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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
MEASUREMENT TECHNIQUES  OF PIEZOELECTRIC,  
DIELECTRIC AND ELECTROSTATIC OSCILLATORS – 

 
Part 1 :  Basic methods  for the  measurement 

 
FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commiss ion  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i ng  
a l l  n ational  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  questions  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 cations,  
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 Nati onal  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non -
governmental  organ izations  l i a i s i ng  wi th  the  I EC a l so  parti cipate  i n  th i s  preparation .  I EC col l aborates  cl osel y 
wi th  the  I n ternational  Organ i zation  for Standard ization  ( 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 onal  
consensus  of opi n ion  on  the  rel 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 cations  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by I EC National  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  content  of I EC  
Publ i cations  i s  accu rate,  I EC  cannot be  hel d  responsi ble  for the  way i n  wh ich  they are  used  or for any 
m i s i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternational  u n i form i ty,  I EC National  Comm i ttees  undertake  to  app ly I EC Pub l i cations  
transparentl y to  the  maximum  extent  poss ible  i n  the i r national  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC Pub l i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  shal 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 attestation  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  responsi ble  for any 
services  carri ed  ou t  by i ndependent certi fi cation  bod i es .  

6)  Al l  u sers  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,  servants  or agents  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  commi ttees  and  I EC  Nati onal  Commi ttees  for any personal  i n j u ry,  property d amage  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 ib i 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  respons ibl e  for i denti fyi ng  any or a l l  such  paten t ri gh ts .  

I n ternational  Standard  I EC  62884-1  has  been  prepared  by I EC  techn ical  committee  49:  
P iezoelectric,  d ie lectric and  e lectrostatic  devices  and  associated  materials  for frequency 
con trol ,  se lection  and  detection .  

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

CDV Report  on  voti ng  

49/1 1 87A/CDV 49/1 200/RVC 

 

Fu l l  i n formation  on  the  voting  for the  approval  of th is  I n ternational  Standard  can  be  found  in  
the  report  on  voti ng  i nd icated  i n  the  above  table.  

Th is  document has  been  drafted  i n  accordance  wi th  the  I SO/IEC  D irecti ves,  Part 2 .  
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A l i s t of a l l  parts  i n  the  I EC  62884  series ,  publ i shed  under the  general  ti tl e  Measurement 
techniques of piezoelectric,  dielectric and electrostatic oscillators ,  can  be  found  on  the  I EC  
websi te.  

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  i nd 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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MEASUREMENT TECHNIQUES OF PIEZOELECTRIC,  
DIELECTRIC AND ELECTROSTATIC OSCILLATORS – 

 
Part 1 :  Basic methods  for the  measurement 

 
 

1  Scope 

This  part  of I EC  62884  speci fies  the  measurement techn iques  for p iezoelectric,  d ie lectric  and  
e lectrostatic osci l l ators ,  i nclud ing  D ie lectric Resonator Osci l l ators  (DROs)  and  osci l lators  
us ing  FBAR (hereinafter referred  to  as  "Osci l l ator").  

NOTE  Diel ectri c  Resonator Osci l l ators  (DROs)  and  osci l l ators  us ing  FBAR are  under cons iderati on .  

2  Normative references  

The fol l owing  documents  are  referred  to  i n  the  text in  such  a  way that  some or a l l  of thei r 
con ten t consti tu tes  requ irements  of th is  document.  For dated  references,  on l y the  ed i ti on  
ci ted  appl i es.  For undated  references,  the  l atest ed i ti on  of the  referenced  document ( i nclud ing  
any amendments)  appl ies.  

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

I EC 60050-561 ,  International electrotechnical vocabulary – Part 561:  Piezoelectric,  dielectric 
and electrostatic devices and associated materials for frequency control,  selection and 
detection .  Avai lable  at  h ttp: //www.electroped ia .org  

I EC 60068-1 : 201 3,  Environmental testing – Part 1 :  General and guidance 

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

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

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

I EC 60068-2-7,  Basic environmental testing procedures – Part 2-7: Tests – Test Ga and 
guidance:  Acceleration,  steady state  

IEC 60068-2-1 0:2005,  Environmental testing – Part 2-10: Tests – Test J and guidance: Mould 
growth  

I EC 60068-2-1 3,  Basic environmental testing procedures – Part 2-13: Tests – Test M: Low air 
pressure 

IEC 60068-2-1 4 ,  Environmental testing – Part 2-14:  Tests – Test N: Change of temperature  

I EC 60068-2-1 7: 1 994,  Basic environmental testing procedures – Part 2-17:  Tests – Test Q:  
Sealing  

I EC  60068-2-20,  Environmental testing – Part 2-20: Tests – Test T: Test methods for 
solderability and resistance to soldering heat of devices with leads 

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

http://www.electropedia.org/
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I EC 60068-2-27,  Environmental testing – Part 2-27: Tests – Test Ea and guidance: Shock  

I EC 60068-2-30,  Environmental testing – Part 2-30: Tests – Test Db: Damp heat,  cyclic 
(12 h  +  12 h  cycle)  

IEC 60068-2-31 ,  Environmental testing – Part 2-31:  Tests – Test Ec: Rough handling shocks,  
primarily for equipment-type specimens 

I EC 60068-2-45,  Basic environmental testing procedures – Part 2-45: Tests – Test XA  and 
guidance: Immersion in  cleaning solvents 

IEC 60068-2-52 ,  Environmental testing – Part 2-52: Tests – Test Kb: Salt mist,  cyclic (sodium,  
chloride solution)  

I EC 60068-2-58,  Environmental testing – Part 2-58: Tests – Test Td:  Test methods for 
solderability,  resistance to  dissolution  of metallization  and to  soldering heat of surface 
mounting devices (SMD)  

IEC 60068-2-64,  Environmental testing – Part 2-64:  Tests – Test Fh:  Vibration,  broadband 
random and guidance 

IEC 60068-2-78,  Environmental testing – Part 2-78:  Tests – Test Cab:  Damp heat,  steady 
state  

IEC 60469,  Transitions,  pulses and related waveforms – Terms,  definitions and algorithms  

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

IEC 60679-1 : 201 7,  Piezoelectric,  dielectric and electrostatic oscillators of assessed quality – 
Part 1 :  Generic specification  

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

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

– detai l  speci fication ;  

– sectional  speci fication ;  

– 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.  

3 Terms and  defin i tions  

3. 1  General  

Un i ts,  g raph ica l  symbols ,  le tter symbols  and  term inology shal l ,  wherever possib le,  be  taken  
from  the  fol lowing  standards:  

•  I EC 60027;  

•  I EC  60050-561 ;  

•  I EC  60469;  

•  I EC  6061 7;  

•  I SO  80000-1 .  

http://std.iec.ch/iec60617
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3.2  Terms and  defin i tions  

For the  purposes  of th is  document,  the  terms  and  defin i ti ons  g iven  i n  I EC  60679-1  apply.  

I SO  and  I EC main tain  term inolog ical  databases  for use  i n  standard ization  at  the  fo l l owing  
addresses:  

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

•  I SO  On l ine  browsing  p latform :  avai lab le  at h ttp : //www. iso.org/obp  

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 levan t 
detai l  speci fication .  

4.2  Test and  measurement cond itions  

4.2. 1  Standard  conditions  for testing  

Un less  otherwise  speci fied ,  a l l  tests  shal l  be  carried  ou t  under the  standard  atmospheric  
cond i tions  for testi ng  as  speci fied  i n  4 . 3  of I EC  60068-1 : 201 3.  

– Temperature:  1 5  °C  to  35  °C;  

– Relati ve  hum id i ty:  25  %  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  the  fo l l owing :  

– Temperature:  25  °C  ±  2  °C;  

– Relati ve  hum id i ty:  48  %  to  52  % ;  

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

Before  measurements  are  made,  Osci l l ator shal l  be  stored  at the  measuring  temperature  for a  
time sufficien t to  a l l ow Osci l lator to  reach  thermal  equ i l i brium .  Control l ed  recovery cond i tions  
and  standard  cond i ti ons  for ass isted  d rying  are  g iven  in  4 . 4  and  4 . 5  of I EC 60068-1 : 201 3.  

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

4.2.2  Equ i l ibrium  conditions  

Al l  e lectrical  tests  shal l  be  conducted  under equ i l i brium  cond i ti ons,  un less  otherwise  speci fi ed .  

When  test cond i tions  cause  a  s ign i fican t change  wi th  time of the  characteristic be ing  
measured ,  means  of compensation  for such  effects  shal l  be  speci fi ed ,  for example  the  period  
of time that  Osci l l ator sha l l  be  mainta ined  at  speci fied  test cond i ti ons  before  making  a  
measurement.  

4.2.3  Ai r flow cond i tions  for temperature  tests  

When  devices  are  to  be  measured  at  temperatures  other than  25  °C  ±  2  °C,  they shal l  be  
subj ected  to  adequate  forced  ai r ci rcu lation  to  ensure  close  temperature  control .  

l f heat l oss  due  to  forced  a i r ci rcu lation  affects  the  performance  of Osci l lator,  sti l l  a i r 
cond i tions  shal l  be  s imu lated  by enclos ing  Osci l lator i n  a  d raught sh ie ld  consisti ng  of a  
thermal l y conducting  box,  having  i n ternal  d imensions  so  that  a  sufficien t clearance i s  

http://www.iso.org/obp
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main ta ined  from  al l  su rfaces  of Osci l l ator.  The  temperature  at  wh ich  measurements  shou ld  be  
taken  under these  cond i ti ons  i s  the  reference  poin t  temperature  on  the  su rface  of the  d raught  
sh ie ld .  

I f a  d raught sh ie l d  i s  necessary,  i t  shal l  be  used  for both  h igh  and  l ow temperature  tests .  

4.2.4  Power suppl ies  

DC power sources  used  i n  the  testing  of crystal  con trol led  osci l l ators  shal l  not have  a  ripp le  
con ten t l arge  enough  to  effect the  des ired  accuracy of measurement;  AC power sources  shal l  
be  transient free.  When  the  ri pple  and /or the  trans ient content of the  power sources  are  
cri tical  to  the  measurement being  performed,  the ir effects  shal l  be  fu l l y defined  in  the  deta i l  
speci fication .  

4.2.5  Precision  of measurement  

The  l im i ts  g iven  in  the  detai l  speci fication  are  true  va lues.  Measurement i naccuracies  shal l  be  
taken  i n to  accoun t when  evaluating  the  resu l ts .  Precautions  shou ld  be  taken  to  reduce 
measurement errors  to  a  m in imum.  

4.2.6  Precautions  

4.2.6. 1  Measurements  

The measurement ci rcu i ts  shown  for speci fi ed  e lectrica l  tests  are  the  preferred  ci rcu i ts .  Due  
a l l owance shal l  be  made for any l oad ing  effects  i n  cases  where  the  measuring  apparatus  
mod i fies  the  characteristics  being  exam ined .  

4.2.6.2  Electrostatic sensi tive  devices  

Where the  componen t i s  identi fied  as  electrostatic  sensi ti ve,  precautions  shal l  be  taken  to  
prevent  damage  from  electrostatic charge  before,  during ,  and  after test (see  I EC  61 000-4-2).  

4.2.7  Al ternative  test  methods  

Measurements  shal l  preferably be  carried  ou t us ing  the  methods  speci fi ed .  Any other method  
g iving  equ ivalen t resu l ts  may be  used ,  except in  case  of d ispu te.  

NOTE  “Equ ivalent”  means  that  the  val ue  of the  characteri s ti c  establ i shed  by such  other methods  fal l s  wi th i n  the  
speci fi ed  l im i ts  when  measu red  by the  speci fi ed  method .  

4.3  Visual  i nspection  

4.3. 1  General  

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

4.3.2  Visual  test A 

Osci l lator shal l  be  visual l y exam ined  to  ensure  that the  cond i ti on ,  workmansh ip  and  fi n ish  are  
satisfactory.  The  marking  shal l  be  leg ible.  

4.3.3  Visual  test B  

Osci l lator shal 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 inute  flaking  around  the  further edge  of a  men iscus  
shal l  not  be  considered  a  crack.  
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4.3.4  Visual  test C  

Osci l lator shal l  be  visual l y exam ined .  There  shal l  be  no  corrosion  or other deterioration  l ike l y 
to  impai r satisfactory operation .  The  marking  shal l  be  leg ible.  

4.4 Dimensions  and  gaug ing  procedures  

4.4. 1  Dimensions  – Test  A 

The d imensions,  spacing ,  and  a l i gnment of the  term inations  shal l  be  checked  and  shal l  
comply wi th  the  speci fied  values.  

4.4.2  Dimensions  – Test  B  

The d imensions  shal l  be  measured  and  shal l  comply wi th  the  speci fied  values.  

4.5  Electrical  test procedures  

4.5. 1  Insu lation  resistance  

A maximum  vol tage  of 20  V,  u n less  otherwise  stated  in  the  detai l  speci fication ,  sha l l  be  
appl ied  to  the  speci fied  test poin ts  us ing  the  test ci rcu i t  shown  i n  F igure  1 a.  The  resu l ting  
curren t shal l  be  measured .  I t  shal l  be  l ess  than  the  speci fied  maximum  value.  

Al ternativel y,  the  res istance  shal l  be  d i rectl y measured  wi th  an  ohmmeter (see  F igure  1 b) .  I t  
sha l l  be  greater than  the  m in imum  speci fied .  

Precau tions  shal l  be  taken  to  ensure  that measurements  are  made across  the  speci fi ed  poin ts  
wi th  an  appl ied  vol tage  of the  correct  polari ty and  not exceed ing  the  speci fied  va lue.  Fai lure  
to  observe  any of these  cond i ti ons  can  resu l t i n  damage to  the  device  under test.  

After the  test,  measurements  shal l  be  made to  ensure  that Osci l l ator i s  s ti l l  functional .  

 

a)  – Vol tage-curren t method  

 

b)  – Ohmmeter method  

Figure  1  – Test  ci rcu i ts  for insu lation  resistance measurements  

4.5.2  Vol tage  proof 

The speci fied  vol tage  shal l  be  appl i ed  on l y across  the  des ignated  term inals ,  us ing  the  test 
ci rcu i t  shown  i n  F igure  2 ,  after any speci fi ed  precond i tion ing  procedures  have  been  appl ied .  
The  source  res istance  and  maximum  perm issib le  current fl ow shal l  be  stated  in  the  deta i l  
speci fication .  

IEC  

Osci l lator Ohmmeter 

IEC  

Power suppl y Osci l lator 

V :  Vol tmeter 
A :  Ammeter 

V 

A 
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There  shal l  be  no  arcing  or other evidence of e l ectrical  breakdown .  

After the  test,  measurements  shal l  be  made to  ensure  that  Osci l l ator i s  s ti l l  functional .  

 

Figure 2  – Test  ci rcu i t  for vol tage proof test  

4.5.3  Input  power 

4.5.3. 1  Osci l l ator input power 

Osci l lator sha l l  be  connected  to  the  power supply and  speci fied  l oad  as  shown  i n  F igure  3 .  
The  speci fied  vol tage  shal l  be  appl ied  and  a l l owed  to  s tabi l i ze  for the  speci fi ed  time.  
Measurements  of the  vol tage  and  current  shal l  be  made  at the  reference temperature,  un less  
otherwise  s tated  in  the  detai l  speci fication .  The  i nput  power shal l  be  calcu lated  us ing  these  
measurements .   

 

Figure 3  – Test  ci rcu i t  for osci l lator i nput  power measurement 

4.5.3.2  Oven  and  osci l l ator input power 

Osci l lator shal l  be  connected  to  the  test ci rcu i t  (see  note  to  F igure  4)  and  p laced  in  the  
environmental  chamber as  shown  i n  F igure  4 .  The  load  and  supply vol tage(s)  shal l  be  as  
speci fied  i n  the  deta i l  speci fication .  Where  the  i npu t power to  Osci l lator wi l l  be  affected  by 
forced  a i r ci rcu lation ,  s ti l l  a i r cond i tions  shal l  be  s imu lated  by enclos ing  Osci l lator i n  a  d raught  
sh ie l d ,  as  described  in  4 . 2 . 3 .  Read ings  of vo l tage  and  current shal l  be  taken  at the  speci fi ed  
temperatures  as  s tated  i n  the  deta i l  speci fication  (usual l y at  the  m in imum  and  maximum  of the  
operati ng  temperature  range,  as  wel l  as  at the  reference temperature) .  

