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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  q uestions  concern i ng  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic fi e l ds.  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es,  I EC  publ i shes  I n ternational  Standards,  Techn ical  Speci fi cati ons,  
Techn ical  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cation (s )” ) .  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC  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 ci pate  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 ternati onal  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 agen ts  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  comm i ttees  and  I EC  Nati onal  Commi ttees  for any personal  i n j u ry,  property  damage  or 
other damage  of any natu re  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 
paten t ri gh ts.  I EC shal l  not  be  hel d  responsibl e  for i den ti fyi ng  any or a l l  such  patent  ri gh ts.  

A PAS is  a  techn ical  speci fication  not fu l fi l l i ng  the  requ i rements  for a  s tandard ,  bu t made  
avai l ab le  to  the  publ ic.  
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IEC PAS  631 51  has  been  prepared  by I EC  techn ical  committee  1 06:  Methods  for the  
assessment of e lectric,  magnetic  and  e lectromagnetic  fi elds  associated  wi th  human  exposure.  

The  text  of th i s  PAS  i s  based  on  the  
fol l owing  document:  

Th i s  PAS  was  approved  for 
publ i cation  by the  P-members  of the  
comm i ttee  concerned  as  i nd icated  i n  

the  fol l owi ng  document 

Draft PAS  Report on  voting  

1 06/41 0/DPAS  1 06/420/RVDPAS  

 
Fol lowing  publ ication  of th is  PAS,  wh ich  is  a  pre-standard  publ ication ,  the  techn ical  comm ittee  
or subcommittee  concerned  may transform  i t  i n to  an  I n ternational  Standard .  

Th is  PAS shal l  remain  val i d  for an  i n i ti a l  maximum  period  of 3  years  starting  from  the  
publ ication  date.  The  va l i d i ty may be  extended  for a  s ing le  period  up  to  a  maximum  of 
3  years,  a t the  end  of wh ich  i t  sha l l  be  publ ished  as  another type  of normative  document,  or 
shal l  be  wi thdrawn .  

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

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

 

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

This  Publ icl y Avai lable  Speci fication  (PAS)  speci fies  the  requ i rements  for vector 
measurement-based  systems  to  measure  the  Speci fic Absorption  Rate  (SAR)  of devices  that  
are  used  i n  cl ose  proxim i ty to  the  human  body or head .   

Th is  PAS is  publ ished  i n  order to  make avai lable  the  curren t state  of the  techno logy.  I t  i s  
p lanned  to  publ ish  a  standard  as  Part 3  of the  I EC 62209  series .  When  I EC  62209-3  is  
publ ished  th is  PAS wi l l  be  wi thdrawn .   

Th is  PAS acknowledges  the  need  for fast and  accurate  systems  to  determ ine  the  human  
exposure  to  rad io  frequency fie lds  from  hand-held  and  body mounted  wire less  communication  
devices.   

As  SAR measurement systems  are  used  for showing  compl iance  wi th  national  and  
i n ternational  exposure  l im i ts  the  test procedures  have  to  be  standard ized .  The  standard ization  
is  necessary to  ach ieve  comparable  resu l ts  for the  approval  process.   

Vector measurement-based  systems  and  protocols  can  d i ffer from  trad i tional  SAR 
measurement systems  and  protocols .  These  systems  use  more  advanced  fie ld  reconstruction  
methods,  a l l owing  the  appl ication  of i n d i rect measurement approaches  i n  wh ich  the  SAR is  
evaluated  in  th ree  d imensions  from  a  l im i ted  number of measurement poin ts  wh ich  may be  
l ocated  i n  a  l im i ted  part  of the  volume of in terest,  or even  ou ts ide  th is  volume.  Such  new SAR 
assessment approaches  resu l t i n  s i gn i fican tl y reduced  SAR measurement times.   
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MEASUREMENT PROCEDURE FOR THE  ASSESSMENT OF  
SPECIFIC  ABSORPTION  RATE OF HUMAN  EXPOSURE TO RADIO 
FREQUENCY FIELDS FROM HAND-HELD AND BODY-MOUNTED 

WIRELESS COMMUNICATION  DEVICES  –  
 

Vector measurement-based  systems  
(Frequency range of 30  MHz to  6  GHz)  

 
 
 

