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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
ELECTROACOUSTICS –  

AUDIOMETRIC EQUIPMENT –  
 

Part 6:  Instruments  for the  measurement of otoacoustic emissions  
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commission  ( I EC)  i s  a  worl dwide  organ ization  for s tandard ization  compris i ng  
a l l  national  e l ectrotechn ical  commi ttees  ( I EC National  Commi ttees).  The  object  of I EC  i s  to  promote  i n ternationa l  
co-operation  on  a l l  q uestions  concern ing  standard izati on  i n  the  e l ectri cal  and  e l ectron ic fi e l d s.  To  th i s  end  and  
i n  add i ti on  to  other acti vi ti es,  I EC pub l i shes  I n ternational  Standards,  Techn ical  Speci fi cati ons,  Techn ical  Reports,  
Publ i cl y  Avai l abl e  Speci fi cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC Publ i cation(s)”) .  Thei r 
preparati on  i s  en trusted  to  techn ical  commi ttees;  any I EC Nati onal  Commi ttee  i n terested  i n  the  subject  deal t  wi th  
may parti cipate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non-governmental  organ izati ons  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 osely wi th  the  I n ternational  Organ ization  for 
S tandard izati on  ( I SO)  i n  accordance  wi th  cond i ti ons  determ ined  by ag reement  between  the  two organ izati ons.  

2)  The  formal  decis ions  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y  as  poss ible,  an  i n ternati ona l  
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  Commi ttees.   

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

4)  I n  order to  promote  i n ternational  u n i formi ty,  I EC National  Commi ttees  u ndertake  to  app ly I EC Publ i cations  
transparentl y  to  the  maximum  exten t poss ible  i n  thei r nati onal  and  reg i ona l  pub l i cations.  Any d i vergence  between  
any I EC Publ i cation  and  the  correspond ing  national  or reg iona l  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 ndependent certi fi cati on  bod ies  provide  conform i ty  
assessment  services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  respons i ble  for 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,  servan ts  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 damage  or 
other damage  of any nature  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or re l i ance  upon ,  th i s  I EC Publ i cati on  or any other I EC  
Publ i cations.   

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

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

I EC 60645-6  has  been  prepared  by I EC  techn ica l  commi ttee  29:  E lectroacoustics .  I t  i s  an  
I n ternational  Standard .  

Th is  second  ed i tion  cancels  and  replaces  the  fi rst ed i tion  publ ished  i n  2009.  Th is  ed i tion  
consti tu tes  a  techn ica l  revis ion .   

Th is  ed i ti on  i ncludes  the  fol l owing  s i gn i fican t techn ical  changes  wi th  respect to  the  previous  
ed i tion :  

a)  the  nominal  test  frequency used  i n  DPOAE is  now defined  as  the  h igher of the  two 
frequencies,  f2 ;  

b)  the  permi tted  deviation  of the  stimu lus  s i gnal  for TEOAE has  been  speci fi ed ;  

c)  the  frequency range  for DPOAE  stimu lus  s ignals  has  been  redefined ,  

d )  the  s timu lus  l evel  requ i rements  for TEOAE have  been  redefined ;  

e)  the  s timu lus  l evel  requ i rements  for DPOAE  have  been  redefined ;  
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f)  the  harmon ic d istortion  requ i rements  for DPOAE have  been  redefined ;  

g )  a  m in imum  measurement range  for DPOAE has  been  added .  

The  text of th is  I n ternational  Standard  is  based  on  the  fol lowing  documents :  

Draft  Report  on  voti ng  

29/1 1 09/FDIS  29/1 1 1 4/RVD  

 
Fu l l  i n formation  on  the  voti ng  for i ts  approval  can  be  found  in  the  report  on  voti ng  i nd icated  in  
the  above  tab le.  

The  l anguage  used  for the  development of th is  I n ternational  Standard  is  Eng l ish .   

Th is  document was  d rafted  in  accordance  wi th  I SO/I EC D i rectives,  Part 2 ,  and  developed  in  
accordance wi th  I SO/IEC  D i rectives,  Part  1  and  I SO/IEC D irectives,  I EC  Supplement,  avai l able  
at  www. iec. ch/members_experts/refdocs.  The  main  document types  developed  by I EC are  
described  in  g reater deta i l  at  h ttp : //www. iec. ch /standardsdev/publ ications.  

A l i s t  of a l l  parts  i n  the  I EC  60645  series ,  publ ished  under the  general  ti t le  Electroacoustics – 
Audiometric equipment,  can  be  found  on  the  I EC websi te .  