The  temperature  wi l l  normal l y be  taken  as  the  reference  poin t temperature  on  the  su rface  of 
the  d raught sh ie ld ,  when  used .  I f peak power is  speci fied ,  the  trans ient va lues  of vo l tage  and  
curren t sha l l  be  measured  when  the  envi ronmental  chamber is  ad justed  to  each  of the  
speci fied  temperatures.  I n  th is  case,  i t  can  be  necessary to  attach  a  record ing  meter to  the  
ammeter and/or vol tmeter,  so  as  to  measure  adequatel y the  trans ien t va lues.  

Osci l lator and  oven  shal l  be  a l l owed  to  reach  thermal  equ i l i brium  at the  operating  temperature,  
wh i l e  unenerg ized ,  prior to  any measurement of peak power.  Shou ld  peak power be  requ ired ,  
the  envi ronmenta l  chamber shal l  have a  thermal  time constant s ign i fican tl y l ess  than  that of 
the  oven-osci l lator combination  be ing  measured .  

The  i nput power i s  ca lcu lated  us ing  the  measured  values  of vol tage  and  curren t.  

IEC  

Power supp ly 

A 

V Osci l l ator Load  

IEC  

V 

A 

Source  res i stance  

Osci l lator 

Vol tage  
source  
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NOTE  The  power to  Osci l l ator can  be  suppl i ed  from  the  same power suppl y.  

Figure  4 – Test  ci rcu i t  for oven  and  osci l lator i nput power measurement 

4.5.3.3  Oven  input power 

To measure  the  oven  input  power on l y,  the  test procedure  described  i n  4 . 5 . 3 . 2  shal l  be  used ,  
except that  the  power suppl y to  Osci l l ator sha l l  be  d isconnected .  

4.5.4  Output  frequency 

4.5.4.1  General  

Output frequency measurements  shal l  be  made  using  e i ther method  1  or method  2  described  
be low,  accord ing  to  the  accuracy speci fied  for Osci l lator.  

The  fo l l owing  precautions  shal l  be  observed :  

– the  accuracy and  resolu tion  of the  system  shal l  a lways  be  an  order better than  that of the  
frequency to  be  determ ined ;  

– Osci l lator shal l  be  correctl y l oaded ;  

– the  stabi l i ty and  accuracy of the  system  shal l  be  veri fi ed  by period ic  checks  of the  
frequency standard  against an  i n ternational l y recogn ized  s tandard ;  

– for accurate  measurements,  i t  i s  essen tia l  that  g reat  care  be  taken  to  ensure  that 
envi ronmenta l  cond i tions  do  not  i n fluence  the  resu l ts .  

4.5.4.2  Method  1  – Measurement for accuracies  less  than  or equal  to  1  ×  1 0–8  

Osci l lator shal l  be  connected ,  as  shown  i n  F igure  5,  to  the  speci fied  supply vol tage  and  l oad .  
I t  shal l  be  al l owed  to  stabi l i ze  for the  speci fi ed  time under normal  operating  cond i ti ons.  

The  frequency shal l  then  be  measured  on  the  frequency counter.  The  frequency may be  
determ ined  ei ther by d i rect frequency measurement or by period  averag ing .  The  time period  
of measurement wi l l  normal l y l i e  i n  the  range  of 0 , 1  s  to  1 0  s .  Period  averag ing  wi l l  general l y 
be  used  for the  measurement of frequencies  less  than  5  MHz.  
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Figure 5  – Test  ci rcu i t  for measurement  of output frequency,  method1  

4.5.4.3  Method  2  – Measurement for accuracies  greater than  1  ×  1 0–8  

Osci l lator shal l  be  connected ,  as  shown  i n  F igure  6,  to  the  speci fied  supply vol tage  and  l oad .  
I t  shal l  be  al l owed  to  stabi l i ze  for the  speci fi ed  time  under normal  operati ng  cond i ti ons.  

The  frequency shal l  be  measured  on  the  frequency coun ter after mu l tip l ication  to  a  frequency 
commensurate  wi th  the  requ i red  accuracy.  The  time period  wi l l  normal l y be  i n  the  range  of 
0 , 1  s  to  1 0  s .  For example  a  2 , 5  MHz s i gnal  wou ld  need  to  be  mu l ti p l ied  to  25  MHz to  enable  
a  measurement of frequency to  be  obta ined  to  an  accuracy better than  1  ×  1 0–8  wi th in  1 0  s .  

Al ternative  methods  i nclude  the  use  of a  h igh  speed  counter i n  place  of the  frequency 
mu l tip l i er.  I t  i s  a lso  possible  to  use  a  system  of phase  comparison  against a  frequency 
syn thesizer wh ich  is  d ri ven  from  a  frequency standard ,  for accuracies  of 1  ×  1 0–1 0  or better.  

 

Figure 6  – Test  ci rcu i t  for measurement  of output frequency,  method  2  

4.5.5  Frequency/temperature  characteristics  

4.5.5.1  Frequency at specified  temperature  

The unenerg ized  osci l lator shal l  be  p laced  i n  the  envi ronmental  chamber and  connected  to  
the  speci fied  l oad  us ing  the  test ci rcu i t shown  i n  F igu re  7 .  The  speci fied  suppl y vol tage  shal l  
then  be  appl ied  to  Osci l l ator.  

Where  the  i npu t power to  Osci l l ator wi l l  be  affected  by forced  a i r ci rcu lation ,  sti l l  a i r cond i ti ons  
shal l  be  s imu lated  by enclosing  Osci l l ator i n  a  d raught sh ie l d  as  described  i n  4 . 2 . 3.  
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The  chamber shal l  be  a l l owed  to  stabi l i ze  at the  speci fied  temperature  and ,  when  Osci l lator 
has  reached  equ i l i bri um  (see  4. 2. 2) ,  measurements  of the  frequency shal l  be  made us ing  the  
appropriate  measurement method  g i ven  in  4 . 5. 4. 2  or 4 . 5 . 4 .3 .  

 

Figure 7  – Test  ci rcu i t  for measurement of frequency/temperature  characteristics  

4.5.5.2  Total  frequency excursion  

The unenerg ized  osci l lator sha l l  be  p laced  i n  the  envi ronmental  chamber and  connected  to  
the  speci fied  l oad  us ing  the  test ci rcu i t shown  i n  F igure  7 .  The  speci fied  suppl y vol tage  shal l  
then  be  appl ied  to  Osci l l ator.  

Where  the  i npu t power to  Osci l l ator wi l l  be  affected  by forced  a i r ci rcu lation ,  sti l l  a i r cond i ti ons  
shal l  be  s imu lated  by enclosing  Osci l l ator i n  a  d raught sh ie ld  as  described  i n  4 . 2 . 3 .  

The  chamber shal l  be  a l l owed  to  stabi l i ze  at  a  temperature  extreme  and ,  when  Osci l l ator has  
reached  equ i l ibri um  (see  4 . 2 . 2),  the  frequency and  temperature  shal l  be  recorded  us ing  the  
appropriate  frequency measurement method  g iven  i n  4 . 5 . 4 . 2  or 4 . 5. 4 . 3 .  

The  test chamber temperature  shal l  be  changed  i n  incremental  steps  of 1 , 5  °C,  ensuring  that  
equ i l ibri um  is  reached  after each  temperature  s tep,  or changed  at a  rate  of 0 , 5  °C/m in  to  the  
other extreme of temperature,  un less  otherwise  speci fi ed  i n  the  detai l  speci fication .  

Record ings  of the  frequency and  temperature  shal l  be  made during  the  test.  

I f i t  i s  requ ired  by the  deta i l  speci fication  to  determ ine  the  reproducib i l i ty of the  frequency/ 
temperature  characteristics,  the  frequencies  shal l  be  recorded  wi th  temperature  changes  i n  
both  d i rections.  

NOTE  I n  some  appl i cations,  i t  can  be  requ i red  to  d eterm ine  the  reproducibi l i ty of the  frequency/temperatu re  
characteri sti cs  as  the  temperature  i s  fi rst  i ncreased  from  m in imum  to  maximum ,  then  decreased  from  maximum  to  
m in imum .  D i fferences  i n  the  characteri sti cs  obtained  du ri ng  i ncreasing  and  decreas i ng  temperatu res  are  cal l ed  
retrace  errors,  or hysteresis ,  and  are  of parti cu lar importance  when  testi ng  TCXO devices.  

4.5.6  Frequency/load  coefficient  

Using  a  frequency measuring  system  as  described  in  4 . 5. 4,  measurements  of Osci l lator 
ou tpu t  frequency shal l  be  made  for the  speci fied  nom inal  load ,  m in imum  load  and  maximum  
load ,  a l l  other operating  parameters  being  maintained  constant  at  the ir speci fied  values.  The  
l oad  va lues  shal l  then  be  calcu lated  taking  i n to  accoun t the  effect of the  measuring  equ ipment 
connected  to  the  ou tpu t of Osci l l ator,  wh ich  shal l  be  i ncluded  i n  the  tota l  l oad  value.  
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4.5.7  Frequency/voltage  coefficient  

Using  a  frequency measuring  system  as  described  i n  4 . 5. 4,  and  main tain ing  a l l  other 
operati ng  parameters  at  their speci fi ed  values,  measurement of Osci l lator frequency shal l  be  
made when  the  power suppl y vol tage  i s  ad j usted  to  i ts  speci fied  nom inal  va lue,  to  i ts  m in imum  
value  and  to  i ts  maximum  value.  I n  a l l  cases,  the  speci fi ed  stabi l i zation  time shal l  be  al l owed  
between  ad j ustment of suppl y vol tage  and  measurement of frequency.  

A trans ien t frequency excurs ion  can  occur immed iate l y after ad justment of the  power suppl y 
vol tage,  particu larl y i f the  device  under test  i s  e i ther an  OCXO or TCXO type.  When  the  
magn i tude  of th is  transient excurs ion  is  of importance,  record ing  type  meters  shal l  be  used  to  
record  the  frequency excurs ion .  The  maximum  perm issible  deviations  during  the  transien t 
i n terval  shal l  be  separatel y speci fi ed .  

When  requ ired ,  an  envi ronmental  chamber shal l  be  used  to  main tain  the  ambient temperature  
at  i ts  speci fi ed  value  during  the  performance of th i s  test.  

4.5.8  Frequency stabi l i ty wi th  thermal  transient  

4.5.8 .1  The unenerg ized  osci l lator shal l  be  p laced  in  the  envi ronmental  chamber and  
connected  to  the  speci fied  l oad ,  us ing  the  test  ci rcu i t  shown  i n  F igure  7.  The  speci fied  vol tage  
shal l  then  be  appl ied  to  Osci l lator.  The  chamber shal l  be  a l lowed  to  stabi l i ze  and  Osci l l ator to  
reach  equ i l i brium  (see  4 . 2 . 2)  at  the  speci fied  i n i tia l  temperature  T1 .  Osci l l ator ou tpu t 

frequency shal l  be  recorded .  

The  envi ronmenta l  chamber temperature  shal l  then  be  changed  at  the  speci fied  rate  to  the  
fina l  temperature  T2 .  

Osci l lator ou tput frequency and  the  envi ronmental  chamber temperature  (as  measured  at  the  
reference  poin t)  shou ld  be  conti nuous l y recorded  during  and  after th is  operation ,  resu l ti ng  i n  a  
p lot of both  frequency change and  temperature  change s im i l ar to  that i n  F i gure  8 ,  from  wh ich  
the  thermal  response time and  the  overshoot can  be  determ ined .  

The  overshoot of the  trans ient  excurs ion  shal l  be  speci fi ed  i n  fractional  parts  of the  nom ina l  
frequency (e. g .  overshoot shal l  not  exceed  2  ×  1 0  –7) :  

nominal

finalmax

F

FF
FOS

−
=∆  

4.5.8.2  Un less  otherwise  speci fi ed ,  the  thermal  response  time  is  the  time in terval  between  
the  i nstan t the  frequency has  changed  1 0  %  of the  overal l  change and  the  i nstant  the  
frequency has  atta ined  a  value  wi th in  1 0  %  (of the  change)  of i ts  fina l  frequency.  

There  are  two  possib le  cases,  as  shown  by the  sample  record ings  i n  F igure  8:  

– when  the  overshoot i s  l ess  than  1 0  %,  the  thermal  response  time  i s  equal  to  t2  – t1  m in ;  

– when  the  overshoot i s  equal  or greater than  1 0  %,  the  thermal  response  time is  equal  to  t3  
– t1  min .   
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t0   i s  s tart  t ime of measurement;  

t1   i s  t ime  for frequency to  change  1 0  %  of the  steady-state  increment;  

t2   i s  t ime  for frequency to  change  90  %  of the  steady-state  increment;  

t3   i s  t ime  for frequency to  reach  1 1 0  %  of the  steady-state  i ncrement on  the  recovery form  
overshoot ( i n  the  case  where  overshoot i s  greater than  1 0  %).  

Figure 8  – Thermal  transient  behaviour of typical  osci l lator 

4.5.9  Osci l lation  start-up  

4.5.9 .1  General  

The  purpose  i s  to  determ ine  the  re l iable  start-up  of the  osci l lation  ampl i tude  and  to  measure  
the  s tart-up  time.  

F igure  9  depicts  the  general i zed  osci l l ator ci rcu i t.  

The  s tart-up  characteristics  of a  rea l  crysta l  osci l l ator depend  on  the  fol l owing  major factors.  

Osci l lator s tage:  

– noise  factor of the  acti ve  device;  

– open  l oop  gain  (or excess  negative  res istance)  of the  osci l lation  susta in ing  stage;  

– ampl i tude  l im i ti ng  of the  acti ve  ci rcu i t;  

– l oaded  Q  (or effective  bandwid th  of the  resonator) ;  

– d ri ve  level  dependency of the  crystal  resonance  resistance.  

Output  stage:  

– analog  s inusoida l  ou tpu t;  

– l og ic  ou tput.  

I n ternal  power l i nes:  

– b locking  capaci tors ;  

– vol tage  regu lators.  

IEC  

1 0  ％  

90  ％  

1 1 0  %  
Frequency 

Fma x  

Temperatu re  

Time 

T2  

T1  

Ffi na l  

Fi n i t i a l  

t0   t2  t3  

F
re
q
u
e
n
c
y
 

t 1  

T
e
m
p
e
ra
tu
re
 



I EC 62884-1 : 201 7    I EC  201 7  – 1 9  –  

Suppl y vol tage:  

– ri se  time,  soak time,  off time;  

– ou tpu t impedance.  

 

Figure 9  – General ized  osci l lator ci rcu i t  

4.5.9 .2  Start-up  behaviour 

I n  order to  determ ine  whether the  osci l l ation  starts  up  rel i abl y,  Osci l l ator shal l  be  connected  
to  the  test ci rcu i t  for s tart-up  behaviour shown  i n  F igure  1 0.  

Osci l lator shal l  be  connected  to  a  programmable  power suppl y.  The  r. f.  ou tpu t s ignal  and  the  
suppl y vol tage  are  reg istered  by an  osci l l oscope,  the  time scale  of wh ich  i s  su i tabl y set to  
d isplay the  whole  s tart-up  i n terval .  

The  suppl y vol tage  ramps  l i nearl y from  zero  to  the  nom inal  operating  vol tage.  The  ramp time 
tramp  i s  chosen  to  be  at  l east 1 00  to  1  000  times  the  speci fi ed  or expected  s tart-up  time of 

Osci l lator.  

Osci l lator shal l  show a  regu lar and  repeatable  start-up  behaviour wi th in  the  time i n terval  of 
the  suppl y vol tage  ramp,  as  shown  i n  F igure  1 1 .  

The  fol l owing  test cond i ti ons  shal l  be  s tated  in  the  deta i l  speci fication :  

– power suppl y vol tage;  

– l oad  deta i l s ;  

– start-up  time;  

– i n  case  of VCXO,  DC  con trol  vo l tage.  
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Figure 1 0  – Test circu i t  for start-up  behaviour and  start-up time measurement 

 

Figure 1 1  – Typical  start-up  behaviour wi th  s low supply vol tage ramp  

4.5.9 .3  Start-up  time  

I n  order to  measure  the  start-up  time  of osci l l ation  tSU  u nder speci fied  cond i tions,  Osci l l ator 

sha l l  be  connected  to  a  programmable  power supp l y (see  F igure  1 0) .  

