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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
PIEZOELECTRIC SENSORS – 

 
Part  1 :  Generic  speci fications  

 
FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Comm iss ion  ( I EC)  i s  a  worl dwide  organ i zati on  for  s tandard i zat i on  com pri s i ng  
al l  n ati onal  e l ectrotechn i cal  comm i ttees  ( I EC  Nati onal  Comm i ttees) .  The  object  of  I EC  i s  to  prom ote  
i n ternati onal  co-operat i on  on  al l  quest i ons  concern i ng  s tandard i zat i on  i n  the  e l ectri cal  and  e l ectron i c  f i e l ds .  To  
th i s  end  and  i n  add i t i on  to  other act i vi t i es ,  I EC  publ i shes  I n ternati onal  S tandards ,  Techn i cal  Speci f i cati ons ,  
Techn i cal  Reports ,  Publ i cl y  Avai l abl e  Speci f i cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cati on (s ) ”) .  Thei r  preparat i on  i s  en trusted  to  techn i cal  comm i ttees;  any I EC  Nati onal  Comm i ttee  i n terested  
i n  the  subj ect  deal t  wi th  m ay part i ci pate  i n  th i s  preparatory work.  I n ternati onal ,  governm ental  and  non -
governm ental  organ i zati ons  l i a i s i ng  wi th  the  I EC al so  part i c i pate  i n  th i s  preparati on .  I EC  col l aborates  cl osel y  
wi th  the  I n ternati onal  Organ i zat i on  for Standard i zat i on  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
ag reem ent  between  the  two  organ i zati ons.  

2)  The  form al  deci s i ons  or  ag reem ents  of  I EC on  techn i cal  m atters  express,  as  nearl y  as  poss ible,  an  i n ternati onal  
consensus  of  opi n i on  on  the  rel evan t  subjects  s i nce  each  techn i cal  com m i ttee  has  represen tati on  from  al l  
i n terested  I EC  N ati onal  Com m ittees.   

3 )  I EC  Publ i cat i ons  have  the  form  of  recomm endati ons  for  i n ternati onal  use  and  are  accepted  by I EC  Nati onal  
Com m i ttees  i n  that  sense.  Whi l e  al l  reasonable  efforts  are  m ade  to  ensure  that  the  techn i cal  con tent  of  I EC  
Publ i cati ons  i s  accu rate,  I EC  cannot  be  held  responsi ble  for  the  way i n  wh i ch  they  are  used  or fo r  any  
m i s i n terpretat i on  by any end  u ser.  

4)  I n  order to  prom ote  i n ternati onal  u n i form i ty,  I EC  Nati onal  Com m i ttees  undertake  to  apply I EC  Publ i cat i ons  
transparentl y  to  the  m axim um  extent  poss ible  i n  the i r  nati onal  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC  Publ i cat i on  and  the  correspond i ng  nati onal  or  reg i onal  publ i cati on  shal l  be  cl earl y  i n d i cated  i n  
the  l atter.  

5)  I EC  i tsel f  does  not  provi de  any attestati on  of  con form i ty.  I n dependen t  cert i f i cat i on  bod ies  provi de  conform i ty  
assessm ent  servi ces  and ,  i n  som e  areas,  access  to  I EC  m arks  of  con form i ty.  I EC  i s  not  responsi ble  for  any 
servi ces  carri ed  ou t  by i ndependen t  cert i f i cat i on  bod i es .  

6)  Al l  u sers  shou ld  ensu re  that  they have  the  l atest  ed i t i on  of  th i s  publ i cat i on .  

7)  No  l i abi l i ty  shal l  attach  to  I EC  or  i ts  d i rectors,  em ployees,  servants  o r ag en ts  i ncl u d i ng  i n d i vi du al  experts  and  
m em bers  of  i ts  techn i cal  com m i ttees  and  I EC  Nati onal  Com m i ttees  for  any personal  i n j u ry,  property  dam age  or  
other dam age  of  any natu re  whatsoever,  whether d i rect  o r  i nd i rect,  or  for  costs  ( i ncl ud i ng  l eg al  fees )  and  
expenses  ari s i ng  ou t  o f  the  publ i cati on ,  use  of,  or  re l i ance  upon ,  th i s  I EC  Publ i cati on  or any other I EC  
Publ i cat i ons .   

8)  Atten t i on  i s  d rawn  to  the  N orm ati ve  references  ci ted  i n  th i s  publ i cat i on .  Use  of  the  referenced  publ i cati ons  i s  
i nd i spensable  for  the  correct  appl i cati on  of  th i s  publ i cati on .  

9)  Atten t i on  i s  d rawn  to  the  poss ibi l i ty  that  som e of  the  e l em ents  of  th i s  I EC  Publ i cat i on  m ay be  the  su bject  of  
paten t  ri g h ts .  I EC shal l  not  be  held  responsibl e  for  i den t i fyi ng  any or a l l  such  patent  ri gh ts .  

I n ternati onal  Standard  I EC  63041 -1  has  been  prepared  by I EC  techn ical  com m i ttee  TC  49:  
P iezoelectric,  d ie lectric  and  e lectrostatic  devices  and  associated  m aterials  for frequency 
con trol ,  se lecti on  and  detecti on .  

The  text  of  th is  I n ternational  Standard  i s  based  on  the  fo l lowing  docum ents :  

CDV Report  on  vot i ng  

49/1 220/CDV 49/1 249/RVC  

Fu l l  i n form ation  on  the  voti ng  for the  approval  of  th is  I n ternati onal  Standard  can  be  found  i n  
the  report  on  voti ng  i nd icated  i n  the  above  table.  

