a large capacity, (500 x the element 
cap.) w i l l  e ffect ively produce about 5 times a s  much charge and resu l tan t  
voltage as  the d measured a t  200 p s i  (with a shunt cap. of from 50 
150 times the  e l l zen t  cap.) indicates  it should. I f  t h i s  charge and 
resu l tan t  voltage a r e  measwed on release of s t r e s s  they are  somewhat 
lower, about times what they should be. .This phenomenon has not 
been f u l l y  explained, 'but apparently it is  not due t o  depoling since the 
or ig ina l  d value has been checked a f t e r  a number of such s t ress ing  
operations!3 More work must be done to  establ ish jus t  which physical 
constants a r e  changed suf f ic ien t ly  by t h i s  r e l a t ion  between mechanical 
and e l ec t r i ca l  s t r e s s  to bring about t h i s  abnormal charge. 

During Sandia's period of in te res t ,  close observations have been made t o  
check physical constants. demonstrated by the 4% lead t i t ana te  barium 
t i t a n a t e  specimens received from the suppliers. This composition has 
been more o r  l e s s  standard fo r  Sandiats applications. The d ie l ec t r i c  
constant has increased from about 900 t o  1600 or 1700. Electromechanical 
coupling has varied somewhat; f o r  the most part ,  some s l i g h t  improvement 
has been observed. The piezoelectric coeff ic ient  (d is  our prime 

?;1 i n t e re s t )  has also shown considerable increase over t is  period. Con- 
sequently voltage and energy f o r  a given s t r e s s  has increased somewhat. 
This is, i n  general, quite pleasing but it adds to the  d i f f i c u l t i e s  fo r  
our suppliers' t o  keep the i r  products within specifications covering these 
elements. To date, our specifications,  wherever possible, have been 
relaxed to ease t h i s  s i tua t ion  fo r  the suppliers. 



It has been shown tha t  puri ty  content and uniformity of c rys ta l  s t ructure . 
of raw materials, mixing and forming techniques, fabricating procedures, 
electrodes and electrode application, poling procedures, etc. a l l  play 
an important pa r t  i n  the  uniformity and s t a b i l i t y  of the  physical constants 
of interest .  

Following t h i s  out l ine of some of the things tha t  a re  known, I . s h a l l  
r a i s e  some questions as  to  what has been done or i s  being done about some 
of ' t he  th ings . tha t  should be known i n  t h i s  piezoelectric f ie ld.  

NOTE - Space has Seen l e f t  between each a u e s t i m f o r  a d d i c ~  notfa. - 
I. A. Are there some generally accepted procedures and techniques for  

evaluating raw materials used i n  the fabricat ion of piezoelectric 
ceramic a s  to  uniformity of c rys t a l  structure,  puri ty  content, 
pa r t i c l e  size,  etc. t o  insure physical constants within def in i te  
limits, f o r  specimens when fabricated by precise procedures from 
mixing to  poling? 

B. If by such an evaluating procedure the  above fac tors  f o r  the 
raw maJ~erials are found t o  be on one end or  the other of the 
allowable spread, a r e  there any prescribed changes, or additional 
operations t h a t  may be introduced i n  the  fabricating procedures 
which w i l l  correct the' e f fec ts  expected from such f au l ty  raw 
materials t o  a degree whereby specimens may be produced showing 
physical constants within prescribed l imi ts?  

C. When t e s t  specimens a re  produced which demonstrate variations 
i n  physical constants' of considerable magnitude a r e  there any 
recognized techniques f o r  reconciling these changes with the 
physical bodies of the  specimens? 

11. A. Are any of the suppliers of these piezoelectric ceramics equipped 
with the uknow-howw and f a c i l i t i e s  f o r  evaluating t e s t  specimens i n  
a manner to  supply data tha t  w i l l  apply accurately to .h ighly  stressed 
elebients, working under the d i f fe rent  c i r cu i t  conditions tha t  have 
been outlined? 

B. Are. t h e ~ e  any de f in i t e  specifications and f a c i l i t i e s  fo r  
evaluating physical constants, a s  a function of temperature, mechan- 
i c a l  s t ress ,  e l ec t r i ca l  s t ress ,  c i r c u i t  conditions (shunt capacity 
primarily) and various combinations of these rtlc.l;or~? 



C. Have e f fo r t s  t o  reconcile same of the i r r egu la r i t i e s  tha t  have 
been outlined relat ing t o  generated charge, resultant voltage, energy 
developed, etc.,been at t r ibuted t o  changes brought about i n  any one 
physical constant or any combination of several? 

111, Has any e f fo r t  been made t o  design automatic or semiautonstic 
instrumentation,fo,r measar-ing charge, resu l tan t  voltage and energy 
output from piezoelectric ceramic upon impact and quasi-static s t r e s s  
over some considerable range as  a function of temperature (-750 t o  +Lz0c)? In teres t  .would be high i n  such a uni t  capable of tes t ing  
500 t o  1000 a day, which would au tma t i ca l ly  record the  data. 

I 

IV, Have any re l i ab le  f a c i l i t i e s  been s e t  up for  accurately measuring 
conductivity of these materials, a t  various voltage gradients, as  
a function'of temperature under stressed and unstressed conditions? 

V. What investigations a re  being made t o  evaluate physical constants 
for. various percentage mixes of lead zirconate lead t i t a n a t e  (PzT 
caqpositions)' as  a functicn of mechaxical and e l e c t r i c a l  s"sress 
over i t s  usable temperature range? 



VI. Are accurate records kept on aging character is t ics  of PZT under 
mechanical and e l e c t r i c a l  s t r e s s  as  a function of temperature? 

I .  VII, What data a re  available on i r rad ia t ion  ef fec ts  on PZT or piezoelectric 
ceramic in general, such a s  exposure t o  ganqa rays and f a s t  neutrons? 

V I I I .  l a a t  investigations are  under way t o  evaluate electrode material  and . 

application t o  determine uniformity and r e l i a b i l i t y  a t  various atmos- 
pheric conditions and over the whole usable temperature range? 

Attachment - Table I 



Efficiencies of 53/L7 mol % PZT afid Lead Metaniobate Campared t o  b1J % 
Lead Titanate Bariun Titanate 

l a e n  stressed in campression while norEng in to  a high impedance it can 
be shown tha t  the efficiencies,  of these materials as a voltage generator 
is proportional t o  piezoelectric constant (d )/ d ie lec t r i c  constant 
(k) an$ as an energy gerierator is proportion%! t o  (piezoelectric con- 
s tan t )  / d ie lec t r i c  constant, 

PZT vs , barium t i t ana te  (BaTiO ) 3 
A s  a Vdltage generator 

BaTiO = 3 " 00913 
3 1300 

A s  an E n e r a  generator . . 

Lead metaniobate vs. barium t i t ana te  

A s  a VOLTAGE generator 

5~ ~9 . .m32 Lead metaniobate = 

BaTiO = && 9 .€I013 
3 

e0032 = 2.46 Ratio = ;0013 



A s  an E N W Y  generator 

d332 81 Lead Metaniobate a - = A- = .00286 K 280 

' 0029 Ratio = ,:0022 = 1.30 