The  r. f.  ou tput s i gnal  and  the  suppl y vol tage  shal l  be  reg istered  by an  osci l loscope,  the  time  
scale  of wh ich  is  su i tabl y set to  d isplay the  whole  start-up  in terval .  

The  suppl y vol tage  ramps  up  l i nearl y from  zero  to  the  nom inal  operati ng  vol tage.  The  ramp 
time  tramp  i s  chosen  to  be  l ess  than  one  tenth  of the  speci fied  or expected  start-up  time of 

Osci l lator.  

The  s tart-up  time  tSU  i s  measured  as  the  d i fference between  the  s tarting  poin t of the  DC  ramp 

and  the  time when  the  r. f.  ou tpu t s i gnal  fu l fi l s  certa in  cond i tions  wh ich  are  g i ven  below:  

a)  quas i -s inusoida l  waveforms 

the  s ignal  envelope  is  90  %  of the  steady-state  peak-to-peak ampl i tude,  un less  otherwise  
speci fied ;  

b)  pu lse  waveforms 

the  outpu t pu lse  sequence is  peri od ical  near the  steady-state  frequency wh i le  i ts  l ow level  
VLO  remains  below VOL  and  i ts  h i gh  l evel  VHI  exceeds  VOH  permanentl y,  where  VOH  and  
VOL  are  defined  by the  appl icable  l og ic fam i l y.  
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Precau tion :  

Log ic ou tpu t may show spurious  osci l l ations  prior to  the  appearance  of the  steady-state  s i gnal .  

Make  sure  that the  in ternal  b locking  capaci tors  of Osci l lator are  d ischarged  before  the  start  of 
the  measurement.  

An  example  is  g i ven  i n  F igure  1 2.  

The  described  procedure  can  be  appl ied  e i ther as  a  s i ng le  shot or as  a  period ica l  
measurement.  I n  the  l atter case,  the  fol lowing  cond i tions  shal l  be  fu l fi l l ed  (see  F igure  1 3) :  

tramp  as  above;  

thol d  ≥  1 00  tSU ;  

toff  m in imum  length  shal l  be  chosen  so  that a  fu rther prolongation  does  not change  the  
resu l t for tSU ,  for example  toff  ≥  1 00  tSU .  

During  toff  the  suppl y vol tage  term inal  of Osci l l ator shal l  be  short-ci rcu i ted  to  ground  i n  order 

to  d ischarge  i n ternal  b locking  capaci tors  properl y.  

The  factor 1 00  i n  formu lae  for thol d  and  toff  can  be  reduced  to  smal ler volumes,  however,  i t  

shou ld  be  veri fied  that  the  measured  start-up  time i s  not  changed ,  particu larl y for h i gh  Q  
resonators.  

Precau tion :  

The  power suppl y shal l  be  ab le  to  del i ver sufficien t current to  real i ze  the  speci fied  vol tage  
ramp at  Osci l lator supply vol tage  term inal .  I t  shal l  be  able  to  d rain  the  d ischarge  curren t of 
Osci l lator du ring  the  toff period .  

Speci fied  cond i tions  

The  fo l l owing  test cond i tions  shal l  be  stated  in  the  deta i l  speci fication :  

– power suppl y vol tage;  

– l oad  detai ls ;  

– start-up  time;  

– i n  the  case  of VCXO:  DC  control  vol tage.  

 

Figure 1 2  – Defin i tion  of start-up  time  
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Figure 1 3  – Supply vol tage waveform  for periodical  tSU  measurement  

4.5. 1 0  Stabi l ization  time  

The unenerg ized  osci l lator shal l  be  p laced  i n  the  envi ronmental  chamber and  connected  to  
the  speci fi ed  load  us ing  the  test ci rcu i t shown  i n  F igure  7 .  The  frequency measurement used  
shal l  be  as  described  i n  4 . 5. 4 .  The  temperature  of the  chamber shal l  be  ad j usted  to  that  
speci fied  i n  the  detai l  speci fication .  Osci l l ator shal l  then  be  energ ized  and  the  ou tpu t  
frequency reg istered  on  the  record ing  meter as  a  function  of t ime.  The  stabi l i zation  time ts  

shal l  be  the  time taken  for Osci l l ator ou tpu t frequency to  remain  wi th in  a  speci fi ed  to lerance of 
i ts  long-term  value  determ ined  after a  speci fied  e lapsed  time  (see  F igure  1 4).   

 

Figure 1 4 – Typical  osci l l ator stabi l ization  characteristic  

4.5. 1 1  Frequency ad justment range  

Osci l lator shal l  be  connected  as  shown  i n  4 . 5 . 4  and ,  where  necessary,  to  an  appropriate  
con trol  vol tage.  Osci l l ator shal l  be  energ ized  and  a l lowed  to  s tabi l i ze  for the  speci fied  time  
under normal  operating  cond i ti ons.  The  means  by wh ich  Osci l l ator ou tpu t frequency 
ad j ustment i s  made shal l  be  ad justed  to  i ts  maximum  and  m in imum  and  the  output frequency 
measured ,  un less  otherwise  s tated  i n  the  detai l  speci fication .  

4.5. 1 2  Retrace  characteristics  

The unenerg ized  osci l lator shal l  be  p laced  i n  the  environmenta l  chamber and  connected  to  
the  speci fied  l oad ,  us ing  the  test ci rcu i t  shown  in  F igure  7.  The  chamber shal l  be  maintained  
at  a  temperature  i n  the  range  20  °C  to  30  °C,  con trol led  wi th in  ±0 ,5  °C,  un less  otherwise  
stated  i n  the  deta i l  speci fication .  Osci l l ator shal l  be  energ ized  and  a l l  operating  parameters  
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ad j usted  to  speci fi ed  values,  after wh ich  the  frequency shal l  be  measured  as  a  function  of 
time.  

Fol lowing  a  speci fic period  of operation  ( t1 ,  F i gure  1 5,  wh ich  shal l  exceed  the  s tabi l i zation  

time),  the  ou tput frequency shal l  be  recorded .  Osci l lator i s  then  turned  off,  and  a l lowed  to  
assume the  speci fi ed  storage  temperature  for the  speci fied  time period  t2 .  At  the  end  of the  

storage  period ,  power i s  again  appl i ed ,  and  frequency recorded  as  a  function  of time.  The  
retrace  time tr i s  the  time period  fol lowing  appl ication  of power requ i red  for the  ou tpu t  

frequency to  return  to  wi th in  the  speci fied  tolerance of the  value  recorded  before  turn-off.  

I f Osci l lator i s  stored  (during  period  t2)  e lsewhere  than  in  the  environmental  chamber,  

adequate  time shal l  be  a l lowed  for Osci l l ator to  settl e  to  the  temperature  speci fied  for 
frequency measurement before  any measurement of frequency takes  p lace;  th is  stabi l i zation  
time ( i n  an  unenerg ized  cond i tion)  shou ld  be  taken  as  a  part of the  s torage  period  t2 .  

NOTE  Provis ion  i s  made  for a  separate  speci fi cation  of measurement temperature  as ,  a l though  the  temperatu res  
can  be  the  same,  the  to lerance  of the  s torage  temperature  can  be  considerabl y g reater than  that  of the  
measurement  temperatu re.  

 

Figure 1 5  – Example  of retrace  characteristic  

4.5. 1 3  Osci l l ator output  vol tage (sinusoidal )  

Osci l lator shal l  be  connected ,  as  shown  i n  F igure  1 6 ,  to  the  speci fi ed  supply vol tage  and  l oad .  
I t  shal l  be  a l l owed  to  stabi l i ze  for the  speci fi ed  period  of time.  The  ou tput vol tage  shal l  be  
measured  across  the  l oad ,  and  shal l  remain  wi th in  the  speci fi ed  l im i ts  over the  range  of any 
frequency ad justment speci fied .  Measurements  shal l  be  performed  at the  reference 
temperature,  bu t  may be  carried  ou t  over the  operating  temperature  range  i f requ ired  by the  
detai l  speci fication .  Measurement shal l  be  made  wi th  an  r. f.  vol tmeter for r.m .s.  vol tages  and  
an  osci l l oscope for peak-to-peak vol tages.  

I n  the  case  of quas i -sinusoida l  waveforms,  the  measurement of ou tput power shal l  a lways  be  
performed  by a  d i rect-read ing  power meter or by means  of a  true  r.m .s.  read ing  vol tmeter.  
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Figure 1 6  – Test circu i t  for the  measurement of output vol tage  

4.5. 1 4  Osci l lator output  vol tage (pu lse waveform)  

Osci l lator shal l  be  connected ,  as  shown  i n  F igure  1 7,  wi th  the  speci fi ed  load  (see  Annex A of 
IEC 60679-1 : 201 7  for detai ls  of l oad  ci rcu i ts  for l og ic d rive) .  

 

Figure 1 7  – Test circu i t  for the  measurement of pu lse  outputs  

 

Figure 1 8  – Characteristics  of an  output waveform  

The h igh  and  low l evel  ou tpu t vol tages,  as  shown  in  F igure  1 8 ,  shal l  be  measured  on  the  
osci l l oscope,  and  shal l  be  wi th in  the  l im i ts  speci fi ed  in  the  detai l  speci fication .  
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4.5. 1 5  Osci l lator output  waveform  (sinusoidal )  

Osci l lator sha l l  be  connected  to  the  speci fied  load ,  as  shown  i n  F igure  1 9.  

The  spectrum  analyzer shal l  be  ad j usted  to  d isplay a  frequency range  wh ich  embraces  the  
appropriate  harmon ics  of Osci l lator.  Typical  q uas i -s inusoidal  waveforms are  shown  i n  
F igure  20 ,  and  typica l  frequency spectra  are  shown  i n  F igure  21 .  

 

Figure 1 9  – Test circu i t  for harmon ic  d istortion  measurement  

 

a)  Symmetri cal  

 

b)  Large  odd  harmonic  content  

 

c)  Large  even  harmon ic  con tent  

Figure  20  – Quasi -s inusoidal  output waveforms  
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a)  Ideal  spectrum  

 
b)  Spectrum  showing  severe  harmonic d istortion  

Figure 21  – Frequency spectrum  for harmon ic d istortion  

The spectra  on  the  spectrum  anal yzer shal l  be  measured ,  usual l y d i rectl y i n  decibels ,  as  a  
power ratio  wi th  respect to  the  carrier power,  expressed  i n  decibels  or,  a l ternativel y,  the  
percentage  d istortion  of the  harmon ic  shal l  be  calcu lated  as  fol lows:   

 

where  

Dx  i s  the  percentage  of harmon ic d istortion ;  

dx  i s  the  d i fference i n  l evel  of fundamenta l  and  harmon ic ( i n  decibels)  as  measured  on  
the  spectrum  anal yzer;  

x  i s  the  harmon ic  number.  

When  us ing  th is  test  method  i t  shal l  be  necessary to  observe  the  fo l lowing  precautions:  

– care  shal l  be  taken  to  ensure  that the  d istortion  is  not  produced  i n  the  i npu t m ixer of the  
spectrum  anal yzer;  

– non- l i near d istortion  (having  the  appearance  of harmon ic  d istortion)  wi l l  be  produced  i f the  
i nput  m ixer i s  over- loaded .  Th is  may be  checked  by p lacing  an  attenuator between  
Osci l lator and  the  spectrum  anal yzer,  and  taking  measurements  at various  power levels.  
The  attenuator setting  shou ld  not affect the  percentage  of harmon ic d istortion .  

NOTE  The  tota l  harmon ic d i s torti on  can  be  obtai ned  from  a  summation  of the  i nd ivi dual  harmon ical l y re l ated  
responses.  
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4.5. 1 6  Osci l lator output  waveform  (pu lse)  

4.5. 1 6. 1  General  

Osci l lator shal l  be  connected ,  as  shown  i n  F igure  1 7,  and  wi th  the  speci fied  l oad  (see  
Annex A of I EC  60679-1 : 201 7  for detai ls  of l oad  ci rcu i ts  for l og ic  d ri ve) .  

4.5. 1 6.2  Rise  and  decay times  

Measurements  shal l  be  made on  both  the  ris i ng  and  fal l i ng  edges  between  the  l im i ts  of the  
i nput  vol tage  over wh ich  the  operation  of the  parti cu lar log ic fam i l y i s  guaran teed ,  for example,  
for TTL and  CMOS  log ic  fam i l i es  between  VOH  m in .  and  VOL  max.  or at  the  1 0  %  and  90  %  
poin ts  wi th  respect to  the  flat portion  of the  maximum  ampl i tu de  level ,  as  shown  i n  F igure  1 8 .  
Overshoot sha l l  be  d isregarded  i n  th is  measurement i f i ts  peak does  not exceed  the  l im i ts  
speci fied  for the  s teady-state  levels,  or i f the  cause  for the  overshoot can  be  traced  to  
i nductances  external  to  Osci l lator and  osci l loscope.  

Where  h i gher accuracies  are  requ i red ,  the  fo l l owing  correction  formu la  shal l  be  used :  

 

where  
ti  i s  the  measured  rise  or decay time;  

ts   i s  the  osci l l oscope rise  or decay time;  

ta   i s  the  actual  t ime.  

4.5. 1 6.3  Pu lse  duration   

The pu lse  duration  of Osci l lator shal l  be  measured  wi th  the  osci l loscope  when  the  rise  and  
decay times  are  measured .  Un less  otherwise  speci fied ,  measurements  shal l  be  made at the  
m idpoin t between  VOL  max.  and  VOH  m in .  or at  the  50  %  level ,  as  shown  i n  F igure  1 8.  

4.5. 1 6.4  Symmetry 

When  speci fied ,  the  symmetry of the  waveform  from  Osci l lator shal l  be  determ ined  when  the  
rise  and  decay times  are  measured .  Un less  otherwise  speci fi ed ,  measurements  shal l  be  made  
at  the  m idpoin t between  VOL  max.  and  VOH  m in .  or a t the  50  %  l evel ,  as  shown  i n  F igure  1 8 .  

4.5. 1 7  Osci l l ator output  power (s inusoidal )  

The test procedure  shal l  be  carried  ou t as  for 4 . 5. 1 3,  ou tpu t vol tage.  The  ou tput power shal l  
be  ca lcu lated  from  the  r.m .s.  ou tput  vol tage  and  the  load  impedance  or,  a l ternativel y,  i t  may 
be  read  d i rectl y from  an  appropriate  power meter.  I n  the  case  of quasi -sinusoidal  waveforms,  
the  measurement of ou tput power shal l  a lways  be  performed  by a  d i rect-read ing  power meter 
or by means  of a  true  r.m . s.  read ing  vol tmeter.  

4.5. 1 8  Osci l l ator output  impedance  (sinusoidal )  

Osci l lator sha l l  be  connected ,  as  shown  in  F igure  1 6 ,  except that the  l oad  shal l  be  a  precis ion  

(±1  %  non-reactive)  res istor RL ,  equal  to  the  speci fi ed  l oad  m inus  1 0  % .  Osci l lator shal l  be  
energ ized  and  a l l owed  to  s tabi l i ze  for the  speci fied  period  of time after wh ich  the  ou tpu t 

vol tage  VL  shal l  be  measured .  The  load  shal l  then  be  replaced  wi th  a  precis ion  (±1  %  non-
reactive)  res istor RH ,  equal  to  the  speci fied  load  p lus  1 0  %  and  the  ou tpu t vol tage  VH  
measured .  The  outpu t impedance  shal l  be  calcu lated  using  the  expression :  

LHHL

LHHL )(

RVRV

VVRR
Z

−
−

=
 

NOTE  Th is  method  i s  on l y va l i d  i f the  ou tpu t  impedance  of Osci l l ator i s  res i sti ve,  and  i t  i s  not  accurate  when  the  
ou tpu t  res i stance  i s  cons i derab ly l ower than  the  l oad  impedance.  
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4.5. 1 9  Re-entrant  i solation  

Osci l lator sha l l  be  connected  to  the  test ci rcu i t,  as  shown  i n  F igure  22.  The  ports  between  
wh ich  the  isolation  is  to  be  measured  shal l  be  shorted  together.  The  level  and  frequency of 
the  re-en tran t s ignal ,  as  speci fied ,  sha l l  be  set on  the  s ignal  generator.  Using  the  spectrum  
anal yzer (or selecti ve  vol tmeter) ,  the  ou tpu t  l evel  of th is  s ignal  shal l  be  measured  at  the  port  
to  wh ich  the  s ignal  i s  not being  appl ied  (or at the  speci fied  port i n  the  case  of osci l l ators  wi th  
mu l tip le  ports) .  The  shorting  l i nk shal l  then  be  removed  and  the  ou tpu t l evel  again  measured .  