1  Scope 

This  Publ icl y Avai l able  Speci fication  (PAS)  speci fies  protocols  and  test  procedures  for the  
reproducible  measurement of the  peak spatia l -average speci fic  absorption  rate  (psSAR)  
i nduced  i ns ide  a  s impl i fi ed  model  of the  head  or the  body by rad io-frequency (RF)  transm i tting  
devices,  wi th  a  defi ned  uncertain ty.  I t  provides  requ irements  for systems  using  vector 
measurement-based  systems.  Such  systems determ ine  the  psSAR by 3D  fie ld  reconstruction  
wi th in  the  volume of in terest by speci fying  the  requ i rements  for the  measurement system ,  
cal ibration ,  uncertain ty assessment and  val i dation  methods.  The  protocols  and  procedures  
appl y for a  s ign i ficant majori ty of people  i nclud ing  ch i l d ren  during  use  of hand-held  and  body-
worn  wi reless  communication  devices.  

Th is  PAS is  appl icable  to  any wi re less  commun ication  device  in tended  to  be  used  at a  
pos i tion  near the  human  head  or body at d istances  up  to  and  includ ing  200  mm .  Th is  PAS can  
be  employed  to  evaluate  SAR compl iance  of d i fferent types  of wireless  communication  
devices  used  next to  the  ear,  i n  front of the  face,  mounted  on  the  body,  combined  wi th  other 
RF-transm i tti ng  or non-transm i tti ng  devices  or accessories  (e. g .  bel t-cl i p),  or embedded  i n  
garments.  The  overal l  appl icable  frequency range  i s  from  30  MHz to  6  GHz.   

The  system  va l idation  procedures  provided  wi th in  th is  PAS cover frequencies  from  600  MHz 
to  6  GHz.   

NOTE  Some speci fi cations  (e . g . ,  val i dati on  an tennas  and  other procedures  or requ i rements)  are  not  yet  defi ned  
over the  fu l l  frequency range  wi th i n  the  scope  of th i s  d ocument  bu t  wi l l  be  i ncl uded  i n  a  fu tu re  revi s ion .  

The device  categories  covered  i nclude  bu t are  not l im i ted  to  mobi l e  telephones,  cord less  
m icrophones,  auxi l i ary broadcast devices  and  rad io  transm itters  i n  personal  computers,  
desktop,  l aptop  devices,  mu l ti -band ,  mu l ti -an tenna,  and  push-to-ta lk  devices.  

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 tion  
ci ted  appl i es.  For undated  references,  the  l atest ed i tion  of the  referenced  document ( i nclud ing  
any amendments)  appl i es.  

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

I SO/IEC 1 7025,  General requirements for the competence of testing and calibration 
laboratories  

I EC 62209-1 : 201 6,  Measurement procedure for the assessment of specific absorption rate of 
human exposure to radio frequency fields from hand-held and body-mounted wireless 
communication devices – Part 1 :  Devices used next to the ear (Frequency range of 300 MHz 
to 6 GHz)  
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I EC 62209-2 ,  Human exposure to  radio frequency fields from hand-held and body-mounted 
wireless communication devices – Human models,  instrumentation,  and procedures – Part 2:  
Procedure to determine the specific absorption rate (SAR)  for wireless communication 
devices used in  close proximity to the human body (frequency range of 30 MHz to 6 GHz)  

I EC 62479,  Assessment of the compliance of low-power electronic and electrical equipment 
with the basic restrictions related to human exposure to electromagnetic fields (10 MHz to 
300 GHz)  

I EC TR 62630:201 0,  Guidance for evaluating exposure from multiple electromagnetic sources  

I EC/I EEE  62704  (a l l  parts),  Determining the peak spatial-average specific absorption rate  
(SAR)  in  the human body from wireless communications devices,  30 MHz to 6 GHz  

3 Terms and  defin i tions  

For the  pu rposes  of th is  document,  the  terms  and  defin i tions  g i ven  i n  I EC  62209-1 ,  
I EC 62209-2  and  the  fol l owing  apply.  