Th is  docum ent has  been  drafted  i n  accordance  wi th  the  I SO/I EC  D i recti ves ,  Part  2.  

A l i s t  of  al l  parts  i n  the  I EC  63041  series ,  publ i shed  under  the  general  t i t l e  Piezoelectric 
sensors,  can  be  found  on  the  I EC  websi te .  

A b i l i ngual  vers ion  of  th is  publ icati on  m ay be  i ssued  at  a  l ater date.   
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PIEZOELECTRIC SENSORS – 
 

Part  1 :  Generic  speci ficati ons  
 

1  Scope 

This  part  of  I EC  63041  appl i es  to  p iezoelectric  sensors  of  resonator,  de lay- l i ne  and  
non-acoustic  types,  wh ich  are  used  in  ph ysical  and  eng ineering  sciences,  chem istry and  
biochem istry,  m ed ical  and  envi ronm ental  sciences,  etc.  

The  purpose  of  th is  docum ent  i s  to  speci fy the  term s  and  defi n i t i ons  for the  p i ezoelectric  
sensors ,  and  to  m ake sure  from  a technolog i cal  perspective  that  users  understand  the  
state-of-art  p iezoelectric  sensors  and  how to  use  them  correctl y.  

2 Normati ve references  

The fo l l owing  docum ents  are  referred  to  i n  the  text  i n  such  a  way that  som e or al l  of  the i r  
con ten t  consti tu tes  requ i rem ents  of  th is  docum ent.  For dated  references,  on l y the  ed i t i on  
ci ted  appl i es.  For undated  references,  the  l atest  ed i t i on  of  the  referenced  docum en t ( i nclud ing  
any am endm ents)  appl i es.  

IEC 60027 (al l  parts) ,  Letter symbols to be used in electrical technology 

I EC  60050-561 :201 4,  International Electrotechnical Vocabulary – Part 561: Piezoelectric,  
dielectric and electrostatic devices and associated materials for frequency control,  selection 
and detection  

I EC  601 22-2-1 ,  Quartz crystal units for frequency control and selection – Part 2: Guide to the 
use of quartz crystal units for frequency control and selection – Section One: Quartz crystal 
units for microprocessor clock supply 

I EC  60444-9,  Measurement of quartz crystal unit parameters – Part 9: Measurement of 
spurious resonances of piezoelectric crystal units  

I EC  6061 7,  Graphical symbols for diagrams,  avai lable  at  h ttp: //std . i ec. ch /iec6061 7  

ISO 2859-1 : 1 999,  Sampling procedures for inspection by attributes – Part 1: Sampling 
schemes indexed by acceptance quality limit (AQL) for lot-by-lot inspection  

I SO 80000-1 :2009,  Quantities and units – Part 1: General 

3 Terms an d  defin i tions  

3. 1  G en eral  

For the  purpose  of  th i s  docum en t,  the  fo l l owing  term s  and  def in i t i ons  appl y.  

ISO and  I EC  m ain tain  term ino log ical  databases  for use  i n  s tandard ization  at  the  fo l l owing  
addresses;  

•  I EC  E lectroped ia:  avai lable  at  h ttp: //www. electroped ia.org /  

•  I SO On l ine  browsing  p latform :  avai lable  at  h ttp; //www. iso ,org /obp  
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Un i ts ,  l etter sym bols  and  term inolog y shal l ,  wherever poss ible,  be  taken  from  the  fo l l owing  
standards:  I EC  60027,  I EC 60050-561 ,  I EC  6061 7,  and  ISO 80000-1 .  

NOTE  P iezoel ectri c  sensors  covered  here i n  are  those  u sed  for  the  detecti on  and  m easurem ent  of  phys i cal  
quan ti t i es ,  chem ical  substances  or bi o l og i cal  m olecu les.  

3. 2  Pi ezoelectri c  sen sors  

3. 2. 1   
piezoel ectric  sen sor el emen t  
electron ic  com ponen t  wh ich  i s  able  to  detect  ph ys ical  quanti ti es  as  a change  in  i ts  frequency,  
phase,  de lay,  e l ectrical  charge,  resis tance,  Q-value,  bandwid th ,  e tc.  

Note  1  to  en try:  For chem ical  and  bi ochem ical  sensor appl i cati ons ,  the  pi ezoel ectri c  sensor e l em ent  i ncl u des  a  
sens i t i ve  or recepti ve  l ayer ( target  recogn i t i on  m ateri al ) .  

3. 2. 2   
reson ator  type sensor element  
piezoelectric  sensor  com ponen t  us i ng  acoustic  resonances  

3. 2. 3   
del ay l in e  type sen sor element  
piezoelectric  sensor com ponen t  us i ng  a  surface  acoustic  wave  (SAW)  delay- l ine  of  
transversal  type  

3. 2. 4   
non-acou sti c  type sen sor element  
piezoelectric  sensor com ponen t  us ing  the  e lectri cal  charge  i nduced  by a  quas i -s tat ic  force,  
torque  or the  l i ke  

Note  1  to  en try:  Here,  the  term ,  "non -acoust i c" ,  represents  "quasi -stat i c  pi ezoe lectri c" .  Accord i ng l y,  the  
(pi ezoel ectri c)  n on -acousti c  type  sensor e l em ent  m eans  a  sensor e l em ent  us i ng  the  qu asi -s tat i c  p i ezoe lectri c  effect.  

