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I NTERNATIONAL ELECTROTECHNICAL COMMISSION  
 

___________ 
 

QUARTZ CRYSTAL UNITS OF ASSESSED QUALITY – 
 

Part 1 :  Generic speci fication  

 
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commission  ( I EC)  i s  a  worl dwide  organ ization  for s tandard ization  compris i n g  
a l l  nati onal  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  q uestions  concern i ng  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic fi e l ds.  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es,  I EC  publ i shes  I n ternational  Standards,  Techn ical  Speci fi cati ons,  
Techn ical  Reports,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cation(s )” ) .  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC  National  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti cipate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non -
governmental  organ i zations  l i a i s i ng  wi th  the  I EC al so  parti ci pate  i n  th i s  preparati on .  I EC  col l aborates  cl osel y 
wi th  the  I n ternational  Organ i zation  for S tandard izati on  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement  between  the  two organ i zati ons.  

2)  The  formal  decis ions  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y as  possible,  an  i n ternati ona l  
consensus  of opi n ion  on  the  re l evant sub jects  s i nce  each  techn ical  commi ttee  has  representati on  from  a l l  
i n terested  I EC National  Committees.   

3)  I EC Publ i cati ons  have  the  form  of recommendations  for i n ternati onal  use  and  are  accepted  by  I EC Nationa l  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  con ten t of I EC  
Publ i cations  i s  accurate,  I EC  cannot be  hel d  respons ib le  for the  way i n  wh ich  they are  used  or for an y 
m is i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternati onal  u n i form i ty,  I EC National  Commi ttees  undertake  to  app ly I EC Publ i cati ons  
transparen tl y to  the  maximum  exten t poss ib le  i n  thei r national  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC Publ i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  sha l l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC i tsel f d oes  not  provi de  any attestati on  of conform i ty.  I n dependent certi fi cati on  bod ies  provi de  conform i ty  
assessment services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  respons i ble  for an y 
services  carri ed  ou t  by i ndependent  certi fi cation  bod i es.  

6)  Al l  users  shou ld  ensure  that  they have  the  l atest  ed i ti on  of th i s  publ i cati on .  

7)  No  l i abi l i ty shal l  attach  to  I EC  or i ts  d i rectors ,  employees,  servan ts  or agents  i ncl ud ing  i nd ivi dual  experts  and  
members  of i ts  techn ical  commi ttees  and  I EC Nati onal  Comm i ttees  for any personal  i n j u ry,  property damage  or 
other damage  of any nature  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or re l i ance  upon ,  th i s  I EC Publ i cati on  or any other I EC  
Publ i cations.   

8)  Atten tion  i s  d rawn  to  the  Normati ve  references  ci ted  i n  th i s  publ i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct appl i cati on  of th i s  publ i cation .  

9)  Atten tion  i s  d rawn  to  the  poss ibi l i ty that  some  of the  e l ements  of th i s  I EC Publ i cation  may be  the  subject  of 
patent  ri gh ts.  I EC shal l  not  be  hel d  responsibl e  for i den ti fyi ng  any or a l l  such  patent  ri gh ts.  

DISCLAIMER 
This  Consol idated  version  i s  not an  official  IEC  Standard  and  has  been  prepared  for 
user conven ience.  On ly the  current versions  of the  standard  and  i ts  amendment(s)  
are  to  be  considered  the official  documents.  

Th is  Consol idated  version  of IEC  601 22-1  bears  the  ed i tion  number 3. 1 .  I t  consists  of 
the  th i rd  ed i tion  (2002-08)  [documents  49/551 /FDIS  and  49/558/RVD]  and  i ts   
amendment 1  (201 7-1 2)  [documents  49/1 254/FDIS  and  49/1 259/RVD] .  The technical  
content  i s  identical  to  the  base ed i tion  and  i ts  amendment.  

In  th is  Red l ine version ,  a  vertical  l i ne  in  the  margin  shows where the technical  content  
i s  modified  by amendment 1 .  Add itions  are  in  green  text,  deletions  are  in  strikethrough  
red  text.  A separate  F inal  version  with  al l  changes  accepted  i s  avai lable  in  th is  
publ ication .  
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I n ternational  Standard  I EC 601 22-1  has  been  prepared  by I EC techn ical  committee  49:  
P iezoelectric and  d ie lectric devices  for frequency con trol  and  selection .  

Th is  th i rd  ed i tion  of I EC 601 22-1  consti tu tes  a  techn ical  revis ion .  

I n ternational  Standard  I EC 601 22-1  i s  the  fi rst part of a  new ed i ti on  of the  I EC standard  series  
for quartz crystal  un i ts  of assessed  qual i ty.   

Th is  publ ication  has  been  drafted  i n  accordance wi th  the  I SO/IEC  D i recti ves,  Part 3.  

I EC 601 22  consists  of the  fol lowing  parts  under the  general  t i t l e:  Quartz crystal  un i ts  of 
assessed  qual i ty:   

– Part  1 :  Generic  speci fication  ( I EC 601 22-1 ) ;  

– Part  2 :  Gu ide  to  the  use  of quartz crystal  u n i ts  for frequency control  and  selection  
( I EC 601 22-2  at  present) ;  

– Part  3 :  Standard  outl i nes  and  l ead  connections  ( I EC 601 22-3) ;  

– Part  4 :  Sectional  speci fication  – Capabi l i ty Approval  ( I EC 61 1 78-2  at presen t);  

– Part  4-1 :   B lank deta i l  speci fication  – Capabi l i ty Approval  ( I EC  61 1 78-2-1  at present) ;  

– Part  5 :  Sectional  speci fication  – Qual i fication  Approval  ( I EC  61 1 78-3  at present);  

– Part  5-1 :   B lank deta i l  speci fication  – Qual i fication  Approval  ( IEC 61 1 78-3-1  at  present).  

The  QC number wh ich  appears  on  the  fron t cover of th is  publ ication  i s  the  speci fication  
number i n  the  I EC  Qual i ty Assessment System  for E lectron ic Components  ( I ECQ).  

The  committee  has  decided  that the  con tents  of the  base  publ ication  and  i ts  amendment wi l l  
remain  unchanged  unti l  the  s tabi l i ty date  i nd icated  on  the  I EC  web s i te  under 
"h ttp : //webstore. iec.ch"  i n  the  data  re lated  to  the  speci fic publ ication .  At th is  date,  the  
publ ication  wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

 

A b i l ingual  vers ion  of th is  publ ication  may be  issued  at  a  l ater date.  

 

IMPORTANT – The 'colour inside'  logo on  the  cover page  of th is  publ ication  ind icates  
that i t  contains  colours  which  are  considered  to  be  usefu l  for the  correct 
understand ing  of i ts  contents.  Users  shou ld  therefore  print  th is  document using  a  
colour prin ter.  
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QUARTZ CRYSTAL UNITS OF ASSESSED QUALITY – 
 

Part 1 :  Generic speci fication  

 
 
 

1  General  

1 . 1  Scope  

This  part of I EC 601 22  speci fies  the  methods  of test and  general  requ i rements  for q uartz 
crystal  un i ts  of assessed  qual i ty us ing  e i ther capabi l i ty approval  or qual i fication  approval  
procedures.  

1 .2  Normative  references  

The fol l owing  referenced  documents  are  i nd ispensable  for the  appl ication  of th is  document.  
For dated  references,  on ly the  ed i tion  ci ted  appl i es.  For undated  references,  the  l atest ed i tion  
of the  referenced  document ( i nclud ing  any amendments)  appl i es.  

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

I EC 60050(561 ) : 1 991 ,  International Electrotechnical Vocabulary (IEV)  – Chapter 561:  
Piezoelectric devices for frequency control and selection 

I EC 60068-1 : 1 988,  Environmental testing – Part 1 :  General and guidance 

IEC 60068-2-1 : 1 990,  Environmental testing – Part 2:  Tests – Tests A:  Cold 

IEC 60068-2-2 : 1 974,  Environmental testing – Part 2:  Tests – Tests B:  Dry heat 

IEC 60068-2-3: 1 969,  Environmental testing – Part 2: Tests  – Test Ca: Damp heat,  steady state 

IEC 60068-2-6: 1 995,  Environmental testing – Part 2:  Tests – Test Fc:  Vibration  (sinusoidal)   

I EC  60068-2 -7 : 1 983,  Environmental testing –  Part 2:  Tests –  Test Ga:  Acceleration,  
steady state  

I EC 60068-2-1 3: 1 983,  Environmental testing – Part 2:  Tests  –  Test M: Low air pressure  

IEC 60068-2-1 4 : 1 984,  Environmental testing – Part 2:  Tests – Test N: Change of temperature  

IEC 60068-2-1 7: 1 994,  Basic  environmental testing procedures– Part 2: Tests – Test Q: Sealing 

IEC 60068-2-20: 1 979,  Environmental testing – Part 2:  Tests – Test T:  Soldering 

I EC 60068-2-21 : 1 999,  Environmental testing – Part 2-21: Tests – Test U:  Robustness of 
terminations and integral mounting devices 

IEC 60068-2-27: 1 987,  Environmental testing – Part 2:  Tests – Test Ea and guidance:  Shock 

IEC 60068-2-29: 1 987,  Environmental testing – Part 2:  Tests – Test Eb and guidance: Bump 

I EC 60068-2-30: 1 980,  Environmental testing – Part 2:  Tests – Test Db and guidance:  Damp 
heat,  cyclic (12 + 12-hour cycle)  

I EC 60068-2-32: 1 975,  Environmental testing – Part 2:  Tests – Test Ed: Free fall (Procedure 1 )  
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I EC  60068-2 -45: 1 980 ,  Environmental testing –  Part 2:  Tests –  Test XA  and guidance:  
Immersion in  cleaning solvents 

IEC 601 22-3: 2001 ,  Quartz crystal units of assessed quality – Part 3: Standard outlines and 
lead connections 

IEC 60444-1 : 1 986,  Measurement of quartz crystal unit parameters by zero phase technique in  

a  π-network – Part 1 :  Basic method for the measurement of resonance frequency and 

resonance resistance of quartz crystal units by zero phase techniques in  a  π-network  

I EC 60444-2: 1 980,  Measurement of quartz crystal unit parameters by zero phase technique in  

a  π-network – Part 2:  Phase offset method for the measurement of motional capacitance of 
quartz crystal units 

I EC 60444-4: 1 988,  Measurement of quartz crystal unit parameters by zero phase technique in  

a  π-network – Part 4:  Method for the measurement of the  load resonance frequency fL ,  load 
resonance resistance RL  and the  calculation of other derived values of quartz crystal units,  up  
to  30 MHz 

I EC 60444-5: 1 995 ,  Measurement of quartz crystal unit parameters – Part 5: Methods for the  
determination of equivalent electrical parameters using automatic network analyzer 
techniques and error corrections 

I EC 60444-6: 1 995 ,  Measurement of quartz crystal unit parameters – Part 6: Measurement of 
drive level dependence (DLD)  

I EC 6061 7  (a l l  parts) ,  Graphical symbols for diagrams 

I EC 61 1 78-2: 1 993,  Quartz crystal units – A  specification in  the IEC Quality Assessment 
System for Electronic Components (IECQ)  – Part 2:  Sectional specification – Capability 
approval 

I EC 61 1 78-3: 1 993,  Quartz crystal units – A  specification in  the IEC Quality Assessment 
System for Electronic Components (IECQ)  – Part 3:  Sectional specification – Qualification 
approval 

I EC 61 760-1 : 2006,  Surface mounting technology – Part 1 :  Standard method for the  
specification of surface mounting components (SMDs)  

I EC QC 001 001 : 2000,  IEC Quality Assessment System for Electronic Components (IECQ)  – 
Basic Rules 

I EC QC 001 002-2 : 1 998,  ICQ Quality Assessment System for Electronic Components (IECQ)  – 
Rules of Procedure – Part 2:  Documentation  

I EC QC 001 002-3: 1 998,  IEC Quality Assessment System for Electronic Components (IECQ)  –  
Rules of Procedure – Part 3:  Approval Procedures 

I EC QC 001 005: 2000,  Register of firms,  products and services approved under the IECQ 
System,  including ISO 9000 

I SO 1 000: 1 992,  Sl units and recommendations for the use of their multiples and of certain  
other units 

1 .3  Order of precedence  

Where any d iscrepancies  occur for any reason ,  documents  shal l  rank i n  the  fol lowing  order of 
precedence:  

– the  deta i l  speci fication ;  

– the  sectional  speci fication ;  
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– the  generic speci fication ;  

– any other in ternational  documents  (for example  of the  I EC)  to  wh ich  reference  is  made.  

The  same order of precedence  shal l  appl y to  equ ivalent national  documents.  

2  Terminology and  general  requirements  

2. 1  General  

Un i ts,  g raph ical  symbols ,  l etter symbols  and  term inology shal l ,  wherever possib le,  be  taken  
from  the  fo l lowing  standards:  I EC 60027,  I EC  60050(561 ),  I EC  6061 7  and  I SO  1 000.  

2.2  Terms,  defin i tions  and  classification  of phenomena  

The fol lowing  paragraphs  conta in  add i ti onal  term inology appl icable  to  quartz crystal  un i ts  and  
describe  certa in  phenomena  i n  th is  con text.  

2.2. 1  
crystal  element (crystal  blank)  
piezoelectric material  cu t to  a  g iven  geometrical  shape,  s i ze  and  orien tation  wi th  respect to  
the  crystal l ograph ic axes  of the  crystal  

2.2.2  
electrode  
an  e lectrical l y conductive  p late  or fi lm  i n  con tact wi th ,  or in  proxim i ty to,  a  face  of a  crysta l  
e lemen t by means  of wh ich  an  e lectric fi e ld  i s  appl ied  to  the  e lement  

2.2.3  
crystal  resonator 
a mounted  crystal  e lement that vibrates  when  an  a l ternating  e lectric fie ld  exists  between  the  
e lectrodes  

2.2.4  
mounting  
the  means  by wh ich  the  crystal  resonator i s  supported  (wi th in  i ts  enclosure)  

2.2.5  
enclosure  
the  enclosure  protecti ng  the  crystal  resonator(s)  and  mounting  

2.2.6  
enclosure type  
a crystal  enclosure  of speci fic ou tl i ne  d imensions  and  materia l  wi th  a  defined  method  of 
seal i ng  

2.2.7  
crystal  un i t  
a crystal  resonator mounted  i n  an  enclosure  

2.2.8  
socket 
a component i n to  wh ich  the  crystal  u n i t  i s  i nserted  to  hold  the  crystal  un i t and  to  provide  
e lectrica l  connection  

2.2.9  
mode of vibration  
the  pattern  of motion  i n  a  vibrati ng  body of the  i nd ividual  particles  resu l ti ng  from  stresses  
appl ied  to  the  body,  the  frequency of osci l l ation  and  the  boundary cond i ti ons  existing .  The  
common  modes  of vibration  are:  
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– flexura l ;  

– extensional ;  

– face  shear;  

– th ickness  shear.  

2.2. 1 0  
fundamental  crystal  un i t  
a crystal  resonator des igned  to  operate  at the  lowest  order of a  g i ven  mode  

2.2. 1 1  
overtone crystal  un i t  
a crystal  resonator des igned  to  operate  at a  h i gher order than  the  l owest of the  g i ven  mode  

2.2. 1 2  
overtone order 
the  numbers  a l l otted  to  the  successive  overtones  of a  g i ven  mode  of vibration  from  the  
ascend ing  series  of in tegral  numbers  commencing  wi th  the  fundamental  as  un i ty.  For shear 
and  extens ional  modes,  th is  overtone  i s  the  i n tegral  mu l tip le  of the  fundamental  frequency to  
wh ich  the  overtone  frequency approximates  

2.2. 1 3  
crystal  un i t  equ ivalent ci rcu i t  
the  e lectric ci rcu i t wh ich  has  the  same impedance as  the  crystal  u n i t  i n  the  reg ion  of the  
des i red  resonance  and  an ti -resonance  frequencies.  I t  i s  represented  by an  i nductance,  
capaci tance  and  res istance  i n  series,  th is  series  arm  being  shun ted  by the  capaci tance  
between  the  term inals  of the  un i t.  The  parameters  of the  series  branch  of i nductance,  
capaci tance  and  res istance  are  g i ven  by L1 ,  C1  and  R1  respectivel y:  these  are  termed  
“motional  parameters”  of the  crystal  u n i t.  The  shun t (paral l el )  capaci tance  i s  denoted  by C0  

(see  fi gure  1 ) .  

The  parameters  are  i ndependent of frequency for i solated  modes  of motion .  General l y,  the  
mode in  question  i s  sufficien tl y i so lated  from  other modes  to  perm i t th is  assumption .  When  
th is  i s  not true,  the  equations  and  measuring  methods  ou tl ined  herein  do  not appl y.  For 
i denti fication  of symbols  used  i n  th is  s tandard ,  see  table  1 .  

NOTE  1  The  equ ivalent  ci rcu i t  does  not  represent  a l l  the  characteri sti cs  of a  crystal  un i t.  

NOTE  2  The  val ues  of Re ,  Xe ,  Gp  and  Bp  vary rapid l y around  the  resonance  frequency,   

where  

Re  i s  the  equ i val en t  ci rcu i t  seri es  res i stance  of the  resonator;  

Xe  i s  the  equ i val en t  ci rcu i t  seri es  reactance  of the  resonator;  

Gp  i s  the  equ i valent  ci rcu i t  paral l e l  conductance  of the  resonator;  

Bp  i s  the  equ i val en t  ci rcu i t  para l l e l  susceptance  of the  resonator.  
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Figure 1  – Symbol  and  equ ivalen t electrical  ci rcu i t  of  
a  p iezoelectric  resonator  

 

2.2. 1 4  
motional  resistance  (R1 )  
the  res istance  i n  the  motional  (series)  arm  of the  equ ivalen t ci rcu i t  

2.2. 1 5  
motional  inductance (L1 )  
the  i nductance i n  the  motional  (series)  arm  of the  equ ivalent  ci rcu i t  

2.2. 1 6  
motional  capacitance  (C1 )  
the  capaci tance  i n  the  motional  (series)  arm  of the  equ ivalent  ci rcu i t  

2.2. 1 7  
shunt  capaci tance (C0)  
the  capaci tance  i n  paral l e l  wi th  the  motional  arm  of the  equ ivalent  ci rcu i t  

2.2. 1 8  
parameters  of piezoelectric resonators  
the  fundamental  parameters  C1 ,  L1 ,  R1  and  C0  define  the  equ ivalen t e l ectric ci rcu i t  shown  
i n  fi gure  1 ,  and  a l l  other parameters  may be  derived  from  them .  At a  g i ven  frequency,  
the  parameters  of the  equ iva len t e lectric ci rcu i t general l y approach  constant values  as  the  
ampl i tude  of vibration  approaches  zero.  The  ampl i tude  wh ich  can  be  tolerated  before  
the  parameters  are  appreciabl y affected  varies  widel y between  resonators  of various  types  
and  can  on l y be  determ ined  by experiment.  

The  equation  for the  impedance  Z or adm ittance  Y:  

 
δ

δ
ω jΩ

jΩ

C

j

Y
Z

+−
−

×==
1

1

0

 (1 )  

of the  equ iva len t e l ectric ci rcu i t of the  p iezoelectri c resonator i s  the  bas ic equation  describing  
the  re lationsh ips  between  the  various  parameters .  

I n  equation  (1 ) :  

2
s

2
p

2
s

2

ff

ff
Ω

−

−
=  and  102 RfCπδ =  
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are  the  normal i zed  frequency factor and  the  normal i zed  damping  factor,  respectivel y.  See  
tab le  1 ,  for defin i ti ons  of fp ,  fs ,  and  the  other symbols  used  i n  equation  (1 )  and  for other 

essen tia l  parameters .  The  characteristic frequencies  of equation  (1 )  are  defined  i n  tab le  2 .  

The  magn i tude  of the  impedance  of the  equ iva lent e lectric network ( |Z| ) ,  i ts  res isti ve  
component (Re) ,  i ts  reactive  component (Xe) ,  and  the  reactance  X1  of the  L1 ,  C1 ,  R1  branch  
are  p lotted  as  functions  of frequency i n  fi gure  2 ,  for the  purpose  of defi n ing  the  d i fferen t  
characteristic frequencies.  |Zm |  and  |Zn |  denote  m in imum  and  maximum  impedance  
respective l y,  and  Rr,  Ra  the  impedances  at zero  phase  ang le.  These  curves,  however,  have  

on l y qual i tati ve  character and  do  not represent a  particu lar piezoelectric  resonator.  

For further clari fication ,  the  impedance and  adm i ttance  ci rcles  of a  p iezoelectric resonator are  
reproduced  in  fi gure  3 .  However,  the  ci rcle  representation  of the  impedance or adm i ttance  of 
a  p iezoelectric resonator i s  va l id  on l y i f the  ci rcle  d iameter of the  adm ittance  d iagram  is  large  

compared  wi th  the  change  of 2  πfC0  i n  the  resonance range  or i f r  << Q
2 ,  wh ich  i s  fu l fi l l ed  i n  

most resonators.  I f the  l atter cond i tions  are  not fu l fi l l ed ,  the  adm ittance  curve  shows a  
cissoida l  character.  Throughou t the  remainder of th is  s tandard ,  i t  i s  assumed  that the  
impedance (or adm ittance)  of the  resonator can  be  represented  by a  ci rcle  d iagram .  Table  3  

g i ves  data  for Q ,  r,  and  rQ2  for various  types  of resonators,  i nd icati ng  that th i s  assumption  

is  va l id  for a l l  practical  cases.  

I t  i s  necessary to  make approximations  i n  deriving  practical  equations  for general  use.  I t  i s  
the  error of these  approximations,  i n  add i ti on  to  the  errors  of i nstrumentation  that govern  the  
overal l  accuracy of the  experimental l y derived  parameters .  

As  a  fi rst approximation  sufficien t for many practica l  purposes,  the  fol l owing  assumptions  
can  be  made:  

fm  =  fr  =  fs  and  fa  = fn  =  fp  

More  exact relations  between  the  characteristic frequencies  fm ,  fr,  fa ,  fp ,  fn ,  and  the  series  
resonance  frequency fs  o f a  resonator,  va l i d  for the  fi gure  of meri t  M >  1 0  and  the  capaci tance  
ratio  r  >  1 0,  are  shown  i n  tab le  4 .  These  re lationsh ips  have  been  derived  by various  au thors  
under the  assumption  that M >>  1 .  

The  separation  between  paral l el  and  series  resonance  frequencies  i s  g i ven  by:  

  
rC

C

f

ff 1

0

1

2
s

2
s

2
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  (2)  

The  approximation :  
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  (3)  

can  be  used  for l arger values  of r  (for example,  when  r  i s  g reater than  25,  the  error i s  l ess  

than  1  %).  
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2.2. 1 9  
resonance frequency (fr)  
the  l ower of the  two frequencies  of the  crystal  u n i t a l one,  under speci fied  cond i tions,  at  wh ich  
the  e lectrical  impedance of the  crysta l  un i t  i s  res isti ve  

2.2.20   
resonance resistance  (Rr)  
the  res istance  of the  crystal  u n i t  a l one  at the  resonance frequency fr  

2.2.21   
anti -resonance  frequency (fa)  
the  h igher of the  two frequencies  of the  crysta l  un i t a l one,  under speci fi ed  cond i ti ons,  at wh ich  
the  e lectrica l  impedance of the  crysta l  un i t  i s  res istive  

2.2.22   
load  capacitance (CL)  
the  effecti ve  external  capaci tance  associated  wi th  the  crystal  un i t wh ich  determ ines  the  l oad  
resonance  frequency fL  

2.2.23   
load  resonance  frequency (fL)  
one of the  two frequencies  of a  crystal  u n i t  i n  association  wi th  a  series  or wi th  a  paral l e l  l oad  
capaci tance,  under speci fied  cond i ti ons  at wh ich  the  e lectrica l  impedance of the  combination  
is  res isti ve.  The  l oad  resonance  frequency i s  the  l ower of the  two  frequencies  when  the  load  
capaci tance  i s  i n  series  and  the  h igher when  i t  i s  i n  paral l e l  (see  fi gure  4).  