The  ratio  of the  two s ignals  measured  wi th  and  wi thou t the  shorti ng  l i nk (usual l y expressed  i n  
decibels)  i s  the  re-en tran t i solation  between  the  appropriate  ports  at  that  frequency.  Th is  ratio  
shal l  be  as  stated  i n  the  detai l  speci fication .  

When  carrying  ou t th is  test,  the  fol lowing  precau tions  shal l  be  observed :  

– the  l oads  presented  to  Osci l lator are  a  combination  of the  ou tpu t impedance  of the  s ignal  
generator,  the  i nput impedance  of the  spectrum  analyzer (or selecti ve  vol tmeter)  and  any 
external l y appl i ed  loads;  

– care  shal l  be  taken  to  prevent overload ing  of the  spectrum  anal yzer (or selecti ve  
vol tmeter),  as  th is  wi l l  cause  s ignal  l im i ti ng  and  an  apparen t reduction  i n  re-en tran t 
i solation ;  

– i f i solation  is  to  be  measured  at  a  frequency wh ich  i s  a  harmon ic of Osci l lator,  then  a  
pess im istic va lue  of re-entrant i so lation  wi l l  be  obtained .  However,  i f the  harmon ic level  i s  
cons iderabl y l ower than  the  i solation  to  be  measured ,  a  usable  resu l t can  s ti l l  be  ach ieved .  
Where  the  harmon ic  content of the  ou tput  s i gnal  i s  h igh ,  i t  i s  necessary to  d isable  
Osci l lator ( that  i s ,  to  cause  the  device  to  cease  osci l lation  wh i l e  s ti l l  remain ing  energ ized)  
before  measurements  can  be  made.   

 

Figure 22  – Test ci rcu i t  for the  determination  of i solation  between  ou tput ports  

4.5.20  Output  suppression  of gated  osci l lators  

Osci l lator shal l  be  connected  to  the  test ci rcu i t,  as  shown  in  F igure  23,  and  the  tests  carried  
ou t as  fo l l ows.  

The  speci fied  s i gnal  necessary to  gate  the  ON  output of Osci l l ator shal l  be  appl ied ,  and  the  
l evel  of the  ou tput at i ts  fundamental  frequency and  at any harmon ic frequency or frequencies,  
as  speci fi ed ,  shal l  be  measured  on  the  spectrum  anal yzer.  The  speci fi ed  s ignal  necessary to  
gate  the  OFF  output  of Osci l lator shal l  then  be  appl i ed  and  the  new output  l evel (s)  measured .  

The  ratio  of the  ON  and  OFF  ou tpu t l evels ,  usual l y expressed  i n  decibels ,  i s  the  ou tput  
suppress ion  at a  particu lar frequency,  and  shal l  be  as  speci fied  i n  the  deta i l  speci fication .  
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Care  shal l  be  taken  to  prevent overload ing  of the  spectrum  anal yzer,  as  th i s  wi l l  cause  s i gnal  
l im i ting  and  an  apparent reduction  i n  ou tpu t suppress ion .  

 

Figure 23  – Test circu i t  for measuring  suppression  of gated  osci l l ators  

4.5.21  3-state  output characteristics  

4.5.21 . 1  3-state  d isable  mode  output current  

This  test  i s  used  to  determ ine  the  short-ci rcu i t  ou tput curren t d rawn  from  Osci l lator wi th  a  3-
state  ou tpu t when  held  i n  the  d isable  mode.  

Osci l lator sha l l  be  connected  as  shown  i n  F igu re  24.  Wi th  the  enable/d isable  p in  connected  to  
the  appropriate  DC level  via  swi tch  1 ,  that i s  to  the  speci fied  suppl y vol tage  for osci l l ators  
des igned  for "enable  low",  or to  earth  for those  designed  for "enable  h igh ",  the  power to  
Osci l lator sha l l  be  appl i ed .  

The  enable/d isable  vol tage  l evels  sha l l  be  as  speci fied  i n  the  detai l  speci fication .  However,  
care  shal l  be  taken  to  ensure  that  the  vol tages  appl ied  to  the  enable/d isable  p in  and  the  
ou tpu t p in  cannot exceed  the  vol tage  appl ied  to  Osci l lator.  

Osci l lator ou tput i s  then  swi tched ,  by swi tch  2 ,  i n  tu rn  between  the  supply vol tage  and  earth ,  
and  the  ou tpu t curren t at  each  setti ng  measured .   

The  maximum  perm issib le  ou tpu t current  in  the  d isable  mode,  as  speci fied  i n  the  detai l  
speci fication ,  sha l l  not  be  exceeded .  

 

Figure 24 – Test ci rcu i t  for 3-state  d isable  mode output current  
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4.5.21 .2  Output  gating  time  

To measure  the  time taken  for Osci l lator ou tput  stage  to  swi tch  between  the  enable  and  
d isable  modes,  Osci l lator shal l  be  connected  as  shown  in  F igure  25.  The  va lue  of R  shal l  be  
chosen  so  that the  time constan t formed  by R  and  the  osci l loscope  i npu t capaci tance  shal l  not  

affect the  measurement accuracy.  

The  speci fied  suppl y,  reference,  enable/d isable  vol tages  shal l  be  appl ied  to  Osci l l ator,  care  
be ing  taken  to  ensure  that  the  enable/d isable  vol tages  do  not exceed  the  value  of the  suppl y 
vol tage.  

With  an  osci l l oscope  ad j usted  to  tri gger from  e i ther the  enabl ing  or d isabl i ng  transi ti on  of the  
enable/d isable  i npu t s i gnal ,  as  appropriate,  and  d isp laying  the  correspond ing  osci l l ator 
trans i ti on ,  together wi th  the  tri gger transi ti on ,  the  gati ng  time between  the  trigger transi tion  
and  the  time  when  Osci l l ator ou tput  stabi l i zes  to  the  reference vol tage  shal l  be  measured .  

 

where  

OL
OLOH

2

)(
V

VV
V +

−
=   i s  the  reference vol tage;  

VOL  i s  Osci l l ator l ow l evel  ou tpu t vol tage;  

VOH  i s  Osci l l ator h igh  level  ou tput vol tage.  

Figure 25 – Test circu i t  for output gating  time  – 3-state  

4.5.22  Ampl i tude  modu lation  characteristics  

4.5.22. 1  Ampl i tude  modu lation  i ndex 

The procedure  of test  A shal l  be  used  for a  modu lation  i ndex greater than  0 , 1  and  l ess  than  
1 , 0.  Osci l lator sha l l  be  connected  to  the  speci fi ed  load ,  as  shown  i n  F igure  26,  and  the  
speci fied  modu lati ng  s i gnal  appl i ed .  Measurements  of x  and  y  (see  F igure  27)  on  the  
waveform  shal l  be  taken ,  and  the  modu lation  index (m)  ca lcu lated  from  the  express ion :   

xy

xy
m

+

−
=

 

The  i ndex obtained  shal l  be  as  s tated  i n  the  deta i l  speci fication  and  the  percentage  
modu lation  shal l  be  1 00  m  % .  Th is  method  of measurement shal l  not  be  used  when  m  i s  less  

than  0, 1  because  of inheren tl y l ow measurement accuracy.  
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Figure 26  – Test circu i t  for modulation  index measurement 

 

Figure 27  – Modu lation  waveform  for i ndex calcu lation  

NOTE  1  The  accuracy for th i s  method  i s  unaffected  by the  presence  of frequency modu lati on .  

NOTE  2  Th i s  method  i s  va l i d  for non-s i nusoi dal  waveforms.  

The procedure  of test  B  shal l  be  used  for a  modu lation  i ndex l ess  than  0 , 1 .  

Osci l lator shal l  be  connected  to  the  speci fied  load ,  as  shown  i n  F igure  26 ,  except that the  
osci l l oscope shal l  be  replaced  by a  spectrum  anal yzer having  an  i . f.  bandwid th  sufficien tl y 
narrow to  provide  adequate  d iscrim ination  between  Osci l lator ou tput  and  i ts  s i deband  s ignals .  
With  the  speci fi ed  modu lati ng  s ignal  appl ied  to  Osci l lator,  the  spectrum  anal yzer shal l  be  
ad j usted  to  present  a  d isplay of the  frequency spectrum  in  the  reg ion  of the  ou tpu t frequency 
of Osci l l ator,  us ing  a  logari thm ic s ignal  ampl i tude  scale  (see  F igure  28) .  

 

f0  i s  Osci l l ator ou tput  frequency;  

fm   i s  the  frequency of the  modu lating  s ignal ;  

f0  –  fm   i s  the  lower s i deband  s i gnal  frequency;  

f0  +  fm   i s  the  upper s i deband  s i gnal  frequency;  

d i s  the  d i fference  between  Osci l l ator ou tpu t s i gnal  frequency (f0)  l evel  and  the  l evel  of 
e i ther of the  s ideband  s i gnals ,  i n  decibels.  

Figure 28  – Logari thmic s ignal  ampl i tude  scale  
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The  modu lation  i ndex (m )  shal l  be  calcu lated  using  the  expression :  

20

6

1 0

d

m

−

=  (m  <  0 , 1 )  

where  d  i s  the  d i fference  between  Osci l lator ou tput s ignal  frequency (f0)  l evel  and  the  level  of 

e i ther of the  s ideband  s i gnals ,  i n  decibels.  

The  modu lation  i ndex shal l  be  as  stated  i n  the  deta i l  speci fication .  

Care  shal l  be  taken  to  preven t overload ing  of the  spectrum  anal yzer,  causing  s i gnal  l im i ti ng .  
Th is  may be  checked  by p lacing  an  attenuator between  Osci l l ator and  the  spectrum  anal yzer,  
and  taking  measurements  at various  power l evels ;  the  attenuator setting  shou ld  not affect the  
value  of d obtained .  

NOTE  3  Th i s  method  cannot read i l y be  used  i f s i gn i fi can t resu l tant  frequency modu lati on  i s  present (see  4 . 5. 22 . 7),  
usual l y causing  the  two  s i deband  s i gnal s  to  be  unequal  i n  ampl i tude.  The  effect  of the  resu l tant  f.m .  on  the  
spectrum  anal yzer d i sp lay can  be  reduced  by choosing  a  h i gh  modu lati ng  s i gnal  frequency (frequency modu l ation  

i ndex β ∝
1

fm
) .  

NOTE  4  Th i s  method  cannot  read i l y be  used  i f the  modu lation  waveform  i s  non-s inusoidal ,  whether because  of 
harmon ic conten t i n  the  modu l ati ng  s i gnal  or because  of a .m .  non -l i near d i storti on  (see  4 . 5. 22. 3).  

4.5.22.2  Ampl i tude  modu lation  sensi tivi ty 

Osci l lator shal l  be  connected  to  the  speci fi ed  road  as  shown  i n  F igure  29.  The  s ignal  
generator provid ing  a  modu lati ng  s ignal  at  the  speci fied  frequency shal l  be  connected  to  the  
external  modu lation  term inal  of Osci l lator.  I ts  ou tput  sha l l  be  set  to  the  speci fied  ampl i tude  as  
measured  by the  osci l l oscope  or r. f.  vol tmeter.  The  modu lation  i ndex of the  ou tput  s i gnal  shal l  
be  measured  as  described  i n  4 . 5 . 22. 1  (as  appropriate).  

I n  general ,  the  ampl i tude  modu lation  sens i ti vi ty i s  taken  as  the  percentage  modu lation  peak-
to-peak vol tage  of the  modu lati ng  s ignal  and  shal l  be  as  stated  i n  the  deta i l  speci fication .   

NOTE  Th is  method  can  be  u sed  to  d eterm ine  the  immun i ty of an  osci l l ator to  power suppl y l i ne  ri pp le  etc. ,  by  
superimposing  the  modu l ati ng  s i gnal  on  the  DC suppl y vol tage.  

4.5.22.3  Ampl i tude  modu lation  d istortion  (non-l ineari ty)  

Osci l lator sha l l  be  connected  to  the  speci fied  load  as  shown  in  F igure  29,  except that the  
osci l l oscope shal l  be  replaced  by a  spectrum  anal yzer having  an  i . f.  bandwid th  sufficien tl y 
narrow to  provide  adequate  d iscrim ination  between  Osci l lator ou tpu t and  i ts  s i deband  s i gnals .  

A s inusoidal  modu lati ng  s i gnal  at  the  speci fied  frequency,  and  at  a  l evel  such  as  to  modu late  
Osci l lator to  the  speci fied  modu lation  index,  shal l  be  appl ied  to  the  external  modu lation  
term inal  of Osci l l ator;  the  spectrum  anal yzer shal l  be  ad j usted  to  present a  d isp lay of the  
frequency spectrum  i n  the  reg ion  of the  ou tpu t frequency of Osci l lator (see  F igure  30).  

The  second ,  th i rd ,  e tc.  harmon ic d is tortions  are  usual l y expressed  as  d2 ,  d3 ,  etc.  decibels ,  bu t 

may a lso  be  expressed  as  

201 0

1 00
d

 percentage  d istortion  for each  ind ividual  harmon ic.  

The  d istortion  shal l  be  wi th in  the  l im i ts  stated  i n  the  detai l  speci fication .  

When  carrying  ou t th is  test,  the  fol lowing  precau tions  shal l  be  observed :  
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– care  shal l  be  taken  to  prevent overload ing  of the  spectrum  anal yzer,  caus ing  an  apparen t 
i ncrease  i n  modu lation  d istortion .  Th is  may be  checked  by connecting  an  attenuator 
between  Osci l l ator and  the  spectrum  anal yzer,  and  taking  measurements  at various  power 
l evels .  

 

Figure  29  – Test circu i t  to  determine  ampl i tude  modu lation  sensi tivi ty 

 

where  

f0  i s  Osci l l ator ou tput frequency;  

fm i s  the  frequency of modu lating  s ignal ;  

(f0  –  fm )  i s  the  lower s i deband  caused  by the  modu lating  s i gnal ;  

(f0  –  2fm )  i s  the  lower s i deband  caused  by the  second  harmon ic  of the  modu lation  s i gnal ;  

(f0  –  3fm )  i s  the  lower s i deband  caused  by the  th i rd  harmon ic of the  modu lation  s ignal .  

Figure 30  – Frequency spectrum  of ampl i tude modu lation  d istortion  

The  attenuator setting  shou ld  not  affect the  measurement of modu lation  d istortion ,  that  i s  the  
va lues  of d2 ,  d3 ,  etc.  I f the  harmon ic content of the  modu lati ng  s i gnal  i s  s i gn i ficant,  the  resu l ts  
obtained  shal l  be  corrected ,  or the  modu lati ng  s i gnal  fi l tered  so  as  to  reduce i ts  harmon ic  
con ten t.  

NOTE  Total  modu l ation  d i storti on  can  be  assessed  by detecti ng  the  ou tpu t  of Osci l l ator and  measuring  th i s  s i gnal  
wi th  an  appropri ate  d i storti on  anal yzer;  th i s  method  measures  the  total  s i deband  con tent  of an  ampl i tude  
modu lated  s i gnal .  The  resu l t  can  be  obta ined  from  the  measurements  made  wi th  a  spectrum  ana lyzer by 
summation  of the  s i deband  s i gnal s .  
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4.5.22.4  Ampl i tude  modu lation  frequency response  

The  test procedure  g iven  in  4 . 5 . 22 .2  wi th  a  s i nusoida l  modu lating  s ignal  appl ied  shal l  be  used .  
The  ampl i tude  modu lation  sens i ti vi ty at a  speci fi ed  reference frequency shal l  be  measured .  
Measurements  shal l  then  be  taken  at the  other speci fied  frequencies,  g i vi ng  the  change i n  
modu lation  sensi ti vi ty,  usual l y expressed  i n  decibels,  wh ich  shal l  be  wi th in  the  l im i ts  s tated  i n  
the  detai l  speci fication .  

  1 01 0

1 00
distortion  Total

1 01 0

32

++

=
dd

 

4.5.22.5  Pu lse  ampl i tude  modulation  

Osci l lator sha l l  be  connected  to  the  speci fied  load  and  as  shown  i n  F igure  31 .  

