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Description 

This  invention  pertains  to  the  field  of  nondestruc- 
tive  testing  and  in  particular  to  the  nondestructive 
testing  of  multilayer  ceramic  capacitors.  Specifical-  5 
ly,  this  method  of  nondestructive  testing  is  directed 
to  discovery  of  delaminations  and  nonvisible 
cracks  in  a  ceramic  capacitor  body. 

In  the  prior  art,  the  testing  of  multilayer  ceramic 
capacitors  for  either  delaminations  or  nonvisible  10 
cracks  has  been  primarily  destructive  testing.  As 
the  name  implies,  this  testing  is  restricted  to  sam- 
ples  of  a  lot  and  consequently  is  not  effective  with 
respect  to  individual  units  within  the  lot.  Though  non- 
destructive  testing  has  been  suggested,  however,  15 
few  economically  successful  techniques  have  been 
developed  to  date.  Among  the  proposed  or  attempt- 
ed  means  of  nondestructive  testing,  there  have 
been  at  least  four  alternatives.  Ultrasonic  scanning 
is  a  form  of  bulk  testing  which  to  date  has  been  una-  20 
ble  to  isolate  individual  defective  units  within  a  lot 
and  consequently  has  not  been  very  successful. 
Neutron  radiography  is  a  very  complex  and  expen- 
sive  means  of  testing  but  has  not  yet  provided  an 
adequate  resolution.  The  scanning  laser  acoustic  25 
microscope  provides  a  very  expensive  means  of 
testing  but  it  does  rely  on  human  judgment  and  is  rel- 
atively  slow.  Testing  by  acoustic  emission  is  a  very 
slow  process. 

The  delamination  of  the  layers  in  a  multilayer  ce-  30 
ramie  capacitor  shortens  the  life  of  the  device,  sig- 
nificantly  decreases  its  reliability  and  causes  prob- 
lems  in  soldering  related  to  thermal  expansion.  The 
delamination  of  layers  in  a  multilayer  ceramic  capaci- 
tor  is  not  detected  by  the  usual  capacitance  and  re-  35 
sistence  tests. 

The  present  invention  provides  a  mean  to  deter- 
mine  the  quality  of  multilayer  ceramic  capacitors, 
and  in  particular  the  absence  of  delaminations  or 
other  nonvisible  cracks  in  the  ceramic  material.  40 
Certain  classes  of  multilayer  ceramic  capacitors, 
when  poled  by  a  bias  voltage,  show  piezoelectric  ef- 
fects.  Standing  acoustic  waves  are  set  up  corre- 
sponding  to  the  dimensions  of  the  ceramic  chip  ca- 
pacitor.  Where  delaminations  are  present,  the  reso-  45 
nance  pattern  is  disturbed  and  the  resulting 
changes  can  be  used  to  distinguish  delaminated  ca- 
pacitors  from  good  or  acceptable  capacitors.  The 
resonances  occur  generally  between  0.25  MHz  and 
6  MHz.  At  these  high  frequencies  testing  can  be  50 
very  rapid  with  a  potential  for  testing  6,000  capaci- 
tors  per  hour. 

The  method  of  the  present  invention  is  character- 
ized  in  that  first  the  resonance  frequency  and  the 
impedance  at  resonance  for  a  good  (acceptable)  ce-  55 
ramie  capacitor  of  a  specific  size,  materials  and  ca- 
pacitance  is  determined,  said  multilayer  ceramic  ca- 
pacitor  of  that  same  size,  capacitance  and  materials 
specified  above  is  inserted  into  an  impedance  meas- 
urement  bridge,  a  bias  voltage  is  applied,  this  volt-  60 
age  being  between  1  and  2.5  times  the  rated  voltage 
of  the  capacitor,  the  impedance  of  said  capacitor  is 
then  measured  as  a  function  of  frequency,  and  fi- 
nally  in  the  comparison  of  what  is  a  good  or  accepta- 
ble  versus  a  bad  or  defective  ceramic  capacitor  a  65 

high  impedance  at  the  resonance  frequency  indicat- 
ing  a  good  capacitor,  a  bad  or  defective  ceramic  ca- 
pacitor  showing  a  low  impedance. 

A  method  for  non-destructure  testing  of  capaci- 
tors  wherein  the  resonance  frequency  and  the  im- 
pedance  at  resonance  are  determined,  is  known  per 
se  from  an  article  by  R.W.  Lorenz  and  P.  Moritz  in 
Archiv  fur  technisches  Messen,  Blatt  V  3533-3, 
Nov.  1972,  pages  205-208. 

Figures  1  and  2  are  micrographs  of  good 
(acceptable)  and  bad  (defective)  Z5U  ceramic  ca- 
pacitors  taken  in  cross-section. 

Figures  3  and  4  are  impedance  (z)  versus  fre- 
quency  (f)  curves  for  the  good  and  bad  Z5U  capaci- 
tors  depicted  in  Figures  1  and  2. 

Figures  5a  and  5b  are  micrographs  of  good  X7R 
ceramic  capacitors,  the  pictures  being  taken  in 
cross-section. 