For a  g iven  va lue  of l oad  capaci tance  CL ,  these  frequencies  are  i den tical  for a l l  practical  

purposes  and  are  g i ven  by the  express ion  

 
L01

L011 )(
2

1

CCC

CCCL

f ++

+
= π

L

  (4)  

NOTE  1  The  frequencies  defi ned  i n  2 . 2 . 1 9,  2 . 2 . 21  and  2 . 2 . 23  are  l i s ted  as  bei ng  the  terms more  common ly used .  
The  frequenci es  associated  wi th  a  q uartz crystal  are  numerous  and  for a  fu l l  explanati on  tables  2  and  4  shou ld  be  
consu l ted .  

NOTE  2  When  h i gher accuracies  are  requ i red  or secondary data  (for example,  val ues  of crystal  un i t  motiona l  
parameters)  are  to  be  deri ved  from  the  frequency measu rements,  tabl e  1 ,  I EC 60444-1  and  I EC 60444-5  shou l d  be  
consu l ted .  
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Figure  2  – Impedance |Z| ,  resistance Re ,  reactance  Xe ,  series  arm  reactance  X1   
of a  p iezoelectric  resonator as  a  function  of frequency 
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Figure  3  – Impedance and  admittance  d iagram  of a  p iezoelectric  resonator 

The symbols  conform  wi th  those  i n  tab le  1  and  fi gure  2 .  
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Figure 4 – Resonance,  anti -resonance  and  load  resonance frequencies  

2.2.24  
load  resonance  resistance (RL)  
the  res istance  of the  crystal  un i t i n  series  wi th  a  stated  external  capaci tance  at the  load  
resonance  frequency fL .  

NOTE  To  a  cl ose  approximation  the  val ue  of RL  i s  re l ated  to  the  val ue  of Rr  by the  expression :  

 RL  ≅  Rr  

2

L

01













+
C

C
  (5)  

NOTE  1  The  val ues  of l oad  capaci tances  shown  i n  b )  and  c)  are  equal .  

NOTE  2  See  2 . 2 . 1 9,  2 . 2 . 21  and  2 . 2 . 23.   
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2.2.25  
nominal  frequency (fnom )  
the  frequency assigned  to  the  crystal  un i t  by the  manufacturer 

2.2.26  
working  frequency (fw)  
the  operational  frequency of the  crysta l  un i t together wi th  associated  ci rcu i ts  

2.2.27  
load  resonance  frequency offset (ΔfL)  

 ΔfL  =  fL  – fr  (6)  

I t  can  be  calcu lated  approximatel y from  

 ΔfL  ≅  
)(2 L0

1r

CC

Cf

+
  (7)  

I n  usage,  the  load  resonance frequency offset ΔfL  for a  g i ven  value  of l oad  capaci tance  can  
be  wri tten  as ,  for i nstance,  Δf30  or Δf20  to  i nd icate  the  actual  va lue  of l oad  capaci tance  i n  

p icofarads  i nvolved .  

2.2.28  
fractional  load  resonance  frequency offset (DL)  

 DL  =  
r

rL

f

ff −
  (8)  

I t  can  be  ca lcu lated  approximatel y from  

 DL  ≅
)(2 L0

1

CC

C

+
  (9)  

Th is  can  a lso  be  wri tten  as,  for i nstance,  D30  to  i nd icate  the  fractional  load  resonance 
frequency offset DL  wi th  a  l oad  capaci tance  of 30  pF.  

2.2.29  
frequency pu l l ing  range  (ΔfL1 ,L2)   

 ΔfL1 , L2  =  |  fL1  – fL2  |   (1 0)  

I t  can  be  calcu lated  approximatel y from :  

 ΔfL1 , L2  =  
))((2

)(

L20L10

L1L21r

CCCC

CCCf

++

−
  (1 1 )  

Th is  can  a lso  be  wri tten  as,  for i nstance  Δf20, 30  to  i nd icate  the  frequency pu l l ing  range  
between  load  capaci tances  of 20  pF  and  30  pF  

2.2.30  
fractional  pu l l ing  range  (DL1 ,L2)  

 DL1 ,  L2  =  L2L1
r

L2L1 DD
f

ff
−=

−
  (1 2)  

I t  can  be  calcu lated  approximatel y from :  
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 DL1 , L2  =  
))((2

)(

L20L10

L1L21

CCCC

CCC

++

−
 (1 3)  

Th is  can  be  wri tten  as,  for i nstance,  D20, 30 ,  to  i nd icate  the  fractional  pu l l i ng  range  between  
l oad  capaci tances  of 20  pF  and  30  pF  

2.2.31   
pu l l ing  sensi tivi ty (S)  

 S =  
L

L

d

d

C

D
 ≅

2
L0

1

)(2 CC

C

+

−
  (1 4)  

Th i s  can  be  wri tten  as ,  for i n s tance,  S30 ,  to  i n d i cate  the  pu l l i n g  sens i t i vi ty a t  a  l oad  
capaci tance  of 30  pF  

2.2.32   
operating  temperature  range  
the  range  of temperatu res  as  measured  on  the  enclosure,  over wh ich  the  crystal  un i t sha l l  be  
wi th in  the  speci fi ed  to lerances  

2.2.33   
operable  temperature range  
the  range  of temperatures  as  measured  on  the  enclosure  over wh ich  the  crystal  un i t  wi l l  not  
susta in  permanent damage  though  not  necessari l y function ing  wi th in  the  speci fied  tolerances  

2.2.34  
storage  temperature  range  
the  m in imum  and  maximum  temperatures,  as  measured  on  the  enclosure,  at  wh ich  the  crystal  
un i t may be  stored  wi thout  deterioration  or damage to  i ts  performance  

2.2.35  
reference  temperature  
the  temperature  at wh ich  certain  crystal  measurements  are  made.  For control led  temperature  
un i ts,  the  reference temperature  i s  the  m id -poin t of the  con trol l ed  temperature  range.  For non-
con trol l ed  temperature  un i ts ,  the  reference  temperature  is  normal l y 25  oC ±  2  oC 

2.2.36  
level  of drive  
a measure  of the  cond i ti ons  imposed  upon  the  crysta l  un i t.  Th is  may be  expressed  in  terms  of 
curren t through  or power d issipated  i n  the  crysta l  e lemen t  

2.2.37  
drive l evel  dependency 
drive  l evel  dependency (DLD)  i s  the  effect of changes  i n  d rive  level  cond i tions  upon  the  
resonance res istance  of the  crystal  u n i t.  Th is  parameter can  be  speci fi ed  by defin ing  the  ratio  
of res istance  between  two speci fied  d ri ve  l evels .  Th is  ratio  i s  represen ted  by the  express ion :  

r2

r1

R

R
 

where   

Rr1   i s  the  res istance  at  the  l ower level  of d rive;  

Rr2   i s  the  res istance  at  the  h i gher l evel  of d ri ve.  

Provided by IHS Markit under l icense with  IEC



I EC 601 22-1 : 2002+AMD1 : 201 7  CSV – 1 9  – 

  I EC  201 7   

 

2.2.38  
unwanted  response  
a state  of resonance of a  crysta l  resonator other than  that associated  wi th  the  working  
frequency 

2.2.39  
frequency tolerance  
the  maximum  perm iss ib le  deviation  of the  working  frequency due  to  a  speci fied  cause  or a  
combination  of causes.  The  frequency tolerance  is  usual l y stated  i n  parts  per m i l l i on  (1 ×1 0–6)  
of the  nom inal  frequency 

NOTE  The  tol erances  normal l y used  are  as  fol l ows:  

– deviati on  from  nom inal  frequency at  the  reference  temperature  under speci fi ed  cond i ti ons;  

– deviati on  over the  temperatu re  range  from  the  frequency at  the  speci fi ed  reference  temperature;  

– deviati on  as  a  resu l t  of age ing  under speci fi ed  cond i ti ons;  

– deviati on  from  nom inal  frequency d ue  to  a l l  causes  (overal l  to l erance).  

Table  1  – List  of symbols  used  for the  equ ivalent electric  ci rcu i t   
of a  p iezoelectric  resonator 

Symbols  Mean ing  SI  un i ts  
References  

Equations  Tables  F igures  

Bp  Equ ivalent  paral l e l  susceptance  of 
resonator 

S   2  1  

C0  Shunt  (paral l e l )  capaci tance  i n  the  
equ i va lent  e l ectri c  ci rcu i t  

F  2 ,  3   1 ,  5  

C1  Moti onal  capaci tance  i n  the  
equ i va lent  e l ectri c  ci rcu i t  

F  2 ,  3   1 ,  5  

f Frequency Hz    3  

fa  An ti resonance  frequency,  zero  
susceptance  

Hz   2 ,  4  2 ,  3  

fm  Frequency of maximum  
adm i ttance(m in imum  impedance)  

Hz   2 ,  4  2 ,  3  

fn  Frequency of m in imum  
adm i ttance(maximum  impedance)  

Hz   2 ,  4  2 ,  3  

fp  Paral l e l  resonance  frequency 
( l oss less)   

01

01
12

1

CC

CC
L

+
π

 

Hz  2 ,  3  2 ,  4  2 ,  3  

fr  Resonance  frequency,  zero  
susceptance  

Hz   2 ,  4  2 ,  3 ,  4  

fs  Moti onal  (series)  resonance  
frequency 

112

1

CLπ
 

H z  2 ,  3  2 ,  4  2 ,  3  

 

Gp  Equ ivalent  paral l e l  conductance  of 
resonator 

   1  

L1  Moti onal  i nductance  i n  the  
equ i va len t  e l ectri c  ci rcu i t  

H    1 ,  5  

M Figu re  of meri t  of a  resonator 

 M =
r
Q

 

D imension l ess   3 ,  4   
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Symbols  Mean ing  SI  un i ts  
References  

Equations  Tables  F igures  

Q Qual i ty factor:  

1

1

R

LW
Q s=  

D imension l ess   3   

r Capaci tance  rati o:  

1

0

C

C
r =  

D imension l ess  2 ,  3  2 ,  3 ,  4   

Ra  Impedance  at  zero  phase  ang l e  
near an ti resonance  

Ω    2 ,  3  

Re  Equ ivalent  seri es  res i stance  of 
resonator 

Ω    1 , 2  

Rr  Impedance  at  fr  ,  zero  phase  ang le  Ω    2 ,  3  

R1  Moti onal  res i stance  i n  the  
equ i va lent  e l ectri c  ci rcu i t  

Ω  1 5  2  1 ,  3 ,  5  

Xe  Equ ivalent  seri es  reactance  of 
resonator 

Ω    1 ,  2  

X0  Reactance  of shunt  (paral l e l )  
capaci tance  at  seri es  resonance:   

Xo  =  
0s

1

Cω
 

Ω    3  

X1  Reactance  of motional  series  arm  

of resonator:  
1

11
1

C
LX

ω
ω −=  

Ω   2  2  

Y Adm i ttance  of resonator:  

Z
jBGY pp

1
=+=  

S  1    

Ym  Maximum  adm i ttance  of resonator S    3  

Yn  Min imum  adm i ttance  of resonator S    3  

Z Impedance  of resonator:   
Z =  Re  +  jXe  

Ω  1    

Zm  Min imum  impedance  of resonator Ω    2 ,  3  

Zn  Maximum  impedance  of resonator Ω    2 ,  3  

|Z|  Absolu te  val ue  of impedance  of 

resonator:  2
e

2
e XRZ +=  

Ω   2  2  

|Zm |  Absolu te  val ue  of impedance  a t  fm  
(m in imum  impedance)  

Ω    2  

|Zn |  Absolu te  val ue  of impedance  a t  fn  
(maximum  impedance)  

Ω    2  

δ  Normal i zed  damping  factor:   

δ  =  ωCoR1  

D imension l ess  1  2   

Ω  Normal i zed  frequency factor:  

2
s

2
p

2
s

2

ff

ff
Ω

−

−
=  

D imension l ess  1  2   

ω  Circu l ar (angu lar)  frequency:   

ω  =  2πf 
rad /s   2   

ωs  Circu l ar frequency at  motiona l  

resonance:  ωs  =  2πfs  
rad/s     

CL  Load  capaci tance  F  4 ,  1 5  1  4 ,  5  

fL  Load  resonance  frequency of 

combination  of resonator and  LC  

L0

1
sL 1

CC

C
ff

+
+=  

H z  1 5  1  4  
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Table  2  –  Solutions  for the  various  characteristic frequencies  

Characteri stic  
frequencies  

Mean ing  Condi tion  
Consti tuen t equation  

for frequency 

mf  Frequency of maximum  adm i t–
tance  (m in imum  impedance)  0

d

d
=

ω

Z
 

( ) ( )
( ) 012

2

2

2222

=−−−

+−+

ΩΩΩr

rΩΩ δδ  

sf  Moti onal  (series)  resonance  
frequency 

01 =Χ  
0=Ω  

rf  Resonance  frequency  0pe == BX  ( ) 01 2 =−− δΩΩ  

af  Anti resonance  frequency 0pe == BX  ( ) 01 2 =−− δΩΩ  

pf  Paral l e l  resonance  frequency  
( l oss-l ess)  

∞=eX  

for 01 =R  

1=Ω  

nf  Frequency of m in imum  adm i ttance  
(maximum  impedance)  0

d

d
=

ω

Z
 

( ) ( )
( ) 012

2

2

2222

=−−−

+−+

ΩΩΩr

rΩΩ δδ  

 

Table  3  – M in imum  values  for the  ratio  Q2/r  to  be  expected   
for various  types  of piezoelectric  resonators  

Type of pi ezoelectric  resonator Q  =  M r  r Q
2
/r  m in  

Piezoelectri c  ceram ics  90  – 500  2  – 40  200  

Water-solubl e  p iezoelectri c  crystal s  200  – 50  000  3  – 500  80  

Quartz  1 0
4  
– 1 0

7
 1 00  – 50  000  2  000  

 

Table  4 – Approximate  relations  between  the  characteristic frequencies   
and  the series  resonance  frequency fs  of a  piezoelectric resonator 

 

Characteri stic  
frequency 

1
st
 approximation  2

nd
 approximation  

sf

f
 

Devi ation  
sf

f∆
 

from  a  more  
precise  value  

sf

f
 

Devi ation  
sf

f∆
 

from  a  more  
precise  value  

mf  1
s

m =
f

f
 

rM 22

1
−  












+−+=

2

4
11

2

1
1

s

m

Mrf

f
 

242

1

rM
 

rf  1
s

r =
f

f
 

rM 22

1
 












−−+=

2

4
11

2

1
1

s

r

Mrf

f
 242

1

rM
 

af  
rf

f

2

1
1

s

a +=  







+− 1

1

2

1
2 rrM

 











−++=

2

4
11

2

1
1

s

a

Mrf

f
 

rrM

1

2

1
2

×−  

nf  
rf

f

2

1
1

s

n +=  







+ 1

1

2

1
2 rrM

 











+++=

2

4
11

2

1
1

s

n

Mrf

f
 

rrM

1

2

1
2

×  

pf  
rf

f

2

1
1

s

p +=  
28

1

r
−  

rf

f 1
1

s

p
+=  0  
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Figure  5  – Equ ivalent  ci rcu i t  of a  piezoelectric resonator  
wi th  a  series  ( load)  capacitance  CL  
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2.3  Preferred  ratings  and  characteristics  

Values  shou ld  preferabl y be  chosen  from  the  fol lowing  paragraphs.  

2.3. 1  Temperature  ranges  in  degrees  Celsius  (oC)  su i table  for ambient operation  

–55  to  +1 25  –30  to  +80   –1 0  to  +60  

–55  to  +1 05  –30  to  +70   –1 0  to  +50  

–55  to  +1 00  –25  to  +80      0  to  +60  

–55  to  +90  –20  to  +85      0  to  +50  

–40  to  +90  –20  to  +80    +5  to  +55  

–40  to  +85  –20  to  +70  +1 0  to  +40  

–40  to  +80  –20  to  +60  +1 5  to  +50  

–40  to  +70  –1 0  to  +70  
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2.3.2  Elevated  temperature  ranges  in  degrees  Celsius  (oC)  su i table  for oven  control  

60  ±  5  75  ±  5  

65  ±  5  80  ±  5  

70  ±  5  85  ±  5  

2.3.3  Frequency tolerance  (1 ×1 0–6)  

±200  ±25  ±7, 5  

±1 00  ±20  ±5  

±50  ±1 5  ±4  

±40  ±1 0  ±2, 5  

±30   ±1  

2.3.4  Ci rcu i t  cond itions  

1 0  pF  l oad  capaci tance  

1 5  pF  l oad  capaci tance  

20  pF  l oad  capaci tance  

30  pF  l oad  capaci tance  

50  pF  l oad  capaci tance  

Series  resonance.  

2.3.5  Levels  of d rive  

Th ickness  shear/AT:  

Current,  i n  μA  

   1 50  

   200  

1  000  

2  000  

Power,  i n  μW  

 1  

 1 0  

1 00  

500  

F lexure  and  face  shear:  

Current,  i n  μA  

1 00  

200  

Extens ional :  

Current,  i n  μA  

 500  

1  000  
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2.3.6  Drive  l evel  dependency 

 

Resonance resistance  

Ω  
Resi stance  ratio,  

r2

1r

R

R
 

<  5  

5  to  1 0  

1 0  to  20  

20  to  35  

35  to  50  

>50  

2 , 2  

2 , 0  

1 , 8  

1 , 5  

1 , 3  

1 , 2  

 

2.3.7  Cl imatic category 

55/1 05/56  

For requ i rements  where  the  operati ng  temperature  range  of the  crystal  un i t i s  greater than   
–55  oC to  +1 05  oC,  a  cl imatic category cons isten t wi th  the  operati ng  temperature  range  shal l  
be  speci fi ed .  

2.3.8  Bump  severi ty  

4  000  ±  1 0  bumps  at 390  m /s2  peak acceleration  i n  each  d i rection  a long  th ree  mutual l y 
perpend icu lar axes  (see  4 . 8. 6) .  

Pu lse  duration  6  ms.  

2.3.9  Vibration  severi ty 

1 0  Hz to  55  Hz 
0, 75  mm  d isp lacement ampl i tude  
(peak value)  

55  Hz to  500  Hz 
or 55  Hz to  2  000  Hz 
98, 1  m /s2  acceleration  ampl i tude  
(peak value)  

30  m in  i n  each  of three  mutual l y perpend icu lar 
axes  at  1  octave/m in  (see  4. 8.7)  

  

1 0  Hz to  55  Hz 
1 , 5  mm  d isplacement ampl i tude  
(peak value)  

55  Hz to  2  000  Hz 
1 96,2  m /s2  acceleration  ampl i tude  
(peak va lue)  

30  m in  i n  each  of three  mutual l y perpend icu lar 
axes  at  1  octave/m in  (see  4. 8 .7)  

 

Random  vibration  severi ti es:  u nder cons ideration  

2.3. 1 0  Shock severi ty 

981  m /s2  peak acceleration  for 6  ms  duration ;  three  shocks  in  each  d i rection  along  three  
mutual l y perpend icu lar axes  (see  4. 8. 8) ,  ha l f s i ne  pu lse,  un less  otherwise  stated  i n  the  detai l  
speci fication .  
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2.3. 1 1  Leak rate  

1 0–3  Pa ⋅cm 3/s  (1 0–8  bar⋅cm 3/s).  

2.4  Marking  

2.4. 1  The  in formation  g i ven  i n  the  marking  i s  se lected  from  the  fo l lowing  l i st :  the  re lative  

importance  of each  i tem  i s  i nd icated  by i ts  posi ti on  i n  the  l i st:  

a)  type  designation  as  defined  in  the  deta i l  speci fication ;  

b)  nom inal  frequency i n  ki l ohertz (kHz)  or megahertz (MHz);  

c)  year and  week (four d ig i ts)  of manufacture;  

d )  factory i denti fication  code;  

e)  manufacturer’s  name or trade  mark;  

f)  mark of conform ity (un less  a  certi ficate  of conform ity i s  used) .  

2.4.2  The  crystal  u n i ts  sha l l  be  cl earl y marked  wi th  a),  b)  and  c)  above  and  wi th  as  many as  
poss ib le  of the  remain ing  i tems  as  is  cons idered  necessary.  Any dupl ication  of i n formation  i n  
the  marking  on  the  crysta l  un i t  shou ld  be  avoided .  

Where  the  avai lable  surface  area  of m in iature  crystal  enclosures  imposes  practical  l im i ts  on  
the  amoun t of marking ,  i nstructions  on  the  marking  to  be  appl i ed  shal l  be  g i ven  i n  the  deta i l  
speci fication .  

2.4.3  The  primary package con ta in ing  the  crystal  u n i t(s)  shal l  be  clearl y marked  wi th  a l l  the  
i n formation  l i s ted  i n  2 . 4 . 1 .  

2.4.4  Any add i tional  marking  shal l  be  so  appl ied  that  no  confus ion  can  ari se.  

3 Qual i ty assessment procedures  

Two methods  are  avai lable  for the  approval  of q uartz crysta l  u n i ts  of assessed  qual i ty.  They 
are  qual i fication  approval  and  capabi l i ty approval .  

3. 1  Primary stage of manufacture  

I n  accordance  wi th  3. 1 . 1 . 2  of I EC QC 001 002-3,  the  primary stage  of manufacture  i s  the  fi nal  
surface  fi n ish ing  of the  crystal  e l ement.  

NOTE  The  fi na l  su rface  fi n i sh ing  of the  crystal  e l ement  cou l d  be  any of the  fol l owi ng  operati ons:  l apping ;  
pol i sh i ng ;  etch i ng ;  cl ean i ng ,  i n  the  case  of pol i shed  pl ates.  

3.2  Structural ly s im i lar components  

The grouping  of structural l y s im i l ar components  for the  purpose  of qual i fications  approval ,  
capabi l i ty approval  and  qual i ty conformance i nspection  shal l  be  prescribed  in  the  re levant 
sectional  speci fication .  

3.3  Subcontracting  

These  procedures  shal l  be  i n  accordance  wi th  3. 1 . 2  of I EC QC 001 002-3.  

However,  the  fina l  surface  fi n ish ing  of the  crysta l  e l ements  and  a l l  subsequen t processes  
shal l  be  carried  ou t by the  manufacturer to  whom  approval  has  been  gran ted .  

Provided by IHS Markit under l icense with  IEC



 – 26  – I EC 601 22-1 : 2002+AMD1 : 201 7  CSV 

    I EC  201 7  

 

3.4  Manufacturer’s  approval  

To obtain  manufacturer’s  approval  the  manufacturer shal l  meet the  requ i rements  of clause  2  
of I EC QC 001 002-3.  

3.5  Approval  procedures  

3.5. 1  General  

To  qua l i fy a  q u artz crysta l  u n i t,  e i ther capab i l i ty approva l  or  q ua l i fi ca ti on  approva l  pro-
cedu res  may be  u sed .  These  procedu res  sha l l  con form  to  those  s ta ted  i n  I EC  QC  001 001  
and  I EC  QC  001 002-3 .  