3. 2. 5   
piezoel ectric  sen sor cel l  
sensor  e lem ent  equ ipped  wi th  necessary m echan ical  accessories  and  attachm ents  to  
correctl y detect  the  param eters  to  be  m easured  

3. 2. 6   
piezoel ectri c  sen sor m odu l e  
sensor e lem ent  or  ce l l  equ ipped  wi th  e lectron ic  accessories  for i n terfacing  to  external  data  
acqu is i t i ons  

3. 2. 7   
piezoel ectric  sen sor  
generic  term  that  i ncl udes  a  sensor e lem ent,  ce l l  and  m odu le  

3. 2. 8   
QCM  
qu artz  crystal  m i crobal an ce  
one  of  the  fam i l i es  of  chem ical  and  biochem ical  sensors  usi ng  crystal  resonators  

Note  1  to  en try:  A th i ckness  share  m ode  (TSM)  sensor i s  i den t i cal  wi th  a  QCM.  

3. 3  Types of  ch emi cal  sen sors  

3. 3. 1   
piezoel ectric  ch emi cal  sensor  el em en t  
piezoelectric  sensor com ponen t  i ncl ud ing  a sensi t i ve  layer ( target  recogn i t i on  m aterial ) ,  wh ich  
i s  necessary for  the  practical  m easurem ent  of  s im ple  non-bio log ical  m olecu les  i n  quanti ty,  
and  wh ich  works  and  detects  chem ical  substances  m ain l y i n  the  gas  phase  
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Note  1  to  en try:  A g as  sensor  e l em ent  i s  one  of  the  chem ical  sensor e l em ents .  

3. 3. 2   
piezoel ectric  bi och emi cal  sen sor el emen t  
piezoelectric  sensor  com ponen t  i ncl ud ing  a  recepti ve  l ayer ( target  recogn i t i on  m aterial ) ,  wh ich  
i s  necessary for  the  practical  m easurem ent of  com plex  bi o log ical  m olecu les  i n  quanti ty,  and  
wh ich  works  m ain l y i n  aqueous  m ed ia and  detects  b iom olecu les  there in  

3. 4  Types of  ph ysi cal  sen sors  

3. 4. 1   
piezoel ectri c  force  sen sor el em ent  
piezoelectric  sensor com ponent  whose  resonance  frequency,  de lay or e lectrical  
charge/vo l tage  i s  used  for  force  m easurem ent  

3. 4. 2   
piezoel ectric  pressu re  sensor el em ent  
piezoelectric  sensor com ponent  whose  resonance  frequency,  de lay or e lectrical  
charge/vo l tage  i s  used  for  pressure  m easurem ent  

3. 4. 3   
piezoel ectric  torq u e sen sor element  
piezoelectric  sensor com ponent  whose  resonance  frequency,  de lay or e lectrical  
charge/vol tage  i s  used  for torque  m easurem en t  

3. 4. 4   
piezoel ectric  vi scosi ty sensor el em ent  
piezoelectric  sensor  com ponen t  whose  resonance  frequency,  de lay or  i n serti on  loss/gain  i s  
used  for viscos i ty m easurem ent  

3. 4. 5   
pi ezoel ectri c  temperatu re  sensor el em ent  
piezoelectric  sensor  com ponen t  whose  resonance  frequency or  de lay i s  used  for  tem perature  
m easurem ent  

3. 4. 6   
pi ezoel ectri c  fi l m-th i ckness  sen sor el em en t  
piezoelectric  sensor com ponen t  whose  resonance  frequency i s  used  for f i lm -th ickness  
m easurem ent  

4 Symbols of  sensor el ements  

4. 1  G en eral  

Figu res  1  to  6  show the  conceptual  d iagram s  and  def ined  sym bols  for  sensor  e lem ents  of  bu lk 
acoustic  wave  (BAW)  resonator,  SAW  resonator  and  SAW delay- l i ne  types.  The  sym bols  are  
essen tial l y the  sam e as  those  g i ven  in  I EC 601 22-1 ,  I EC 61 01 9-1  and  I EC  60862-1 .  

Fi gu re  7  and  Fi gu re  8  show the  conceptual  d iag ram  and  defi ned  sym bol  for  sensor  e lem ents  
of  non-acoustic  type.  

NOTE  1  The  d i ag onal  l i ne  i n  Fi gu re  2,  F i g u re  4,  F i g ure  6  and  Fi gu re  8  shows  an  em blem  expressi ng  changes  i n  
objects  to  be  m easu red .  

NOTE  2  Letter sym bols  (see  4. 6)  showing  the  types  of  sensors  are  pu t  i n  the  ci rcle  at  the  upper ri g h t  corner i n  
Fi gu re  2 ,  F i gu re  4,  F i gu re  6  and  Fi gu re  8 .  



IEC 63041 -1 :201 7  © I EC  201 7  – 9  –  

4. 2  Symbol  for sensor el em ents of  B AW reson ator type  

Figu re  1  shows  the  conceptual  d i agram s  for  sensor  elem ents  of  BAW resonator type  from  
wh ich  a  m ounti ng  port i on  i s  om i tted.  F i gure  2  shows  the  sym bol  for  sensor  e lem en ts  of  BAW 
resonator  type.  

 

Fig u re 1  – Con ceptu al  d iag ram s for sensor el ements  of  B AW resonator type  

 

Fi g u re 2  – Sym bol  for  sen sor el em ents  of  B AW reson ator type  

4. 3  Symbol  for sensor el em ents of  SAW resonator type  

Figu re  3  and  F igure  4  show,  respecti vel y,  the  conceptual  d iagram  and  sym bol  for  sensor  
e lem ents  of  SAW resonator type.  