I SO and  I EC main tain  term inolog ica l  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   
vector probe  

probe wh ich  measures  both  the  magn i tude  and  phase  of an  e lectric or magnetic  fi e ld  

3.2   
scalar probe  

probe wh ich  measures  on l y the  ampl i tude  of the  e lectric or magnetic fie ld  

3.3   
vector measurement-based  system  
system  cons isti ng  of mu l ti p le  sensors  wh ich  together provide  i n formation  abou t the  ampl i tude  
d istribu tion  or the  ampl i tude  and  phase  d istribution  of the  e lectric or magnetic fie lds  over a  
speci fied  volume 

3.4   
analysis  bandwidth  (of a  signal  analyser)  
maximum  frequency span  of observation  for a  system  capable  of spectral  anal ys is .  The  
anal ys is  bandwid th  i s  general l y characterized  by a  certa in  fl atness  (±  to lerance)  of the  
responses  of the  system  i n  the  defined  range  of frequencies   

4 Symbols  and  abbreviated  terms  

For the  purposes  of th is  document,  the  symbols  and  abbreviated  terms  i n  I EC 62209-1  and  
I EC 62209-2  appl y.  

5 Overview of the measurement procedure  

The obj ecti ve  of th is  clause  i s  to  g i ve  the  user of th is  PAS a  qu ick overview about the  test 
procedures  i n  th is  PAS.  The  user of the  PAS shal l  refer to  the  respective  clauses  for more  
detai l s  when  us ing  the  fl owchart.   
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Figure 1  – Evaluation  plan  checkl ist  

Prel im inary actions  

Measurement system  check 
(7. 1 . 2  /  Annex D. 4  /  F i gu re  D6)  

DUT setup  

Device  preparation  (7. 1 . 3)  Posi ti on ing  of DUT (7 . 1 . 5  and  7 . 1 . 6)  

SAR measurement procedu res  

Array Probes  measurement  (7. 3 . 2)   
S imu l taneous  transm ission  (7 . 4. 1 )  /  
(7 . 4. 2 )  

S i ng le  Probe  measurement (7. 3 . 1 )  
Test  reduction  (7 . 3 . 1 )  
Simu l taneous  transm iss ion  (7. 4 . 2)  

Uncertain ty eval uati on  (8)  

Array Probes  
(8  /  Tab le  2 ,  Table  3 ,  Tabl e  4 ,  Table  5)  

Sing le  Probe  (8)  

Reporti ng  SAR resu l ts  (9)  

IEC 

General  Procedu re  (7 . 2 )  /  (7 . 3)  

Uncertain ty assessment  revi ew for  
d i e l ectri c  parameters  ( I . 1 . 4)  *  
some  parameters in  array systems may  
not be  directly verifiable  by the  user,   
therefore  shall be  provided by the   
system manufacturer  

Tissue-equ i va l en t  l i qu i d  d i e lectri c  
parameters  check (6. 2 . 3  /  Annex 
A. 1 . 3  /  Table  A. 3)  /  (7 . 1 . 1 )  *  
some parameters in  array systems may 
not be  directly verifiable  by the  user,  
therefore  shall be  provided by the  
system manufacturer 

Evaluation  pl an  check-  l i s t,  (see  Tabl e  1 )  
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Table  1  – Evaluation  plan  checkl ist  

Stage  Evaluation  steps  Action  

Evaluation  pl an  
check-l i st  

P l ann i ng  of the  
measurement  
confi gu rati ons  

What  type  of device  i s  bei ng  eval uated?  

Review of an tenna  contained  and  wi rel ess  technol og i es  supported ,  
s i ng l y or i n  combination .  

What  are  the  test  posi ti ons  app l i cable?  

Working  under l aboratory cond i ti ons  and  fol l owi ng  good  l aboratory 
practi ce  and  documentation ,  prepare  to  conduct  the  necessary 
eva luati on .  

Complete  check-l i st  based  
on  eval uati on  pl an  (Tab le  
1 ,  F i gu re  1 )  

Prel im inary 
actions  and  
Measurement 
system check 

A d i e l ectri c  measurement of the  t i ssue  s imu lati ng  med ium  shal l  be  
performed  for systems  wi th  open  phan toms,  and  the  resu l t  shal l  be  
recorded .  

System check  needs  to  be  performed  to  veri fy the  correct  working  of 
the  system  components  (Annex D. 3).  

Shal l  be  conducted  before  
starti ng  a  project  and  
repeated  accord ing  to  
7 . 1 . 2  

DUT set-up  

Preparation  of 
DUT  

The  protocol  for SAR assessment defi nes  a l l  the  permutations  of 
operati ona l  cond i ti ons  that  shou ld  be  tested .  The  essenti al  s teps  
i ncl ude:  

Prepari ng  the  DUT by establ i sh ing  a  connection  to  a  network 
s imu lator  

Confi gu ri ng  the  DUT to  operate  on  the  appropriate  test  frequencies   

Posi ti on ing  the  DUT i n  re lati on  to  the  phantom   

Ensure  the  DUT i s  
confi gu red  i n  the  correct 
way and  rad iati ng  
appropri atel y when  
posi ti oned  aga inst  the  
phantom .  