The  committee  has  decided  that the  con ten ts  of th is  document wi l l  remain  unchanged  un ti l  the  
stabi l i ty  date  ind icated  on  the  I EC websi te  under webstore. iec. ch  i n  the  data  re lated  to  the  
speci fic document.  At  th i s  date,  the  document wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i tion ,  or 

•  amended .   
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INTRODUCTION  

Developments  i n  the  fie l d  of d iagnostic  hearing  measurement have  resu l ted  i n  a  number of 
i nstruments  des igned  to  evaluate  the  otoacoustic  em iss ions  of the  human  ear.  Such  emiss ions  
may be  evoked  by acoustic test s i gnals  having  d i fferen t spectral  and  temporal  characteristics.  

The  practical  use  of such  instruments  concerns  the  measurement of sound  energy em i tted  by 
the  i nner ear and  i ts  separation  from  sounds  emerg ing  from  phys io log ical  or other sources.  

The  spon taneous  otoacoustic em iss ions  (SOAE)  and  stimu lus  frequency otoacoustic em iss ions  
(SFOAE),  wh ich  comprise  part  of the  otoacoustic em iss ions,  are  not covered  by th is  document.  

Conformance  to  the  performance  speci fication  i n  th is  document i s  demonstrated  when  a  
measured  deviation  from  a  design  goal  equals  or does  not exceed  the  correspond ing  
acceptance l im i t(s),  and  the  laboratory has  demonstrated  that the  associated  uncertain ty of 
measurement equals  or does  not exceed  the  maximum  permi tted  uncerta in ty speci fied  i n  th is  
document.  
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ELECTROACOUSTICS –  
AUDIOMETRIC EQUIPMENT –  

 
Part 6:  Instruments  for the  measurement of otoacoustic emissions  

 
 
 

1  Scope 

Th is  part of I EC 60645 appl ies  to  i nstruments  des igned  primari ly  for the  measurement of 
otoacoustic  em iss ions  in  the  human  external  aud i tory meatus  evoked  by acoustic probe  s timu l i .  
Th is  document defines  the  characteristics  to  be  speci fi ed  by  the  manufacturer,  speci fi es  
m in imum  mandatory functions  for two types  of i nstruments  and  provides  performance  
speci fications  appl icable  to  both  i nstrument types.  Th is  document describes  methods  to  be  used  
to  demonstrate  conformance wi th  the  speci fications  i n  th is  document and  gu idance on  methods  
for period ic  ca l i bration .  

The  pu rpose  of th is  document i s  to  ensure  that  measurements  made  under comparable  test  
cond i ti ons  wi th  d i fferen t i nstruments  complying  wi th  th is  document wi l l  be  cons istent.  
I nstruments  can  provide  a  measurement function  not speci fical ly wi th in  the  scope  of th is  
document and  s ti l l  comply wi th  the  re levant requ irements  of th is  document for the  functions  that  
are  wi th in  the  scope.  Th is  document i s  not i n tended  to  restrict development or incorporation  of 
new features,  nor to  d iscourage  i nnovative  approaches.  

2  Normative references  

The fo l lowing  documents  are  referred  to  i n  the  text i n  such  a  way that some or a l l  of thei r con tent 
consti tu tes  requ i rements  of th is  document.  For dated  references,  on ly  the  ed i ti on  ci ted  appl ies .  
For undated  references,  the  l atest  ed i ti on  of the  referenced  document ( includ ing  any 
amendments)  appl i es .  

I EC 6031 8-4,  Electroacoustics – Simulators of human head and ear – Part 4:  Occluded-ear 
simulator for the measurement of earphones coupled to the ear by means of ear inserts   

I EC 6031 8-5,  Electroacoustics – Simulators of human head and ear – Part 5:  2 cm3  coupler for 
the measurement of hearing aids and earphones coupled to the  ear by means of ear inserts  

I EC 60601 -1 ,  Medical electrical equipment – Part 1 :  General requirements for basic safety and 
essential performance  

I EC 60601 -1 -2 ,  Medical electrical equipment – Part 1 -2:  General requirements for basic safety 
and essential performance – Collateral standard: Electromagnetic disturbances – Requirements 
and tests  

I EC 60645-1 : 201 7,  Electroacoustics – Audiometric equipment – Part 1 :  Equipment for pure-
tone and speech audiometry  

I EC  60645-3: 2020,  Electroacoustics – Audiometric equipment – Part 3:  Test signals of short 
duration  

I SO/IEC Gu ide  98-3,  Uncertainty of measurement – Part 3:  Guide to the expression of 
uncertainty in  measurement (GUM:1995)  
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3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  fol l owing  terms  and  defin i tions  apply.  