 

Fig u re 3  – Con ceptu al  d iag ram  of  sen sor elements of  SAW reson ator type  

 

Fi g u re 4  – Sym bol  for  sen sor el em ents  of  SAW reson ator type 

IEC  

IEC  

IEC  

Reflector  Refl ector  I DT  

IEC  
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4. 4  Symbol  for sensor  el em ents of  SAW d el ay-l in e type  

Figu re  5  and  Fi gure  6  show,  respecti ve l y,  the  conceptual  d iagram  and  sym bol  for  sensor  
e lem en ts  of  SAW delay- l i ne  type.  

 

Fi g u re 5  – Con ceptu al  d iag ram  for sen sor el em ents of  SAW d el ay-l in e type  

 

Fig u re 6  – Sym bol  for  sen sor el em en ts  of  SAW del ay-l i ne  type  

4. 5  Symbol  for sensor el em ents  of  non-acou sti c  type  

Figu re  7  shows  the  conceptual  d iagram s  for  sensor elem en ts  of  non-acoustic  type  from  wh ich  
a m ounting  port i on  i s  om i tted .  F i gure  8  shows  the  symbol  for  sensor e lem ents  of  non-acoustic  
type.  

 

Fig u re 7  – Con ceptu al  d i ag ram s for sensor el ements  of  n on-acou sti c  type  

 

Fi g u re 8  – Sym bol  for  sen sor el em ents  of  non-acou sti c  type 

4. 6  Symbol s  

The sym bols  pu t  i n  the  ci rcle  at  the  upper r i gh t  corner i n  F igure  2,  F i gure  4 ,  F i gure  6  and  
Fi gu re  8  are  def ined  below (see  I SO 80000  al l  parts) :  

IEC  

I DT  I DT  

IEC  

IEC  

IEC  
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a)  f i lm -th ickness:  d;  

b)  force:  F;  

c)  m ass:  m;  

d )  dens i ty:  ρ ;  

e)  pressure:  P;  

f )  tem perature:  T;  

g )  torque:   τ ;  

h )  viscosi ty:  υ .  

I n  chem ical ,  b iochem ical  and  gas  sensor  appl icati ons ,  an t i gen -antibody or  chem ical  reaction  
occurs  between  the  sensi t i ve  or  recepti ve  l ayer and  target  substances,  wh ich  i s  detected  as  a 
change  i n  m ass  densi ty,  viscosi ty or  shear  m odu lus  of  the  sensi t i ve  or  recepti ve  l ayer.  
Accord ing l y,  the  fo l l owing  speci fi c  sym bols  are  def ined  for  b i ochem ical ,  chem ical  and  gas  
sensor  e lem ents :  

i )  b iochem ical :  Bi ;  

j )  chem ical :  Ch ;  

k)  gas:  Ga.  

5 Speci ficati ons  

5. 1  Sen sor el em ents  

5. 1 . 1  G en eral  

I n  cons ideration  of  the  target  sens i ti vi ty,  dynam ic  range  or  the  l i ke,  the  speci fi cati ons  of  
sensor  e lem ents  and  cel l s  shal l  be  determ ined .  They shou ld  be  def ined  c learl y i n  the  contract  
to  be  concluded  between  the  m anufacturer and  custom ers .  

Subclauses  5. 1 . 2  and  5. 1 . 3  present  key po in ts  to  be  described  i n  the  speci f ications .  These  
e lem en ts  shou ld  be  speci f i ed  num erical l y u n less  confi den tial  technolog ical  i n form ation  i s  
concerned .  

5. 1 . 2  Sen sor el em ents of  resonator and  delay- l i n e  types  

Sensor  e lem ents  of  resonator and  delay- l i ne  types  i ncl ude  the  fo l lowing :  

a)  range  of  m easurand;  

b)  sens i t i vi ty of  ou tpu t  s i gnal  wi th  respect  to  m easurand ;  

c)  nom inal  frequency;  

d )  frequency tolerance;  

e)  param eters  of  equ ivalent  ci rcu i t ;  

f)  operati ng  tem perature  range;  

g )  unwanted  response;  

h )  l evel  of  d ri ve  or i npu t  power;  

i )  i nsert ion  l oss/gain ;  

j )  de lay t im e  ( for sensor e lem ents  of  SAW delay- l i ne  type) ;  

k)  phase  response;  

l )  p iezoelectric  m aterial ,  cu t  ang le,  or  the  l ike;  

m )  e lectrode  m aterial ,  d im ension ,  shape,  structu re  or  the  l ike;  

n )  m ounti ng  m aterial ,  d im ension ,  shape,  structure  or  the  l ike;  
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o)  d im ens ions  of  enclosure,  or  nam e,  m odel  num ber or  the  l ike  correspond ing  thereto;  

p)  category of  envi ronm en tal  test;  

q )  others.  

5. 1 . 3  Sen sor el em ents  of  non -acou sti c  type  

Sensor  e lem ents  of  non-acoustic  type  i nclude  the  fo l l owing :  

a)  operati ng  tem perature  range;  

b)  p iezoelectric  m aterial ,  cu t  ang le,  d im ension ,  shape,  structu re  or  the  l ike;  

c)  e lectrode  m aterial ,  d im ension ,  shape,  structure  or  the  l i ke;  

d )  m ounti ng  m aterial ,  d im ension ,  shape,  structu re  or  the  l ike;  

e)  d im ens ions  of  enclosure,  or  nam e,  m odel  num ber  or  the  l i ke  correspond ing  thereto;  

f)  category of  envi ronm ental  test;  

g )  others.  

5. 2  Frequ en cy ran g es  

The frequency range  appl ied  here in  shou ld  be  1 0  kH z to  1 0  GH z.  

When  one  of  the  h i gher-order  overtones  i s  used  or the  frequency deviates  from  the  speci fi ed  
range,  the  m anufacturer and  custom er shal l  consu l t ,  and  the  resu l ts  shal l  c l earl y be  defi ned  i n  
the  contract.  