A pu lse  generator,  provid ing  a  modu lating  s i gnal  of speci fied  waveform  and  repeti tion  
frequency,  and  wh ich  shal l  not be  harmon ical l y re lated  to  Osci l l ator frequency,  shal l  be  
connected  to  the  modu lation  input  term inal  of Osci l lator.  

Both  th is  s ignal  and  the  ou tput  waveform  of Osci l lator shal l  be  d isplayed  s imu l taneousl y on  
the  osci l l oscope,  wi th  the  peak-to-peak ampl i tude  of the  ou tpu t  waveform  ad justed  to  be  twice  
that of the  modu lating  s i gnal ,  as  shown  i n  F igure  32.  

 

Figure 31  – Test circu i t  to  determine  pu lse  ampl i tude  modulation  
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Figure 32  – Pu lse  modu lation  characteristic  

The fol l owing  parameters  shal l  be  determ ined  and  shal l  be  as  stated  i n  the  detai l  speci fication :  

t1   i s  the  turn-on  time,  the  time in terval  between  the  50  %  value  of the  modu lating  s ignal  
and  the  50  %  value  of the  ou tpu t waveform ,  at  the  l ead ing  edge;  

t2   i s  the  rise  time,  the  time i n terval  between  the  1 0  %  and  90  %  va lues  of the  l ead ing  edge  
of the  ou tpu t waveform  (assum ing  that the  modu lati ng  s ignal  ri se  time i s  neg l ig ib le) ;  

t3   i s  the  tu rn-off time,  the  time i n terval  between  the  50  %  va lue  of the  modu lating  s i gnal  
and  the  50  %  value  of the  ou tpu t waveform ,  at  the  tra i l i ng  edge;  

t4   i s  the  decay time,  the  time i n terval  between  the  90  %  and  1 0  %  values  of the  tra i l i ng  
edge  of the  ou tput waveform  (assum ing  that the  modu lating  s i gnal  fa l l  t ime  i s  neg l i g ible) .  

4.5.22.6  Ampl i tude  modu lation  input impedance  

A s ignal  generator provid ing  a  modu lati ng  s i gnal  at  the  speci fi ed  frequency shal l  be  
connected  to  the  external  modu lation  term inal  of Osci l lator and  to  a  resistance  box through  a  
sh ie l ded  transformer,  as  shown  i n  F igure  33.  The  res istance  box shal l  be  non-reactive  at the  
speci fied  measurement frequency.  

An  osci l loscope  (or su i table  AC  vol tmeter)  shal l  be  connected  so  as  to  measure  e i ther the  
s ignal  l evel  across  the  res istance  box (V1 )  or the  i nput  l evel  of the  modu lati ng  s ignal  to  
Osci l lator (V2) .  

The  s ignal  generator shal l  be  ad j usted  so  that the  vol tage  l evel  of the  modu lati ng  s ignal  at the  
i nput to  Osci l l ator i s  at  the  speci fied  l evel .  

The  modu lation  i npu t impedance  shal l  be  calcu lated  as:  

R
V

V
Z

1

2=
 

and  shal l  be  as  s tated  i n  the  detai l  speci fication .  
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Figure 33  – Test ci rcu i t  for the  determination  of modulation  input impedance  

4.5.22.7  Incidental  frequency modu lation  on  an  ampl i tude modulation  signal  

The ampl i tude  modu lation  shal l  be  ad j usted  to  the  speci fi ed  i ndex,  as  described  i n  4 . 5 . 22 . 1 .  
The  resu l tan t frequency modu lation  deviation  shal l  then  be  measured ,  as  described  i n  
4 . 5. 23. 1 .  The  magn i tude  of the  deviation  of the  i ncidenta l  frequency modu lation  of the  
ampl i tude  modu lated  s ignal  shal l  be  wi th in  the  l im i ts  stated  in  the  deta i l  speci fication .  The  
l im i ting  action  of the  frequency mu l tip l ier(s)  wi l l  remove  most of the  ampl i tude  modu lation  from  
the  s ignal .  However,  care  shal l  be  taken  to  ensure  that the  res idual  a .m .  i s  insufficien t to  
affect the  accuracy of the  frequency modu lation  meter.  

4.5.23  Frequency modu lation  characteristics   

4.5.23. 1  Frequency modu lation  deviation  

Test A shal l  be  used  for a  peak frequency deviation  greater than  1 00  Hz.  

Osci l lator shal l  be  connected  to  the  speci fied  l oad ,  as  shown  in  F igure  34,  wi th  a  modu lating  
s i gnal  of speci fi ed  frequency appl ied  to  i ts  modu lation  i npu t term inal .  

The  peak frequency deviation  of the  ou tput s i gnal  sha l l  be  measured  us ing  an  f.m .  modu lation  
(or deviation)  meter,  and  shal l  be  wi th in  the  l im i ts  as  s tated  in  the  detai l  speci fication .  

When  measuring  very h igh  frequency s ignals  having  a  l ow peak frequency deviation ,  i t  may 
be  necessary to  use  a  l ocal  osci l lator wh ich  i s  phase  l ocked  to  a  source  having  a  l ow 
i nciden tal  f.m .  conten t  ( for example  a  crystal  osci l lator),  i n  order to  reduce  i ts  f.m .  noise  
deviation .  

 

Figure 34 – Test ci rcu i t  for the  measurement of f.m .  deviation  
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NOTE  1  Frequency modu lation  i ndex:  

mf

f∆
β =  

where  

Δf i s  the  actual  peak frequency devi ation ;  

f
m
 i s  the  frequency of the  modu lati ng  s i gnal .  

Test B  shal l  be  used  for a  peak frequency deviation  smal l er than  1 00  Hz.  

Osci l lator shal l  be  connected  to  the  speci fi ed  l oad ,  as  shown  i n  F igure  34,  wi th  the  add i ti on  of 
a  frequency mu l ti p l ier before  the  f.m .  modu lation  meter (see  Note  2).  

A modu lating  s i gnal  of speci fi ed  frequency shal l  be  appl i ed  to  the  modu lation  i npu t term inal  of 
Osci l lator and  the  peak frequency of the  ou tput  s ignal  measured  through  the  frequency 
mu l tip l ier us ing  an  f.m .  modu lation  (or deviation)  meter.  

Hence  

M

f
f mult∆
=∆

 

where  

Δf i s  the  actual  peak frequency deviation ;  

Δf
mu l t

  i s  the  measured  peak deviation ;  

M i s  mu l ti pl ication  factor.  

The  value  obtained  shal l  be  wi th in  the  l im i ts  s tated  i n  the  deta i l  speci fication .  

When  us ing  th is  test  method  i t  shal l  be  necessary to  observe  the  fo l lowing  precautions:  

– when  measuring  very h i gh  frequency s ignals  having  a  l ow peak frequency deviation ,  i t  
may be  necessary to  use  a  l ocal  osci l l ator wh ich  i s  phase  locked  to  a  source  having  a  l ow 
i nciden tal  f.m .  con ten t (for example  a  crystal  osci l lator) ,  i n  order to  reduce i ts  f.m .  noise  
deviation ;  

– most osci l lators  are  in  some measure  susceptib le  to  ripp le  on  the  supply vol tage;  when  
measuring  s i gnals  having  a  smal l  frequency modu lation  i ndex,  great care  shal l  be  taken  to  
ensure  that suppl y vol tage  variations  do  not affect the  measurement of peak frequency 
deviation .  

NOTE  2  Frequency modu lation  i ndex:  

mf

f∆
β =  

where  

Δf  i s  the  actual  peak frequency devi ati on ;  

f
m   i s  the  frequency of the  modu lati ng  s i gnal .  

NOTE  3  I t  can  be  necessary to  use  a  m i xer,  before  and/or after frequency mu l ti pl i cati on ,  to  down -convert  the  
s i gnal  to  bri ng  i t  wi th i n  the  range  of the  frequency modu l ation  meter.  
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4.5.23.2  Frequency modu lation  sensi tivi ty 

Osci l lator shal l  be  connected  to  the  speci fi ed  load ,  as  shown  in  F igure  35.  A s ignal  generator 
provid ing  a  modu lati ng  s i gnal  at  the  speci fied  frequency shal l  be  connected  to  the  modu lation  
i nput  term inal  of Osci l l ator and  i ts  ou tput  set  to  the  speci fied  ampl i tude  as  measured  by the  
osci l l oscope  or r. f.  vo l tmeter.  The  speci fi ed  modu lation  i npu t l evel  shal l  be  such  that the  
speci fied  maximum  perm issib le  peak deviation  of Osci l lator i s  not exceeded .  The  peak 
frequency deviation  of the  ou tput  s ignal  shal l  be  measured  as  described  i n  4 . 5 . 23. 1 ,  tests  A or 
B,  as  appropriate.  

The  frequency modu lation  sensi ti vi ty i s  defined  as :  

p-p

p-p

FM
V

f
S

∆
＝

 

where  

Δfp-p   i s  the  peak-to-peak frequency deviation ;  

Vp-p  i s  the  peak-to-peak modu lati ng  s ignal  vol tage.  

I ts  va lue  shal l  be  wi th in  the  l im i ts  stated  i n  the  deta i l  speci fication .  

NOTE  Th is  method  can  be  u sed  to  d eterm ine  the  immun i ty of an  osci l l ator to  power suppl y l i ne  ri pp le,  etc.  by  
superimposing  the  modu lati ng  s i gnal  on  the  DC suppl y vol tage.  

 

Figure 35 – Test circu i t  for the  measurement of f.m .  sensi tivi ty 

4.5.23.3  Frequency modu lation  d istortion  (non-l ineari ty)  

4.5.23.3. 1  Test A (static test)  

Osci l lator sha l l  be  connected  to  the  speci fi ed  l oad ,  as  shown  i n  F igure  36a,  wi th  a  variable  
vol tage  DC power suppl y connected  to  the  modu lation  input term inal .  Measurements  of 
Osci l lator ou tpu t frequency at the  speci fi ed  DC  modu lation  vol tages  shal l  be  made.  A graph  of 
ou tpu t frequency against control  vol tage  shal l  be  p lotted  and  hence  the  l i neari ty of the  
frequency modu lation  deviation  determ ined .  Th is  sha l l  be  wi th in  the  l im i ts  stated  in  the  detai l  
speci fication .  

4.5.23.3.2  Test B  (dynamic test)  

Osci l lator shal l  be  connected  to  the  speci fied  load ,  as  shown  i n  F igure  36b.  

A s i nusoidal  s ignal ,  at  the  speci fi ed  frequency and  at a  vo l tage  l evel  such  as  to  produce the  
speci fied  modu lation  frequency deviation  (see  4 . 5. 23. 1 ,  tests  A or B,  as  appropriate),  shal l  be  
appl ied  to  the  external  modu lation  term inal  of Osci l lator.  
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The  d istortion  of the  ou tput  s i gnal  from  the  modu lation  detector ( i n  modu lation  meter)  shal l  be  
measured  wi th  a  d istortion  meter.  The  d istortion  shal l  be  wi th in  the  l im i ts  stated  i n  the  detai l  
speci fication .  

When  us ing  th is  test  method ,  i t  sha l l  be  necessary to  observe  the  fol lowing  precautions:  

– i f the  harmon ic  con ten t of the  modu lating  s i gnal  i s  s ign i ficant,  the  resu l ts  obtained  shal l  be  
corrected ,  or fi l teri ng  may be  added  to  the  modu lati ng  s ignal  to  reduce  the  harmon ic 
con ten t;  

– the  d is tortion  in troduced  by the  detector of the  modu lation  meter shal l  be  l ow compared  
wi th  that  of Osci l l ator under test.  

 

a） Static  test  

 

b） Dynamic test  

Figure 36  – Test circu i t  for the  measurement of frequency modu lation  d istortion  

4.5.23.4  Frequency modu lation  frequency response  

Using  the  procedures  described  i n  4 . 5. 23. 2  wi th  a  s inusoida l  modu lating  s i gnal  appl ied ,  the  
frequency modu lation  sens i ti vi ty at a  speci fied  reference frequency shal l  be  measured .  
Measurements  shal l  be  made  at  other speci fied  frequencies  and  the  change  i n  modu lation  
sensi ti vi ty,  usual l y expressed  i n  decibels ,  determ ined .  Th is  change  shal l  be  wi th in  the  l im i ts  
stated  i n  the  deta i l  speci fication .  

4. 5.23.5  Frequency modu lation  i nput impedance  

Th is  test shal l  be  performed  exactl y as  described  i n  4 . 5. 22. 6.  

The  resu l tan t impedance  shal l  be  as  speci fi ed  i n  the  detai l  speci fication .  
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4.5.24  Spurious  response  

The  spurious  response(s)  shal l  be  measured  us ing  the  procedures  exactl y as  described  in  
4. 5. 1 5,  except that the  measuring  system  shal l  be  screened  against any h igh  l evel  s ignals  i n  
the  environment of Osci l l ator under test.  

NOTE  Spurious  response(s)  are,  by defi n i ti on ,  not  harmon i cal l y re lated  to  the  fundamental  frequency and  so  i t  i s  
d i ffi cu l t  to  d i fferen ti ate  between  osci l l ator-generated  spu ri ous  s i gnal s  and  those  wh ich  can  be  p i cked  up  from  the  
operati ng  envi ronment.  Th i s  can  be  checked  by removi ng  the  suppl y vol tage  from  Osci l l ator.  

4.5.25  Phase  noise  

4.5.25. 1  General  

Phase noise  g i ves  rise  to  a  s i deband  d istribu tion  that cons ists  of symmetrical  pai rs  whose  
re lati ve  ampl i tude,  compared  to  the  carrier,  i s  equal  to  hal f the  peak phase  deviation  of that 
component i n  rad ians.  

For the  measurement of phase  noise,  synchronous  s ignals  are  compared  by means  of a  
phase  detector.   

The  ou tpu t of the  phase  detector i s  the  i nstan taneous  vol tage  analog  of the  phase  noise  
con tribu tion .  For the  phase  detector to  be  he ld  to  zero  ou tpu t,  except for the  phase  noise  
con tribu tions,  i t  i s  essentia l  that Osci l l ator under test  (osci l lator 2  i n  F i gure  37)  be  kept in  
quadrature  wi th  the  reference  osci l l ator.  Th is  i s  ach ieved  by us ing  a  DC ampl i fier to  sense  a  
zero  phase  detector ou tput  and  hence drive  the  test osci l l ator to  phase  quadrature.  

The  ou tpu t phase  noise  i s  mon i tored  wi th  a  l ow frequency wave anal yzer.  The  noise  
measured  by the  wave  anal yzer wi l l  be  r.m .s.  noise  ( i t  may be  necessary to  perform  a  
conversion  for average/r.m .s. )  i n  both  s i debands;  th is  may be  converted  to  a  s ing le-s ideband  
phase  noise  by subtracting  6  dB.  

I deal l y,  the  reference  osci l lator (osci l lator 1  i n  F i gu re  37)  shou ld  have  a  very l ow noise  
con tribu tion .  I t  frequentl y occurs  that both  osci l lators  are  of s im i lar type;  i f th is  i s  so,  i t  may be  
assumed  that both  osci l l ators  have  equal  no ise  con tribu tions,  that  i s  the  s i gnal -to-phase  noise  
ratio  wi l l  be  degraded  by 3  dB  for s im i lar osci l l ators.  An  appropriate  a l l owance  shou ld  be  
made  when  calcu lati ng  the  resu l ts.  

 

Figure 37  – Test circu i t  for the  measurement of s ing le-sideband  phase noise  

4.5.25.2  Procedure  

The ci rcu i t  sha l l  be  connected  as  shown  i n  F igure  37.  The  feed-back l oop  from  the  phase  
detector shal l  be  arranged  such  that osci l l ator 1  and  osci l l ator 2  may be  phase-locked  i n  
quadrature.  The  wave  anal yzer shal l  be  set to  the  speci fied  resolu tion  bandwid th  (frequency 
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1  H z)  and  the  i n tegrator time constant to  1  s ,  un less  otherwise  stated  i n  the  deta i l  
speci fication .  