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

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

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

3. 1   
otoacoustic  emissions  
OAE  
acoustic  s i gnals  generated  i n  the  i nner ear wh ich  can  be  recorded  i n  the  external  aud i tory 
meatus  

3.2   
transient-evoked  otoacoustic  emissions  
TEOAE 
acoustic  s ignals  emi tted  by the  i nner ear after stimu lation  wi th  a  s timu lus  of short du ration  

3.3   
d istortion  product otoacoustic  emissions  
DPOAE 
acoustic  s ignals  generated  in  the  i nner ear during  stimu lation  wi th  two  pure  tones  

Note  1  to  en try:  The  pure  tones  are  frequencies  f1  and  f2 ,  f1  be i ng  the  l ower frequency.  

Note  2  to  en try:  The  frequencies  of the  DPOAE  are  g i ven  by the  formu las  for i n termodu lati on  d i storti ons  ( IMD),  i . e.  
2f1  –  f2 ,  2f2  – f1 ,  etc.  

3.4   
nominal  test frequency 
frequency for wh ich  a  DPOAE measurement i s  reported  

3.5   
primary tones  
pure-tone  stimu l i  used  to  evoke  DPOAE  

3.6   
probe  
part of the  i nstrument,  usual ly  con ta in ing  acoustic  transducers,  i n terfacing  the  i nstrument to  the  
ear 

3.7   
ear tip  
device  used  to  ass ist acoustic coupl ing ,  to  reduce  acoustic l eakage,  to  reduce  the  i n fl uence  of 
envi ronmental  no ise  on  measurements  and  to  a id  reten tion  of the  probe i n  the  external  aud i tory  
meatus  

3.8   
probe  s ignal  
acoustic  stimu lus  s ignal  that i s  em i tted  i n to  the  external  aud i tory meatus  by means  of a  probe  
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3.9   
peak-to-peak equ ivalen t sound  pressure  l evel  
peSPL 
root mean  squared  (RMS)  value  of a  l ong-duration  s i nusoidal  sound  s i gnal  wh ich ,  when  
compared  under the  same  test cond i tions  wi th  a  short-duration  ou tpu t s ignal  from  the  transducer 
under test,  has  the  same  peak-to-peak value  ( i . e . ,  d i fference  between  the  extreme posi tive  and  
the  extreme negative  values)  as  the  short-duration  s i gnal  

Note  1  to  en try:  See  I EC 60645-3: 2020,  F i gu re  2 .  

4 Requirements  for specific instruments  

Two d i fferen t types  of otoacoustic em iss ion  i nstruments  are  speci fi ed  by the  requ i rements  for 
m in imum  mandatory functions  (see  Table  1 ) .  Add i ti onal  functions  are  not precluded .  The  two 
types  relate  to  the ir presumed  primary appl ication  (d iagnostic/cl i n ica l  or screen ing) ;  however,  
a  device  of one  type  i s  not  requ ired  to  comply wi th  the  add i tional  speci fications  of the  other 
type.   

Table  1  – Mandatory functions  for otoacoustic  emission  i nstruments  

 Type  

 1  

Diagnostic/cl i n ical  

2  

Screen ing  

Automatic  test  x  x  

Manual  test  x   

D i splay of PASS/REFER  x  

D i splay of d etai l ed  resu l t  i n  g raph ical  and /or tabu l ar 
format  

x   

D i splay of s tabi l i ty  of acousti c  response  i n  the  
external  aud i tory meatus  (see  5. 2 . 1 )  

x   

D i splay of response  q ual i ty  estimate  (see  5. 3. 7)  x   

D i g i ta l  s torage  of detai l ed  resu l t  x   

Export  of fu l l  test  report  x   

Type  1 .  Th i s  type  of d evices  shal l  i ncl ude  the  ab i l i ty  to  manual l y  start  the  test  and  to  ad j ust  the  parameters  of the  
test.   

Type  2 .  Th i s  type  of d evice  shal l  i ncl ude  the  ab i l i ty  to  au tomatical l y  start  the  test.  

 

5 General  specifications  

5.1  Acoustic stimu lus  system  

5. 1 . 1  General  requ irements  

Speci fications  for the  acoustic stimu lus  system  are  as  g iven  in  the  re levan t parts  of Clause  6,  
Clause  8  and  Clause  1 0  of I EC 60645-1 : 201 7  and  Clause  5  of I EC 60645-3:2020  wi th  the  
exceptions  speci fied  below.  

NOTE  I f the  i nstrument i s  desi gned  to  a l so  a l l ow the  measu rement  of heari ng  th resholds ,  the  fu l l  text  of the  relevant 
cl auses  of I EC 60645-1 : 201 7  appl i es .  