NOTE  The  frequency rang es  for  sensor e l em ents  of  non -acousti c  type  are  not  defi ned .  

5. 3  Level  of  d ri ve or  i npu t  power 

For sensor  elem ents  and  ce l l s ,  the  l evel  of  dri ve  or  i npu t  power shal l  be  l im i ted  so  that  an  
i n f l uence  of  “heat  generati on”  or  a  “non- l i near effect”  does  not  deteri orate  thei r  perform ance.  

NOTE  The  l evel  o f  d ri ve  or i npu t  power for  non-acoust i c  type  sensor e l em ents  i s  not  defi ned .  

5. 4  U nwanted  respon se  

Unwan ted  responses  shal l  be  m easured  based  on  I EC  60444-9.  Th is  ru le  shal l  be  appl ied  
on l y to  sensor  e lem en ts  of  BAW resonator  type.  

Accord ing  to  I EC  601 22-2-1 ,  the  rati o  of  the  m otional  res istance  RN  for  the  unwan ted  
response  to  R1  for  the  m ain  response  (N=RN /R1 )  shal l  be  two  and  a  hal f  t im es  or m ore.  

NOTE  Conceptu al l y,  the  sensi t i vi ty  i ncreases  wi th  an  i ncrease  i n  the  e l ectrode  area,  wh i ch  reduces  the  rat i o  of  
R

N
 /  R

1
.  Under th i s  s i tuati on ,  unwanted  responses  affect  the  m ain  response,  and  sensor e l em ents  of  BAW 

resonator type  occasional l y osci l l ate,  caused  by the  u nwanted  response.  

5. 5  Anal ysis  of  m easu rem ents  

Electron ic  c i rcu i ts  and  m easuring  i nstrum ents  are  general l y used  i n  sensor  system s.  The  
ou tpu t  s i gnals  such  as  frequency,  phase,  i nsertion  l oss/gain ,  e l ectrical  charge  /  vo l tage,  etc. ,  
and  the i r  response  functions  and  g raphs  are  obtained  as  system  data.  

The  ru le  on  how to  apply th is  system  data to  data anal yses  shal l  c learl y be  defi ned  i n  the  
con tract  to  be  concluded  between  the  m anufacturer and  custom er,  or  i n  i nd i vi dual  
speci f ications.  

NOTE  The  response  funct i on  based  on  the  l i near response  theory i s  effect i ve  i n  the  analys i s  of  acousti c  wave  
sensor e l em ents  and  cel l s  of  resonator and  de lay- l i ne  types.  For exam ple,  i t  i s  poss ibl e  for the  frequency response  
to  pred i ct  the  resonant  response  l evel s  of  the  acousti c  wave  sensor.  
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5. 6  En cl osu re  

Holder  speci f ications  shal l  be  c learl y defi ned  i n  the  contract  to  be  concluded  between  the  
m anufacturer and  custom er,  or  i n  i nd i vidual  speci f i cations.  

5. 7  Perform ance con fi rmati on  

The bas ic  perform ance  of  sensor e lem en ts  and  cel ls  such  as  the  m in im um  and  m axim um  
detection  l im i ts ,  d ynam ic  range,  sens i t i vi ty,  e tc.  shou ld  be  speci f ied .  

5. 8  Lon g -term  an d  sh ort-term  stabi l i ti es  

At  the  t im e  of  the  m easu rem ent,  atten tion  shou ld  be  paid  to  l ong-term  stabi l i ty as  wel l  as  to  
short- term  stabi l i ty affected  by a background  no ise  such  as  an  e lectron ic  and/or fore i gn  no ise.  

The  speci fi cati ons  for  l ong- term  and  short- term  stabi l i t i es  shal l  c l earl y be  def ined  i n  the  
con tract  to  be  concluded  between  the  m anufacturer and  custom er,  or  i n  i nd i vi dual  
speci f i cations.  

NOTE  The  l ong -term  and  short- term  stabi l i t i es  for  sensor e l em ents  of  non-acoust i c  type  are  not  defi ned .  

6 Measurement  and  detection  methods  

Requ i red  m easurem ent and  detection  m ethods  are  shown  i n  Annexes  A and  B.  

7 Del i very condi tions  

7. 1  M arki ng  

The content  to  be  m arked  shou ld  be  se lected  at  l east  ou t  of  the  fo l l owing  i tem s.  Moreover,  the  
m arking  shal l  be  m ade at  the  place  from  wh ich  sensor  e lem ents  and  cel l s  can  eas i l y be  
vi ewed  to  the  g reatest  extent  poss ible.  I f  such  a  p lace  i s  unavai lable,  the  m arking  shal l  be  
m ade  on  a packing  p lane.  

a)  Type  des ignation  as  defi ned  i n  the  detai led  speci f i cati ons  

b)  Year  and  week ( four d ig i ts)  of  m anufacture,  or  serial  num ber  

c)  Factory i den ti f i cati on  code  

d )  Nam e of  m anufacturer or  trade  m ark 

e)  Country of  production  

f)  Mark of  con form i ty (un less  a  cert i f icate  of  conform i ty i s  used)  

7. 2  Wrappi ng  

I n  the  wrapping  of  sensor e lem ents  and  cel ls ,  seal ing  i s  des i rable.  Moreover,  vacuum  
wrapping  m ust  also  be  taken  i n to  cons iderati on .  Th is  ru le  shal l  be  c learl y defi ned  in  the  
con tract  to  be  concluded  between  the  m anufacturer and  custom er,  or  i n  i nd i vi dual  
speci f i cations.  