3.5.2  Capabi l i ty approval  

Capabi l i ty approval  i s  appropriate  when  structu ra l l y s im i lar quartz crystal  un i ts  based  on  
common  des ign  ru les,  are  fabricated ,  by a  g roup  of common  processes.  

Under capabi l i ty approval  detai l  speci fications  fa l l  i n to  the  fol lowing  th ree  categories.  

a)  Capabi l i ty qual i fying  components  (CQCs)  

 A detai l  speci fication  shal l  be  prepared  for each  CQC as  agreed  wi th  the  National  
Supervis ing  I nspectorate  (NSI ) .  I t  sha l l  i denti fy the  purpose  of the  CQC and  i nclude  a l l  
re levant stress  l evels  and  test l im i ts .  

b)  Standard  catalogue  i tems  

 When  a  component covered  by the  capabi l i ty approval  procedure  is  i n tended  to  be  offered  
as  a  standard  cata logue  i tem ,  a  detai l  speci fi cation  complying  wi th  the  b lank detai l  
speci fication  shal l  be  wri tten .  Such  speci fications  shal l  be  reg istered  by the  I ECQ and  the  
component may be  l i s ted  i n  I EC  QC 001 005.  

c)  Custom  bu i l t  quartz  crystal  un i ts   

 The  content of the  detai l  speci fication  shal l  be  determ ined  by agreement between  the  
manufacturer and  the  customer i n  accordance  wi th  4. 3 . 3  of I EC  QC  001 002-3.  

Fu rther i n formati on  on  d eta i l  speci fi cat i ons  i s  con ta i ned  i n  the  secti ona l  speci fi cat i on  
I EC  61 1 78-2 .  

The  product and  capabi l i ty qual i fying  components  (CQCs)  are  tested  i n  combination  and  
approval  g i ven  to  a  manufacturing  faci l i ty on  the  basis  of va l i dated  design  ru les ,  processes  
and  qual i ty control  procedures.  Further i n formation  i s  g iven  in  3. 6  and  in  the  sectional  
speci fication  I EC  61 1 78-2.  

3.5.3  Qual i fication  approval  

Qual i fication  approval  i s  appropriate  for components  manufactured  to  a  standard  design  and  
establ ished  production  process  and  conform ing  to  a  publ ished  detai l  speci fi cation .  

The  programme of tests  defined  i n  the  detai l  speci fication  for the  appropriate  assessment and  
severi ty l evel  appl ies  d i rectl y to  the  quartz crystal  un i t to  be  qual i fied ,  as  prescribed  i n  3 . 7  
and  the  sectional  speci fication  I EC 61 1 78-3.  

3.6  Procedures  for capabi l i ty approval  

3.6. 1  General  

The procedures  for capabi l i ty approval  sha l l  be  i n  accordance wi th  I EC  QC  001 002-3.  
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3.6.2  El ig ibi l i ty for capabi l i ty approval  

The manufacturer shal l  comply wi th  the  requ i rement of 4 . 2 . 1  of I EC QC 001 002-3  and  the  
primary stage  of manufacture  as  defined  in  3. 1  of th is  generic speci fication .  

3.6.3  Appl ication  for capabi l i ty approval  

I n  order to  obtain  capabi l i ty approval  the  manu facturer shal l  appl y the  ru les  of procedure  
g i ven  i n  cl ause  4  of I EC QC 001 002-3.  

3.6.4  Granting  of capabi l i ty approval  

Capabi l i ty approva l  sha l l  be  g ran ted  when  the  procedu res  i n  accordance  wi th  4  of I EC  
QC  001 002-3  have  been  successfu l l y completed .  

3.6.5  Capabi l i ty manual  

The contents  of the  capabi l i ty manual  sha l l  be  i n  accordance wi th  the  requ irements  of the  
sectional  speci fication .  The  NSI  sha l l  treat the  capabi l i ty manual  as  a  confiden tia l  document.  
The  manufacturer may,  i f he  so  wishes,  d isclose  part  or a l l  of i t  to  a  th i rd  party.  

3.7  Procedures  for qual i fication  approval   

3.7. 1  General   

The  procedu res  for q u a l i fi cat i on  approva l  sh a l l  be  i n  accordance  wi th  c l ause  3  of I EC  
QC  001 002-3 .  

3.7.2  El ig ibi l i ty for qual i fication  approval  

The manufacturer shal l  comply wi th  the  requ i rements  of 3. 1 . 1  of I EC QC 001 002-3  and  the  
primary stage  of manufacture  as  defined  in  3. 1  of th is  generic speci fication .  

3.7.3  Appl ication  for qual i fication  approval  

I n  order to  obta in  qual i fi cation  approval  the  manufacturer shal l  appl y the  procedures  g i ven  i n  
3. 1 . 3  of I EC  QC  001 002-3.  

3.7.4  Granting  of qual i fication  approval  

Qual i fication  approval  sha l l  be  gran ted  when  the  procedures  i n  accordance wi th  3. 1 . 5  of 
I EC QC  001 002-3  have  been  successfu l l y completed .  

3.7.5  Qual i ty conformance  i nspection  

The b lank deta i l  speci fication  associated  wi th  the  sectional  speci fication  shal l  prescribe  the  
test schedu le  for qual i ty conformance  inspection .  

3.8  Test procedures  

The test procedures  to  be  used  shal l  be  selected  from  th is  generic speci fication .  I f an y 
requ i red  test i s  not incl uded ,  then  i t  shal l  be  defined  i n  the  detai l  speci fication .  

3.9  Screen ing  requ irements  

Where screen ing  is  requ i red  by the  customer for quartz crystal  un i ts  th is  shal l  be  speci fi ed  i n  
the  detai l  speci fication .  
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3. 1 0  Rework and  repai r work 

3. 1 0. 1  Rework 

Rework i s  the  recti fication  of processing  errors  and  shal l  not be  carried  ou t  i f proh ib i ted  by the  
sectional  speci fication .  The  sectional  speci fication  shal l  s tate  i f there  i s  a  restriction  on  
the  number of occas ions  that  rework may take  p lace  on  a  speci fic component.  

Al l  rework shal l  be  carried  ou t prior to  the  formation  of the  i nspection  l ot  offered  for i nspection  
to  the  requ i rements  of the  deta i l  speci fication .  

Such  rework  procedures  shal l  be  fu l l y described  i n  the  re l evant  documentation  produced  by 
the  manufactu rer and  sha l l  be  carried  ou t  u nder the  d i rect con tro l  of the  ch ief i n spector.  
Sub-contracti ng  of rework  i s  not  perm i tted .  

3. 1 0.2  Repair work 

Repair work i s  the  correction  of defects  i n  a  component after re lease  to  the  customer.  

Components  that have  been  repaired  can  no  longer be  considered  as  representati ve  of the  
manufacturer’s  production  and  may not be  released  under the  I ECQ System .  

3. 1 1  Certi fi ed  records  of released  lots  

The requ i rements  of clause  1 . 5  of I EC QC 001 002-2  shal l  appl y.  When  certi fi ed  records  of 
re leased  l ots  (CRRL)  are  prescribed  i n  the  sectional  speci fication  for qual i fication  approval  
and  are  requested  by the  customer,  the  resu l ts  of the  speci fi ed  tests  shal l  be  summarized .  

3. 1 2  Val id i ty of release  

Crysta l  un i ts  held  for a  period  exceed ing  two years  fol lowing  acceptance  i nspection  shal l  be  
re inspected  for the  e lectrical  tests  deta i led  i n  4 . 7. 1  and  4. 7. 3,  wi th  a  sample  tested  as  
described  in  i tem  a)  of 4 . 8. 3,  prior to  re lease.  

3. 1 3  Release  for del ivery 

Quartz crystal  un i ts  shal l  be  released  in  accordance wi th  3. 2 . 6  and  4. 3 . 2  of I EC QC  001 002-3.  

3. 1 4 Unchecked  parameters  

Only those  parameters  of a  component wh ich  have  been  speci fied  i n  a  detai l  speci fication  and  
wh ich  were  subj ect to  testi ng  can  be  assumed  to  be  wi th in  the  speci fied  l im i ts.  I t  shou ld  not 
be  assumed  that any parameter not speci fied  wi l l  remain  unchanged  from  one  component to  
another.  Shou ld  i t  be  necessary for further parameters  to  be  control led ,  then  a  new,  more  
extensive,  detai l  speci fication  shou ld  be  used .  Any add i ti onal  test method(s)  shal l  be  fu l l y 
described  and  appropriate  l im i ts,  AQLs  and  inspection  l evels  speci fi ed .  

4 Test and  measurement procedures  

4. 1  General  

The test and  measurement procedures  shal l  be  carried  ou t i n  accordance wi th  the  re levant  
detai l  speci fication .  

4.2  Al ternative  test  methods  

Measurements  shal l  preferabl y be  carried  ou t us ing  the  methods  speci fi ed .  Any other method  
g i ving  equ ivalen t resu l ts  may be  used  except i n  case  of d ispu te.  
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NOTE  By “equ i val en t”  i t  i s  meant  that  the  val ue  of the  characteri sti c  establ i shed  by such  other method  fa l l s  wi th i n  
the  speci fi ed  l im i ts  when  measured  by the  speci fi ed  method .  

4.3  Precision  of measurement  

The l im i ts  g i ven  i n  detai l  speci fications  are  true  values.  Measurement inaccuracies  shal l  be  
taken  i n to  account when  evaluating  the  resu l ts .  Precautions  shou ld  be  taken  to  reduce  
measurement errors  to  a  m in imum.  

4.4  Standard  conditions  for testing   

Un less  otherwise  speci fi ed ,  a l l  tests  shal l  be  carried  ou t under the  s tandards  atmospheric 
cond i ti ons  for testing  as  speci fied  i n  5 . 3  of I EC  60068-1 .  

Temperature  1 5  oC to  35  oC 

Relati ve  hum id i ty 45  %  to  75  %  

Ai r pressure  86  kPa  to  1 06  kPa (860  mbar to  1  060  mbar)  

I n  case  of d ispu te,  the  referee  cond i ti ons  are:  

Temperature  25  oC ±  1  oC 

Relati ve  hum id i ty 48  %  to  52  %  

Air pressure  86  kPa  to  1 06  kPa (860  mbar to  1  060  mbar)  

Before  measurements  are  made,  the  crysta l  un i ts  shal l  be  stored  at the  measuring  
temperature  for a  time  su fficien t to  a l l ow the  crysta l  resonator to  reach  th is  temperature.  

Control led  recovery cond i tions  and  standard  cond i ti ons  for ass isted  drying  are  g i ven  i n  5 . 4  of 
I EC 60068-1 .  

The  ambient temperature  during  the  measurements  shal l  be  recorded  and  stated  i n  the  test 
report.  

4.5  Visual  i nspection  

Un less  otherwise  speci fied ,  external  visual  exam ination  shal l  be  performed  under normal  
factory l i ghti ng  and  visual  cond i tions.  

4.5. 1  Visual  test A 

The  crystal  un i t  shal l  be  visual l y exam ined  to  ensure  that the  cond i ti on ,  workmansh ip  and  
fin ish  are  satisfactory.  The  marking  shal l  be  leg ible.  

4.5.2  Visual  test B  

The crystal  un i t sha l l  be  visual l y exam ined  under ×1 0  magn i fication .  There  shal l  be  no  cracks  
i n  the  g lass  or damage  to  the  term inations.  M inu te  flaking  around  the  feather edge  of a  
men iscus  shal l  not be  cons idered  a  crack.  

4.5.3  Visual  test C  

The crystal  un i t sha l l  be  visual l y exam ined .  There  shal l  be  no  corros ion  or other deterioration  
l i kel y to  impair satisfactory operation .  The  marking  shal l  be  l eg ib le.  
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4.6  Dimension ing  and  gaug ing  procedures  

4.6. 1  Dimensions,  test  A 

The d imensions,  spacing  and  al i gnment of the  term inations  shal l  be  checked ,  where  
appropriate  us ing  the  gauges  speci fied .  The  d imensions,  spacing  and  a l i gnment shal l  comply 
wi th  the  speci fi ed  va lues.  

4.6.2  Dimensions,  test  B  

The d imensions  shal l  be  measured  and  they shal l  comply wi th  the  speci fi ed  va lues.  
D imensions  are  speci fi ed  i n  I EC 601 22-3  together wi th  the  gaug ing  procedure  as  appropriate  
or as  speci fi ed  i n  the  detai l  speci fication .  

4.7  Electrical  test procedures  

4.7. 1  Frequency and  resonance  resistance  

Un less  otherwise  defined  i n  the  detai l  speci fication ,  the  measurements  shal l  be  carried  ou t at  
25  oC ±  2  oC for non -temperature  control led  crystal  un i ts ;  or at  the  m id -poin t of the  
temperature  range  ±1  oC for temperature  control led  un i ts.  

The  frequency and  resonance  res istance  of the  crystal  u n i t shal l  be  measured  under the  
cond i ti ons  s tated  i n  the  deta i l  speci fication  and  be  wi th in  the  speci fi ed  l im i ts.  

NOTE  Preferred  methods  of measurement are  described  i n  I EC 60444-1 ,  I EC 60444-2,  I EC 60444-4  and  
I EC 60444-5  depend i ng  on  the  frequency of the  crystal  u n i t  under test.  Any other measurement method  may be  
used  provided  resu l ts  correl ate  wi th  those  obtai ned  us ing  preferred  val ues.   

4.7.2  Drive  l evel  dependency 

I t  i s  importan t that when  a  d rive  l evel  dependency test i s  speci fi ed ,  th is  test sha l l  be  carried  
ou t at l east fi ve  days  after any previous  acti vation  of the  crystal  un i t  (see  I EC 60444-6) .  

Measurements  speci fi ed  i n  4 . 7. 1  shal l  be  carried  ou t at  two  speci fied  d ri ve  l evels .  These  are  
normal l y at a  speci fi ed  l ow l evel  of d rive  fol lowed  by a  h igh  leve l  of d rive.  Un less  otherwise  
speci fied ,  the  l ow l evel  shal l  be  not more  than  50  μA and  the  upper l evel  not l ess  than  
1  000  μA.  The  change of resonance resistance  shal l  not exceed  the  l im i t  speci fied  i n  the  
detai l  speci fication .  

4.7.3  Frequency and  resonance  resistance as  a  function  of temperature  

NOTE  Tests  A and  B  may be  combined  on ly i f test  A i s  performed  wi th  conti nuously varyi ng  temperature,  and  i s  
s tarted  at  the  l ower extreme  of the  operati ng  temperatu re  range  or –30  

o
C,  wh ichever i s  the  l ower.  

The  l evel  of d ri ve  and  load  capaci tance  shal l  be  set at the  l evels  s tated  i n  the  detai l  
speci fication ,  at the  reference  temperature.  No  subsequent ad j ustment sha l l  be  made  to  the  
test equ ipment during  the  tests.  

Test A  

Starting  wi th  the  crystal  un i t at an  extreme of the  operati ng  temperature  range,  the  frequency 
and  resonance res istance  (see  4. 7. 1 )  sha l l  be  measured  over the  speci fi ed  temperature  range  
at d iscrete  temperature  i n tervals  of not greater than  1 , 5  oC,  a l l owing  the  crysta l  un i t to  reach  
thermal  equ i l i bri um  at  each  temperature.  

The  crystal  un i t may be  measured  under cond i ti ons  of con ti nuous l y varying  temperature,  
provided  that tests  have  shown  that wi th  the  chosen  rate  of change  of temperature,  the  resu l ts  
obtained  wi l l  corre late  adequate l y wi th  those  from  a  s tepped  variation  of temperature.  

The  crystal  u n i t  sha l l  be  wi th in  the  speci fi ed  l im i ts  during  th is  test.  
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Test B   

The temperature  of the  crysta l  enclosure  shal l  be  ra ised  from  –30  oC to  +20  oC in  a  period  not 
exceed ing  1  m in .  During  th is  test,  the  frequency and  the  resonance res istance  (see  4 . 7 . 1 )  
sha l l  be  measured  from  –1 0  oC,  or below,  to  +20  oC,  so  as  to  provide  conti nuous  read ings.  
There  shal l  be  no  d iscontinuous  variation  i n  frequency and/or res istance.  Such  d iscon tinu i ty 
i nd icates  the  presence  of moisture  wi th in  the  enclosure.  

NOTE  The  presence  of moisture  can  be  veri fi ed  on ly by a  pos i ti ve  temperatu re  change.  

4.7.4  Unwanted  responses  

The  frequency shal l  be  scanned  over the  range  stated  i n  the  detai l  speci fication  wh i le  
mon i toring  the  res istance  of the  crystal  un i t at the  d ri ve  l evel  stated  in  the  detai l  speci fication  
for the  main  response.  

The  ratio  of the  resonance resistance  of any unwanted  response to  that of the  response at the  
des i red  resonance  frequency shal l  be  not l ess  than  the  va lue  s tated  in  the  detai l  speci fication .  
Al ternativel y,  the  resonance  res istance  of unwanted  responses  shal l  be  greater than  the  va lue  
stated  i n  the  deta i l  speci fication .   

4.7.5  Shunt capacitance  

The  shunt  capaci tance  C0  (see  figure  1 )  sha l l  be  measured  at a  frequency below the  

fundamental  resonance  frequency of the  un i t,  at  wh ich  the  un i t shows  no  osci l l ation  response.  
The  enclosure  ( i f metal )  shal l  be  earthed ,  un less  otherwise  s tated  in  the  detai l  speci fication .  

NOTE  1  There  i s  no  d i rect  method  for measuring  C0  preci sely.  However,  i n  nearl y a l l  practi cal  cases,  i t  i s  
adequate  to  regard  C0  as  the  mean  of two  shun t capaci tance  va lues  obtai ned  at  two  frequencies  equ id i stant  above  
and  below the  resonance  frequency fr  and  su ffi cien tl y removed  from  fr  for the  impedance  to  be  i ndependent  of any 
response.  

NOTE  2  C0  i s  the  shun t capaci tance  between  the  two e lectrodes  of the  resonator bu t  i t  shou ld  be  poin ted  ou t  that  
the  capaci tances  of both  the  e l ectrodes  to  earth  are  importan t e l ements  i n  many network  and  frequency control  
appl i cations.  

NOTE  3  Therefore,  i n  the  general  case,  i t  i s  necessary to  consider the  crystal  un i t  as  a  th ree  term inal  network  
and  to  evaluate  C0  and  the  stray capaci tances  of the  two  e l ectrodes  to  earth  from  open -  and  short-ci rcu i t  
measurements  accord ing  to  the  techn i que  customari l y employed  when  deal i ng  wi th  two-port  devices.  

The  crysta l  enclosures  shal l  be  at earth  poten tia l ,  un less  otherwise  speci fied  i n  the  detai l  
speci fication ,  during  the  enti re  series  of measurements  requ i red  for evaluation  of the  
resonator parameters .  For th is  purpose,  g l ass-enclosed  crysta l  un i ts  shal l  be  provided  wi th  
metal  sh ie l ds.  

4.7.6  Load  resonance frequency and  resistance  

Test methods  for the  measurement of l oad  resonance frequency and  l oad  resonance  
res istance  are  described  i n  I EC 60444-4.  

4.7.7  Frequency pu l l ing  range (fL1 ,  fL2)  

The  d i fference  between  the  resonance frequencies  wi th  the  two  speci fied  load  capaci tances  
shal l  be  determ ined  us ing  the  method  described  in  I EC 60444-4  or any a l ternative  method  
g i ving  frequency correlation  to  a  degree  cons istent  wi th  the  accuracy requ i red .  

4.7.8  Motional  parameters  

Test methods  for the  measurement of motional  parameters  are  described  i n  I EC 60444-1 ,  
I EC 60444-2  and  I EC 60444-5.  
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4.7.9  Insu lation  resistance  

Un less  otherwise  s tated  i n  the  detai l  speci fi cation ,  the  i nsu lation  res istance  shal l  be  
measured  wi th  a  d . c.  vol tage  of 1 00  V ±  1 5  V for 60  s  or l ess  i f a  stable  read ing  is  ach ieved ,  
appl ied  between :   

– term inations  i solated  from  the  case;  

– i solated  term inations  connected  together and  metal  parts  of the  case,  i f any.  

The  i nsu lation  res istance  shal l  not be  l ess  than  500  MΩ.  

NOTE  When  perform ing  th i s  test  care  shou ld  be  taken  to  ensure  that  no  moistu re  remains  on  the  encl osure  from  
any previous  tests.  

4.8  Mechan ical  and  environmental  test procedures  

4.8. 1  Robustness  of terminations  (destructive)  

a)  Tensi le  and  thrust tests  on  terminations  

The  tests  shal l  be  performed  i n  accordance  wi th  Test Ua1  (tens i le)  and  Test Ua2  ( th rust)  of 
I EC 60068-2-21 .  

Un less  otherwise  stated  i n  the  detai l  speci fication ,  the  load ing  mass  shal l  be:  

– for p in  (p l ug -in )  term inations:   20  N  thrust,  

– for p in  (p l ug -in )  term inations:   20  N  tens i l e ,  

– for wire  (solder)  term inations:   1 0  N  tens i l e .  

b)  Flexibi l i ty of wire  terminations  

The  test shal l  be  performed  in  accordance  wi th  Test Ub  (bend ing)  of I EC 60068-2-21 .  

Un less  otherwise  s tated  i n  the  deta i l  speci fication ,  the  l oad  shal l  be  so  restricted  that  the  
bend  starts  2 , 5  mm  ±  0, 5  mm  from  the  body of the  crystal  un i t,  the  load ing  mass  shal l  be  5  N  
and  the  number of bends  shal l  be  three.  

c)  Terminal  bend  test  (for undercut pins  on ly)  

Hold  or cl amp the  body or base  of the  crysta l  un i t  by any conven ien t means.  Use  the  bend ing  
tool  shown  in  figure  6  to  engage that segment of the  term inals  beyond  the  undercut section  of 
the  p i ns.  

NOTE  To  ensure  that  bend ing  wi l l  occu r primari l y at  the  u ndercut  porti on ,  a  p l ate  wi th  two  cl earance  holes  for the  
pi ns  may be  pl aced  over the  pi ns.  Th i s  p l ate  may be  of such  a  th i ckness  as  to  i ncl ude  a  porti on  of the  undercu t  
section  of the  p i ns.  

Bend  the  p i ns  by means  of the  tool  through  1 5o  ±  2o  i n  one  d i rection ,  fol l ow by a  bend  
of 30o  ±  2o  in  the  opposi te  d i rection ,  and  complete  by a  bend  of 1 5o  ±  2o  back to  the  
starting  pos i tion .  The  rate  of bend ing  shal l  be  approximatel y 5o  per second  i n  each  d i rection .  

When  th is  test i s  used ,  the  term inal  p i ns  shal l  not fracture.  

4.8.2  Seal ing  tests  (non-destructive)  

a)  Gross  leak test  

This  test shal l  be  performed  i n  accordance  wi th  the  procedure  speci fied  i n  Test Method  1  or 2  
of Test  Qc of I EC 60068-2-1 7.  
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Method  1  

The l i qu id  shal l  be  degassed  water and  the  pressure  of a i r above the  water shal l  be  reduced  
to  8 , 5  kPa  (85  mbar)  or l ess  and  i t  shal l  not be  necessary to  d rain  or remove  the  specimen  
from  the  water before  breaking  the  vacuum .  

Method  2  

The l i qu id  shal l  be  main tained  at 1 25  oC ±  5  oC.  The  immersion  time  shal l  be  30  s,  un less  
otherwise  speci fied  i n  the  re levan t deta i l  speci fication .  