Figure  6  is  a  graph  of  impedance  versus  frequen- 
cy  for  the  capacitors  of  Figures  5a  and  5b. 

Figures  7a  and  7b  are  micrographs  of  bad  X7R 
capacitors  taken  in  cross-section. 

Figure  8  is  a  graph  of  the  impedance  versus  fre- 
quency  curves  for  the  capacitors  of  Figures  7a 
and  7b. 

The  present  invention  is  directed  to  a  method  of 
nondestructive  testing  to  determine  the  presence 
or  absence  of  delaminations  and  concealed  cracks 
within  multilayer  ceramic  capacitors  manufactured 
from  materials  having  piezoelectric  properties.  In 
terms  of  the  EIA  standard  designations  and  codes, 
the  present  method  of  nondestructive  testing  ap- 
plies  to  what  are  known  as  class  II  and  class  III  ca- 
pacitors.  These  capacitors  basically  include  materi- 
als  which  exhibit  piezoelectric  effects.  Such  capaci- 
tors  would  include  capacitors  of  the  types  known  in 
the  trade  as  Z5U  and  X7R.  It  is  possible  with  capaci- 
tors  made  from  these  materials  to  excite  mechanical 
waves  through  electrical  means.  The  frequency  to 
match  the  mechanical  resonance  is  determined  by 
the  length,  width  and  height  of  the  device  made  from 
these  materials.  When  an  electric  field  of  one  of  two 
times  rated  voltage  is  applied,  a  mechanical  wave 
influences  a  measurement  of  the  impedance.  When 
this  DC  field  is  applied  to  the  devices  individually, 
standing  acoustic  waves  are  set  up  corresponding 
to  the  dimensions  of  the  ceramic  chip  capacitor.  If 
delaminations  or  hidden  cracks  are  present,  the 
resonance  pattern  is  disturbed  and  the  resulting 
changes  can  be  used  to  distinguish  the  delaminated 
capacitors  from  good  (acceptable)  capacitors.  Res- 
onances  occur  generally  between  0.25  MHz  and  5 
MHz. 

The  Figures  present  some  example  which  illus- 
trates  the  method  of  the  present  invention.  In  Fig- 
ures  1  and  2  there  are  presented  illustrations  of 
good  and  bad  capacitors  of  the  type  Z5U  with  a  size 
of  2.54  mm  x  1  .27  mm  x  1  .27  mm  (0.1  0  inches  x  0.05 
inches  x  0.05  inches)  and  having  a  capacitance  of 
100  nanofarads.  It  is  evident  from  the  micrograph  of 
Figure  2  that  there  is  a  delamination  in  the  lower 
third  of  the  capacitor.  This  measured  resonance 
frequency  for  the  capacitor  of  Figure  1  yields  a 
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length  resonance  fi_  of  approximately  1  MHz  and  a 
resonance  when  both  width  and  length  are  the  same. 
fw,H  of  approximately  1.7  MHz  with  sound  velocity 
v  =  5  x  103  meters/second.  Turning  now  to  the 
graphs  of  Figures  3  and  4,  in  Figure  3  one  can  de- 
termine  that  at  1  .7  MHz,  the  impedance  of  the  tested 
device  of  Figure  1  is  relatively  high  and  consequent- 
ly  the  capacitor  is  a  good  capacitor.  In  Figure  4  the 
impedance  of  the  tested  device  of  Figure  2  at  1.7 
MHz  is  substantially  less  than  that  shown  for  a 
good  capacitor  in  Figure  3  and  consequently  there 
are  delaminations  or  defects  in  that  capacitor,  as 
shown  in  Figure  2. 

Figures  5a  and  5b  are  micrographs  of  good 
(acceptable)  multilayer  ceramic  capacitors  of  the 
type  X7R  having  the  size  of  0.125  inches  x  0.095 
inches  x  0.055  inches  and  a  capacitance  of  67  nano- 
farads.  The  measured  resonance  frequency  for 
these  capacitors  of  Figures  5a  and  5b  is  ft.  =  0.625 
MHz,  and  width  resonance  fw  =  0.875  MHz.  Turn- 
ing  to  the  graph  of  Figure  6,  one  notices  that  at 
0.625  MHz  the  impedance  is  very  high,  and  at  0.875 
MHz,  the  resonance  frequency  corresponding  to 
this  width,  the  impedance  (z)  is  also  high.  This  is  true 
for  both  specimens.  In  Figures  7a  and  7b,  there  are 
micrographs  of  two  bad  (defective)  multilayer  ce- 
ramic  capacitors  of  the  type  X7R  having  the  same 
measurements  as  the  capacitor  of  Figures  5a  and 
5b.  The  delaminations  in  these  capacitors  are  quite 
obvious  from  the  photographs.  Turning  now  to  the 
graphs  measuring  the  impedance  versus  the  fre- 
quency  for  these  bad  capacitors,  one  notes  that  at 
the  resonance  frequencies  of  .625  MHz  and  .875 
MHz,  the  measured  impedance  is  significantly  less 
than  that  for  the  good  capacitors. 