7. 3  Packag i ng  

The packag ing  speci fi cati ons  shal l  be  c learl y def i ned  i n  the  contract  to  be  concluded  between  
the  m anufactu rer  and  custom er,  or  i n  i nd ivi dual  speci f i cations.  
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8 Qual i ty and  rel iabi l i ty 

8. 1  Reu se 

Reuse  of  sensor elem en ts  and  cel l s  shal l  be  c l earl y defi ned  i n  the  con tract  to  be  concluded  
between  the  m anufacturer and  custom er,  or  i n  i nd i vi dual  speci f ications.  

8. 2  Val id i ty of  rel ease 

I nspecti on  before  sh ipm ent  and  re- i nspection  when  the  products  are  stored  for  a  
predeterm ined  period  of  t im e  and  then  sh ipped ,  shal l  be  c learl y defi ned  i n  the  contract  to  be  
concluded  between  the  m anufacturer and  custom er,  or  i n  i nd i vi dual  speci f i cati ons .  

8. 3  Test  procedu res  

Test  procedures  to  be  used  shal l  be  se lected  from  th is  docum ent.  I f  an y requ i red  test  i s  not  
found ,  then  i t  shal l  be  defi ned  i n  detai led  i nd ividual  speci fi cati ons .  

8. 4  Screeni ng  requ i rements  

Where  screen ing  by the  custom er i s  requ i red  for sensor e lem ents  and  ce l l s ,  th i s  shal l  be  
def ined  i n  the  detai l ed  i nd i vidual  speci fi cati ons.  

8. 5  U nch ecked  param eters  

Only those  param eters  of  sensor e lem ents  and  cel l s  wh ich  have  been  described  i n  detai led  
speci f i cations  and  wh ich  were  subj ected  to  test ing  can  be  assum ed  to  be  wi th in  the  speci f i ed  
l im i ts.  I t  shou ld  not  be  assum ed  that  an y param eter not  speci f i ed  wi l l  rem ain  unchanged  from  
one  sensor  e lem ent  and  cel ls  to  another.  Shou ld  i t  be  necessary for  fu rther  unchecked  
param eters  to  be  con tro l l ed ,  then  new,  m ore  extens ive  and  detai led  speci fi cati ons  shou ld  be  
prepared .  The  add i t i onal  test  m ethod(s)  shal l  be  fu l l y described  wi th  appropriate  l im i ts ,  AQLs  
and  i nspection  l evels  speci f i ed  (see  I SO 2859-1 ) .  

9 Test  an d  measurement  procedures  

9. 1  G en eral  

9. 1 . 1  Cl assi fi cation  of  tests   

The tests  are  c lass i f i ed  i n to  tests  for sh ipping  products,  and  m echan ical  and  envi ronm en tal  
tests  for  conf i rm ing  the  re l i abi l i ty of  products .  

9. 1 . 2  Sh i ppin g  test  

The test  i s  conducted  to  confi rm  whether sensor  e lem ents  and  cel l s  m ain tain  the  s tate  
satisfying  the  con tract  between  the  m anufactu rer  and  custom er when  unsealed  sensor  
e lem ents  are  sh ipped .  The  fo l lowing  shal l  be  clearl y defi ned  i n  the  con tract  between  the  
m anufacturer and  custom er,  or  i nd i vi dual  speci f ications.  

a)  When  the  speci f ications  can  presum ably be  su ff ici entl y ensured,  no  i nspecti on  or  
sam pl i ng  i nspecti on  shal l  be  al lowed .  

b)  When  i nspections  are  requ i red,  al l  sensor e lem en ts  and  cel l s  shal l  be  i nspected.  

9. 1 . 3  M ech an ical  and  envi ron mental  test  

9. 1 . 3.1  Gen eral  

Tests  shou ld  be  conducted  to  confi rm  whether or  not  sensor e lem ents  and  cel ls  have  
predeterm ined  perform ances.  Regard ing  test  sam ples,  those  sealed  in to  enclosures  shal l  be  
used .  When  no  seal i ng  i s  requ i red,  however,  such  sam ples  m ay also  be  used.  
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9. 1 . 3.2  Test  sampl es  

With  regard  to  al l  test  sam ples,  the  sensor  e lem ents  and  ce l l s  wh ich  m ain tain  the  state  
m eeti ng  the  contract  between  the  m anufacturer  and  custom er  shal l  be  used .  Selecti on  of  the  
test  sam ple  shal l  be  clearl y def ined  i n  the  contract  between  the  m anufacturer and  custom er,  
or  i n  i nd i vi dual  speci f ications .  

9. 1 . 3.3  Test  i tem s  

Test  i tem s  such  as  vibrati on ,  shock,  therm al  shock,  heat  res istance,  bum p,  sal t  fog ,  ageing ,  
bend ing  of  enclosure  and  the  l ike  are  s trong l y dependen t  upon  the  requ i rem ent  speci f ications  
of  sensor e lem ents  and  cel ls .  Therefore,  the  test  i tem s  shal l  be  d iscussed  between  the  
manufacturer and  custom er,  and  shal l  be  sett l ed  by the  con tract.  

9. 2  Test  and  m easu rem ent  con d i ti on s  

9. 2. 1  Stand ard  condi t i on s for  test ing  

Un less  otherwise  speci f i ed ,  al l  of  e l ectrical  tests  shal l  be  conducted  under  the  fo l l owing  
cond i t i ons:  

– tem perature   1 5  °C  to  35  °C;  

– re lat i ve  hum id i ty  45  %  to  75  %;  

– atm osphere  86  kPa to  1 06  kPa (860  m bar to  1  060  m bar) .  