 

Dimensions in  millimetres 

Figure  6  – Terminal  bend  test  tool  

After 1  m in ,  the  un i t sha l l  be  removed  from  the  chamber and  exposed  to  the  con trol l ed  
recovery cond i ti ons  speci fied  i n  5. 4 . 1  of I EC  60068-1 .  

During  the  test there  shal l  be  no  evidence of l eakage of gas  or a i r from  the  i ns ide  of the  
crystal  un i t.  The  continuous  formation  of bubbles  shal l  be  evidence of l eakage.  

b)  Fine  l eak test  

The test shal l  be  performed  in  accordance with  6.4 Test Method  1  of Test Qk of IEC 60068-2-1 7.  
Un less  otherwise  stated  i n  the  detai l  speci fication ,  the  pressure  i n  the  pressure  vessel  shal l  
be  200  kPa (2  bar) .  

The  maximum  leak rate  shal l  not  exceed  the  value  g iven  i n  2 . 3 . 1 1 ,  un less  otherwise  stated  i n  
the  detai l  speci fication .  
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c)  Vacuum  test  for evacuated  crystal  un i ts  (g lass  enclosure  types  on ly)  

The vacuum  shal l  be  checked  by appl ying  a  peak vol tage  not exceed ing  1 5  kV derived  from  
a  Tesla  coi l .  

To  avoid  damage to  the  crystal  un i t,  the  poin t of appl ication  of the  test e l ectrode  shal l  be  as  
remote  as  possib le  from  the  crystal  resonator and  i ts  term inations.  To  faci l i tate  observation  of 
the  resu l ti ng  d ischarge,  the  test sha l l  be  carried  ou t in  sem i -darkness.  There  shal l  be  no  
i nd ication  of arcing  wi th in  the  enclosure.  Where  a  un i form  d ischarge  occurs,  i t  shal l  be  a  pale  
b lu ish  colour.  

NOTE  Th is  test  shou ld  be  conducted  i n  the  shortest  possib l e  t ime,  as  th i s  test may cause  changes  i n  the  nom inal  
frequency of the  crystal  un i t  u nder test.  

4.8.3  Soldering  (solderabi l i ty  and  resistance to  soldering  heat)  (destructive)  

a)  Solderabi l i ty 

This  test shal l  be  performed  in  accordance  wi th  Method  1  of Test Ta  of I EC 60068-2-20.  
A screen  of thermal l y i nsu lating  materia l  shal l  be  used  to  prevent the  component being  heated  
by d i rect rad iation  from  the  solder bath .  I t  shal l  a lso  a l low the  immersion  of the  term inations  
up  to  a  poin t 2  mm  away from  the  emergence  of the  term inations  from  the  body,  un less  
otherwise  speci fied  i n  the  detai l  speci fication .  The  term inations  shal l  be  exam ined  for good  
ti nn ing ,  as  evidenced  by free  flowing  of the  solder wi th  wetting  of the  term inations.  

b)  Resistance  to  soldering  heat  

This  test sha l l  be  performed  in  accordance wi th  Method  1 A of Test Tb  of I EC 60068-2-20.  The  
immersion  time  shal l  be  5  s  ±  1  s ,  un less  otherwise  speci fi ed  i n  the  detai l  speci fication .  
A screen  of thermal l y i nsu lating  materia l  shal l  be  used  to  prevent the  component be ing  heated  
by d i rect rad iation  from  the  solder bath .  I t  shal l  a lso  a l low the  immersion  of the  term inations  
up  to  a  poin t 2  mm  away from  the  emergence  of the  term inations  from  the  body,  un less  
otherwise  speci fied  i n  the  detai l  speci fication .  

4.8.4  Rapid  change  of temperature,  two-flu id  bath  method  (non-destructive)  

The test shal l  be  performed  in  accordance wi th  Test Nc of I EC  60068-2-1 4.  The  un i ts  shal l  be  
subj ected  to  one  cycle  i n  a  downward  d i rection  from  98  oC ±  3  oC for 1 5  s  to  1  oC ±  1  oC 
for 5  s .  

4.8.5  Rapid  change  of temperature  wi th  prescribed  time  of transi tion  (non-destructive)  

The test shal l  be  performed  in  accordance  wi th  Test Na  of I EC  60068-2-1 4 .  

For non-temperature-con trol l ed  crystal  un i ts,  the  l ow and  h i gh  test chamber temperatures  
shal l  be  the  extreme temperatures  of the  operating  range  s tated  in  the  detai l  speci fication .  For 
temperature-con trol l ed  crysta l  un i ts ,  the  low and  h igh  temperatures  shal l  be  –40  oC ±  3  oC 
and  +1 00  oC ±  3  oC respective l y.  

The  crysta l  un i ts  shal l  be  main tained  at each  extreme of temperature  for 1 5  m in ,  un less  
otherwise  speci fied  i n  the  deta i l  speci fication .  

The  crystal  un i ts  shal l  be  subj ected  to  1 0  complete  thermal  cycles  and  then  exposed  to  
standard  atmospheric  cond i tions  for recovery for not l ess  than  2  h .  

4.8.6  Bump (destructive)  

The test shal l  be  performed  i n  accordance  wi th  Test Eb  of I EC 60068-2-29.  The  crystal  u n i ts  
sha l l  be  su i tabl y mounted  wi th  clamps  on  the  body.  The  th ree  mutual l y perpend icu lar axes  i n  
wh ich  the  bump is  to  be  appl ied  shal l  i nclude:  
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– an  axis  paral le l  wi th  the  term inations;  

– an  axis  perpend icu lar to  the  mounting  structure  at the  crystal  e lemen t.  

The  degree  of severi ty sha l l  be  as  speci fied  i n  2 . 3. 8 ,  un less  otherwise  stated  i n  the  detai l  
speci fication .  

4.8.7  Vibration  (destructive)  

a)  Vibration  (sinusoidal )  

The test sha l l  be  performed  in  accordance wi th  Test Fc of I EC 60068-2-6.  The  crystal  un i ts  
sha l l  be  su i tabl y mounted  wi th  clamps  on  the  body.  The  th ree  mutual l y perpend icu lar axes  i n  
wh ich  the  acceleration  i s  to  be  appl i ed  shal l  i ncl ude:  

– an  axis  paral le l  wi th  the  term inations;  

– an  axis  perpend icu lar to  the  mounting  structure  at the  crystal  e l ement.  

The  degree  of severi ty shal l  be  as  speci fi ed  i n  the  detai l  speci fication .  

b)  Random  vibration  

Under consideration .  

4.8.8  Shock (destructive)  

The test sha l l  be  performed  i n  accordance wi th  Test Ea  of I EC 60068-2-27.  The  crystal  un i ts  
shal l  be  su i tabl y mounted  wi th  clamps  on  the  body.  The  th ree  mutual l y perpend icu lar axes  i n  
wh ich  the  shock i s  to  be  appl ied  shal l  i nclude:  

– an  axis  para l le l  wi th  the  term inations;  

– an  axis  perpend icu lar to  the  mounting  structure  at the  crystal  e l ement.  

The  degree  of severi ty shal l  be  as  speci fied  i n  2 . 3 . 1 0 ,  un less  otherwise  stated  i n  the  deta i l  
speci fication .  

4.8.9  Free  fal l  (destructive)  

The test shal l  be  performed  in  accordance wi th  Procedure  1  of Test Ed  of I EC 60068-2-32.  
The  crystal  un i t  sha l l  be  suspended  by i ts  term inations  at a  he ight of 1  000  mm  and  the  
number of fa l ls  shal l  be  two,  un less  otherwise  speci fied  i n  the  deta i l  speci fi cation .  

4. 8. 1 0  Acceleration ,  steady state  (non-destructive)  

The test sha l l  be  performed  in  accordance wi th  Test Ga  of I EC 60068-2-7.  The  crystal  un i ts  
shal l  be  su i tabl y mounted  wi th  clamps  on  the  body.  The  procedure  and  severi ty sha l l  be  as  
stated  i n  the  deta i l  speci fication .  

Th is  test may be  considered  destructi ve  at  certa in  severi ti es.  

4.8. 1 1  Dry heat  (non-destructive)  

The  test sha l l  be  performed  in  accordance wi th  Test Ba  of I EC 60068-2-2.  The  cond i ti on ing  
shal l  be  carried  ou t at the  upper temperature  ind icated  by the  cl imatic category for a  durati on  
of 1 6  h .  

4.8. 1 2  Damp heat,  cycl ic (destructive)  

Th is  test sha l l  be  performed  in  accordance wi th  Test Db  varian t 1  of I EC 60068-2-30,  at 
severi ty b) ,  55  oC,  for s ix  cycles.  
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4.8. 1 3  Cold  (non-destructive)  

This  test shal l  be  performed  in  accordance wi th  Test Aa  i f I EC 60068-2-1  at the  lower 
temperature  i nd icated  by the  cl imatic  category for a  duration  of 2  h .  

4.8. 1 4  Cl imatic sequence  (destructive)  

The tests  and  measurements  shal l  be  performed  i n  the  fol lowing  order:  

– d ry heat  see  4 . 8. 1 1  

– damp heat cycl ic   see  4. 8. 1 2  (fi rst  cycle  on ly)  

– cold  see  4. 8. 1 3  

– damp heat cycl ic  see  4. 8. 1 2  (remain ing  fi ve  cycles).  

I n  the  cl imatic sequence,  an  in terval  of not more  than  th ree  days  is  perm i tted  between  any of 
these  tests,  except between  damp heat cycl ic (fi rst cycle)  and  dry cold .  

I n  such  a  case,  the  cold  test sha l l  fol l ow immed iatel y after the  recovery period  speci fied  for 
the  damp heat test.  

4.8. 1 5  Damp heat,  steady state  (destructive)  

This  test sha l l  be  performed  in  accordance wi th  Test Ca  of I EC 60068-2-3  for 56  days,  un less  
otherwise  stated  in  the  deta i l  speci fication .  

4.8. 1 6  Immersion  in  cleaning  solvents  (non-destructive)  

This  test i s  appl icable  to  superficia l  marking  on l y.  

To  establ ish  the  permanence of marking ,  th is  test shal l  be  performed  i n  accordance  wi th  test  
method  1  of test XA of I EC 60068-2-45.  The  deta i l  speci fication  shal l  prescribe  the  solvent 
to  be  used .  

The  marking  shal l  be  leg ib le.  

4.9  Endurance test procedure  

4.9. 1  Standard  ageing  (non-destructive)  test  for production  verification  

Crysta l  un i ts  shal l  be  main ta ined  non-osci l l ati ng  at 85  oC ±  2  oC for a  con tinuous  period  of 
30  days.  The  frequency and  resonance resistance  shal l  be  measured  at i n tervals  of not longer 
than  one  week.  The  i n i ti a l  measurement of frequency and  resonance resistance  shal l  be  taken  
at  the  end  of the  fi rst  24  h  and  the  fi nal  measurement at the  end  of the  30-day test.  

The  d i fference  between  the  i n i ti a l  ageing  measurement temperature  and  subsequen t 
measurement temperature  shal l  not exceed  ±0, 5  oC.  The  d rive  l evel  shal l  be  as  speci fied  i n  
the  detai l  speci fication .  Measurements  shal l  be  carried  ou t accord ing  to  4 . 7 . 1  except that the  
measurements  shal l  be  made at  85  oC ±  2  oC.  

The  d i fference between  the  h i ghest and  lowest frequency measurements  shal l  not exceed  the  
speci fied  va lue.  

The  resonance  resistance  shal l  not be  greater than  the  va lue  stated  i n  the  detai l  speci fication .  

The  frequency resetabi l i ty accuracy of the  measurement system  shal l  be  ±5  ×  1 0–7  or ±1 0  %  
of the  a l l owed  ageing ,  wh ichever is  the  smal l er.  
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4.9. 1 . 1  Purpose  

This  test i s  usable  for the  statistica l  veri fication  of ag ing  performance  in  the  production  
process.  

4.9. 1 .2  Procedure  

– Take  sample  from  the  production  l ot.  

– I n i tia l  measurement of fs  and  R1  a t  (25  ±  2)  °C.  

– Store  i n  oven  at  Toven  =  (+85  ±  3)  °C.  

– Take and  record  add i tional  measurements  after 1  day and  at l east th ree  more  times  at  
time i n tervals  recommended  i n  Annex A.  

– For the  measurement,  remove  the  crystals  from  oven ,  and  store  at room  temperature  for 
1  h ,  avoid ing  temperature  shocks.  Measurement of fs  and  R1  at  (25  ±  2)  °C  i n  accordance  

wi th  I EC 60444-5  or equ iva lent.  

– Final  measurement of fs  and  R1  a t  (25  ±  2)  °C  after 30  days.  

4.9. 1 .3  Evaluation  

The  d i fference between  the  h ighest and  l owest frequency measurement shal l  not exceed  the  
speci fied  value.  The  res istance  R1  shal l  never exceed  the  speci fi ed  maximum  val ues.  

4.9.2  Accelerated  ag ing  

4.9.2 . 1  Purpose  

For special  appl ications,  an  accelerated  ag ing  procedure  at h igher temperatures  is  appl ied  to  
shorten  the  veri fication  time and /or to  ga in  performance  data  at  h i gher operati ng  
temperatures.  

4.9.2 .2  Procedure  

The procedure  is  as  i n  4 . 9 . 1 ,  except that the  preferred  oven  temperature  i s  Toven  =  +1 05  °C,  

+1 25  °C  or +1 50  °C.  Th i s  temperature  has  to  be  l ower or equal  to  the  speci fied  maximum  
storage  temperature.  

The  ratio  between  the  storage  time at 25  °C  and  the  storage  time  at an  e levated  temperature  
Toven  to  ach ieve  the  same amount of frequency ag ing  i s  ca l led  " time acceleration  factor"  

(TAF).  Th is  factor depends  on  the  des ign  of the  crystal  un i t and  on  the  production  process.  I t  
can  be  determ ined  experimental l y as  described  i n  Annex A,  or taken  from  experience  wi th  
structu ral l y s im i l ar crystals,  or can  be  mutual l y agreed  between  the  manufacturer and  the  
user.  

I f the  time acceleration  factor TAF  is  not otherwise  speci fi ed ,  the  fol lowing  approach  i s  
recommended .  

Appl ying  Arrhen ius ’s  l aw,  the  time acceleration  factor TAF  is  re lated  to  the  activation  energy 
Ea  ( i n  eV)  by the  fol lowing  equation :  

 k

11

ovenref
a

TAF









−⋅

=

TT
E

e  

where  

k i s  Bol tzmann ’s  constant  (k ≈  8 , 61 7  ×  1 0−5  eV/K),  and  the  temperatu res  are  g i ven  i n  K.   

Provided by IHS Markit under l icense with  IEC



 – 38  – I EC 601 22-1 : 2002+AMD1 : 201 7  CSV 

    I EC  201 7  

 

Publ ished  experimenta l  resu l ts  (see  [6]  and  [7] )  show that the  acti vation  energy Ea  i s  

decreas ing  over time,  i . e .  the  acceleration  factor becomes l ower wi th  the  ag ing  time.  
Furthermore,  Ea  varies  between  the  d i fferen t crystals  and  osci l l ators,  depend ing  on  frequency,  
package  s i ze,  resonator des ign  and  production  processes.  The  observed  va lues  of Ea  were  

between  >  0 , 1  eV and  <  1  eV.  

A common  assumption  is  TAF  =  1 2  for Toven  =  +85  °C,  i . e .  30  days  (1  month)  ag ing  at 85  °C  

are  cons idered  to  be  equ ivalent to  365  days  (1 2  months)  ag ing  at 25  °C,  wh ich  corresponds  to  
an  acti vation  energy Ea  of 0 , 38  eV.   

With  th is  value  of Ea ,  the  time acceleration  factor for other ag ing  temperatures  can  be  
calcu lated .  Table  5  below shows the  time acceleration  factor TAF  and  the  number of days  Nd  

equ ivalent to  365  days  at  25  °C.    

Table  5  – Time acceleration  factors  for Ea  =  0 , 38  eV 

T
oven

 

°C  

TAF  N
d
 

days  

+25  1  365  

+85  1 2  30  

+1 05  23  1 6  

+1 25  41  9  

+1 50  79  5  

 

Other time acceleration  factors  may be  agreed  between  the  manufacturer and  the  user based  
on  thei r own  re l i abi l i ty ca lcu lations.  

4.9.2 .3  Evaluation  

The  evaluation  is  as  i n  4 . 9. 1 .  

4.9.3  Reference  ag ing  test   

4. 9.3 .1  Purpose  

This  procedure  is  used  for h i gher confidence l evel .  Th is  method  shou ld  be  used  for h igh-
precis ion  crysta ls  and  as  reference  method  i n  case  of d ispu te.  

4.9.3.2  Procedure  

See  Annex A.  

4.9.3.3  Evaluation  

The  test data  of the  series  resonance frequency fs  i s  subj ected  to  the  data  fi tting  procedure.  

The frequency measurement data  fi (t)  sha l l  be  fi tted  us ing  the  method  of l east squares  of the  

fol lowing  function  ( logari thm ic fi t) :  

 )1ln(
)(Δ
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where   

∆f(t)  i s  the  frequency d i fference of the  crysta l  t  days  after the  start of the  ag ing  cycle  and  the  
i n i tia l  frequency fi n i t  measured  after the  s tabi l i zation  time tstab  ( the  time orig in  for 

measurements  anal ysis  shal l  be  the  beg inn ing  of the  stabi l i zation  period).   

The  coefficien ts  a0 ,  a1  and  a2  are  constan ts  to  be  determ ined  from  the  l east squares  fi t.  

The  defau l t fi tti ng  a lgori thm  is  the  logari thm ic fi t.  I n  some cases,  namely when  the  ag ing  
response has  a  very smal l  curvature,  the  l ogari thm ic fi t  may not yie l d  reasonable  resu l ts.  I n  
th is  case,  the  fo l l owing  pol ynom ial  fi t  i s  recommended  to  be  calcu lated  add i ti onal l y:  

 3

1

3
2

1

210
init

)(
tatataa

f

tf
×+×+×+=







 ∆
  

Th is  approach  shou ld  on ly be  used  i f the  square  root of the  l east square  fi t  variance  (SLQ)  of 
the  measurements  from  the  pol ynom ial  fi t  i s  at  l east fi ve  times  smal l er than  that of the  
l ogari thm ic fi t.   

The  tota l  frequency change and  the  ag ing  rate  at the  end  of the  speci fied  ag ing  period  ( t  =  Ta)  

shal l  be  determ ined  from  the  fi tti ng  equation  us ing  the  constants  determ ined  from  the  l east  
squares  fi t.  The  square  root of the  l east squares  fi t  variance  of the  measurements  from  the  
curve-fi t  function  shal l  not exceed  5  %  of the  tota l  ag ing  change a l l owed  during  the  test  
period .  

For the  logari thm ic fi tti ng  (defau l t) ,  the  ag ing  rate  ( i n  ppm  or ppb 1  per day)  at t  =  Ta  i s :  
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I f the  pol ynom ial  fi tti ng  was  used ,  the  ag ing  rate  at t = Ta  (Ta  >  0)  i s :  
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The  projected  tota l  frequency change for a  t ime period  shal l  be  ca lcu lated  wi th  the  fol l owing  
formu las:  

Ag ing  per month  
init

)()30(

f

TfTf aa −+
≈  

Ag ing  per (1 st)  year 
init

)()365(

f

TfTf aa −+
≈  

                                                      
1   ppm  =  parts  per m i l l i on ;  ppb  =  parts  per b i l l i on .  
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Ag ing  over N years  
init

)()365(

f

TfNTf aa −×+
≈  

The  res istance  R1  shal l  never exceed  the  speci fi ed  maximum  values.  

4.9.24.9.4  Extended  ageing  (non-destructive)  

4.9.4.1  Purpose 

The pu rpose  i s  to  evaluate  the  re l i abi l i ty and  l ong -term  performance.  

4.9.4.2  Procedure  

Th is  test shal l  be  carried  ou t i n  accordance wi th  4. 9 . 1 ,  except that the  conti nuous  periods  
shal l  be  1  000  h ,  2  000  h  or 8  000  h ,  as  prescribed  i n  the  detai l  speci fication  and  shal l  be  
used  for i n formation  purposes  on l y.  

The  measu rements  sha l l  be  carri ed  ou t  accord i ng  to  4 . 7 . 1  except  th at  they sha l l  be  made  
a t  (25  ±  2 )  oC or an y o th er speci fi ed  reference  temperatu re  in  accordance  wi th  I EC  60444-5  
or equ iva len t.  

The  measurement i n tervals  can  be  extended  to  two weeks  or l onger.  For the  in termed iate  and  
the  final  measurement,  the  crystals  can  be  removed  from  the  oven ,  and  stored  at room  
temperature  for 1  h .  Thermal  shocks  shou ld  be  avoided .   

4.9.4.3  Evaluation  

The d i fference between  the  h ighest and  l owest frequency measurement shal l  not exceed  the  
speci fied  value  ( i f appl icable).  The  res istance  R 1  shal l  never exceed  the  speci fied  maximum  

values.  

NOTE  These  tests  are  conducted  Th is  test shal l  be  used  for i n formation  on l y.  The  crysta l  
un i ts  used  for these  tests  shou ld  not  be  suppl ied  to  any customer.  

Th is  test shal l  be  used  for i n formation  on l y.  The  crysta l  un i ts  used  for these  tests  shou ld  not  
be  suppl ied  to  any customer.  
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Annex A 
(normative)  

 
Procedure for the determination  of the  fi tting  parameters  

for the  frequency aging   

A.1  Assumption  

A general  description  of frequency ag ing  i s  poss ib le  i n  the  form  of:  

∆f/f ( t,T)  =  g( t)  ×  h(T)  

where  

g(t)  =  b0  +  b1  ×  l og(b2  ×  t  +  1 )  ( logari thm ic fi t) ;  

or 

g(t)  =  c0  +  c1  ×  ( t  –  t0)  +  c2  ×  (t  –  t0)^(1 /2)  +  c3  ×  (t  – t0)^(1 /3)  (pol ynom ial  fi t) ;   

and  

h(T)  =  a1  ×  exp(Ea  ×  (1 /Tref  –  1 /T)/k)  

where  

k i s  Bol tzmann ’s  constant  (k ≈ 8 , 61 7  ×  1 0
-5
 eV/K),  and  the  temperatu res  are  g i ven  i n  K;  

Tref  i s  298  K.  

A.2  Determination  of the fi tting  parameters  b0 ,  b1 ,  b2  (and/or c0 ,  c1 ,  c2 ,  c3)  and  a1 ,  
and  Ea  

The  procedure  of Table  A. 1  shal l  be  appl ied .  
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Table  A. 1  – Procedure  for the  determination  of the  frequency ag ing  parameters  

Procedure  Condi tions  

Ag ing  test  procedure  Passive  

Reflow sol der test  2x ROHS-profi l e  ( I EC 61 760-1 : 2006)  a  

I n i t i a l  pre-ag ing   
( t ime  and  temperature)  

48  h  at  >20  K above  upper operati ng  temperature,  bu t  T <  upper 
storage  temperature  

Sample  s i ze  per l ot   
( from  one  production  l ot)  

≥  30 *  
d epend ing  on  needed  confi dence  l evel  

Number of ag ing  temperatures  3  

Recommended  ag ing  temperatures  85  °C,  1 05  °C,  1 25  °C,  1 50  °Ca  
d epend ing  on  appl i cation ,   
T <  speci fi ed  upper s torage  temperature  

Recommend  temperatu re  for 
measurement  

(25  ±  2 )  °C,  measurement >  1  h  after removal  from  the  temperatu re  
chamber.  Avoi d  thermal  shocks.  