Consequently,  a  good  (acceptable)  capacitor  can 
be  recognized  by  a  large  impedance  value  at  the 
measured  resonance  frequencies.  A  bad 
(defective)  capacitor  can  be  recognized  by  the 
change  in  impedance  which  appears  at  resonance 
frequencies  between  a  good  and  a  bad  capacitor. 
The  impedance  values  at  resonance  are  significant- 
ly  lowered  for  a  bad  capacitor. 

Claims 

1  .  A  method  for  non-destructive  testing  of  capac- 
itors  wherein  the  resonance  frequency  and  the  im- 
pedance  at  resonance  are  determined,  character- 
ized  in  that  the  multilayer  ceramic  capacitors  made 
from  piezoelectric  materials  are  tested  to  determine 
the  presence  of  delamination  of  the  layers  and  non- 
visible  cracks  in  said  capacitors,  according  to 
which  method  in  a  first  step  the  resonance  frequen- 
cy  and  the  impedance  at  resonance  are  determined 
for  a  good  capacitor  of  a  certain  size,  materials  and 
capacitance,  and  subsequently  a  number  of  capaci- 
tors  of  said  type  are  inserted  sequentially  in  an  im- 
pedance  bridge,  where  during  the  test  a  DC  bias 
voltage  is  applied  to  each  capacitor,  said  voltage 
being  between  1  and  2.5  times  the  rated  voltage  of 
the  capacitor,  where  the  impedance  of  each  capaci- 
tor  is  measured  over  a  small  frequency  range  at  the 
resonance  frequency  of  the  good  capacitor,  where 

capacitors  with  a  significantly  lower  impedance  val- 
ue  than  the  good  capacitor  are  rejected  as  defec- 
tive. 

Patentanspriiche 

1.  Verfahren  zum  zerstorungsfreien  Prufen  von 
Kondensatoren,  wobei  die  Resonanzfrequenz  und 
die  Impedanz  bei  Resonanz  ermittelt  werden,  da- 
durch  gekennzeichnet,  dass  Mehrschicht-Keramik- 
kondensatoren  aus  piezoelektrischen  Werkstoffen 
gepruft  werden  zum  Ermitteln  des  Vorhandenseins 
einer  Abblatterung  der  Schichten  und  nicht  sichtba- 
rer  Risse  in  den  genannten  Kondensatoren,  wobei 
nach  diesem  Verfahren  in  einem  ersten  Verfah- 
rensschritt  die  Resonanzfrequenz  und  die  Impe- 
danz  bei  Resonanz  ermittelt  werden  fur  einen  guten 
Kondensator  einer  bestimmten  Grosse,  aus  be- 
stimmten  Werkstoffen  und  mit  einer  bestimmten  Ka- 
pazitat,  wobei  danach  eine  Anzahl  Kondensatoren 
des  genannten  Typs  und  der  genannten  Grosse 
nacheinander  in  eine  Impedanzbrucke  gesteckt  wer- 
den,  wobei  wahrend  der  Prufung  jedem  Kondensa- 
tor  eine  Gleichstrom-Vorspannung  zugefuhrt  wird, 
wobei  diese  Spannung  zwischen  dem  ein-  und 
2,5fachem  der  Nennspannung  liegt,  wobei  die  Im- 
pedanz  jedes  Kondensators  uber  einen  engen  Fre- 
quenzbereich  bei  der  Resonanzfrequenz  des  guten 
Kondensators  gemessen  wird,  wobei  Kondensato- 
ren  mit  einem  wesentlich  niedrigen  Impedanzwert  als 
der  des  guten  Kondensators  als  fehlerhaft  zuriick- 
gewiesen  werden. 

Revendications 

1.  Procede  d'essai  non  destructif  de  condensa- 
teurs  selon  lequel  la  frequence  de  resonance  et  I'im- 
pedance  sont  determinees  pendant  la  resonance, 
caracterisee  en  ce  que  des  condensateurs  cerami- 
ques  a  couches  multiples  realises  a  partir  de  mate- 
riaux  piezo-electriques  sont  essayes  pour  determi- 
ner  la  presence  de  decollements  et  de  fissures  invi- 
sibles  dans  lesdits  condensateurs,  procede  selon 
lequel,  dans  un  premier  temps,  la  frequence  de  re- 
sonance  et  l'imp§dance  sont  determinees  pendant  la 
resonance  d'un  condensateur  adequat  de  dimen- 
sions,  mateYiaux  et  capacite  determines,  apres  quoi 
un  nombre  determine  de  condensateurs  desdits  ty- 
pe  et  dimensions  sont  introduits  successivement 
dans  un  point  d'impedance,  ou,  lors  de  I'essai,  une 
tension  de  polarisation  continue  est  appliquee  a  cha- 
que  condensateur,  ladite  tension  etant  situee  entre 
1  et  2,5  fois  la  tension  nominale  du  condensateur,  ou 
I'impedance  de  chaque  condensateur  est  mesuree 
sur  une  bande  de  frequence  6troite  en  fonction  de 
la  frequence  de  resonance  du  condensateur  ade- 
quat,  ou  des  condensateurs  d'une  valeur  d'impedan- 
ce  notablement  inferieure  a  celle  du  condensateur 
adequat  sont  mis  au  rebut. 
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