5.1 .2  Stimu lus  types  

5. 1 . 2 . 1  General  

The general  properties  and  temporal  characteri stics  of the  acoustic  s timu lus  s ignals  are  
speci fied  wi th in  5. 1 . 2. 2  and  5. 1 . 2 . 3  depend ing  on  the  type  of OAE  being  measured .  
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5.1 .2 .2  TEOAE 

The fu l l  characteristics  of the  short-duration  s i gnal  used  for the  measurements  of TEOAE shal l  
be  speci fi ed  by the  manu facturer ( i . e. ,  as  speci fied  i n  I EC  60645-3: 2020).  

NOTE  A series  of cl i cks  wi th  d i fferent  pol ari ty  and  l evel s  i s  often  used  and  th i s  i s  usual l y  referred  to  as  a  "non -
l i near cl i ck series" .  The  speci fi cations  found  i n  I EC 60645-3  are  appl i cable  to  each  s i ng le  cl i ck i n  the  series.   

5.1 .2 .3  DPOAE 

The stimu lus  s ignal  used  for the  measurement of DPOAE shal l  be  composed  of two  primary 
tones  wi th  frequencies  f1  and  f2 .  Al though  the  DPOAE of pri ncipal  in terest i s  at  a  frequency of 

2f1  – f2 ,  the  nominal  test  frequency of the  measurement normal ly refers  to  f2 .  I f f1  i s  used  as  

the  nom inal  test frequency,  th is  shal l  be  stated  by the  manufacturer.  I f add i tional  test s i gnals  
are  used  (such  as  those  used  for masking),  the ir fu l l  characteristics  shal l  be  speci fi ed  by  the  
manufacturer.  

5.1 .3  Stimu lus  frequency range  

5. 1 . 3. 1  General  

The frequency content of the  stimu lus  s i gnal  sha l l ,  as  a  m in imum,  meet the  requ irements  
speci fied  i n  5 . 1 . 3 . 2  and  5 . 1 . 3 . 3  depend ing  on  the  type  of OAEs be ing  measured .  

5. 1 .3 .2  TEOAE 

The  frequency spectrum  of the  trans ient  s timu lus  s i gnal  shal l  at l east cover the  range  from  
0, 5  kHz to  4  kHz  for Type  1  i nstruments  and  the  range  from  1 , 5  kHz  to  3  kHz for Type 2  
i nstruments .  The  stimu lus  l evel  frequency spectrum  shal l  be  fl at  wi th in  a  l im i t  of ±5  dB  as  
measured  i n  an  occluded -ear s imu lator accord ing  to  I EC  6031 8-4  or a  2  cm3  coupler accord ing  
to  I EC  6031 8-5,  us ing  the  ear s imu lator or 2  cm3  coupler m icrophone,  over the  frequency range.  

5. 1 .3.3  DPOAE 

For the  measurement of DPOAE,  nominal  stimu lus  frequencies  between  0 , 75  kHz  and  8  kHz in  
at l east th ree  s teps  per octave  shal l  be  provided  i n  i nstruments  of Type  1  and  at  l east two  
frequencies  between  1  kHz and  4  kHz for Type 2.  The  frequency ratio  of the  two  primary tones  
shal l  be  stated  by the  manufacturer and  shal l  normal ly  be  from  1 : 1 , 1 5  to  1 : 1 , 25.   

The  acceptance l im i t of the  actual  frequencies  i s  ±1  %.  

5.1 .4  Stimu lus  level  

5. 1 .4. 1  General  

The sound  pressure  l evel  of the  stimu lus  s i gnals  sha l l  be  variable  wi th in  the  ranges  speci fi ed  
i n  5. 1 . 4. 2  and  5. 1 . 4. 3  depend ing  on  the  type  of OAEs.  I ts  actual  va lue  wi th in  the  res idual  
ear-canal  volume shal l  be  measured  prior to  each  record ing  wi th  the  probe  m icrophone.  

5. 1 .4.2  TEOAE 

For Type 1  i nstruments ,  the  stimu lus  level  shal l  be  ad justable  wi th  a  s tep  s i ze  no  greater than  
5  dB  and  include  a  range  of at  l east 60  dB  peSPL to  85  dB  peSPL.  For Type  2  i nstruments,  a  
s i ng le  fixed  l evel  of stimu lus  is  acceptable,  and  th is  l evel  shal l  be  s tated  clearly i n  the  
documentation  s i nce  i t  impacts  on  the  speci fici ty of screen ing  for a  certa in  level  of hearing  l oss.  
The  stimu lus  l evels  s tated  shal l  be  measured  i n  an  occluded-ear s imu lator accord ing  to  
I EC 6031 8-4  or a  2  cm3  coupler accord ing  to  I EC 6031 8-5,  us ing  the  occluded-ear s imu lator or  
2  cm3  coupler m icrophone.  
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