I f  an y doubt  arises ,  the  fo l l owing  cond i t ions  shal l  be  appl ied:  

– tem perature   25  °C  ±  2  °C;  

– re lat i ve  hum id i ty  48  %  to  52  %;  

Before  s tart i ng  the  m easurem ent,  the  test  sam ples  shal l  be  s tored  at  the  m easurem ent  
( i nspecti on)  tem perature  for  a  period  of  t im e  enough  to  reach  the  therm al  equ i l i brium  state .  
The  am bien t  tem perature  du ring  the  m easurem ent  shal l  be  recorded  i n  the  test  report.  

9. 2. 2  Equ i l ibri u m  state  

Un less  o therwise  speci fi ed ,  al l  of  the  e lectrical  tests  shal l  be  conducted  under  an  equ i l ibri um  
state.  I n  the  case  where  the  test  s tate  causes  s ign i f i can t  t im e  dependence  on  the  
m easurem ent  of  characteristics ,  a  m eans  for  com pensating  such  dependence  shal l  be  
speci f ied .  

9. 2. 3  Power su ppl y 

When  the  osci l l at i on  m ethod  (see  C lause  A. 3)  i s  em ployed ,  a  d i rect  cu rrent  power suppl y to  
be  used  for test i ng  sam ples  shou ld  have  no  ri pples  wh ich  i n f l uence  the  m easurem ent  
accuracies  requ i red .  An  al ternate  current  power suppl y shal l  have  no  trans ien t  response  
characterist ics.  When  the  ripples  and  trans ient  response  characteri stics  i n fl uence  the  
m easurem ent,  such  an  in fluence  shal l  c learl y be  described  i n  i nd ivi dual  s tandards.  

9. 2. 4  Al tern ative  test  system  

Measurem ent  shal l  be  conducted  accord ing  to  speci f ied  m ethods  as  m uch  as  poss ible.  I f  
there  i s  no  doubt,  another m ethod  by wh ich  equ ivalent  resu l ts  are  expected  m ay be  appl ied .  

NOTE  “Equ ivalen t”  m eans  that  the  m easured  valu es  obtai ned  by the  al ternati ve  test  m ethod  are  correlated  to  the  
speci f i ed  m ethod.  
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9. 2. 5  Vi su al  i nspecti on  

9. 2. 5.1  Gen eral  

Un less  o therwise  speci fi ed ,  external  vi sual  exam inati on  shal l  be  perform ed  under  norm al  
factory l i gh t i ng  and  visual  cond i t ions.  

9. 2. 5.2  Vi su al  test  A 

The test  sam ples  shal l  vi sual l y be  exam ined  to  ensure  that  the  cond i t i on ,  workm ansh ip  and  
fi n ish  are  satisfactory.  The  m arking  shal l  be  leg ible.  

9. 2. 5.3  Vi su al  test  B  

The  test  sam ples  shou ld  visual l y be  exam ined  under  the  l i g h ti ng  cond i ti on  of  ten  t im es  the  
norm al  cond i t i on .  There  shal l  be  no  cracks  i n  the  g lass  (base,  cover,  e tc. )  or  dam ages  to  the  
term inations.  M inu te  f laking  around  the  feather edge  of  a  m en iscus  shal l  not  be  considered  a  
crack.  

9. 2. 5.4  Vi su al  test  C  

The test  sam ples  shal l  visual l y be  exam ined .  There  shal l  be  no  corrosion  or other 
deteri orati on  l ikel y to  im pai r  sati sfactory operati on .  The  m arking  shal l  be  l eg ible .  

9. 3  Test  con d i t i on s for  sh i pment  

9. 3. 1  Temperatu re d epend en ce  of  freq u en cy,  ph ase,  i n sertion  l oss/g ain ,  motion al  
resistan ce,  and  el ectri c  ch arg e / vol tag e 

The perform ance  of  the  test  sam ples  shal l  be  m easured  under  stepwise  chang ing  tem perature  
over  the  speci f i ed  range.  

The  sh ipm ent  test  shal l  be  conducted  ei ther  at  ord i nary tem perature  or accord ing  to  the  
speci f i cation  sett l ed  in  the  contract  to  be  concluded  between  the  m anufactu rer and  cus tom er.  

9. 3. 2  U nwanted  respon se  

The m easurem en t of  unwanted  response  shal l  be  appl ied  to  sensor  e lem ents  and  cel ls  of  
quartz  crystal  BAW resonator type  (see  5 . 4) .  

9. 3. 3  Sh u nt  capaci tance  

The shun t  capaci tance  C0  shou ld  be  m easured  at  a  frequency far  below the  fundam ental  
resonance  frequency at  wh ich  sensor  elem ents  are  not  bad l y affected  by acoustic  responses.  

NOTE  The  shu nt  capaci tance  for  sensor e l em ents  of  non-acousti c  type  i s  n ot  defi ned .  

9. 3. 4  Insu l ati on  resi stance  

The i nsu lati on  resis tance  m easurem ent  us i ng  DC  vol tage  and  i ts  cond i t i ons  shal l  be  
d iscussed  between  the  m anufacturer  and  custom er,  and  shal l  be  sett led  by the  con tract.  

The  i nsu lati on  res istance  shal l  be  larger than  the  value  speci fi ed  i n  the  re levant  detai l ed  
speci f i cation .  
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Annex A 
(normative)  

 
Measurement  meth ods  

A. 1  G eneral  

Annex A appl ies  to  m easurem ent  m ethods  and  system s  for qual i ty m anagem ent of  
p iezoelectric  sensor  e lem ents  and  cel ls .  