Recommended  ag ing  t ime  500  h ,  1   000  h ,  2   000  h  a  
depend ing  on  needed  confi dence  l evel  

Test  i n terval s   
( i n  " l ogari thm ic"  steps)  

After 48  h  s tabi l i zati on :  
24  h ,  72  h ,  250  h ,  500  h ,  750  h ,  1  000  h  (1  500  h ,  2  000  h )  

Al gori thms  to  determ ine  g (t)  and  h (T)  Least square  fi tti ngb  
g(t) :  l og  fi t  and  pol ynom ial  fi t  

Polynom ial  fi t  – on l y i f sum  of l east  squares   
SLQ <  5  times  SLQ of l ogari thm ic fi t  

h (T) :  l east  square  fi tti ng  
Resu l t:  E

a
 

E
a
 may vary wi th  t ime.  Use  E

a
 for t  ≥  500  h  

a  I f not  otherwise  speci fi ed .  

b  For monoton ic  ag i ng ,  a l l  measurements  shal l  be  used  for the  curve  fi tti ng .  I f the  ag i ng  trend  i s  not  
monoton ic,  the  measurement  period  sha l l  be  extended  up  to  40  days  or l onger after the  extremum  i n  the  
ag ing  trend ,  and  the  measurements  form  1 2  days  after the  extremum  i s  reached  at  the  end  of the  ag i ng  
measurement period  shal l  be  fi t  to  the  above  functions  for g(t) .  
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I NTERNATIONAL ELECTROTECHNICAL COMMISSION  
 

___________ 
 

QUARTZ CRYSTAL UNITS OF ASSESSED QUALITY – 
 

Part 1 :  Generic speci fication  

 
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commission  ( I EC)  i s  a  worl dwide  organ ization  for s tandard ization  compris i n g  
a l l  nati onal  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  q uestions  concern i ng  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic  fi e l ds .  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es,  I EC  publ i shes  I n ternational  Standards,  Techn ical  Speci fi cati ons,  
Techn ical  Reports,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cation(s )” ) .  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC  National  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti cipate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non -
governmental  organ i zations  l i a i s i ng  wi th  the  I EC a l so  parti ci pate  i n  th i s  preparati on .  I EC  col l aborates  cl osel y  
wi th  the  I n ternational  Organ i zation  for S tandard izati on  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement  between  the  two organ i zati ons.  

2)  The  formal  decis ions  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y as  possib le,  an  i n ternati ona l  
consensus  of opi n ion  on  the  re l evant sub jects  s i nce  each  techn ical  commi ttee  has  representati on  from  a l l  
i n terested  I EC National  Committees.   

3)  I EC Publ i cati ons  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by I EC Nationa l  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  con ten t of I EC  
Publ i cations  i s  accurate,  I EC  cannot be  hel d  responsib le  for the  way i n  wh ich  they are  used  or for an y 
m is i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternati onal  u n i form i ty,  I EC National  Commi ttees  undertake  to  app ly I EC Publ i cati ons  
transparen tl y to  the  maximum  exten t poss ib le  i n  thei r national  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC Publ i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  sha l l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC i tsel f d oes  not  provi de  any attestati on  of conform i ty.  I ndependent  certi fi cati on  bod ies  provi de  conform i ty 
assessment services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  respons i ble  for an y 
services  carri ed  ou t  by i ndependent  certi fi cation  bod i es.  

6)  Al l  users  shou ld  ensure  that  they have  the  l atest  ed i ti on  of th i s  publ i cati on .  

7)  No  l i abi l i ty shal l  attach  to  I EC  or i ts  d i rectors ,  employees,  servan ts  or agents  i ncl ud ing  i nd ivi dual  experts  and  
members  of i ts  techn ical  commi ttees  and  I EC Nati onal  Comm i ttees  for any personal  i n j u ry,  property  damage  or 
other damage  of any nature  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or re l i ance  upon ,  th i s  I EC Publ i cati on  or any other I EC  
Publ i cations.   

8)  Atten tion  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct appl i cati on  of th i s  publ i cation .  

9)  Atten tion  i s  d rawn  to  the  poss ibi l i ty that  some  of the  e l ements  of th i s  I EC Publ i cation  may be  the  subject  of 
patent  ri gh ts.  I EC shal l  not  be  hel d  responsibl e  for i den ti fyi ng  any or a l l  such  paten t ri gh ts.  

DISCLAIMER 
This  Consol idated  version  i s  not an  official  IEC  Standard  and  has  been  prepared  for 
user conven ience.  On ly the  current versions  of the  standard  and  i ts  amendment(s)  
are  to  be  considered  the official  documents.  

Th is  Consol idated  version  of IEC  601 22-1  bears  the  ed i tion  number 3. 1 .  I t  consists  of 
the  th i rd  ed i tion  (2002-08)  [documents  49/551 /FDIS  and  49/558/RVD]  and  i ts   
amendment 1  (201 7-1 2)  [documents  49/1 254/FDIS  and  49/1 259/RVD] .  The technical  
content  i s  identical  to  the  base ed i tion  and  i ts  amendment.  

Th is  Final  version  does  not show where  the techn ical  content i s  mod ified  by 
amendment 1 .  A separate  Red l ine version  with  al l  changes  h igh l ighted  is  avai lable  i n  
th is  publ ication .  
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I n ternational  Standard  I EC 601 22-1  has  been  prepared  by I EC techn ical  committee  49:  
P iezoelectric and  d ie lectric devices  for frequency con trol  and  se lection .  

Th is  th i rd  ed i tion  of I EC 601 22-1  consti tu tes  a  techn ical  revis ion .  

I n ternational  Standard  I EC 601 22-1  i s  the  fi rst part of a  new ed i tion  of the  I EC standard  series  
for quartz crysta l  un i ts  of assessed  qual i ty.   

Th is  publ ication  has  been  drafted  i n  accordance wi th  the  I SO/I EC  D irectives,  Part 3.  

I EC 601 22  consists  of the  fol lowing  parts  under the  general  ti tl e:  Quartz crystal  un i ts  of 
assessed  qual i ty:   

– Part  1 :  Generic  speci fication  ( I EC 601 22-1 ) ;  

– Part  2 :  Gu ide  to  the  use  of quartz crystal  un i ts  for frequency control  and  selection  
( I EC 601 22-2  at  present) ;  

– Part  3 :  Standard  outl i nes  and  l ead  connections  ( I EC 601 22-3) ;  

– Part  4 :  Sectional  speci fication  – Capabi l i ty Approval  ( I EC 61 1 78-2  at present);  

– Part  4-1 :   B lank detai l  speci fication  – Capabi l i ty Approval  ( I EC  61 1 78-2-1  at present) ;  

– Part  5 :  Sectional  speci fication  – Qual i fication  Approval  ( I EC  61 1 78-3  at presen t);  

– Part  5-1 :   B lank detai l  speci fication  – Qual i fication  Approval  ( I EC 61 1 78-3-1  at  presen t).  

The  QC  number wh ich  appears  on  the  fron t cover of th is  publ ication  i s  the  speci fication  
number i n  the  I EC  Qual i ty Assessment System  for E lectron ic Components  ( IECQ).  

The  committee  has  decided  that the  con tents  of the  base  publ ication  and  i ts  amendment wi l l  
remain  unchanged  unti l  the  s tabi l i ty date  i nd icated  on  the  I EC  web  s i te  under 
"h ttp : //webstore. iec.ch"  i n  the  data  re lated  to  the  speci fic publ ication .  At th is  date,  the  
publ ication  wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

 

A b i l ingual  vers ion  of th is  publ ication  may be  i ssued  at  a  l ater date.  
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QUARTZ CRYSTAL UNITS OF ASSESSED QUALITY – 
 

Part 1 :  Generic speci fication  

 
 
 

1  General  

1 . 1  Scope  

This  part of I EC 601 22  speci fies  the  methods  of test and  general  requ i rements  for quartz  
crystal  un i ts  of assessed  qual i ty us ing  e i ther capabi l i ty approval  or qual i fication  approval  
procedures.  

1 .2  Normative  references  

The fol l owing  referenced  documents  are  i nd ispensable  for the  appl ication  of th is  document.  
For dated  references,  on ly the  ed i tion  ci ted  appl i es.  For undated  references,  the  l atest ed i tion  
of the  referenced  document ( i nclud ing  any amendments)  appl i es.  

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

I EC 60050(561 ) : 1 991 ,  International Electrotechnical Vocabulary (IEV)  – Chapter 561:  
Piezoelectric devices for frequency control and selection  

I EC 60068-1 : 1 988,  Environmental testing – Part 1 :  General and guidance 

I EC 60068-2-1 : 1 990,  Environmental testing – Part 2:  Tests – Tests A:  Cold 

IEC 60068-2-2 : 1 974,  Environmental testing – Part 2:  Tests – Tests B:  Dry heat 

IEC 60068-2-3: 1 969,  Environmental testing – Part 2: Tests  – Test Ca: Damp heat,  steady state 

IEC 60068-2-6: 1 995,  Environmental testing – Part 2:  Tests – Test Fc:  Vibration  (sinusoidal)   

I EC  60068-2 -7 : 1 983,  Environmental testing –  Part 2:  Tests –  Test Ga:  Acceleration,  
steady state  

IEC 60068-2-1 3: 1 983,  Environmental testing – Part 2:  Tests  –  Test M: Low air pressure  

IEC 60068-2-1 4: 1 984,  Environmental testing – Part 2:  Tests – Test N: Change of temperature  

IEC 60068-2-1 7: 1 994,  Basic  environmental testing procedures– Part 2: Tests – Test Q: Sealing 

IEC 60068-2-20: 1 979,  Environmental testing – Part 2:  Tests – Test T:  Soldering 

IEC 60068-2-21 : 1 999,  Environmental testing – Part 2-21: Tests – Test U:  Robustness of 
terminations and integral mounting devices 

IEC 60068-2-27: 1 987,  Environmental testing – Part 2:  Tests – Test Ea  and guidance:  Shock 

IEC 60068-2-29: 1 987,  Environmental testing – Part 2:  Tests – Test Eb and guidance: Bump 

I EC 60068-2-30: 1 980,  Environmental testing – Part 2: Tests – Test Db and guidance:  Damp 
heat,  cyclic (12 + 12-hour cycle)  

IEC 60068-2-32: 1 975,  Environmental testing – Part 2:  Tests – Test Ed: Free fall (Procedure 1 )  
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I EC  60068-2 -45: 1 980 ,  Environmental testing –  Part 2:  Tests –  Test XA  and guidance:  
Immersion in  cleaning solvents 

IEC 601 22-3: 2001 ,  Quartz crystal units of assessed quality – Part 3: Standard outlines and 
lead connections 

IEC 60444-1 : 1 986,  Measurement of quartz crystal unit parameters by zero phase technique in  

a  π-network – Part 1 :  Basic method for the measurement of resonance frequency and 

resonance resistance of quartz crystal units by zero phase techniques in  a  π-network  

I EC 60444-2: 1 980,  Measurement of quartz crystal unit parameters by zero phase technique in  

a  π-network – Part 2:  Phase offset method for the measurement of motional capacitance of 
quartz crystal units 

I EC 60444-4: 1 988,  Measurement of quartz crystal unit parameters by zero phase technique in  

a  π-network – Part 4:  Method for the measurement of the load resonance frequency fL ,  load 
resonance resistance RL  and the  calculation of other derived values of quartz crystal units,  up  
to  30 MHz 

I EC 60444-5: 1 995 ,  Measurement of quartz crystal unit parameters – Part 5: Methods for the  
determination of equivalent electrical parameters using automatic network analyzer 
techniques and error corrections 

I EC 60444-6: 1 995 ,  Measurement of quartz crystal unit parameters – Part 6: Measurement of 
drive level dependence (DLD)  

I EC 6061 7  (a l l  parts) ,  Graphical symbols for diagrams 

I EC 61 1 78-2: 1 993,  Quartz crystal units – A  specification in  the IEC Quality Assessment 
System for Electronic Components (IECQ)  – Part 2:  Sectional specification – Capability 
approval 

I EC 61 1 78-3: 1 993,  Quartz crystal units – A  specification in  the IEC Quality Assessment 
System for Electronic Components (IECQ)  – Part 3: Sectional specification – Qualification 
approval 

I EC 61 760-1 : 2006,  Surface mounting technology – Part 1 :  Standard method for the  
specification of surface mounting components (SMDs)  

I EC QC 001 001 : 2000,  IEC Quality Assessment System for Electronic Components (IECQ)  – 
Basic Rules 

I EC QC 001 002-2 : 1 998,  ICQ Quality Assessment System for Electronic Components (IECQ)  – 
Rules of Procedure – Part 2:  Documentation  

I EC QC 001 002-3: 1 998,  IEC Quality Assessment System for Electronic Components (IECQ)  – 
Rules of Procedure – Part 3:  Approval Procedures 

I EC QC 001 005: 2000,  Register of firms,  products and services approved under the IECQ 
System,  including ISO 9000 

I SO 1 000: 1 992,  Sl units and recommendations for the use of their multiples and of certain  
other units 

1 .3  Order of precedence  

Where any d iscrepancies  occur for any reason ,  documents  shal l  rank i n  the  fol l owing  order of 
precedence:  

– the  detai l  speci fication ;  

– the  sectional  speci fication ;  
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– the  generic speci fication ;  

– any other in ternational  documents  (for example  of the  I EC)  to  wh ich  reference  is  made.  

The  same order of precedence  shal l  appl y to  equ ivalent national  documents.  

2  Terminology and  general  requirements  

2. 1  General  

Un i ts,  g raph ical  symbols ,  l etter symbols  and  term inology shal l ,  wherever possib le,  be  taken  
from  the  fo l lowing  standards:  I EC 60027,  I EC  60050(561 ),  I EC  6061 7  and  I SO  1 000.  

2.2  Terms,  defin i tions  and  classi fication  of phenomena  

The fol lowing  paragraphs  conta in  add i ti onal  term inology appl icable  to  quartz crysta l  un i ts  and  
describe  certa in  phenomena  i n  th is  con text.  

2.2. 1  
crystal  element (crystal  blank)  
piezoelectric material  cu t to  a  g i ven  geometrica l  shape,  s ize  and  orien tation  wi th  respect to  
the  crystal l ograph ic axes  of the  crystal  

2.2.2  
electrode  
an  e lectrical l y conductive  p late  or fi lm  i n  con tact wi th ,  or in  proxim i ty to,  a  face  of a  crysta l  
e lemen t by means  of wh ich  an  e lectric fi e ld  i s  appl ied  to  the  e lement  

2.2.3  
crystal  resonator 
a mounted  crystal  e lement that vibrates  when  an  a l ternating  e lectric fie l d  exists  between  the  
e lectrodes  

2.2.4  
mounting  
the  means  by wh ich  the  crystal  resonator i s  supported  (wi th in  i ts  enclosure)  

2.2.5  
enclosure  
the  enclosure  protecti ng  the  crystal  resonator(s)  and  mounting  

2.2.6  
enclosure type  
a crystal  enclosure  of speci fic ou tl i ne  d imensions  and  materia l  wi th  a  defined  method  of 
seal i ng  

2.2.7  
crystal  un i t  
a crystal  resonator mounted  i n  an  enclosure  

2.2.8  
socket 
a component i n to  wh ich  the  crystal  u n i t  i s  i nserted  to  hold  the  crystal  un i t and  to  provide  
e lectrica l  connection  

2.2.9  
mode of vibration  
the  pattern  of motion  i n  a  vibrating  body of the  i nd ividual  particles  resu l ti ng  from  stresses  
appl ied  to  the  body,  the  frequency of osci l l ation  and  the  boundary cond i ti ons  existi ng .  The  
common  modes  of vibration  are:  
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– flexural ;  

– extensional ;  

– face  shear;  

– th ickness  shear.  

2.2. 1 0  
fundamental  crystal  un i t  
a crysta l  resonator designed  to  operate  at the  lowest order of a  g i ven  mode  

2.2. 1 1  
overtone crystal  un i t  
a crysta l  resonator designed  to  operate  at a  h igher order than  the  l owest of the  g i ven  mode  

2.2. 1 2  
overtone order 
the  numbers  a l l otted  to  the  successive  overtones  of a  g iven  mode of vibration  from  the  
ascend ing  series  of i n tegra l  numbers  commencing  wi th  the  fundamental  as  un i ty.  For shear 
and  extens ional  modes,  th is  overtone  is  the  i n tegral  mu l tip le  of the  fundamental  frequency to  
wh ich  the  overtone  frequency approximates  

2.2. 1 3  
crystal  un i t  equ ivalent ci rcu i t  
the  e lectric ci rcu i t  wh ich  has  the  same impedance as  the  crysta l  un i t i n  the  reg ion  of the  
desi red  resonance  and  anti -resonance  frequencies.  I t  i s  represented  by an  i nductance,  
capaci tance  and  res istance  i n  series,  th is  series  arm  being  shun ted  by the  capaci tance  
between  the  term inals  of the  un i t.  The  parameters  of the  series  branch  of inductance,  
capaci tance  and  res istance  are  g i ven  by L1 ,  C1  and  R1  respectivel y:  these  are  termed  
“motional  parameters”  of the  crystal  u n i t.  The  shun t (paral l el )  capaci tance  i s  denoted  by C0  

(see  fi gure  1 ) .  

The  parameters  are  i ndependent of frequency for i solated  modes  of motion .  General l y,  the  
mode in  question  i s  sufficien tl y i so lated  from  other modes  to  perm i t th is  assumption .  When  
th is  i s  not true,  the  equations  and  measuring  methods  ou tl ined  herein  do  not appl y.  For 
i denti fication  of symbols  used  i n  th is  s tandard ,  see  table  1 .  

NOTE  1  The  equ ivalent  ci rcu i t  does  not  represent  a l l  the  characteri sti cs  of a  crystal  un i t.  

NOTE  2  The  val ues  of Re ,  Xe ,  Gp  and  Bp  vary rapid l y around  the  resonance  frequency,   

where  

Re  i s  the  equ i val en t  ci rcu i t  seri es  res i stance  of the  resonator;  

Xe  i s  the  equ i val en t  ci rcu i t  seri es  reactance  of the  resonator;  

Gp  i s  the  equ i valent  ci rcu i t  paral l e l  conductance  of the  resonator;  

Bp  i s  the  equ i val en t  ci rcu i t  para l l e l  susceptance  of the  resonator.  
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Figure 1  – Symbol  and  equ ivalen t electrical  ci rcu i t  of  
a  p iezoelectric  resonator  

 

2.2. 1 4  
motional  resistance  (R1 )  
the  res istance  i n  the  motional  (series)  arm  of the  equ ivalen t ci rcu i t  

2.2. 1 5  
motional  inductance (L1 )  
the  i nductance i n  the  motional  (series)  arm  of the  equ ivalent  ci rcu i t  

2.2. 1 6  
motional  capacitance  (C1 )  
the  capaci tance  i n  the  motional  (series)  arm  of the  equ ivalent  ci rcu i t  

2.2. 1 7  
shunt  capaci tance (C0)  
the  capaci tance  i n  paral l e l  wi th  the  motional  arm  of the  equ ivalent  ci rcu i t  

2.2. 1 8  
parameters  of piezoelectric resonators  
the  fundamental  parameters  C1 ,  L1 ,  R1  and  C0  define  the  equ ivalen t e l ectric ci rcu i t  shown  
i n  fi gure  1 ,  and  a l l  other parameters  may be  derived  from  them .  At a  g i ven  frequency,  
the  parameters  of the  equ iva len t e lectric ci rcu i t general l y approach  constant values  as  the  
ampl i tude  of vibration  approaches  zero.  The  ampl i tude  wh ich  can  be  tolerated  before  
the  parameters  are  appreciabl y affected  varies  widel y between  resonators  of various  types  
and  can  on l y be  determ ined  by experiment.  

The  equation  for the  impedance  Z or adm ittance  Y:  

 
δ

δ
ω jΩ

jΩ

C

j

Y
Z

+−
−

×==
1

1

0

 (1 )  

of the  equ iva len t e l ectric ci rcu i t of the  p iezoelectri c resonator i s  the  bas ic equation  describing  
the  re lationsh ips  between  the  various  parameters .  

I n  equation  (1 ) :  

2
s

2
p

2
s

2

ff

ff
Ω

−

−
=  and  102 RfCπδ =  
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are  the  normal i zed  frequency factor and  the  normal i zed  damping  factor,  respectivel y.  See  
tab le  1 ,  for defin i ti ons  of fp ,  fs ,  and  the  other symbols  used  i n  equation  (1 )  and  for other 

essen tia l  parameters .  The  characteristic frequencies  of equation  (1 )  are  defined  i n  tab le  2 .  

The  magn i tude  of the  impedance  of the  equ iva lent e lectric network ( |Z| ) ,  i ts  res isti ve  
component (Re) ,  i ts  reactive  component (Xe) ,  and  the  reactance  X1  of the  L1 ,  C1 ,  R1  branch  
are  p lotted  as  functions  of frequency i n  fi gure  2 ,  for the  purpose  of defi n ing  the  d i fferen t  
characteristic frequencies.  |Zm |  and  |Zn |  denote  m in imum  and  maximum  impedance  
respective l y,  and  Rr,  Ra  the  impedances  at zero  phase  ang le.  These  curves,  however,  have  

on l y qual i tati ve  character and  do  not represent a  particu lar piezoelectric  resonator.  

For further clari fication ,  the  impedance and  adm i ttance  ci rcles  of a  p iezoelectric resonator are  
reproduced  in  fi gure  3 .  However,  the  ci rcle  representation  of the  impedance or adm i ttance  of 
a  p iezoelectric resonator i s  va l id  on l y i f the  ci rcle  d iameter of the  adm ittance  d iagram  is  large  

compared  wi th  the  change  of 2  πfC0  i n  the  resonance range  or i f r  << Q
2 ,  wh ich  i s  fu l fi l l ed  i n  

most resonators.  I f the  l atter cond i tions  are  not fu l fi l l ed ,  the  adm ittance  curve  shows a  
cissoida l  character.  Throughou t the  remainder of th is  s tandard ,  i t  i s  assumed  that the  
impedance (or adm ittance)  of the  resonator can  be  represented  by a  ci rcle  d iagram .  Table  3  

g i ves  data  for Q ,  r,  and  rQ2  for various  types  of resonators,  i nd icati ng  that th i s  assumption  

is  va l id  for a l l  practical  cases.  

I t  i s  necessary to  make approximations  i n  deriving  practical  equations  for general  use.  I t  i s  
the  error of these  approximations,  i n  add i ti on  to  the  errors  of i nstrumentation  that govern  the  
overal l  accuracy of the  experimental l y derived  parameters .  

As  a  fi rst approximation  sufficien t for many practica l  purposes,  the  fol l owing  assumptions  
can  be  made:  

fm  =  fr  =  fs  and  fa  = fn  =  fp  

More  exact relations  between  the  characteristic frequencies  fm ,  fr,  fa ,  fp ,  fn ,  and  the  series  
resonance  frequency fs  o f a  resonator,  va l i d  for the  fi gure  of meri t  M >  1 0  and  the  capaci tance  
ratio  r  >  1 0,  are  shown  i n  tab le  4 .  These  re lationsh ips  have  been  derived  by various  au thors  
under the  assumption  that M >>  1 .  