Swi tch  1  shal l  be  opened  and  a  d i fference frequency wi l l  be  establ ished  between  osci l lator 1  
and  osci l l ator 2 .  The  wave analyzer shal l  be  ad j usted  to  the  d i fference frequency and  the  
scale  of the  X-Y recorder ca l i brated  by means  of the  attenuator i n  the  reg ion  –60  dB  to  –
80  dB  (h igh  attenuation  to  prevent overload ing  of the  l ow-noise  ampl i fi er) .  

Swi tch  1  shal l  then  be  closed .  Osci l l ators  1  and  2  are  phase  locked  i n  quadrature.  The  
attenuator shal l  be  set  to  –1 0  dB,  un less  otherwise  stated  in  the  detai l  speci fication ,  and  the  
wave anal yzer tracked  i n  frequency over the  speci fi ed  range  of offset frequencies  over wh ich  
the  phase  noise  is  to  be  measured .  

4.5.25.3  Precautions  

The  response  time  of the  frequency-con trol  l oop  shal l  be  very l ong  compared  wi th  the  period  
of the  lowest  s ideband  noise  to  be  measured .  For example,  a  1 0  s  response  time (or 0 , 1  Hz 
cu t-off frequency)  wou ld  be  i nd icated  i n  order to  measure  phase  noise  s i debands  at  1  H z.  
With in  the  pass-band  of the  locking  loop,  the  ou tput s ignal  i s  proportional  to  frequency noise;  
far ou ts ide  the  l ocking- loop  pass-band ,  the  ou tpu t  s ignal  i s  proportional  to  phase  noise,  bu t i n  
the  transi tion  reg ion ,  the  s i tuation  i s  somewhat compl icated .   

General  precautions  pertain ing  to  the  use  of narrow-band  tuned  detectors  shal l  be  fol l owed ;  i n  
particu lar,  the  tun ing  rate  (Hz/s)  sha l l  be  smal l  compared  wi th  the  detector bandwid th  (Hz)  
and  the  post-detector i n tegration  time shal l  be  l ong  compared  wi th  the  i nverse  detector 
bandwid th .  

For example,  wi th  a  1 0  Hz detector pass-band ,  the  tun ing  (or s l ew)  rate  shou ld  be  no  greater 
than  1  Hz/s ,  and  an  i n tegration  time of at  l east  1  s  shou ld  be  used .  

NOTE  The  l im i t  of reso lu ti on  of th i s  measurement system  i s  determ ined  by the  m in imum  bandwid th  of the  wave  
anal yzer.  I n  th i s  case,  spectral  components  havi ng  a  Fouri er frequency l ower than  the  anal yzer bandwi d th  cannot  
be  measured .  

I t  i s  assumed  that the  noise  contribution  from  the  phase  l ocked  l oop  i s  smal l  compared  wi th  
Osci l lator contribution .  An  a l ternative  ci rcu i t  arrangement is  to  manufacture  the  two  osci l l ators  
wi th ,  for example,  a  4 , 5  kHz frequency separation  and  then  to  exam ine  (wi th  the  wave  
anal yzer)  the  noise  d istribu tion  around  the  4, 5  kHz outpu t from  a  m ixer,  wh ich  shou ld  be  used  
i n  p l ace  of the  phase  detector.  I n  th is  arrangement,  a  band-pass  fi l ter (cen tered  on  the  
d i fference  frequency)  shou ld  be  used  i nstead  of the  l ow-pass  fi l ter.  The  d isadvantage  of th is  
system  is  that i t  has  an  i nheren tl y l ower s tabi l i ty and ,  i n  general ,  i t  wi l l  not be  poss ib le  to  use  
such  low resolu tion  bandwid ths.  

4.5.26  Phase  noise  – vibration  

Using  the  procedure  described  in  4 . 5 . 25,  the  phase  noise  shal l  be  measured  wi th  Osci l l ator 
operating  wh i lst being  subj ected  to  vibration ,  as  described  in  4 . 6 . 7. 2  (s inusoidal )  or 4 . 6 . 7 . 4  
(random).  

The  phase  noise  (vibration)  shal l  be  as  speci fi ed  i n  the  detai l  speci fication .  

4.5.27  Phase  noise  – acoustic  

Using  the  procedure  described  in  4 . 5 . 25,  the  phase  noise  shal l  be  measured  wi th  Osci l l ator 
operating  wh i lst  be ing  subjected  to  acoustic noise,  as  requ i red  by 4 . 6. 1 2 .  
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4.5.28  Noise pedestal  

4.5.28. 1  General  

The noise  pedesta l  refers  to  the  re lative  l evel  of Osci l l ator frequency and  the  far-out  noise  
l evel  from  Osci l lator.  

The  graph  i n  F igure  38  shows  a  typ ical  spectrum  as  obta ined  from  a  crystal  osci l l ator as  
d isplayed  on  a  spectrum  anal yzer.  Subclause  4. 5. 25  re lates  to  the  measurement of the  noise  
con tribu tion  close  to  Osci l lator frequency,  wh i le  th is  test re lates  to  the  far-ou t con tribu tion ,  
usual l y expressed  i n  decibels ,  below Osci l lator frequency.  

 

Figure  38  – Typical  noise  pedestal  spectrum  

4.5.28.2  Procedure  

Osci l lator shal l  be  connected  to  the  speci fi ed  load  and  spectrum  anal yzer of speci fied  
resolu tion  bandwid th ,  as  shown  i n  F igure  1 9.  

From  the  ou tput spectrum  of Osci l l ator d isp layed  on  the  spectrum  anal yzer,  the  noise  
pedesta l  shal l  be  measured  from  the  noise  base  l i ne  where  i t  reaches  asymptotic  l evel ,  or at  a  
speci fied  frequency (fd) .  

The  measurement frequency (fd )  or separation  from  Osci l lator frequency (fc  – fd ) ,  i f a  speci fic 

frequency offset i s  re levant,  shal l  be  speci fi ed  in  the  detai l  speci fication .  

The  mean  l evel  of the  noise  shou ld  be  taken  as  the  base  l ine.  Th is  can  be  eas i l y assessed  i f 
the  spectrum  anal yzer i ncorporates  a  video  fi l ter wh ich  can  be  set for a  l ong  time constan t,  for 
example  to  a  1 0  Hz l ow-pass  bandwid th .  

4.5.28.3  Precautions  

The fol l owing  precautions  shal l  be  observed :  

– care  shal l  be  taken  to  ensure  that the  noise  con tribu tion  of the  spectrum  analyzer does  not 
degrade  the  measurement of noise  pedestal ;  th i s  can  be  checked  by chang ing  the  i nput 
attenuator setti ng  of the  spectrum  anal yzer.  Th is  shou ld  not change  the  value  of N (see  

F igu re  38) ,  bu t  rather reduce  both  Osci l l ator frequency l evel  and  the  l evel  of the  far ou t 
noise.  Spectrum  anal yzer noise  wi l l  l im i t the  appl i cabi l i ty of th is  test to  osci l lators  having  a  
noise  pedestal  of about  70  dB  to  90  dB  (depend ing  on  the  spectrum  anal yzer)  or worse;  

– shou ld  the  noise  pedestal  be  be low the  threshold  l evel  of the  spectrum  anal yzer,  the  
method  described  i n  4 . 5 . 25  may be  used  to  obta in  an  estimate  of the  noise  pedestal ;  th is  
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i s  perfectl y va l i d  because,  at l ow l evels,  the  major contribu tion  to  the  overal l  noise  resu l ts  
from  frequency or phase  effects.  

4.5.29  Spectral  puri ty  

4.5.29. 1  General  

Out-band  noise  refers  to  the  re lati ve  l evel  of the  noise  of frequencies  far from  Osci l lator 
frequency,  i ncl ud ing  d iscrete  harmon ic  or spurious  s i ng le  frequency tones,  to  the  l evel  of 
Osci l lator frequency.  

Subclause  4 . 5 . 25  deals  wi th  the  measurement of phase  noise  i n  the  enhancement reg ion  near 
(wi th in  several  bandwid ths)  Osci l lator frequency,  wh i l e  Subclause  4 . 5. 25  refers  to  the  fl at  
add i ti ve  noise  reg ion  extend ing  from  several  ki lohertz to  as  much  as  several  megahertz away 
from  Osci l l ator frequency.  

4.5.29.2  Procedure  

Osci l lator shal l  be  connected  as  shown  i n  F igure  1 9  and  the  spectrum  anal yzer ad justed  to  
d isplay the  speci fied  frequency range.  The  level  of the  noise  pedestal  may be  determ ined  
d i rectl y from  the  spectrum  anal yzer d isplay ( i n  decibels),  wi th  appropriate  correction  for the  
anal yzer bandwid th  (that i s  1 0  dB  per decade  bandwid th)  i n  order to  reduce  the  data  to  a  1  Hz  
bas is .  

4.5.29.3  Precautions  

Care  shal l  be  taken  to  ensure  that the  noise  con tribution  of the  spectrum  anal yzer does  not  
degrade  the  measurement.  Th is  can  be  checked  by i nserting  a  variable  attenuator between  
Osci l lator and  the  spectrum  anal yzer,  and  ensuring  that both  carrier and  noise  l evels  respond  
equal l y to  attenuator setti ng .  

I n  many cases,  the  s ignal -to-wideband  noise  ratio  of crysta l  control led  osci l lators  wi l l  g reatl y 
exceed  the  d ynam ic range  of avai l ab le  spectrum  anal yzers ;  i n  th i s  case,  i t  wi l l  be  necessary 
to  use  a  narrow-band  e l im ination  fi l ter to  attenuate  the  carrier to  some known  amount ( that i s  
80  dB  or 90  dB)  i n  order to  avoid  satu ration  of the  anal yzer.  Al ternative l y,  some demodu lation  
scheme may be  used ,  such  as  the  narrow-band  phase  l ocked  l oop  of 4 . 5 . 25,  to  remove  the  
carrier effecti ve l y.  

S ince  the  add i ti ve  noise  l evel  from  a  crysta l  con trol led  osci l lator can  be  comparable  to  the  
thermal  noise  generated  by the  load  impedance  i tsel f,  g reat  care  is  recommended  i n  the  
selection  of any ampl i fi er or s ignal  process ing  equ ipment used  i n  i ts  measurement.  

4.5.30  Incidental  frequency modulation  

Osci l lator i s  connected  as  shown  in  F igure  39  and  a l l owed  to  s tabi l i ze.  The  frequency 
d iscrim inator shal l  provide  a  l i near characteristi c over a  sufficien tl y wide  band  to  prevent  
d istortion  of base-band  spectral  components  i n  the  speci fied  frequency range.  The  inciden tal  
f.m .  spectrum  wi l l  be  obta ined  d i rectl y on  the  X – Y recorder and  shal l  be  wi th in  the  l im i ts  
stated  i n  the  detai l  speci fication .  

I f i t  i s  speci fi ed  to  determ ine  the  total  f.m .  s i gnal  i n  a  particu lar base-band  reg ion ,  a  su i table  
band-pass  fi l ter and  r.m . s.  vol tmeter may be  substi tu ted  for the  wave anal yzer and  X –  Y 
recorder.  I n  e i ther case,  i t  sha l l  be  necessary to  determ ine  the  d iscrim inator characteristic  
(vol ts/hertz deviation)  i n  order to  establ ish  the  cal i bration  system .  

I t  shal l  be  necessary to  take  in to  cons ideration  the  fol l owing  precaution .  

The  i nciden ta l  f.m .  of h igh-qual i ty crystal  control led  osci l lators  is  commonl y very smal l ,  
especial l y at  low base-band  frequencies,  requ i ri ng  carefu l  se lection  of l ow-noise  
d iscrim inators  and  video ampl i fiers.  Post-detection  i n tegration  time and  wave anal yzer 



 – 44  – I EC 62884-1 : 201 7    I EC  201 7  

scann ing  rate  shal l  be  ad justed  to  be  compatib le  wi th  the  wave anal yzer bandwid th ,  in  order 
to  ensure  accurate  measurement of d iscrete  f.m .  tones,  such  as  those  produced  by power 
supply ripple  vol tage,  etc.  

 

Figure 39  – Test ci rcu i t  for the  measurement of incidental  frequency modulation  

4.5.31  RMS fractional  frequency fluctuations  

4.5.31 . 1  Procedure  

I n  pri ncip le ,  t ime  domain  stabi l i ty measurements  are  made  wi th  respect to  a  reference  source  
having  much  better s tabi l i ty than  the  un i t under test.  

I n  general  practice,  however,  comparisons  are  commonl y made  between  two osci l l ators  of 
s im i l ar des ign ,  and  i t  i s  usual l y assumed  that the  probabi l i ty dens i ti es  and  d istribution  
functions  of thei r random  noise  processes  are  nearl y the  same.  S ince  the  noise  processes  
combine  on  a  power bas is,  the  fractional  frequency fl uctuations  between  the  two  s im i l ar 

osci l l ators  shal l  be  d i vi ded  by 2  to  arri ve  at an  estimate  of the  fl uctuation  due  to  one  of 

Osci l lator a lone.  Th is  i s  reflected  i n  the  formu lae  derived  for each  of the  two  methods :  

•  Method  1  – Two  osci l l ators  having  exactl y the  same mean  frequency.  

The  two osci l l ators  shal l  be  connected  as  shown  i n  F igure  40 .  
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NOTE  Phase  comparators  are  often  sensi ti ve  to  both  phase  and  ampl i tude  deviati ons.  I n  order to  m in im ize  
sensi ti vi ty to  ampl i tude,  i t  i s  normal  practi ce  to  use  a  doubl e-balanced  m ixer as  a  quad ratu re  detector.  

Figure 40  – Test circu i t  for method  1  

I n  the  case  of method  1 ,  the  phase  comparator produces  an  analog  s i gnal  wh ich  is  d i rectl y 
proportional  to  the  i nstantaneous  phase  fl uctuations  between  the  two  osci l lator s ignals  (for 
Fourier frequencies  below the  cu t-off of the  l ow-pass  fi l ter).  Th is  s ignal  may be  exam ined  by 
analog  methods  (such  as  con tinuous  strip-chart recorder,  r.m .s.  vol tmeter or spectrum  
anal yzer),  or i t  can  be  exam ined  by time domain  methods  us ing  a  sampl i ng  type  A/D  
converter wi th  a  control led  sample  averag ing  time t ,  and  the  repeti ti ve  sampled  
measurements  s tored  for anal ys is  by a  computer.  Us ing  th is  method ,  there  i s  no  dead  time 
i n troduced  i n  the  measurement system ,  and  the  r.m .s.  fractional  frequency fluctuation  is :  
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where  

M i s  the  number of repeti ti ve  measurements;  

t   i s  the  sample  averag ing  time.  

I f,  i n  fact,  the  reference  osci l l ator used  has  much  better stabi l i ty than  the  un i t  under test,  then  
a l l  of the  frequency fl uctuations  can  be  attribu ted  to  the  un i t  under test and  the  equation  

above shou ld  be  mu l tip l i ed  by 2 .  

•  Method  2  – Two  osci l l ators  having  s l i gh tl y d i fferen t frequencies.  

The  two osci l l ators  shal l  be  connected  as  shown  i n  F igure  41 .  

I n  th is  case,  the  two osci l lators  be ing  compared  are  usual l y made to  be  essential l y 
i dentical ,  except that  one  of the  con trol l i ng  crystals  i s  ad justed  to  a  s l igh tl y d i fferent 
frequency.  Therefore,  the  ou tput of the  m ixer wi l l  have  a  s inusoidal  waveform  whose  
frequency i s  the  d i fference  between  the  two  osci l lator frequencies.  Th is  i s  commonl y 
chosen  to  be  somewhere  i n  the  range  from  1 00  Hz to  1 0  kHz.  I t  i s  assumed  that the  smal l  
d i fference  in  crysta l  u n i t ad j ustment wi l l  not  s i gn i ficantl y i n fluence  the  random  noise  
characteristics  of Osci l l ator.  
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NOTE  Posi ti on  X or Y can  be  used  to  obtain  the  Al l an  variance  and  devi ation .  X a l l ows  determ ination  of the  
standard  deviation  as  wel l .  