A. 2  Measurement  methods using  refl ection  an d  transmission  characteri sti cs  

Figu res  A. 1  to  A. 3  show the  m easurem ent  m ethods  us ing  the  refl ect i on  and  transm ission  
characteris tics,  respecti ve l y,  for  sensor  e lem ents  and  cel ls  of  BAW and  SAW resonator  types,  
and  SAW delay- l i ne  type.  The  m ethods  are  bas ical l y defi ned  in  I EC  60444-1 ,  60444-5,  
61 01 9-1 .  

NOTE  The  part  su rrounded  by the  broken  l i ne  i n  Fi gu res  A. 1  to  A. 3  represen ts  the  test  f i xtu re.  

 

Fig u re A. 1  – M easu rem ent  m eth od  u si ng  refl ecti on  ch aracteri st ics  of  
B AW reson ator type sensor elements  and  cel l s  

 

Fi g u re A. 2  – M easu rem ent  m eth od  u si ng  refl ecti on  ch aracteri st ics of  
SAW resonator type sensor elements  an d  cel l s  
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Fi g u re A. 3  – M easu rem ent  m eth od  u si ng  tran smi ssion  ch aracteri sti cs  of  
SAW d el ay-l in e type sen sor elements  an d  cel l s  

A. 3  Measurement  methods using  osci l lation  ci rcui ts  

For a s im pl i f i ed  m easurem ent  of  frequency,  the  block d iagram s  of  the  osci l lat ion  m ethod  are  
shown  i n  F igures  A. 4  to  A. 6.  

 

Fi g u re A. 4  – M easu rem ent  m eth od  u si n g  osci l l ation  ci rcu i t  con si st ing  of  
B AW reson ator type sen sor elements  an d  cel l s  

 

Fig u re A. 5  – M easu rem ent  m eth od  u si ng  osci l l ati on  ci rcu i t  con si st ing  of  
SAW reson ator  type sensor elements  and  cel l s  
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Fig u re A. 6  – M easu rem ent  m eth od  u si ng  osci l l ation  ci rcu i t  con si sti ng  of  
SAW d el ay-l i n e type sensor elements  and  cel l s  

A. 4  Measurement  method  of  non-acousti c  type sensor el ements and  cel ls  

The b lock d iag ram  for a  s im pl i f i ed  m easurem ent  of  e l ectric  charge/vol tage  i s  shown  i n  F igure  
A. 7.  

 

Fig u re A. 7  – M easu rem ent  m eth od  u si ng  am pl i fi er  con si stin g  of  
non-acou sti c  type sen sor elements  and  cel l s  

A. 5  Other measurem ent  methods  

Other  m easurem ent  m ethods  shal l  c learl y be  defi ned  i n  the  con tract  to  be  concluded  between  
the  m anufactu rer  and  custom er,  or  i n  i nd i vi dual  speci f ications.  
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Annex B  
(normative)  

 
Detection  methods  

B.1  G eneral  

Annex  B  describes  som e  bas ic  m ethods  of  u t i l i z i ng  pi ezoelectric  sensor  e lem ents  and  ce l l s  of  
resonator and  de lay- l i ne  types.  The  ou tpu t  of  the  sensor e lem ents  and  cel l s  i s  obtained  as  a  
change  i n  thei r  frequency,  phase,  de lay,  i nsert ion  l oss/gain ,  etc.  i n  response  to  detected  
phys ical  quanti t i es  or  chem ical  and  bi ochem ical  reactions.  Accord ing ly,  the  detecti on  i s  
conventi onal l y carri ed  ou t  by the  fo l l owing  m ethods.  

B.2  Detecti on  method s 

B. 2. 1  Frequ en cy d i fferen ce m easu rem ent  

The m ethod  m easures  a  frequency d i fference  between  the  two  s i gnals  generated  by the  
osci l l at i on  c i rcu i ts  em ploying  the  detecti ng  and  reference  sensor e lem ents  and  cel ls  as  shown  
i n  Fi gure  B. 1 .  A frequency syn thes izer  m ay be  used  as  a source  of  the  reference  frequency as  
shown  i n  F i gure  B. 2.  

 

Fig u re B. 1  – M easu rem ent  of  freq u en cy d i fferen ce u si ng  two osci l lat ion  ci rcu i ts  
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Fi g u re B. 2  – M easu rem ent  of  frequ en cy d i fference u sing  an  osci l l ation  ci rcu i t  
and  freq u ency synth esi zer  

B. 2. 2  Inserti on  loss/g ai n  measu remen t  

I f  an  au tom atic  gain  con tro l  c i rcu i t  i s  added,  then  the  m easurem ent  of  a  change  i n  i nsert ion  
l oss/gain  i s  m ade  poss ible  for  the  osci l l ati on  s i gnal  of  the  detecti ng  sensor  e lem ents  and  cel ls  
(see  F igure  B. 3) .  

 

Fi g u re B. 3  – M easu rem ent  of  in sertion  l oss/g ai n  d i fferen ce  
u si ng  two  osci l l at ion  ci rcu i ts  

B. 2. 3  Ph ase d i fferen ce m easu rem ent  

For delay- l i ne  type  sensor el em ents  and  cel l s ,  a  phase  d i fference  between  the  i npu t  and  
ou tpu t  s i gnals  i s  m easured ,  as  shown  i n  F igu re  B. 4.  
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Fi g u re B. 4  – M easu rem ent  of  ph ase d i fference u si ng  si g n al  g en erator  
and  ph ase d etector 

B. 2. 4  Oth er detecti on  meth od s  

The  m easurem ent  m ethods  shown  i n  F igures  A. 1  to  A. 7  m ay be  also  used  as  detecti on  
m ethods.  
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