The  separation  between  paral l el  and  series  resonance  frequencies  i s  g i ven  by:  
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f
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can  be  used  for l arger values  of r  (for example,  when  r  i s  g reater than  25,  the  error i s  l ess  

than  1  %).  
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2.2. 1 9  
resonance frequency (fr)  
the  l ower of the  two frequencies  of the  crystal  u n i t a l one,  under speci fied  cond i tions,  at  wh ich  
the  e lectrical  impedance of the  crysta l  un i t  i s  res isti ve  

2.2.20   
resonance resistance  (Rr)  
the  res istance  of the  crystal  u n i t  a l one  at the  resonance frequency fr  

2.2.21   
anti -resonance  frequency (fa)  
the  h igher of the  two frequencies  of the  crysta l  un i t a l one,  under speci fi ed  cond i ti ons,  at wh ich  
the  e lectrica l  impedance of the  crysta l  un i t  i s  res istive  

2.2.22   
load  capacitance (CL)  
the  effecti ve  external  capaci tance  associated  wi th  the  crystal  un i t wh ich  determ ines  the  l oad  
resonance  frequency fL  

2.2.23   
load  resonance  frequency (fL)  
one of the  two frequencies  of a  crystal  u n i t  i n  association  wi th  a  series  or wi th  a  paral l e l  l oad  
capaci tance,  under speci fied  cond i ti ons  at wh ich  the  e lectrica l  impedance of the  combination  
is  res isti ve.  The  l oad  resonance  frequency i s  the  l ower of the  two  frequencies  when  the  load  
capaci tance  i s  i n  series  and  the  h igher when  i t  i s  i n  paral l e l  (see  fi gure  4).  

For a  g iven  va lue  of l oad  capaci tance  CL ,  these  frequencies  are  i den tical  for a l l  practical  

purposes  and  are  g i ven  by the  express ion  

 
L01

L011 )(
2

1

CCC

CCCL

f ++

+
= π

L

  (4)  

NOTE  1  The  frequencies  defi ned  i n  2 . 2 . 1 9,  2 . 2 . 21  and  2 . 2 . 23  are  l i s ted  as  bei ng  the  terms more  common ly used .  
The  frequenci es  associated  wi th  a  q uartz crystal  are  numerous  and  for a  fu l l  explanati on  tables  2  and  4  shou ld  be  
consu l ted .  

NOTE  2  When  h i gher accuracies  are  requ i red  or secondary data  (for example,  val ues  of crystal  un i t  motiona l  
parameters)  are  to  be  deri ved  from  the  frequency measu rements,  tabl e  1 ,  I EC 60444-1  and  I EC 60444-5  shou l d  be  
consu l ted .  
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Figure  2  – Impedance |Z| ,  resistance Re ,  reactance  Xe ,  series  arm  reactance  X1   
of a  p iezoelectric  resonator as  a  function  of frequency 
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Figure  3  – Impedance and  admittance  d iagram  of a  p iezoelectric  resonator 

The symbols  conform  wi th  those  i n  tab le  1  and  fi gure  2 .  
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Figure 4 – Resonance,  anti -resonance  and  load  resonance frequencies  

2.2.24  
load  resonance  resistance (RL)  
the  res istance  of the  crystal  un i t i n  series  wi th  a  stated  external  capaci tance  at the  load  
resonance  frequency fL .  

NOTE  To  a  cl ose  approximation  the  val ue  of RL  i s  re l ated  to  the  val ue  of Rr  by the  expression :  

 RL  ≅  Rr  

2

L

01













+
C

C
  (5)  

NOTE  1  The  val ues  of l oad  capaci tances  shown  i n  b )  and  c)  are  equal .  

NOTE  2  See  2 . 2 . 1 9,  2 . 2 . 21  and  2 . 2 . 23.   
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2.2.25  
nominal  frequency (fnom )  
the  frequency assigned  to  the  crystal  un i t  by the  manufacturer 

2.2.26  
working  frequency (fw)  
the  operational  frequency of the  crysta l  un i t together wi th  associated  ci rcu i ts  

2.2.27  
load  resonance  frequency offset (ΔfL)  

 ΔfL  =  fL  – fr  (6)  

I t  can  be  calcu lated  approximatel y from  

 ΔfL  ≅  
)(2 L0

1r

CC

Cf

+
  (7)  

I n  usage,  the  load  resonance frequency offset ΔfL  for a  g i ven  value  of l oad  capaci tance  can  
be  wri tten  as ,  for i nstance,  Δf30  or Δf20  to  i nd icate  the  actual  va lue  of l oad  capaci tance  i n  

p icofarads  i nvolved .  

2.2.28  
fractional  load  resonance  frequency offset (DL)  

 DL  =  
r

rL

f

ff −
  (8)  

I t  can  be  ca lcu lated  approximatel y from  

 DL  ≅
)(2 L0

1

CC

C

+
  (9)  

Th is  can  a lso  be  wri tten  as,  for i nstance,  D30  to  i nd icate  the  fractional  load  resonance 
frequency offset DL  wi th  a  l oad  capaci tance  of 30  pF.  

2.2.29  
frequency pu l l ing  range  (ΔfL1 ,L2)   

 ΔfL1 , L2  =  |  fL1  – fL2  |   (1 0)  

I t  can  be  calcu lated  approximatel y from :  

 ΔfL1 , L2  =  
))((2

)(

L20L10

L1L21r

CCCC

CCCf

++

−
  (1 1 )  

Th is  can  a lso  be  wri tten  as,  for i nstance  Δf20, 30  to  i nd icate  the  frequency pu l l ing  range  
between  load  capaci tances  of 20  pF  and  30  pF  

2.2.30  
fractional  pu l l ing  range  (DL1 ,L2)  

 DL1 ,  L2  =  L2L1
r

L2L1 DD
f

ff
−=

−
  (1 2)  

I t  can  be  calcu lated  approximatel y from :  
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 DL1 , L2  =  
))((2

)(

L20L10

L1L21

CCCC

CCC

++

−
 (1 3)  

Th is  can  be  wri tten  as,  for i nstance,  D20, 30 ,  to  i nd icate  the  fractional  pu l l i ng  range  between  
l oad  capaci tances  of 20  pF  and  30  pF  

2.2.31   
pu l l ing  sensi tivi ty (S)  

 S =  
L

L

d

d

C

D
 ≅

2
L0

1

)(2 CC

C

+

−
  (1 4)  

Th i s  can  be  wri tten  as ,  for i n s tance,  S30 ,  to  i n d i cate  the  pu l l i n g  sens i t i vi ty a t  a  l oad  
capaci tance  of 30  pF  

2.2.32   
operating  temperature  range  
the  range  of temperatu res  as  measured  on  the  enclosure,  over wh ich  the  crystal  un i t sha l l  be  
wi th in  the  speci fi ed  to lerances  

2.2.33   
operable  temperature range  
the  range  of temperatures  as  measured  on  the  enclosure  over wh ich  the  crystal  un i t  wi l l  not  
susta in  permanent damage  though  not  necessari l y function ing  wi th in  the  speci fied  tolerances  

2.2.34  
storage  temperature  range  
the  m in imum  and  maximum  temperatures,  as  measured  on  the  enclosure,  at  wh ich  the  crystal  
un i t may be  stored  wi thout  deterioration  or damage to  i ts  performance  

2.2.35  
reference  temperature  
the  temperature  at wh ich  certain  crystal  measurements  are  made.  For control led  temperature  
un i ts,  the  reference temperature  i s  the  m id -poin t of the  con trol l ed  temperature  range.  For non-
con trol l ed  temperature  un i ts ,  the  reference  temperature  is  normal l y 25  oC ±  2  oC 

2.2.36  
level  of drive  
a measure  of the  cond i ti ons  imposed  upon  the  crysta l  un i t.  Th is  may be  expressed  in  terms  of 
curren t through  or power d issipated  i n  the  crysta l  e lemen t  

2.2.37  
drive l evel  dependency 
drive  l evel  dependency (DLD)  i s  the  effect of changes  i n  d rive  level  cond i tions  upon  the  
resonance res istance  of the  crystal  u n i t.  Th is  parameter can  be  speci fi ed  by defin ing  the  ratio  
of res istance  between  two speci fied  d ri ve  l evels .  Th is  ratio  i s  represen ted  by the  express ion :  

r2

r1

R

R
 

where   

Rr1   i s  the  res istance  at  the  l ower level  of d rive;  

Rr2   i s  the  res istance  at  the  h i gher l evel  of d ri ve.  
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2.2.38  
unwanted  response  
a state  of resonance of a  crysta l  resonator other than  that associated  wi th  the  working  
frequency 

2.2.39  
frequency tolerance  
the  maximum  perm iss ib le  deviation  of the  working  frequency due  to  a  speci fied  cause  or a  
combination  of causes.  The  frequency tolerance  is  usual l y stated  i n  parts  per m i l l i on  (1 ×1 0–6)  
of the  nom inal  frequency 

NOTE  The  tol erances  normal l y used  are  as  fol l ows:  

– deviati on  from  nom inal  frequency at  the  reference  temperature  under speci fi ed  cond i ti ons;  

– deviati on  over the  temperatu re  range  from  the  frequency at  the  speci fi ed  reference  temperature;  

– deviati on  as  a  resu l t  of age ing  under speci fi ed  cond i ti ons;  

– deviati on  from  nom inal  frequency d ue  to  a l l  causes  (overal l  to l erance).  

Table  1  – List  of symbols  used  for the  equ ivalent electric  ci rcu i t   
of a  p iezoelectric  resonator 

Symbols  Mean ing  SI  un i ts  
References  

Equations  Tables  F igures  

Bp  Equ ivalent  paral l e l  susceptance  of 
resonator 

S   2  1  

C0  Shunt  (paral l e l )  capaci tance  i n  the  
equ i va lent  e l ectri c  ci rcu i t  

F  2 ,  3   1 ,  5  

C1  Moti onal  capaci tance  i n  the  
equ i va lent  e l ectri c  ci rcu i t  

F  2 ,  3   1 ,  5  

f Frequency Hz    3  

fa  An ti resonance  frequency,  zero  
susceptance  

Hz   2 ,  4  2 ,  3  

fm  Frequency of maximum  
adm i ttance(m in imum  impedance)  

Hz   2 ,  4  2 ,  3  

fn  Frequency of m in imum  
adm i ttance(maximum  impedance)  

Hz   2 ,  4  2 ,  3  

fp  Paral l e l  resonance  frequency 
( l oss less)   

01

01
12

1

CC

CC
L

+
π

 

Hz  2 ,  3  2 ,  4  2 ,  3  

fr  Resonance  frequency,  zero  
susceptance  

Hz   2 ,  4  2 ,  3 ,  4  

fs  Moti onal  (series)  resonance  
frequency 

112

1

CLπ
 

H z  2 ,  3  2 ,  4  2 ,  3  

 

Gp  Equ ivalent  paral l e l  conductance  of 
resonator 

   1  

L1  Moti onal  i nductance  i n  the  
equ i va len t  e l ectri c  ci rcu i t  

H    1 ,  5  

M Figu re  of meri t  of a  resonator 

 M =
r
Q

 

D imension l ess   3 ,  4   
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Symbols  Mean ing  SI  un i ts  
References  

Equations  Tables  F igures  

Q Qual i ty factor:  

1

1

R

LW
Q s=  

D imension l ess   3   

r Capaci tance  rati o:  

1

0

C

C
r =  

D imension l ess  2 ,  3  2 ,  3 ,  4   

Ra  Impedance  at  zero  phase  ang l e  
near an ti resonance  

Ω    2 ,  3  

Re  Equ ivalent  seri es  res i stance  of 
resonator 

Ω    1 , 2  

Rr  Impedance  at  fr  ,  zero  phase  ang le  Ω    2 ,  3  

R1  Moti onal  res i stance  i n  the  
equ i va lent  e l ectri c  ci rcu i t  

Ω  1 5  2  1 ,  3 ,  5  

Xe  Equ ivalent  seri es  reactance  of 
resonator 

Ω    1 ,  2  

X0  Reactance  of shunt  (paral l e l )  
capaci tance  at  seri es  resonance:   

Xo  =  
0s

1

Cω
 

Ω    3  

X1  Reactance  of motional  series  arm  

of resonator:  
1

11
1

C
LX

ω
ω −=  

Ω   2  2  

Y Adm i ttance  of resonator:  

Z
jBGY pp

1
=+=  

S  1    

Ym  Maximum  adm i ttance  of resonator S    3  

Yn  Min imum  adm i ttance  of resonator S    3  

Z Impedance  of resonator:   
Z =  Re  +  jXe  

Ω  1    

Zm  Min imum  impedance  of resonator Ω    2 ,  3  

Zn  Maximum  impedance  of resonator Ω    2 ,  3  

|Z|  Absolu te  val ue  of impedance  of 

resonator:  2
e

2
e XRZ +=  

Ω   2  2  

|Zm |  Absolu te  val ue  of impedance  a t  fm  
(m in imum  impedance)  

Ω    2  

|Zn |  Absolu te  val ue  of impedance  a t  fn  
(maximum  impedance)  

Ω    2  

δ  Normal i zed  damping  factor:   

δ  =  ωCoR1  

D imension l ess  1  2   

Ω  Normal i zed  frequency factor:  

2
s

2
p

2
s

2

ff

ff
Ω

−

−
=  

D imension l ess  1  2   

ω  Circu l ar (angu lar)  frequency:   

ω  =  2πf 
rad /s   2   

ωs  Circu l ar frequency at  motiona l  

resonance:  ωs  =  2πfs  
rad/s     

CL  Load  capaci tance  F  4 ,  1 5  1  4 ,  5  

fL  Load  resonance  frequency of 

combination  of resonator and  LC  

L0

1
sL 1

CC

C
ff

+
+=  

H z  1 5  1  4  
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Table  2  –  Solutions  for the  various  characteristic frequencies  

Characteri stic  
frequencies  

Mean ing  Condi tion  
Consti tuen t equation  

for frequency 

mf  Frequency of maximum  adm i t–
tance  (m in imum  impedance)  0

d

d
=

ω

Z
 

( ) ( )
( ) 012

2

2

2222

=−−−

+−+

ΩΩΩr

rΩΩ δδ  

sf  Moti onal  (series)  resonance  
frequency 

01 =Χ  
0=Ω  

rf  Resonance  frequency  0pe == BX  ( ) 01 2 =−− δΩΩ  

af  Anti resonance  frequency 0pe == BX  ( ) 01 2 =−− δΩΩ  

pf  Paral l e l  resonance  frequency  
( l oss-l ess)  

∞=eX  

for 01 =R  

1=Ω  

nf  Frequency of m in imum  adm i ttance  
(maximum  impedance)  0

d

d
=

ω

Z
 

( ) ( )
( ) 012

2

2

2222

=−−−

+−+

ΩΩΩr

rΩΩ δδ  

 

Table  3  – M in imum  values  for the  ratio  Q2/r  to  be  expected   
for various  types  of piezoelectric  resonators  

Type of pi ezoelectric  resonator Q  =  M r  r Q
2
/r  m in  

Piezoelectri c  ceram ics  90  – 500  2  – 40  200  

Water-solubl e  p iezoelectri c  crystal s  200  – 50  000  3  – 500  80  

Quartz  1 0
4  
– 1 0

7
 1 00  – 50  000  2  000  

 

Table  4 – Approximate  relations  between  the  characteristic frequencies   
and  the series  resonance  frequency fs  of a  piezoelectric resonator 

 

Characteri stic  
frequency 

1
st
 approximation  2

nd
 approximation  

sf

f
 

Devi ation  
sf

f∆
 

from  a  more  
precise  value  

sf

f
 

Devi ation  
sf

f∆
 

from  a  more  
precise  value  

mf  1
s

m =
f

f
 

rM 22

1
−  












+−+=

2

4
11

2

1
1

s

m

Mrf

f
 

242

1

rM
 

rf  1
s

r =
f

f
 

rM 22

1
 












−−+=

2

4
11

2

1
1

s

r

Mrf

f
 242

1

rM
 

af  
rf

f

2

1
1

s

a +=  







+− 1

1

2

1
2 rrM

 











−++=

2

4
11

2

1
1

s

a

Mrf

f
 

rrM

1

2

1
2

×−  

nf  
rf

f

2

1
1

s

n +=  







+ 1

1

2

1
2 rrM

 











+++=

2

4
11

2

1
1

s

n

Mrf

f
 

rrM

1

2

1
2

×  

pf  
rf

f

2

1
1

s

p +=  
28

1

r
−  

rf

f 1
1

s

p
+=  0  
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Figure  5  – Equ ivalent  ci rcu i t  of a  piezoelectric resonator  
wi th  a  series  ( load)  capacitance  CL  
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2.3  Preferred  ratings  and  characteristics  

Values  shou ld  preferabl y be  chosen  from  the  fol lowing  paragraphs.  

2.3. 1  Temperature  ranges  in  degrees  Celsius  (oC)  su i table  for ambient operation  

–55  to  +1 25  –30  to  +80   –1 0  to  +60  

–55  to  +1 05  –30  to  +70   –1 0  to  +50  

–55  to  +1 00  –25  to  +80      0  to  +60  

–55  to  +90  –20  to  +85      0  to  +50  

–40  to  +90  –20  to  +80    +5  to  +55  

–40  to  +85  –20  to  +70  +1 0  to  +40  

–40  to  +80  –20  to  +60  +1 5  to  +50  

–40  to  +70  –1 0  to  +70  
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2.3.2  Elevated  temperature  ranges  in  degrees  Celsius  (oC)  su i table  for oven  control  

60  ±  5  75  ±  5  

65  ±  5  80  ±  5  

70  ±  5  85  ±  5  

2.3.3  Frequency tolerance  (1 ×1 0–6)  

±200  ±25  ±7, 5  

±1 00  ±20  ±5  

±50  ±1 5  ±4  

±40  ±1 0  ±2, 5  

±30   ±1  

2.3.4  Ci rcu i t  cond itions  

1 0  pF  l oad  capaci tance  

1 5  pF  l oad  capaci tance  

20  pF  l oad  capaci tance  

30  pF  l oad  capaci tance  

50  pF  l oad  capaci tance  

Series  resonance.  

2.3.5  Levels  of d rive  

Th ickness  shear/AT:  

Current,  i n  μA  

   1 50  

   200  

1  000  

2  000  

Power,  i n  μW  

 1  

 1 0  

1 00  

500  

F lexure  and  face  shear:  

Current,  i n  μA  

1 00  

200  

Extens ional :  

Current,  i n  μA  

 500  

1  000  
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2.3.6  Drive  l evel  dependency 

 

Resonance resistance  

Ω  
Resi stance  ratio,  

r2

1r

R

R
 

<  5  

5  to  1 0  

1 0  to  20  

20  to  35  

35  to  50  

>50  

2 , 2  

2 , 0  

1 , 8  

1 , 5  

1 , 3  

1 , 2  

 

2.3.7  Cl imatic category 

55/1 05/56  

For requ i rements  where  the  operati ng  temperature  range  of the  crystal  un i t i s  greater than   
–55  oC to  +1 05  oC,  a  cl imatic category cons isten t wi th  the  operati ng  temperature  range  shal l  
be  speci fi ed .  

2.3.8  Bump  severi ty  

4  000  ±  1 0  bumps  at 390  m /s2  peak acceleration  i n  each  d i rection  a long  th ree  mutual l y 
perpend icu lar axes  (see  4 . 8. 6) .  

Pu lse  duration  6  ms.  

2.3.9  Vibration  severi ty 

1 0  Hz to  55  Hz 
0, 75  mm  d isp lacement ampl i tude  
(peak value)  

55  Hz to  500  Hz 
or 55  Hz to  2  000  Hz 
98, 1  m /s2  acceleration  ampl i tude  
(peak value)  

30  m in  i n  each  of three  mutual l y perpend icu lar 
axes  at  1  octave/m in  (see  4. 8.7)  

  

1 0  Hz to  55  Hz 
1 , 5  mm  d isplacement ampl i tude  
(peak value)  

55  Hz to  2  000  Hz 
1 96,2  m /s2  acceleration  ampl i tude  
(peak va lue)  

30  m in  i n  each  of three  mutual l y perpend icu lar 
axes  at  1  octave/m in  (see  4. 8 .7)  

 

Random  vibration  severi ti es:  u nder cons ideration  

2.3. 1 0  Shock severi ty 

981  m /s2  peak acceleration  for 6  ms  duration ;  three  shocks  in  each  d i rection  along  three  
mutual l y perpend icu lar axes  (see  4. 8. 8) ,  ha l f s i ne  pu lse,  un less  otherwise  stated  i n  the  detai l  
speci fication .  
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2.3. 1 1  Leak rate  

1 0–3  Pa ⋅cm 3/s  (1 0–8  bar⋅cm 3/s).  

2.4  Marking  

2.4. 1  The  in formation  g i ven  i n  the  marking  i s  se lected  from  the  fo l lowing  l i st :  the  re lative  

importance  of each  i tem  i s  i nd icated  by i ts  posi ti on  i n  the  l i st:  

a)  type  designation  as  defined  in  the  deta i l  speci fication ;  

b)  nom inal  frequency i n  ki l ohertz (kHz)  or megahertz (MHz);  

c)  year and  week (four d ig i ts)  of manufacture;  

d )  factory i denti fication  code;  

e)  manufacturer’s  name or trade  mark;  

f)  mark of conform ity (un less  a  certi ficate  of conform ity i s  used) .  

2.4.2  The  crystal  u n i ts  sha l l  be  cl earl y marked  wi th  a),  b)  and  c)  above  and  wi th  as  many as  
poss ib le  of the  remain ing  i tems  as  is  cons idered  necessary.  Any dupl ication  of i n formation  i n  
the  marking  on  the  crysta l  un i t  shou ld  be  avoided .  

Where  the  avai lable  surface  area  of m in iature  crystal  enclosures  imposes  practical  l im i ts  on  
the  amoun t of marking ,  i nstructions  on  the  marking  to  be  appl i ed  shal l  be  g i ven  i n  the  deta i l  
speci fication .  

2.4.3  The  primary package con ta in ing  the  crystal  u n i t(s)  shal l  be  clearl y marked  wi th  a l l  the  
i n formation  l i s ted  i n  2 . 4 . 1 .  

2.4.4  Any add i tional  marking  shal l  be  so  appl ied  that  no  confus ion  can  ari se.  

3 Qual i ty assessment procedures  

Two methods  are  avai lable  for the  approval  of q uartz crysta l  u n i ts  of assessed  qual i ty.  They 
are  qual i fication  approval  and  capabi l i ty approval .  

3. 1  Primary stage of manufacture  

I n  accordance  wi th  3. 1 . 1 . 2  of I EC QC 001 002-3,  the  primary stage  of manufacture  i s  the  fi nal  
surface  fi n ish ing  of the  crystal  e l ement.  

NOTE  The  fi na l  su rface  fi n i sh ing  of the  crystal  e l ement  cou l d  be  any of the  fol l owi ng  operati ons:  l apping ;  
pol i sh i ng ;  etch i ng ;  cl ean i ng ,  i n  the  case  of pol i shed  pl ates.  

3.2  Structural ly s im i lar components  

The grouping  of structural l y s im i l ar components  for the  purpose  of qual i fications  approval ,  
capabi l i ty approval  and  qual i ty conformance i nspection  shal l  be  prescribed  in  the  re levant 
sectional  speci fication .  

3.3  Subcontracting  

These  procedures  shal l  be  i n  accordance  wi th  3. 1 . 2  of I EC QC 001 002-3.  

However,  the  fina l  surface  fi n ish ing  of the  crysta l  e l ements  and  a l l  subsequen t processes  
shal l  be  carried  ou t by the  manufacturer to  whom  approval  has  been  gran ted .  
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3.4  Manufacturer’s  approval  

To obtain  manufacturer’s  approval  the  manufacturer shal l  meet the  requ i rements  of clause  2  
of I EC QC 001 002-3.  