Figure 41  – Test circu i t  for method  2  

The speci fied  number of measurements  M of the  period  of the  beat frequency is  made,  us ing  
the  speci fied  averag ing  time τ (τ shou ld  be  an  i n tegra l  number of periods  of the  beat  
frequency) .  The  i n terval  between  successive  measurements  T wi l l  usual l y be  at l east one  
period  of the  beat  frequency l onger than  the  sample  averag ing  time  τ  and  may be  two or more  

periods  greater depend ing  upon  the  beat  frequency and  the  recycl i ng  time  of the  coun ter-data  
acqu is i tion  system .  The  fractional  frequency fl uctuation  is :  
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where  

t  i s  the  sample  averag ing  time;  

B2(r,μ)  i s  the  correction  factor for dead  time;  

T i s  the  sampl i ng  period ;  

t
γ

T
=

 i s  the  ratio  of sampl i ng  period  to  sample  averag ing  time;  

Fk,  Fk+1  are  the  success ive  measurements  of the  beat frequency averaged  for sample  time 
τ,  as  described  above.  

As  for method  1  above,  i f the  reference  osci l lator has  much  better s tabi l i ty than  the  un i t under 
test,  a l l  of the  frequency fluctuations  can  be  attribu ted  to  the  un i t  under test and  the  value  

above  shou ld  be  mu l tip l i ed  by 2 .  

4.5.31 .2  Modification  of methods  1  and  2  

I n  specia l  i nstances  (for example  i f on l y very short averag ing  times  are  of i n terest) ,  a  narrow-
band  crysta l  fi l ter may be  inserted  between  the  reference osci l l ator and  the  m ixer or phase  
comparator,  as  shown  in  F igu re  42.  For averag ing  times  τ  much  less  than  the  reciprocal  of the  
fi l ter bandwid th ,  th is  mod i fication  can  remove  the  noise  s i debands  from  the  reference  s ignal ,  
so  that on l y the  frequency fl uctuations  of the  un i t  under test  wi l l  be  observed .  To  be  effecti ve,  
however,  the  crystal  fi l ter i tsel f sha l l  be  free  from  excess  noise,  protected  from  mechan ica l  
d isturbances  and  maintained  at constan t temperature.  
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Figure 42  – Ci rcu i t  mod ifications  for methods  1  and  2  

4.5.31 .3  Precautions  

The short-term  frequency stabi l i ty of Osci l l ator i s  a  very sens i ti ve  measure  of the  spectral  
puri ty and ,  as  such ,  shou ld  be  performed  under con trol led  cond i ti ons.  For h igh  orders  of 
stabi l i ty,  screened  enclosures  shou ld  be  used ,  the  record ing  apparatus  being  ou ts ide  th e  
enclosure.  

4.5.31 .4  Resu l ts  

The short-term  frequency stabi l i ty of Osci l l ator shal l  be  g i ven  in  a  graph ical  form .  An  example  
is  g i ven  in  F igure  43.  

IEC  

Osci l l ator 1  Narrow-band  
Crystal  fi l ter 

Phase  
comparator 
or m ixer 

Measuri ng  
system  

Osci l l ator 2  



 – 48  – I EC 62884-1 : 201 7    I EC  201 7  

 

Figure 43  – Time-domain  short-term  frequency stabi l i ty  
of a  typical  5  MHz precision  osci l l ator 

4.5.32  Electromagnetic  i n terference  (rad iated)  

4.5.32. 1  General  

Th is  method  shal l  be  used ,  un less  otherwise  speci fied  by national  regu lations.  

The  test arrangements  shal l  be  as  described  i n  F igures  44a)  and  44b).  
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NOTE  Stabi l i zi ng  network to  be  bonded  to  the  g round  p l ane.  

a)  – Typical  arrangement for rad iated  i n terference tests,  30  MHz and  above  

 

NOTE  Stabi l i zi ng  network to  be  bonded  to  the  g round  p l ane.  

b)  – Typi cal  arrangement for rad iated  i n terference  tests,  below 30  MHz 

Figure 44 – Radiated  in terference  tests  
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4.5.32.2  Test condi tions  

For tests  of rad iated  in terference,  i t  i s  essentia l  that the  test shou ld  be  made i n  a  screened  
room  having  d imensions  not l ess  than  2 , 4  m  h i gh ,  2 , 1  m  wide,  and  4, 6  m  l ong .  

I deal l y,  the  tests  for rad iated  in terference shou ld  be  made i n  a  screened  room  having  
adequate  fi l ters  in  a l l  i ncom ing  suppl y l i nes.  I f th is  i s  impracticable,  precau tions  shou ld  be  
taken  to  ensure  that the  resu l ts  are  not affected  by noise  vol tages  and  fi e l ds  other than  those  
due  to  Osci l l ator under test.  Th is  wi l l  i nvolve  the  use  of add i tional  fi l ters  i n  the  supply and/or 
l oad  ci rcu i ts .  

Osci l lator under test shou ld  be  mounted  on  the  ground  p lane.  The  ground  p lane  shal l  be  
bonded  to  the  screened  room  at poin ts  not more  than  0 , 9  m  apart,  and  at  the  ends  of the  
ground  p lane.  

The  l eads  from  Osci l l ator under test to  the  l i ne  impedance  stabi l i zi ng  network shal l  be  
61 0  mm  in  l eng th ,  and  shal l  be  screened  or unscreened ,  as  shown  in  the  appropriate  fi gu re.  
The  stabi l i zi ng  networks  i n  the  l i nes  not being  measured  shal l  be  term inated  by 50  Ω non -
reactive  res istors.  

The  impedance characteristics  of the  stabi l i zi ng  network shal l  be  wi th in  the  l im i ts  of F i gure  45.  
One  practical  method  of atta in ing  th is  impedance  i s  shown  i n  F igure  46.  

 

Figure  45  – Characteristics  of l ine  impedance of stabi l izing  network 
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Coi l  characteri sti cs:  

5μH ,  1 0  tu rns ,  5 , 89  mm  (0 , 232  i n )  4  SWG 1  wound  on  51 , 0  mm(2  i n )  d i ameter former.  

Figure 46  – Ci rcu i t  d iagram  of l ine  impedance of stabi l izing  network 

4.5.32.3  Procedure  

Osci l lator shal l  be  set up  i n  a  screened  room  and  wi th  a  measuring  system  as  described  
above.  

The  measurements  shal l  be  made  under the  l oad  cond i tions  producing  the  worst operating  
cond i ti ons  from  the  poin t  of view of rad io  i n terference.  

A vertical  rod  aeria l  of 1  01 6  mm  ±  25  mm  long  shal l  be  used  at frequencies  below 30  MHz.  I t  
sha l l  be  l ocated  at  the  poin t  where  maximum  in terference  i s  obtained  when  i t  i s  moved  a long  
a  l i ne  paral l e l  to  the  fron t edge  of the  ground  p lane.  At 30  MHz and  above,  a  hori zontal  d ipole  
aeria l  shal l  be  used ;  over the  frequency range  30  MHz to  50  MHz,  a  50  MHz d ipole  shal l  be  
used  and  above 50  MHz a  resonant d ipole  shal l  be  used .  I t  shal l  be  p laced  para l le l  to  the  
front  edge  of the  g round  p lane.  I ts  height sha l l  be  305  mm  ±  25  mm  above the  l evel  of the  
g round  p lane  and  i ts  cen ter shal l  be  ad j acen t to  the  geometrica l  cen ter of the  un i t  under test.  
The  rod  or the  d ipole  aerial  sha l l  be  l ocated  508  mm  from  the  nearest poin t  on  the  surface  of 
Osci l lator under test.  When  the  length  of the  d ipole  i s  l ess  than  that of the  test l ayou t,  i t  shal l  
be  moved  para l l e l  to  the  edge  of the  ground  p lane  to  the  poin t of maximum  response.  

4.5.32.4  Measuring  sets  

Measuring  sets  having  faci l i ties  for the  measurement of peak values  and  having  bandwid ths  
wi th in  the  l im i ts  shown  i n  Table  1  are  preferred  for measurements  speci fi ed  i n  th is  s tandard .  
Measuring  sets  having  other bandwid ths  are  acceptable,  when  su i table  correlation  factors  are  
used .  

___________ 

1  Bri ti sh  s tandard  wi re  gauge.  

IEC  

To measuring  set  

To  equ ipment  To  suppl y  

or l oad  

0 , 05  μF  

1 00  Ω  

1 00  Ω  

0 , 05  μF  

1 00  Ω  

1
0
 Ω

 

1
0
 Ω

 

0 ,25μF  

33pF  
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Table  1  – Measuring  sets  bandwidth  

Frequency range  

MHz 

Bandwidths  l im i ts,  

at  –6  dB  

0, 05  to  0 , 1 5  

0 , 1 5  to  30  

30  to  300  

300  to  1  000  

200  Hz ±  1 00  Hz  

9  kHz ±  1  kHz  

1 50  kHz ±  50  kHz  

1 50  kHz ±  50  kHz  

 

Al l  vol tages  measured  shal l  be  referred  to  50  Ω .  

I f the  i nput impedance of the  measuring  set  d i ffers  from  th is  value,  a  su i table  match ing  
network shal l  be  used  and  the  appropriate  correction  factor appl ied .  

When  a  measuring  set has  a  quasi -peak vol tmeter on l y,  i t  wi l l  need  to  be  mod i fied  to  read  
peak vol tages.  

As  the  impu lse  bandwid th  of measuring  sets  normal l y d i ffers  from  1  kHz,  appropriate  
correction  factor shal l  be  appl ied  on  a  l i near bas is .  

I n  a l l  cases,  the  measuring  set shal l  be  tuned  for a  maximum  response to  the  i n terfering  
s i gnal .  

4.6  Mechan ical  and  environmental  test procedures  

4.6. 1  Robustness  of terminations  (destructive)  

4.6. 1 . 1  Tensi le  and  thrust tests  on  terminations  

The tests  shal l  be  performed  in  accordance  wi th  test  Ua 1  ( tens i l e)  and  test  Ua2  ( thrust)  of 
I EC 60068-2-21 .  

Un less  otherwise  stated  i n  the  detai l  speci fication ,  the  values  of tens i le  force  shal l  be  as  g i ven  
i n  Table  2  below and  the  values  of thrust  force  shal l  be  as  g i ven  i n  Table  3  below.  

Table  2  – Tensi le  force  

Nominal  cross-sectional  areaa)  

mm 2  

Correspond ing  d iameter 
for ci rcu lar-section  wi res  

mm 

Force wi th  tolerance  of ±1 0  %  

N  

0, 1  <  s  ≤  0 , 2  

0 , 2  <  s  ≤  0 , 5  

0 , 5  <  s  ≤  1 , 2  

0 , 35  <  d  ≤  0 , 5  

0 , 5  <  d  ≤  0 , 8  

0 , 8  <  d  ≤  1 , 25  

5  

1 0  

20  

a)  For ci rcu l ar-section  wi res,  s tri ps  or p i ns：  

 the  nom inal  cross-sectiona l  area  i s  equal  to  the  val ue  calcu l ated  from  the  nom inal  d imension(s )  g i ven  i n  the  
re l evant  speci fi cati on .  

 For s tranded  wi res:  

 the  nom inal  cross-sectional  area  i s  obtained  by taking  the  sum  of the  cross-sectional  areas  of the  i nd ivi dua l  
s trands  of the  conductor speci fi ed  i n  the  re levant speci fi cati on .  
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Table  3  – Thrust  force  

Nominal  cross-sectional  areaa)  

mm 2  

Corresponding  d iameter  
for ci rcu lar-section  wi res  

mm 

Force  wi th  tolerance of ±1 0  ％  

N  

0 , 1  <  s  ≤  0 , 2  

0 , 2  <  s  ≤  0 , 5  

0 , 5  <  s  ≤  1 , 2  

0 , 35  <  d  ≤  0 , 5  

0 , 5  <  d  ≤  0 , 8  

0 , 8  <  d  ≤  1 , 25  

1  

2  

4  

a)   For ci rcu l ar-section  wi res,  s tri ps  or p i ns：  

 the  nom inal  cross-sectional  area  i s  equal  to  the  val ue  calcu l ated  from  the  nom inal  d imension(s )  g i ven  i n  the  
rel evant speci fi cati on .  

 

4.6. 1 .2  Flexibi l i ty of wi re  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  detai l  speci fication ,  the  l oad  shal l  be  so  restricted  that the  
bend  s tarts  2 , 5  mm  ±0,5  mm  from  the  body of Osci l lator,  the  number of bends  shal l  be  three,  
and  the  load ing  mass  and  the  values  of bend ing  force  shal l  be  as  g i ven  in  Table  4 .  

Table  4 – Bending  force  

Section  modu lus  

mm 3  

Diameter of corresponding  round  
l eads  

mm 

Force  wi th  tolerance of ±1 0％  

N  

4, 2  ×  1 0–3  <  Zx ≲  1 , 2  ×  1 0–2  

1 , 2  ×  1 0–2  <  Zx ≲  0 , 5  ×  1 0–1  

0 , 5  ×  1 0–1  <  Zx ≲  1 , 9  ×  1 0–1  

0 , 35  <  d  ≲  0 , 5  

0 , 5  <  d  ≲  0 , 8  

0 , 8  <  d  ≲  1 , 25  

2 , 5  

5  

1 0  

NOTE  1  For round  term inations,  the  section  modu lus  i s  g i ven  by the  fol l owi ng  formu la:  

32

3d
ZX

π
=

 

where  

d  i s  the  l ead  d iameter;  

Zx i s  the  section  modu lus.  

For s tri p  term inations,  the  section  modu l us  i s  g i ven  by the  fol l owing  formu la:  

6

2ba
ZX =

 

where  

a  i s  the  th ickness  of the  rectangu lar s tri p  perpend icu l ar to  bend ing  axi s ;  

b  i s  the  other d imension  of the  rectangu l ar s tri p;  

Zx i s  the  section  modu lus.  

NOTE  2  The  section  modu l us  i s  defi ned  i n  3 -21  of I SO  80000-4: 2006  and  the  deri vation  of the  above  formu lae  
can  be  found  i n  s tandard  textbooks  on  mechan ical  eng ineeri ng .  

 

4.6. 1 .3  Torque  test  on  mounting  studs  

The test shal l  be  performed  in  accordance  wi th  test Ud  ( torque)  of I EC  60068-2-21 .  

Un less  otherwise  s tated  i n  the  detai l  speci fication ,  the  value  of the  torque  force  to  be  appl i ed  
is  g i ven  in  Table  5 .  
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Table  5  – Torque force  

Nominal  thread  d iameter 

mm 
2 , 6  3 , 0  3 , 5  4 , 0  5, 0  6 , 0  

Torque  

Nm  

Severi ty 2  

0 , 2  0 , 25  0 , 4  0 , 6  1 , 0  1 , 25  

 

4.6.2  Seal ing  test (non-destructive)  

4.6.2 . 1  Gross  leak test  

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

Method  1 :  

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

During  the  test,  there  shal l  be  no  evidence  of l eakage  of gas  or a i r from  the  i ns ide  of 
Osci l lator.  The  con ti nuous  formation  of bubbles  shal l  be  evi dence  of l eakage.  

4.6.2 .2  Fine leak test  

The test sha l l  be  performed  i n  accordance wi th  6 . 4,  test method  1  of test Qk of 
IEC 60068-2-1 7: 1 994.  Un less  otherwise  s tated  in  the  detai l  speci fication ,  the  pressure  i n  the  
pressure  vessel  sha l l  be  200  kPa  (2  bar) .  

The  maximum  leak rate  shal l  not exceed  the  va lue  speci fi ed  i n  3 . 3 . 6  of I EC 60679-1 : 201 7,  
un less  otherwise  stated  i n  the  detai l  speci fication .  

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

4.6.3. 1  Solderabi l i ty 

Test A ( l ead  term inations):  

Th is  test shal l  be  performed  i n  accordance wi th  method  1  of test Ta  of I EC  60068-2-20.  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.  

Test B  (surface  mounted  devices)  solder bath  method :  

Th is  test sha l l  be  performed  i n  accordance wi th  method  1 :  Solder bath  of Td 1  of 
I EC 60068-2-58.  The  immersion  time shal l  be  3  s  ±  0 , 3  s  a t a  temperature  of 245  °C  ±  5  °C  
wh ich  is  used  by l ead-free  solder a l l oys  (e. g .  Sn96, 5Ag3,0Cu0,5) ,  un less  otherwise  speci fied  
i n  the  detai l  speci fication .  The  term inations  shal l  be  exam ined  for good  wetti ng  of the  
term inations.  
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Test C  (surface  mounted  devices)  reflow method :  

Th is  test  shal l  be  performed  i n  accordance  wi th  method  2 :  Reflow of Td 1  of I EC 60068-2-58.  
The  reflow temperature  profi le  shal l  be  as  i l l ustrated  in  F igure  47  and  Table  6  wh ich  i s  used  
by l ead-free  solder a l l oys  (e. g .  Sn96, 5Ag3,0Cu0, 5),  un less  otherwise  speci fi ed  i n  the  deta i l  
speci fication .  The  term inations  shal l  be  exam ined  for good  wetti ng  of the  term inations.  

 

Key 

T
1
 M i n imum  preheati ng  temperatu re  

T
2
 Maximum  preheati ng  temperature  

T
3
 L i qu idus  temperatu re  

T
4
 Peak temperatu re  

t
1
 Preheati ng  du rati on  

t
2
 Time  above  l i q u idus  temperatu re  

t
3
 Time  above  (T

4
 -5°C)  

t
4
 Time  to  T

4
 

a  The  temperature  g rad ien t  of the  i ncreasing  s l ope  shal l  n ot  exceed  3  K/s.  

b  Preheat  area  

c  The  temperature  g rad ien t  of the  decreas ing  s l ope  shal l  not  exceed  6  K/s .  

Figure 47  – Reflow temperature  profi l e  for solderabi l i ty  

Table  6  – Solderabi l i ty – Test condi tion ,  reflow method  

Solder al loy 
T

1
 

°C 

T
2
 

°C 

t
1
 

s  

T
3
 

°C 

t
2
 

s  

T
4
a  

°C  

t
3
b  

s  

Sn96, 5Ag3, 0Cu0, 5  1 50  1 80  60  to  1 20  21 7  40  ±  5  235  1 0  

a  The  peak temperature  (T
4
)  i s  defi ned  as  m in imum  for acceptance  testi ng  and  maximum  for qua l i fi cation  

testi ng .  

b  Time  above  (T
4
 –  5°C)  i s  d efi ned  as  m in imum  for acceptance  testi ng  and  maximum  for qual i fi cation  testi ng .  

 

4.6.3.2  Resistance  to  soldering  heat  

Test A ( l ead  term inations):  

IEC  

T4  

a  

Time 

t4  

T3  

T2  

T1  

b  

c  

T
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T4  –  5°C  
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t3  
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Th is  test shal l  be  performed  i n  accordance wi th  method  1  of test Tb  of I EC  60068-2-20.  The  
immersion  time  shal l  be  5  s  ±  0 , 5  s,  un less  otherwise  speci fi ed  i n  the  deta i l  speci fication .  A 
screen  of thermal l y i nsu lati ng  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  from  the  emergence of the  term inations  from  the  body,  un less  otherwise  
speci fied  i n  the  deta i l  speci fication .  

Test B  (surface  mounted  devices)  solder bath  method :  

Th is  test shal l  be  performed  i n  accordance wi th  method  1 :  Solder bath  of Td2  of 
I EC 60068-2-58.  The  immersion  time shal l  be  1 0  s  ±  1  s  or 5  s  ±  1  s  at a  temperature  of 
260  °C  ±  5  °C  which  i s  used  by lead-free  solder a l l oys  (e. g .  Sn96, 5Ag3, 0Cu0, 5),  u n less  
otherwise  speci fied  i n  the  detai l  speci fication .  

Test C  (surface  mounted  devices)  reflow method :  

Th is  test  shal l  be  performed  i n  accordance wi th  method  2 :  Reflow of Td2  of I EC 60068-2-58.  
The  reflow temperature  profi le  sha l l  be  as  i l l ustrated  in  F igure  48  and  Table  7  wh ich  i s  used  
by l ead-free  solder a l l oys  (e. g .  Sn96, 5Ag3,0Cu0, 5),  un less  otherwise  speci fi ed  i n  the  deta i l  
speci fication .  

 

Key 

T
1
 M i n imum  preheati ng  temperatu re  

T
2
 Maximum  preheati ng  temperature  

T
3
 L i qu idus  temperatu re  

T
4
 Peak temperatu re  

t
1
 Preheati ng  du rati on  

t
2
 Time  above  l i q u idus  temperatu re  

t
3
 Time  above  (T

4
 −  5°C)  

t
4
 Time  to  T

4
 

a  The  temperature  g rad ien t  of the  i ncreas ing  s l ope  shal l  n ot  exceed  3  K/s.  

b  Preheat area  

c  The  temperature  g rad ien t  of the  decreasing  s l ope  shal l  not  exceed  6  K/s.  

Figure 48  – Reflow temperature  profi le  for resistance  to  soldering  heat  
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Table  7  – Resistance to  soldering  heat – Test  condi tion   
and  severi ty,  reflow method  

Solder al loy 
T

1
 

°C 

T
2
 

°C 

t
1
f  

s  

T
3
 

°C 

t
2
g  

s  

T
4
a  

°C  

t
3
b, a  

s  

t
4
 

s  

Sn96, 5Ag3, 0Cu0, 5  1 50  200  60  to  1 20  21 7  
30  to  60e  

60  to  1 50  

220  to  235c  20  to  40c  480  max 

230  to  260e  
5  maxe  

1 0  maxe  

245  

250  

260  

20  ±  1  

30  ±  1 d  

a  The  combination  of temperatu re  and  t ime  determ ined  by the  thermal  mass  of the  component  shal l  be  g i ven  by  
the  rel evant speci fi cation .  Fu rther i n formation  on  how to  determ ine  appl i cabl e  test  cond i ti ons,  see  are  
provi ded  i n  I EC TR 60068-3-1 2 .  

 Peak temperatu re  (T
4
)  measured  at  the  specimen ’ s  top  body su rface  i s  defi ned  as  maximum  for acceptance  

testi ng  and  m in imum  for qual i fi cation  testi ng .  

b  Tolerance  for above  (T
4
 – 5°C)  i s  defi ned  maximum  as  for acceptance  testi ng  and  m in imum  for qual i fi cation  

testi ng .  

c  Components  wi th  h i gh  thermal  mass  can  requ i re  th i s  severi ty;  detai l s  shal l  be  provi ded  by the  re levan t  
speci fi cation .  

d  A  more  severe  t
3
 of (40  ±  1 )  s  i s  a l so  i n  use  for certa i n  appl i cations  wi th  h i gh  package  densi ty /  h i gh  thermal  

mass  PCB.  

e  Appl i cab le  for h i gh  thermal  sens i ti vi ty.  

f  Depend ing  on  the  thermal  mass  of the  components,  the  t ime  t
1
 may be  extended .  

g  The  time  t
2
 depends  on  the  thermal  mass  of the  components .  

 

4.6.4   Rapid  change  of temperature:  severe  shock by l iqu id  immersion  (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  98  °C  ±  3  °C  to  1  °C  ±  1  °C  for 5  s .  

4.6.5  Rapid  change  of temperature:  thermal  shock in  ai r (non-destructive)  

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

For Osci l lator,  the  l ow and  h i gh  test  chamber temperatures  shal l  be  the  extreme  temperatures  
of the  operati ng  range  stated  i n  the  deta i l  speci fication .  

Osci l lator shal l  be  main tained  at  each  extreme of temperature  for 30  m in ,  un less  otherwise  
speci fied  i n  the  detai l  speci fication .  

Osci l lator shal l  be  subjected  to  1 0  complete  thermal  cycles  and  then  exposed  to  s tandard  
atmospheric cond i ti ons  for recovery for not l ess  than  2  h .  

4.6.6  Bump  (destructive)  

The test  shal l  be  performed  i n  accordance  wi th  test Ea  of I EC 60068-2-27.  Osci l l ator shal l  be  
mounted  or cl amped  as  requ i red  by the  detai l  speci fication .  The  three  mutual l y perpend icu lar 
axes  in  wh ich  the  bump i s  to  be  appl ied  shal l  i nclude:  

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

– an  axis  paral le l  to  the  base  of Osci l lator un i t.  

For surface  moun ted  devices  (SMD):  
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– an  axis  para l le l  wi th  the  term inal  l and  p lane;  

– an  axis  perpend icu lar wi th  the  term inal  l and  p lane.  

Un less  otherwise  speci fi ed ,  the  combination  of acceleration ,  d uration  and  number of bumps  
shal l  be  as  speci fi ed  i n  3 . 3. 3  of I EC 60679-1 : 201 7.  

4.6.7  Vibration  (destructive)  

4.6.7 .1  Vibration ,  s inusoidal  (osci l lator not operating)  

The  test shal l  be  performed  i n  accordance wi th  test Fc  of I EC  60068-2-6.  Osci l lator shal l  be  
mounted  or clamped  as  requ i red  by the  detai l  speci fication .  The  three  mutual l y perpend icu lar 
axes  in  wh ich  the  acceleration  i s  to  be  appl i ed  shal l  i nclude:  

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

– an  axis  paral le l  to  the  base  of Osci l lator un i t.  

For surface  moun ted  devices  (SMD):  

– an  axis  paral le l  wi th  the  term inal  l and  p lane;  

– an  axis  perpend icu lar wi th  the  term inal  l and  p lane.  

The  detai l  speci fication  shal l  s tate  the  acceleration  spectral  densi ty (ASD),  the  frequency 
range  and  duration .  

4.6.7.2  Vibration ,  sinusoidal  (osci l l ator operating)  

The test sha l l  be  as  described  i n  4 . 6 . 7 . 1 ,  except that,  during  the  test,  Osci l l ator shal l  be  
energ ized  and  e lectrical  tests ,  as  defi ned  i n  the  detai l  speci fication ,  shal l  be  performed .  

Un less  otherwise  stated ,  the  combination  of frequency range,  vibration  ampl i tude  and  duration  
of endurance for the  above tests  shal l  be  as  stated  i n  3. 3 . 4  of I EC  60679-1 : 201 7.  

4.6.7.3  Random  vibration  (osci l l ator not operating)  

The test sha l l  be  performed  in  accordance  wi th  test Fh  of I EC  60068-2-64.  Osci l l ator sha l l  be  
mounted  or cl amped  as  requ ired  by the  detai l  speci fication .  The  three  mutual l y perpend icu lar 
axes  in  wh ich  the  acceleration  is  to  be  appl i ed  shal l  i nclude:  

– an  axis  para l le l  to  the  term inations;  

– an  axis  para l le l  to  the  base  of Osci l lator un i t.  

For surface  mounted  devices  (SMD):  

– an  axis  paral le l  wi th  the  term inal  l and  p lane;  

– an  axis  perpend icu lar wi th  the  term inal  l and  p lane.  

The  detai l  speci fication  shal l  state  the  acceleration  spectral  dens i ty (ASD),  frequency range  
and  duration .  

4.6.7.4  Random  vibration  (osci l l ator operating)  

The test  shal l  be  as  described  in  4 . 6 . 7 .3  except that,  during  the  test Osci l lator sha l l  be  
energ ized  and  e lectrical  tests ,  as  defi ned  i n  the  detai l  speci fication ,  shal l  be  performed .  

4.6.8  Shock (destructive)  

The test  shal l  be  performed  i n  accordance  wi th  test Ea  of I EC 60068-2-27.  Osci l l ator shal l  be  
mounted  or cl amped  as  requ i red  by the  detai l  speci fication .  The  three  mutual l y perpend icu lar 
axes  in  wh ich  the  shock i s  to  be  appl ied  shal l  i nclude:  
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– an  axis  para l le l  wi th  the  term inations;  

– an  axis  paral le l  to  the  base  of Osci l lator un i t.  

For surface  moun ted  devices  (SMD):  

– an  axis  paral le l  wi th  the  term inal  l and  p lane;  

– an  axis  perpend icu lar wi th  the  term inal  l and  p lane.  

The  degree  of severi ty shal l  be  as  stated  in  3 . 3. 5  of I EC  60679-1 : 201 7,  un less  otherwise  
stated  i n  the  detai l  speci fication .  

4.6.9  Free  fal l  (destructive)  

The test  shal l  be  performed  in  accordance  wi th  procedure  1  of test Ec of lEC  60068-2-31 .  
Osci l lator shal l  be  suspended  by i ts  term inations  at a  height of 1  000  mm .  The  number of fa l l s  
sha l l  be  two,  un less  otherwise  stated  i n  the  detai l  speci fication .  

4.6. 1 0  Acceleration ,  steady-state  (non-destructive)  

4.6. 1 0. 1  Acceleration ,  steady-state  (osci l l ator not operating)  

The  test shal l  be  performed  i n  accordance wi th  test Ga  of I EC 60068-2-7.  Osci l l ator sha l l  be  
mounted  or clamped  as  requ i red  by the  detai l  speci fication .  The  procedure  and  severi ty shal l  
be  as  s tated  i n  the  detai l  speci fication .  

4.6. 1 0.2  Acceleration ,  steady-state  (osci l l ator operating)  

The  test sha l l  be  as  described  i n  4 . 6 . 1 0 . 1 ,  except that,  during  the  test,  Osci l lator shal l  be  
energ ized  and  e lectrical  tests ,  as  defined  i n  the  deta i l  speci fication ,  shal l  be  performed .  

The  procedure  and  severi ty shal l  be  as  s tated  in  the  detai l  speci fication .  

4.6. 1 1  Acceleration  – 2g  tip  over 

To be  agreed  upon  by the  customer and  the  suppl ier.  

4.6. 1 2  Acceleration  noise  

To be  agreed  upon  by the  customer and  the  suppl ier.  

4.6. 1 3  Low ai r pressure  (non-destructive)  

This  test  shal l  be  performed  in  accordance  wi th  test  M  of I EC  60068-2-1 3.  The  procedure  and  
severi ty shal l  be  as  stated  i n  the  deta i l  speci fication .  

4.6. 1 4  Dry heat  (non-destructive)  

This  test shal l  be  performed  i n  accordance wi th  test B  of I EC  60068-2-2.  The  cond i tion ing  
shal l  be  carried  ou t at the  upper temperature  i nd icated  by the  cl imatic category,  for a  duration  
of 1 6  h ,  un less  otherwise  stated  i n  the  detai l  speci fication .  

4.6. 1 5  Damp heat,  cycl ic (destructive)  

This  test shal l  be  performed  i n  accordance wi th  test Db,  varian t  1 ,  of I EC 60068-2-30,  at  
severi ty b)  and  55  °C  for s ix cycles.  
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4.6. 1 6  Cold  (non-destructive)  

This  test shal l  be  performed  i n  accordance  wi th  test Aa  of I EC 60068-2-1 ,  at  the  l ower 
temperature  ind icated  by the  cl imatic category,  for a  duration  of 2  h ,  un less  otherwise  s tated  
i n  the  detai l  speci fication .  

4.6. 1 7  Cl imatic sequence  (destructive)  

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

d ry heat see  4 . 6. 1 4;  

damp heat,  cycl ic  see  4 . 6. 1 5  (fi rst  cycle  on ly) ;  

cold  see  4 . 6. 1 6;  

damp heat,  cycl ic  see  4 . 6. 1 5  (remain ing  fi ve  cycles).  

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

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

4.6. 1 8  Damp heat,  steady-state  (destructive)  

This  test  sha l l  be  performed  in  accordance  wi th  test  Cab of I EC  60068-2-78,  for 56  days,  
un less  otherwise  stated  i n  the  deta i l  speci fication .  

4.6. 1 9  Sal t  m ist,  cycl ic  (destructive)  

This  test shal l  be  performed  i n  accordance  wi th  test Kb  of I EC 60068-2-52.  Severi ty 1  shal l  be  
used ,  un less  otherwise  stated  i n  the  detai l  speci fication .  

4.6.20  Mould  growth  (non-destructive)  

Th is  test sha l l  be  performed  in  accordance  wi th  test J ,  variant  2 ,  of I EC  60068-2-1 0.  

WARNING  – Th is  test  can  consti tu te  a  heal th  hazard ,  therefore  specia l  precau tions  shou ld  be  
observed  (see  Annex A of I EC 60068-2-1 0 :2005).  

4.6.21  Immersion  i n  cleaning  solvent  (non-destructive)  

Th is  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  method  1  of test  XA of I EC  60068-2-45.  The  
detai l  speci fication  shal l  prescribe  the  solven t,  the  temperature  of the  solvent,  the  rubbing  
materia l  and  i ts  d imensions,  and  the  force  to  be  used .  

The  marking  shal l  be  leg ib le.  

4.6.22  Rad iation  hardness  

To be  agreed  upon  by the  customer and  suppl ier.  
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