3.5  Approval  procedures  

3.5. 1  General  

To  qua l i fy a  q u artz crysta l  u n i t,  e i ther capab i l i ty approva l  or  q ua l i fi ca ti on  approva l  pro-
cedu res  may be  u sed .  These  procedu res  sha l l  con form  to  those  s ta ted  i n  I EC  QC  001 001  
and  I EC  QC  001 002-3 .  

3.5.2  Capabi l i ty approval  

Capabi l i ty approval  i s  appropriate  when  structu ra l l y s im i lar quartz crystal  un i ts  based  on  
common  des ign  ru les,  are  fabricated ,  by a  g roup  of common  processes.  

Under capabi l i ty approval  detai l  speci fications  fa l l  i n to  the  fol lowing  th ree  categories.  

a)  Capabi l i ty qual i fying  components  (CQCs)  

 A detai l  speci fication  shal l  be  prepared  for each  CQC as  agreed  wi th  the  National  
Supervis ing  I nspectorate  (NSI ) .  I t  sha l l  i denti fy the  purpose  of the  CQC and  i nclude  a l l  
re levant stress  l evels  and  test l im i ts .  

b)  Standard  catalogue  i tems  

 When  a  component covered  by the  capabi l i ty approval  procedure  is  i n tended  to  be  offered  
as  a  standard  cata logue  i tem ,  a  detai l  speci fi cation  complying  wi th  the  b lank detai l  
speci fication  shal l  be  wri tten .  Such  speci fications  shal l  be  reg istered  by the  I ECQ and  the  
component may be  l i s ted  i n  I EC  QC 001 005.  

c)  Custom  bu i l t  quartz  crystal  un i ts   

 The  content of the  detai l  speci fication  shal l  be  determ ined  by agreement between  the  
manufacturer and  the  customer i n  accordance  wi th  4. 3 . 3  of I EC  QC  001 002-3.  

Fu rther i n formati on  on  d eta i l  speci fi cat i ons  i s  con ta i ned  i n  the  secti ona l  speci fi cat i on  
I EC  61 1 78-2 .  

The  product and  capabi l i ty qual i fying  components  (CQCs)  are  tested  i n  combination  and  
approval  g i ven  to  a  manufacturing  faci l i ty on  the  basis  of va l i dated  design  ru les ,  processes  
and  qual i ty control  procedures.  Further i n formation  i s  g iven  in  3. 6  and  in  the  sectional  
speci fication  I EC  61 1 78-2.  

3.5.3  Qual i fication  approval  

Qual i fication  approval  i s  appropriate  for components  manufactured  to  a  standard  design  and  
establ ished  production  process  and  conform ing  to  a  publ ished  detai l  speci fi cation .  

The  programme of tests  defined  i n  the  detai l  speci fication  for the  appropriate  assessment and  
severi ty l evel  appl ies  d i rectl y to  the  quartz crystal  un i t to  be  qual i fied ,  as  prescribed  i n  3 . 7  
and  the  sectional  speci fication  I EC 61 1 78-3.  

3.6  Procedures  for capabi l i ty approval  

3.6. 1  General  

The procedures  for capabi l i ty approval  sha l l  be  i n  accordance wi th  I EC  QC  001 002-3.  
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3.6.2  El ig ibi l i ty for capabi l i ty approval  

The manufacturer shal l  comply wi th  the  requ i rement of 4 . 2 . 1  of I EC QC 001 002-3  and  the  
primary stage  of manufacture  as  defined  in  3. 1  of th is  generic speci fication .  

3.6.3  Appl ication  for capabi l i ty approval  

I n  order to  obtain  capabi l i ty approval  the  manu facturer shal l  appl y the  ru les  of procedure  
g i ven  i n  cl ause  4  of I EC QC 001 002-3.  

3.6.4  Granting  of capabi l i ty approval  

Capabi l i ty approva l  sha l l  be  g ran ted  when  the  procedu res  i n  accordance  wi th  4  of I EC  
QC  001 002-3  have  been  successfu l l y completed .  

3.6.5  Capabi l i ty manual  

The contents  of the  capabi l i ty manual  sha l l  be  i n  accordance wi th  the  requ irements  of the  
sectional  speci fication .  The  NSI  sha l l  treat the  capabi l i ty manual  as  a  confiden tia l  document.  
The  manufacturer may,  i f he  so  wishes,  d isclose  part  or a l l  of i t  to  a  th i rd  party.  

3.7  Procedures  for qual i fication  approval   

3.7. 1  General   

The  procedu res  for q u a l i fi cat i on  approva l  sh a l l  be  i n  accordance  wi th  c l ause  3  of I EC  
QC  001 002-3 .  

3.7.2  El ig ibi l i ty for qual i fication  approval  

The manufacturer shal l  comply wi th  the  requ i rements  of 3. 1 . 1  of I EC QC 001 002-3  and  the  
primary stage  of manufacture  as  defined  in  3. 1  of th is  generic speci fication .  

3.7.3  Appl ication  for qual i fication  approval  

I n  order to  obta in  qual i fi cation  approval  the  manufacturer shal l  appl y the  procedures  g i ven  i n  
3. 1 . 3  of I EC  QC  001 002-3.  

3.7.4  Granting  of qual i fication  approval  

Qual i fication  approval  sha l l  be  gran ted  when  the  procedures  i n  accordance wi th  3. 1 . 5  of 
I EC QC  001 002-3  have  been  successfu l l y completed .  

3.7.5  Qual i ty conformance  i nspection  

The b lank deta i l  speci fication  associated  wi th  the  sectional  speci fication  shal l  prescribe  the  
test schedu le  for qual i ty conformance  inspection .  

3.8  Test procedures  

The test procedures  to  be  used  shal l  be  selected  from  th is  generic speci fication .  I f an y 
requ i red  test i s  not incl uded ,  then  i t  shal l  be  defined  i n  the  detai l  speci fication .  

3.9  Screen ing  requ irements  

Where screen ing  is  requ i red  by the  customer for quartz crystal  un i ts  th is  shal l  be  speci fi ed  i n  
the  detai l  speci fication .  
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3. 1 0  Rework and  repai r work 

3. 1 0. 1  Rework 

Rework i s  the  recti fication  of processing  errors  and  shal l  not be  carried  ou t  i f proh ib i ted  by the  
sectional  speci fication .  The  sectional  speci fication  shal l  s tate  i f there  i s  a  restriction  on  
the  number of occas ions  that  rework may take  p lace  on  a  speci fic component.  

Al l  rework shal l  be  carried  ou t prior to  the  formation  of the  i nspection  l ot  offered  for i nspection  
to  the  requ i rements  of the  deta i l  speci fication .  

Such  rework  procedures  shal l  be  fu l l y described  i n  the  re l evant  documentation  produced  by 
the  manufactu rer and  sha l l  be  carried  ou t  u nder the  d i rect con tro l  of the  ch ief i n spector.  
Sub-contracti ng  of rework  i s  not  perm i tted .  

3. 1 0.2  Repair work 

Repair work i s  the  correction  of defects  i n  a  component after re lease  to  the  customer.  

Components  that have  been  repaired  can  no  longer be  considered  as  representati ve  of the  
manufacturer’s  production  and  may not be  released  under the  I ECQ System .  

3. 1 1  Certi fi ed  records  of released  lots  

The requ i rements  of clause  1 . 5  of I EC QC 001 002-2  shal l  appl y.  When  certi fi ed  records  of 
re leased  l ots  (CRRL)  are  prescribed  i n  the  sectional  speci fication  for qual i fication  approval  
and  are  requested  by the  customer,  the  resu l ts  of the  speci fi ed  tests  shal l  be  summarized .  

3. 1 2  Val id i ty of release  

Crysta l  un i ts  held  for a  period  exceed ing  two years  fol lowing  acceptance  i nspection  shal l  be  
re inspected  for the  e lectrical  tests  deta i led  i n  4 . 7. 1  and  4. 7. 3,  wi th  a  sample  tested  as  
described  in  i tem  a)  of 4 . 8. 3,  prior to  re lease.  

3. 1 3  Release  for del ivery 

Quartz crystal  un i ts  shal l  be  released  in  accordance wi th  3. 2 . 6  and  4. 3 . 2  of I EC QC  001 002-3.  

3. 1 4 Unchecked  parameters  

Only those  parameters  of a  component wh ich  have  been  speci fied  i n  a  detai l  speci fication  and  
wh ich  were  subj ect to  testi ng  can  be  assumed  to  be  wi th in  the  speci fied  l im i ts.  I t  shou ld  not 
be  assumed  that any parameter not speci fied  wi l l  remain  unchanged  from  one  component to  
another.  Shou ld  i t  be  necessary for further parameters  to  be  control led ,  then  a  new,  more  
extensive,  detai l  speci fication  shou ld  be  used .  Any add i ti onal  test method(s)  shal l  be  fu l l y 
described  and  appropriate  l im i ts,  AQLs  and  inspection  l evels  speci fi ed .  

4 Test and  measurement procedures  

4. 1  General  

The test and  measurement procedures  shal l  be  carried  ou t i n  accordance wi th  the  re levant  
detai l  speci fication .  

4.2  Al ternative  test  methods  

Measurements  shal l  preferabl y be  carried  ou t us ing  the  methods  speci fi ed .  Any other method  
g i ving  equ ivalen t resu l ts  may be  used  except i n  case  of d ispu te.  
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NOTE  By “equ i val en t”  i t  i s  meant  that  the  val ue  of the  characteri sti c  establ i shed  by such  other method  fa l l s  wi th i n  
the  speci fi ed  l im i ts  when  measured  by the  speci fi ed  method .  

4.3  Precision  of measurement  

The l im i ts  g i ven  i n  detai l  speci fications  are  true  values.  Measurement inaccuracies  shal l  be  
taken  i n to  account when  evaluating  the  resu l ts .  Precautions  shou ld  be  taken  to  reduce  
measurement errors  to  a  m in imum.  

4.4  Standard  conditions  for testing   

Un less  otherwise  speci fi ed ,  a l l  tests  shal l  be  carried  ou t under the  s tandards  atmospheric 
cond i ti ons  for testing  as  speci fied  i n  5 . 3  of I EC  60068-1 .  

Temperature  1 5  oC to  35  oC 

Relati ve  hum id i ty 45  %  to  75  %  

Ai r pressure  86  kPa  to  1 06  kPa (860  mbar to  1  060  mbar)  

I n  case  of d ispu te,  the  referee  cond i ti ons  are:  

Temperature  25  oC ±  1  oC 

Relati ve  hum id i ty 48  %  to  52  %  

Air pressure  86  kPa  to  1 06  kPa (860  mbar to  1  060  mbar)  

Before  measurements  are  made,  the  crysta l  un i ts  shal l  be  stored  at the  measuring  
temperature  for a  time  su fficien t to  a l l ow the  crysta l  resonator to  reach  th is  temperature.  

Control led  recovery cond i tions  and  standard  cond i ti ons  for ass isted  drying  are  g i ven  i n  5 . 4  of 
I EC 60068-1 .  

The  ambient temperature  during  the  measurements  shal l  be  recorded  and  stated  i n  the  test 
report.  

4.5  Visual  i nspection  

Un less  otherwise  speci fied ,  external  visual  exam ination  shal l  be  performed  under normal  
factory l i ghti ng  and  visual  cond i tions.  

4.5. 1  Visual  test A 

The  crystal  un i t  shal l  be  visual l y exam ined  to  ensure  that the  cond i ti on ,  workmansh ip  and  
fin ish  are  satisfactory.  The  marking  shal l  be  leg ible.  

4.5.2  Visual  test B  

The crystal  un i t sha l l  be  visual l y exam ined  under ×1 0  magn i fication .  There  shal l  be  no  cracks  
i n  the  g lass  or damage  to  the  term inations.  M inu te  flaking  around  the  feather edge  of a  
men iscus  shal l  not be  cons idered  a  crack.  

4.5.3  Visual  test C  

The crystal  un i t sha l l  be  visual l y exam ined .  There  shal l  be  no  corros ion  or other deterioration  
l i kel y to  impair satisfactory operation .  The  marking  shal l  be  l eg ib le.  
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4.6  Dimension ing  and  gaug ing  procedures  

4.6. 1  Dimensions,  test  A 

The d imensions,  spacing  and  al i gnment of the  term inations  shal l  be  checked ,  where  
appropriate  us ing  the  gauges  speci fied .  The  d imensions,  spacing  and  a l i gnment shal l  comply 
wi th  the  speci fi ed  va lues.  

4.6.2  Dimensions,  test  B  

The d imensions  shal l  be  measured  and  they shal l  comply wi th  the  speci fi ed  va lues.  
D imensions  are  speci fi ed  i n  I EC 601 22-3  together wi th  the  gaug ing  procedure  as  appropriate  
or as  speci fi ed  i n  the  detai l  speci fication .  

4.7  Electrical  test procedures  

4.7. 1  Frequency and  resonance  resistance  

Un less  otherwise  defined  i n  the  detai l  speci fication ,  the  measurements  shal l  be  carried  ou t at  
25  oC ±  2  oC for non -temperature  control led  crystal  un i ts ;  or at  the  m id -poin t of the  
temperature  range  ±1  oC for temperature  control led  un i ts.  

The  frequency and  resonance  res istance  of the  crystal  u n i t shal l  be  measured  under the  
cond i ti ons  s tated  i n  the  deta i l  speci fication  and  be  wi th in  the  speci fi ed  l im i ts.  

NOTE  Preferred  methods  of measurement are  described  i n  I EC 60444-1 ,  I EC 60444-2,  I EC 60444-4  and  
I EC 60444-5  depend i ng  on  the  frequency of the  crystal  u n i t  under test.  Any other measurement method  may be  
used  provided  resu l ts  correl ate  wi th  those  obtai ned  us ing  preferred  val ues.   

4.7.2  Drive  l evel  dependency 

I t  i s  importan t that when  a  d rive  l evel  dependency test i s  speci fi ed ,  th is  test sha l l  be  carried  
ou t at l east fi ve  days  after any previous  acti vation  of the  crystal  un i t  (see  I EC 60444-6) .  

Measurements  speci fi ed  i n  4 . 7. 1  shal l  be  carried  ou t at  two  speci fied  d ri ve  l evels .  These  are  
normal l y at a  speci fi ed  l ow l evel  of d rive  fol lowed  by a  h igh  leve l  of d rive.  Un less  otherwise  
speci fied ,  the  l ow l evel  shal l  be  not more  than  50  μA and  the  upper l evel  not l ess  than  
1  000  μA.  The  change of resonance resistance  shal l  not exceed  the  l im i t  speci fied  i n  the  
detai l  speci fication .  

4.7.3  Frequency and  resonance  resistance as  a  function  of temperature  

NOTE  Tests  A and  B  may be  combined  on ly i f test  A i s  performed  wi th  conti nuously varyi ng  temperature,  and  i s  
s tarted  at  the  l ower extreme  of the  operati ng  temperatu re  range  or –30  

o
C,  wh ichever i s  the  l ower.  

The  l evel  of d ri ve  and  load  capaci tance  shal l  be  set at the  l evels  s tated  i n  the  detai l  
speci fication ,  at the  reference  temperature.  No  subsequent ad j ustment sha l l  be  made  to  the  
test equ ipment during  the  tests.  

Test A  

Starting  wi th  the  crystal  un i t at an  extreme of the  operati ng  temperature  range,  the  frequency 
and  resonance res istance  (see  4. 7. 1 )  sha l l  be  measured  over the  speci fi ed  temperature  range  
at d iscrete  temperature  i n tervals  of not greater than  1 , 5  oC,  a l l owing  the  crysta l  un i t to  reach  
thermal  equ i l i bri um  at  each  temperature.  

The  crystal  un i t may be  measured  under cond i ti ons  of con ti nuous l y varying  temperature,  
provided  that tests  have  shown  that wi th  the  chosen  rate  of change  of temperature,  the  resu l ts  
obtained  wi l l  corre late  adequate l y wi th  those  from  a  s tepped  variation  of temperature.  

The  crystal  u n i t  sha l l  be  wi th in  the  speci fi ed  l im i ts  during  th is  test.  
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Test B   

The temperature  of the  crysta l  enclosure  shal l  be  ra ised  from  –30  oC to  +20  oC in  a  period  not 
exceed ing  1  m in .  During  th is  test,  the  frequency and  the  resonance res istance  (see  4 . 7 . 1 )  
sha l l  be  measured  from  –1 0  oC,  or below,  to  +20  oC,  so  as  to  provide  conti nuous  read ings.  
There  shal l  be  no  d iscontinuous  variation  i n  frequency and/or res istance.  Such  d iscon tinu i ty 
i nd icates  the  presence  of moisture  wi th in  the  enclosure.  

NOTE  The  presence  of moisture  can  be  veri fi ed  on ly by a  pos i ti ve  temperatu re  change.  

4.7.4  Unwanted  responses  

The  frequency shal l  be  scanned  over the  range  stated  i n  the  detai l  speci fication  wh i le  
mon i toring  the  res istance  of the  crystal  un i t at the  d ri ve  l evel  stated  in  the  detai l  speci fication  
for the  main  response.  

The  ratio  of the  resonance resistance  of any unwanted  response to  that of the  response at the  
des i red  resonance  frequency shal l  be  not l ess  than  the  va lue  s tated  in  the  detai l  speci fication .  
Al ternativel y,  the  resonance  res istance  of unwanted  responses  shal l  be  greater than  the  va lue  
stated  i n  the  deta i l  speci fication .   

4.7.5  Shunt capacitance  

The  shunt  capaci tance  C0  (see  figure  1 )  sha l l  be  measured  at a  frequency below the  

fundamental  resonance  frequency of the  un i t,  at  wh ich  the  un i t shows  no  osci l l ation  response.  
The  enclosure  ( i f metal )  shal l  be  earthed ,  un less  otherwise  s tated  in  the  detai l  speci fication .  

NOTE  1  There  i s  no  d i rect  method  for measuring  C0  preci sely.  However,  i n  nearl y a l l  practi cal  cases,  i t  i s  
adequate  to  regard  C0  as  the  mean  of two  shun t capaci tance  va lues  obtai ned  at  two  frequencies  equ id i stant  above  
and  below the  resonance  frequency fr  and  su ffi cien tl y removed  from  fr  for the  impedance  to  be  i ndependent  of any 
response.  

NOTE  2  C0  i s  the  shun t capaci tance  between  the  two e lectrodes  of the  resonator bu t  i t  shou ld  be  poin ted  ou t  that  
the  capaci tances  of both  the  e l ectrodes  to  earth  are  importan t e l ements  i n  many network  and  frequency control  
appl i cations.  

NOTE  3  Therefore,  i n  the  general  case,  i t  i s  necessary to  consider the  crystal  un i t  as  a  th ree  term inal  network  
and  to  evaluate  C0  and  the  stray capaci tances  of the  two  e l ectrodes  to  earth  from  open -  and  short-ci rcu i t  
measurements  accord ing  to  the  techn i que  customari l y employed  when  deal i ng  wi th  two-port  devices.  

The  crysta l  enclosures  shal l  be  at earth  poten tia l ,  un less  otherwise  speci fied  i n  the  detai l  
speci fication ,  during  the  enti re  series  of measurements  requ i red  for evaluation  of the  
resonator parameters .  For th is  purpose,  g l ass-enclosed  crysta l  un i ts  shal l  be  provided  wi th  
metal  sh ie l ds.  

4.7.6  Load  resonance frequency and  resistance  

Test methods  for the  measurement of l oad  resonance frequency and  l oad  resonance  
res istance  are  described  i n  I EC 60444-4.  

4.7.7  Frequency pu l l ing  range (fL1 ,  fL2)  

The  d i fference  between  the  resonance frequencies  wi th  the  two  speci fied  load  capaci tances  
shal l  be  determ ined  us ing  the  method  described  in  I EC 60444-4  or any a l ternative  method  
g i ving  frequency correlation  to  a  degree  cons istent  wi th  the  accuracy requ i red .  

4.7.8  Motional  parameters  

Test methods  for the  measurement of motional  parameters  are  described  i n  I EC 60444-1 ,  
I EC 60444-2  and  I EC 60444-5.  
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4.7.9  Insu lation  resistance  

Un less  otherwise  s tated  i n  the  detai l  speci fi cation ,  the  i nsu lation  res istance  shal l  be  
measured  wi th  a  d . c.  vol tage  of 1 00  V ±  1 5  V for 60  s  or l ess  i f a  stable  read ing  is  ach ieved ,  
appl ied  between :   

– term inations  i solated  from  the  case;  

– i solated  term inations  connected  together and  metal  parts  of the  case,  i f any.  

The  i nsu lation  res istance  shal l  not be  l ess  than  500  MΩ.  

NOTE  When  perform ing  th i s  test  care  shou ld  be  taken  to  ensure  that  no  moistu re  remains  on  the  encl osure  from  
any previous  tests.  

4.8  Mechan ical  and  environmental  test procedures  

4.8. 1  Robustness  of terminations  (destructive)  

a)  Tensi le  and  thrust tests  on  terminations  

The  tests  shal l  be  performed  i n  accordance  wi th  Test Ua1  (tens i le)  and  Test Ua2  ( th rust)  of 
I EC 60068-2-21 .  

Un less  otherwise  stated  i n  the  detai l  speci fication ,  the  load ing  mass  shal l  be:  

– for p in  (p l ug -in )  term inations:   20  N  thrust,  

– for p in  (p l ug -in )  term inations:   20  N  tens i l e ,  

– for wire  (solder)  term inations:   1 0  N  tens i l e .  

b)  Flexibi l i ty of wire  terminations  

The  test shal l  be  performed  in  accordance  wi th  Test Ub  (bend ing)  of I EC 60068-2-21 .  

Un less  otherwise  s tated  i n  the  deta i l  speci fication ,  the  l oad  shal l  be  so  restricted  that  the  
bend  starts  2 , 5  mm  ±  0, 5  mm  from  the  body of the  crystal  un i t,  the  load ing  mass  shal l  be  5  N  
and  the  number of bends  shal l  be  three.  

c)  Terminal  bend  test  (for undercut pins  on ly)  

Hold  or cl amp the  body or base  of the  crysta l  un i t  by any conven ien t means.  Use  the  bend ing  
tool  shown  in  figure  6  to  engage that segment of the  term inals  beyond  the  undercut section  of 
the  p i ns.  

NOTE  To  ensure  that  bend ing  wi l l  occu r primari l y at  the  u ndercut  porti on ,  a  p l ate  wi th  two  cl earance  holes  for the  
pi ns  may be  pl aced  over the  pi ns.  Th i s  p l ate  may be  of such  a  th i ckness  as  to  i ncl ude  a  porti on  of the  undercu t  
section  of the  p i ns.  

Bend  the  p i ns  by means  of the  tool  through  1 5o  ±  2o  i n  one  d i rection ,  fol l ow by a  bend  
of 30o  ±  2o  in  the  opposi te  d i rection ,  and  complete  by a  bend  of 1 5o  ±  2o  back to  the  
starting  pos i tion .  The  rate  of bend ing  shal l  be  approximatel y 5o  per second  i n  each  d i rection .  

When  th is  test i s  used ,  the  term inal  p i ns  shal l  not fracture.  

4.8.2  Seal ing  tests  (non-destructive)  

a)  Gross  leak test  

This  test shal l  be  performed  i n  accordance  wi th  the  procedure  speci fied  i n  Test Method  1  or 2  
of Test  Qc of I EC 60068-2-1 7.  
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Method  1  

The l i qu id  shal l  be  degassed  water and  the  pressure  of a i r above the  water shal l  be  reduced  
to  8 , 5  kPa  (85  mbar)  or l ess  and  i t  shal l  not be  necessary to  d rain  or remove  the  specimen  
from  the  water before  breaking  the  vacuum .  

Method  2  

The l i qu id  shal l  be  main tained  at 1 25  oC ±  5  oC.  The  immersion  time  shal l  be  30  s,  un less  
otherwise  speci fied  i n  the  re levan t deta i l  speci fication .  

 

Dimensions in  millimetres 

Figure  6  – Terminal  bend  test  tool  

After 1  m in ,  the  un i t sha l l  be  removed  from  the  chamber and  exposed  to  the  con trol l ed  
recovery cond i ti ons  speci fied  i n  5. 4 . 1  of I EC  60068-1 .  

During  the  test there  shal l  be  no  evidence of l eakage of gas  or a i r from  the  i ns ide  of the  
crystal  un i t.  The  continuous  formation  of bubbles  shal l  be  evidence of l eakage.  

b)  Fine  l eak test  

The test shal l  be  performed  in  accordance with  6.4 Test Method  1  of Test Qk of IEC 60068-2-1 7.  
Un less  otherwise  stated  i n  the  detai l  speci fication ,  the  pressure  i n  the  pressure  vessel  shal l  
be  200  kPa (2  bar) .  

The  maximum  leak rate  shal l  not  exceed  the  value  g iven  i n  2 . 3 . 1 1 ,  un less  otherwise  stated  i n  
the  detai l  speci fication .  
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c)  Vacuum  test  for evacuated  crystal  un i ts  (g lass  enclosure  types  on ly)  

The vacuum  shal l  be  checked  by appl ying  a  peak vol tage  not exceed ing  1 5  kV derived  from  
a  Tesla  coi l .  

To  avoid  damage to  the  crystal  un i t,  the  poin t of appl ication  of the  test e l ectrode  shal l  be  as  
remote  as  possib le  from  the  crystal  resonator and  i ts  term inations.  To  faci l i tate  observation  of 
the  resu l ti ng  d ischarge,  the  test sha l l  be  carried  ou t in  sem i -darkness.  There  shal l  be  no  
i nd ication  of arcing  wi th in  the  enclosure.  Where  a  un i form  d ischarge  occurs,  i t  shal l  be  a  pale  
b lu ish  colour.  

NOTE  Th is  test  shou ld  be  conducted  i n  the  shortest  possib l e  t ime,  as  th i s  test may cause  changes  i n  the  nom inal  
frequency of the  crystal  un i t  u nder test.  

4.8.3  Soldering  (solderabi l i ty  and  resistance to  soldering  heat)  (destructive)  

a)  Solderabi l i ty 

This  test shal l  be  performed  in  accordance  wi th  Method  1  of Test Ta  of I EC 60068-2-20.  
A screen  of thermal l y i nsu lating  materia l  shal l  be  used  to  prevent the  component being  heated  
by d i rect rad iation  from  the  solder bath .  I t  shal l  a lso  a l low the  immersion  of the  term inations  
up  to  a  poin t 2  mm  away from  the  emergence  of the  term inations  from  the  body,  un less  
otherwise  speci fied  i n  the  detai l  speci fication .  The  term inations  shal l  be  exam ined  for good  
ti nn ing ,  as  evidenced  by free  flowing  of the  solder wi th  wetting  of the  term inations.  

b)  Resistance  to  soldering  heat  

This  test sha l l  be  performed  in  accordance wi th  Method  1 A of Test Tb  of I EC 60068-2-20.  The  
immersion  time  shal l  be  5  s  ±  1  s ,  un less  otherwise  speci fi ed  i n  the  detai l  speci fication .  
A screen  of thermal l y i nsu lating  materia l  shal l  be  used  to  prevent the  component be ing  heated  
by d i rect rad iation  from  the  solder bath .  I t  shal l  a lso  a l low the  immersion  of the  term inations  
up  to  a  poin t 2  mm  away from  the  emergence  of the  term inations  from  the  body,  un less  
otherwise  speci fied  i n  the  detai l  speci fication .  

4.8.4  Rapid  change  of temperature,  two-flu id  bath  method  (non-destructive)  

The test shal l  be  performed  in  accordance wi th  Test Nc of I EC  60068-2-1 4.  The  un i ts  shal l  be  
subj ected  to  one  cycle  i n  a  downward  d i rection  from  98  oC ±  3  oC for 1 5  s  to  1  oC ±  1  oC 
for 5  s .  

4.8.5  Rapid  change  of temperature  wi th  prescribed  time  of transi tion  (non-destructive)  

The test shal l  be  performed  in  accordance  wi th  Test Na  of I EC  60068-2-1 4 .  

For non-temperature-con trol l ed  crystal  un i ts,  the  l ow and  h i gh  test chamber temperatures  
shal l  be  the  extreme temperatures  of the  operating  range  s tated  in  the  detai l  speci fication .  For 
temperature-con trol l ed  crysta l  un i ts ,  the  low and  h igh  temperatures  shal l  be  –40  oC ±  3  oC 
and  +1 00  oC ±  3  oC respective l y.  

The  crysta l  un i ts  shal l  be  main tained  at each  extreme of temperature  for 1 5  m in ,  un less  
otherwise  speci fied  i n  the  deta i l  speci fication .  

The  crystal  un i ts  shal l  be  subj ected  to  1 0  complete  thermal  cycles  and  then  exposed  to  
standard  atmospheric  cond i tions  for recovery for not l ess  than  2  h .  

4.8.6  Bump (destructive)  

The test shal l  be  performed  i n  accordance  wi th  Test Eb  of I EC 60068-2-29.  The  crystal  u n i ts  
sha l l  be  su i tabl y mounted  wi th  clamps  on  the  body.  The  th ree  mutual l y perpend icu lar axes  i n  
wh ich  the  bump is  to  be  appl ied  shal l  i nclude:  
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– an  axis  paral le l  wi th  the  term inations;  

– an  axis  perpend icu lar to  the  mounting  structure  at the  crystal  e lemen t.  

The  degree  of severi ty sha l l  be  as  speci fied  i n  2 . 3. 8 ,  un less  otherwise  stated  i n  the  detai l  
speci fication .  

4.8.7  Vibration  (destructive)  

a)  Vibration  (sinusoidal )  

The test sha l l  be  performed  in  accordance wi th  Test Fc of I EC 60068-2-6.  The  crystal  un i ts  
sha l l  be  su i tabl y mounted  wi th  clamps  on  the  body.  The  th ree  mutual l y perpend icu lar axes  i n  
wh ich  the  acceleration  i s  to  be  appl i ed  shal l  i ncl ude:  

– an  axis  paral le l  wi th  the  term inations;  

– an  axis  perpend icu lar to  the  mounting  structure  at the  crystal  e l ement.  

The  degree  of severi ty shal l  be  as  speci fi ed  i n  the  detai l  speci fication .  

b)  Random  vibration  

Under consideration .  

4.8.8  Shock (destructive)  

The test sha l l  be  performed  i n  accordance wi th  Test Ea  of I EC 60068-2-27.  The  crystal  un i ts  
shal l  be  su i tabl y mounted  wi th  clamps  on  the  body.  The  th ree  mutual l y perpend icu lar axes  i n  
wh ich  the  shock i s  to  be  appl ied  shal l  i nclude:  

– an  axis  para l le l  wi th  the  term inations;  

– an  axis  perpend icu lar to  the  mounting  structure  at the  crystal  e l ement.  

The  degree  of severi ty shal l  be  as  speci fied  i n  2 . 3 . 1 0 ,  un less  otherwise  stated  i n  the  deta i l  
speci fication .  

4.8.9  Free  fal l  (destructive)  

The test shal l  be  performed  in  accordance wi th  Procedure  1  of Test Ed  of I EC 60068-2-32.  
The  crystal  un i t  sha l l  be  suspended  by i ts  term inations  at a  he ight of 1  000  mm  and  the  
number of fa l ls  shal l  be  two,  un less  otherwise  speci fied  i n  the  deta i l  speci fi cation .  

4. 8. 1 0  Acceleration ,  steady state  (non-destructive)  

The test sha l l  be  performed  in  accordance wi th  Test Ga  of I EC 60068-2-7.  The  crystal  un i ts  
shal l  be  su i tabl y mounted  wi th  clamps  on  the  body.  The  procedure  and  severi ty sha l l  be  as  
stated  i n  the  deta i l  speci fication .  

Th is  test may be  considered  destructi ve  at  certa in  severi ti es.  

4.8. 1 1  Dry heat  (non-destructive)  

The  test sha l l  be  performed  in  accordance wi th  Test Ba  of I EC 60068-2-2.  The  cond i ti on ing  
shal l  be  carried  ou t at the  upper temperature  ind icated  by the  cl imatic category for a  durati on  
of 1 6  h .  

4.8. 1 2  Damp heat,  cycl ic (destructive)  

Th is  test sha l l  be  performed  in  accordance wi th  Test Db  varian t 1  of I EC 60068-2-30,  at 
severi ty b) ,  55  oC,  for s ix  cycles.  
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4.8. 1 3  Cold  (non-destructive)  

This  test shal l  be  performed  in  accordance wi th  Test Aa  i f I EC 60068-2-1  at the  lower 
temperature  i nd icated  by the  cl imatic  category for a  duration  of 2  h .  

4.8. 1 4 Cl imatic sequence  (destructive)  

The  tests  and  measurements  shal l  be  performed  i n  the  fo l l owing  order:  

– d ry heat see  4. 8. 1 1  

– damp heat cycl ic   see  4. 8. 1 2  (fi rst  cycle  on ly)  

– cold  see  4. 8. 1 3  

– damp heat cycl ic  see  4. 8. 1 2  (remain ing  fi ve  cycles).  

I n  the  cl imatic sequence,  an  i n terval  of not more  than  th ree  days  is  perm i tted  between  any of 
these  tests,  except between  damp heat cycl ic (fi rst cycle)  and  dry cold .  

I n  such  a  case,  the  cold  test sha l l  fol l ow immed iatel y after the  recovery period  speci fied  for 
the  damp heat  test.  

4.8. 1 5  Damp heat,  steady state  (destructive)  

This  test shal l  be  performed  in  accordance  wi th  Test Ca  of I EC 60068-2-3  for 56  days,  un less  
otherwise  s tated  in  the  detai l  speci fication .  

4.8. 1 6  Immersion  in  clean ing  solvents  (non-destructive)  

This  test i s  appl icable  to  superficia l  marking  on l y.  

To  establ ish  the  permanence of marking ,  th is  test sha l l  be  performed  i n  accordance wi th  test  
method  1  of test XA of I EC 60068-2-45.  The  detai l  speci fication  shal l  prescribe  the  solvent  
to  be  used .  

The  marking  shal l  be  leg ib le.  

4.9  Endurance test procedure  

4.9. 1  Standard  ageing  test for production  verification  

4.9. 1 . 1  Purpose  

This  test i s  usable  for the  statistica l  veri fication  of ag ing  performance  in  the  production  
process.  

4.9. 1 .2  Procedure  

– Take  sample  from  the  production  l ot.  

– I n i tia l  measurement of fs  and  R1  a t  (25  ±  2)  °C.  

– Store  i n  oven  at  Toven  =  (+85  ±  3)  °C.  

– Take and  record  add i tional  measurements  after 1  day and  at l east th ree  more  times  at  
time i n tervals  recommended  i n  Annex A.  

– For the  measurement,  remove  the  crystals  from  oven ,  and  store  at room  temperature  for 
1  h ,  avoid ing  temperature  shocks.  Measurement of fs  and  R1  at  (25  ±  2)  °C  i n  accordance  
wi th  I EC 60444-5  or equ iva lent.  

– Final  measurement of fs  and  R1  a t  (25  ±  2)  °C  after 30  days.  
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4.9. 1 .3  Evaluation  

The d i fference between  the  h ighest and  l owest frequency measurement shal l  not exceed  the  
speci fied  value.  The  res istance  R 1  shal l  never exceed  the  speci fied  maximum  values.  

4.9.2  Accelerated  ag ing  

4.9.2 .1  Purpose  

For special  appl ications,  an  accelerated  ag ing  procedure  at h igher temperatures  is  appl ied  to  
shorten  the  veri fication  time and /or to  ga in  performance data  at  h i gher operati ng  
temperatures.  

4.9.2 .2  Procedure  

The  procedure  is  as  i n  4 . 9 . 1 ,  except that the  preferred  oven  temperature  i s  Toven  =  +1 05  °C,  

+1 25  °C  or +1 50  °C.  Th is  temperature  has  to  be  l ower or equal  to  the  speci fied  maximum  
storage  temperature.  

The  ratio  between  the  storage  time at 25  °C  and  the  storage  time at an  e levated  temperature  
Toven  to  ach ieve  the  same amount of frequency ag ing  is  ca l led  " time acceleration  factor"  
(TAF).  Th is  factor depends  on  the  des ign  of the  crystal  un i t and  on  the  production  process.  I t  
can  be  determ ined  experimen tal l y as  described  i n  Annex A,  or taken  from  experience  wi th  
structu ra l l y s im i l ar crysta ls,  or can  be  mutual l y agreed  between  the  manufacturer and  the  
user.  

I f the  time acceleration  factor TAF  is  not otherwise  speci fi ed ,  the  fo l l owing  approach  i s  
recommended .  

Appl ying  Arrhen ius ’s  l aw,  the  time acceleration  factor TAF  is  re lated  to  the  acti vation  energy 
Ea  ( i n  eV)  by the  fol lowing  equation :  

 k
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−⋅

=

TT
E

e  

where  

k i s  Bol tzmann ’s  constant  (k ≈ 8 , 61 7  ×  1 0−5  eV/K) ,  and  the  temperatures  are  g i ven  i n  K.   

Publ ished  experimen tal  resu l ts  (see  [6]  and  [7] )  show that the  acti vation  energy Ea  i s  

decreas ing  over time,  i . e .  the  acceleration  factor becomes l ower wi th  the  ag ing  time.  
Furthermore,  Ea  varies  between  the  d i fferen t crystals  and  osci l l ators,  depend ing  on  frequency,  
package  s i ze,  resonator des ign  and  production  processes.  The  observed  va lues  of Ea  were  

between  >  0 , 1  eV and  <  1  eV.  

A common  assumption  is  TAF  =  1 2  for Toven  =  +85  °C,  i . e .  30  days  (1  month)  ag ing  at 85  °C  
are  cons idered  to  be  equ ivalent to  365  days  (1 2  months)  ag ing  at 25  °C,  wh ich  corresponds  to  
an  acti vation  energy Ea  of 0 , 38  eV.   

With  th is  value  of Ea ,  the  time acceleration  factor for other ag ing  temperatures  can  be  
calcu lated .  Table  5  below shows the  time acceleration  factor TAF  and  the  number of days  Nd  

equ ivalent to  365  days  at  25  °C.    
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Table  5  – Time acceleration  factors  for Ea  =  0 , 38  eV 

T
oven

 

°C  

TAF  N
d
 

days  

+25  1  365  

+85  1 2  30  

+1 05  23  1 6  

+1 25  41  9  

+1 50  79  5  

 

Other time acceleration  factors  may be  agreed  between  the  manufacturer and  the  user based  
on  thei r own  re l i abi l i ty ca lcu lations.  

4.9.2 .3  Evaluation  

The  evaluation  is  as  i n  4 . 9. 1 .  

4.9.3  Reference  ag ing  test   

4. 9.3 .1  Purpose  

This  procedure  is  used  for h i gher confidence l evel .  Th is  method  shou ld  be  used  for h igh-
precis ion  crysta ls  and  as  reference  method  i n  case  of d ispu te.  

4.9.3.2  Procedure  

See  Annex A.  

4.9.3.3  Evaluation  

The test data  of the  series  resonance frequency fs  i s  subj ected  to  the  data  fi tting  procedure.  

The frequency measurement data  fi (t)  sha l l  be  fi tted  us ing  the  method  of l east squares  of the  

fol lowing  function  ( logari thm ic fi t) :  

 )1ln(
)(Δ
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where   

∆f(t)  i s  the  frequency d i fference of the  crystal  t  days  after the  s tart of the  ag ing  cycle  and  the  
i n i tia l  frequency fi n i t  measured  after the  s tabi l i zation  time tstab  ( the  time orig in  for 

measurements  anal ysis  sha l l  be  the  beg inn ing  of the  stabi l i zation  period ).   

The  coefficien ts  a0 ,  a1  and  a2  are  constan ts  to  be  determ ined  from  the  l east squares  fi t.  

The  defau l t fi tti ng  a lgori thm  is  the  logari thm ic fi t.  I n  some cases,  namely when  the  ag ing  
response has  a  very smal l  curvature,  the  l ogari thm ic fi t  may not yie l d  reasonable  resu l ts.  I n  
th is  case,  the  fol l owing  pol ynom ial  fi t  i s  recommended  to  be  calcu lated  add i tional l y:  
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Th is  approach  shou ld  on ly be  used  i f the  square  root of the  l east square  fi t  variance  (SLQ)  of 
the  measurements  from  the  pol ynom ial  fi t  i s  at  least fi ve  times  smal ler than  that of the  
l ogari thm ic fi t.   

The  tota l  frequency change and  the  ag ing  rate  at the  end  of the  speci fi ed  ag ing  period  ( t  =  Ta)  
sha l l  be  determ ined  from  the  fi tti ng  equation  us ing  the  constants  determ ined  from  the  l east  
squares  fi t.  The  square  root of the  l east squares  fi t  variance  of the  measurements  from  the  
curve-fi t  function  shal l  not exceed  5  %  of the  tota l  ag ing  change a l l owed  during  the  test  
period .  

For the  logari thm ic fi tti ng  (defau l t) ,  the  ag ing  rate  ( i n  ppm  or ppb 1  per day)  at t  =  Ta  i s :  
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I f the  pol ynom ial  fi tti ng  was  used ,  the  ag ing  rate  at t = Ta  (Ta  >  0)  i s :  
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The  projected  tota l  frequency change for a  t ime period  shal l  be  ca lcu lated  wi th  the  fol l owing  
formu las:  

Ag ing  per month  
init

)()30(

f

TfTf aa −+
≈  

Ag ing  per (1 st)  year 
init

)()365(

f

TfTf aa −+
≈  

Ag ing  over N years  
init

)()365(

f

TfNTf aa −×+
≈  

The  res istance  R1  shal l  never exceed  the  speci fi ed  maximum  values.  

4.9.4  Extended  ageing  

4.9.4. 1  Purpose 

The  pu rpose  is  to  evaluate  the  re l i abi l i ty and  l ong -term  performance.  

                                                      
1   ppm  =  parts  per m i l l i on ;  ppb  =  parts  per b i l l i on .  
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4.9.4.2  Procedure  

This  test sha l l  be  carried  ou t i n  accordance wi th  4. 9 . 1 ,  except that the  conti nuous  periods  
shal l  be  1  000  h ,  2  000  h  or 8  000  h ,  as  prescribed  i n  the  detai l  speci fication  and  shal l  be  
used  for i n formation  purposes  on l y.  

The  measu remen ts  sha l l  be  carri ed  ou t  a t  (25  ±  2 )  oC or an y o ther speci fi ed  reference  
temperatu re  in  accordance  wi th  I EC  60444-5  or equ iva lent.  

The  measurement i n tervals  can  be  extended  to  two weeks  or l onger.  For the  in termed iate  and  
the  final  measurement,  the  crystals  can  be  removed  from  the  oven ,  and  stored  at room  
temperature  for 1  h .  Thermal  shocks  shou ld  be  avoided .   

4.9.4.3  Evaluation  

The d i fference between  the  h ighest and  l owest frequency measurement shal l  not exceed  the  
speci fied  value  ( i f appl icable).  The  res istance  R1  shal l  never exceed  the  speci fied  maximum  

values.  

Th is  test sha l l  be  used  for in formation  on l y.  The  crystal  u n i ts  used  for these  tests  shou ld  not  
be  suppl ied  to  any customer.  

Th is  test sha l l  be  used  for in formation  on l y.  The  crystal  un i ts  used  for these  tests  shou ld  not 
be  suppl ied  to  any customer.  
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Annex A 
(normative)  

 
Procedure for the determination  of the  fi tting  parameters  

for the  frequency aging   

A.1  Assumption  

A general  description  of frequency ag ing  i s  poss ib le  i n  the  form  of:  

∆f/f (t,T)  =  g(t)  ×  h(T)  

where  

g(t)  =  b0  +  b1  ×  l og(b2  ×  t  +  1 )  ( logari thm ic fi t) ;  

or 

g(t)  =  c0  +  c1  ×  ( t  –  t0)  +  c2  ×  (t  –  t0)^(1 /2)  +  c3  ×  (t  – t0)^(1 /3)  (pol ynom ial  fi t) ;   

and  

h(T)  =  a1  ×  exp(Ea  ×  (1 /Tref  –  1 /T)/k)  

where  

k i s  Bol tzmann ’s  constant  (k ≈ 8 , 61 7  ×  1 0
-5
 eV/K),  and  the  temperatu res  are  g i ven  i n  K;  

Tref  i s  298  K.  

A.2  Determination  of the fi tting  parameters  b0 ,  b1 ,  b2  (and/or c0 ,  c1 ,  c2 ,  c3)  and  a1 ,  
and  Ea  

The  procedure  of Table  A. 1  shal l  be  appl ied .  
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Table  A. 1  – Procedure  for the  determination  of the  frequency ag ing  parameters  

Procedure  Condi tions  

Ag ing  test  procedure  Passive  

Reflow sol der test  2x ROHS-profi l e  ( I EC 61 760-1 : 2006)  a  

I n i t i a l  pre-ag ing   
( t ime  and  temperature)  

48  h  at  >20  K above  upper operati ng  temperature,  bu t  T <  upper 
storage  temperature  

Sample  s i ze  per l ot   
( from  one  production  l ot)  

≥  30 *  
d epend ing  on  needed  confi dence  l evel  

Number of ag ing  temperatures  3  

Recommended  ag ing  temperatures  85  °C,  1 05  °C,  1 25  °C,  1 50  °Ca  
d epend ing  on  appl i cation ,   
T <  speci fi ed  upper s torage  temperature  

Recommend  temperatu re  for 
measurement  

(25  ±  2 )  °C,  measurement >  1  h  after removal  from  the  temperatu re  
chamber.  Avoi d  thermal  shocks.  

Recommended  ag ing  t ime  500  h ,  1   000  h ,  2   000  h  a  
depend ing  on  needed  confi dence  l evel  

Test  i n terval s   
( i n  " l ogari thm ic"  steps)  

After 48  h  s tabi l i zati on :  
24  h ,  72  h ,  250  h ,  500  h ,  750  h ,  1  000  h  (1  500  h ,  2  000  h )  

Al gori thms  to  determ ine  g (t)  and  h (T)  Least square  fi tti ngb  
g(t) :  l og  fi t  and  pol ynom ial  fi t  

Polynom ial  fi t  – on l y i f sum  of l east  squares   
SLQ <  5  t imes  SLQ of l ogari thm ic fi t  

h (T) :  l east  square  fi tti ng  
Resu l t:  E

a
 

E
a
 may vary wi th  t ime.  Use  E

a
 for t  ≥  500  h  

a  I f not  otherwise  speci fi ed .  

b  For monoton ic  ag i ng ,  a l l  measurements  shal l  be  used  for the  curve  fi tti ng .  I f the  ag i ng  trend  i s  not  
monoton ic,  the  measurement  period  sha l l  be  extended  up  to  40  days  or l onger after the  extremum  i n  the  
ag ing  trend ,  and  the  measurements  form  1 2  days  after the  extremum  i s  reached  at  the  end  of the  ag i ng  
measurement period  shal l  be  fi t  to  the  above  functions  for g(t) .  
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