SAR 
measurements  
procedu res  

Genera l  SAR 
procedu re  

Th is  stage  i s  the  actual  procedure  of measurement  of SAR.  

The  procedu re  i s  i terati ve  to  ensure  that  the  h i ghest  va l ue  of the  
peak spati a l -average  SAR of a  DUT i s  captu red .  

Th i s  i s  done  by a  systematic  process  l ooking  at  a l l  d evi ce  test  
posi ti ons,  confi gu rati ons  and  operati ng  modes  i n  a l l  frequency 
bands  accord i ng l y (7 . 2 ).   

Systems  can  i ncorporate  s i ng l e  probe  (7. 3 . 1 )  or array probes  
(7 . 3 . 2 ).  Some  accepted  techn i ques  that  may be  used  to  e i ther 
reduce  or accelerate  the  measurement  process.   

Determ in ing  h i ghest SAR 
Ensure  the  rationale  for 
test  reducti on  i s  recorded  
and  reported  i f u sed  

Uncertain ty 
eva luati on  

Gu idel i nes  and  approximation  formu las  are  provided  (cl ause  8),  
enabl i ng  the  estimation  of each  i nd i vi dua l  uncertai n ty component.  

The  u ncerta in ty budget shal l  cover the  appropriate  frequency range  
wi th  regards  to  equ ipment used  i n  the  SAR system .  

For array systems,  see  (Table  2  to  Tabl e  5)  

Determ ine  uncertai n ty and  
complete  the  uncertai n ty 
table   

Reporti ng  SAR 
resu l ts  

The  fi nal  report  descri bes  the  resu l ts  of the  eval uati ons,  provi des  
su ffi cien t  techn ical  deta i l s  to  a l l ow for repeatab i l i ty of the  
eva luati ons  performed  and  reports  the  resu l ts  by compari son  wi th  
the  re levant l im i t  (cl ause  9).  

The  production  of the  test  report  wi l l  be  the  demonstrati on  of 
compl iance  wi th  th i s  PAS.  

Prepare  the  fi nal  report  
and  consider the  
requ i rements  l i s ted  i n  
cl ause  9.  

 

6 Measurement system  specifications  

6.1  General  requ irements  

A vector measurement-based  system  consists  of the  phan tom  (a  SAM  phantom  representing  
the  human  head  and /or a  flat phantom  representing  the  human  body)  fi l l ed  wi th  ti ssue-
equ ivalent med ium ,  the  e lectron ic measurement i nstrumentation ,  one  or mu l tip le  probes,  a  
fie l d  reconstruction  a l gori thm  (Annex C)  and  DUT holder.  The  peak spatia l -average  SAR shal l  
be  assessed  from  the  SAR d istribution  i nduced  in  the  volume of the  phantom  from  the  
e lectromagnetic fie l ds  produced  by the  DUT.  The  vector measurement-based  system  shal l  
reconstruct the  SAR in  the  volume of the  phan tom  from  the  e lectric  or magnetic fie l ds  
measured  by the  probes.  The  vector measurement-based  system  may be  a  s ing le  probe  
system  (scann ing  a  s ing le  probe  i n  the  volume of the  phantom)  or an  array system  having  
mu l tip le  probes.  The  measurement system  cal i bration  shal l  be  traceable  to  national  standards  
and  wi th  quan ti fi ed  and  documented  measurement uncertain ties.  I n  add i ti on ,  the  systems 
shal l  meet the  va l i dation  requ irements  speci fi ed  i n  Annex D .  
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The  i n formation  contained  i n  the  captured  fie ld  shal l  be  sufficient to  determ ine  th e  peak 
spatia l -average SAR wi th  an  uncertain ty meeting  the  requ i rements  of th is  PAS.  The  
manufacturer of the  measurement system  shal l  document the  fi e ld  reconstruction  a l gori thms.  
The  phantoms are  fi l l ed  wi th  the  requ ired  homogeneous  tissue-equ ivalen t med ium .  I n  the  
case  of movable  probes  i ns ide  the  phan tom ,  the  ti ssue-equ ivalent med ium  shal l  be  a  l ow-
viscosi ty fl u id  to  a l l ow free  movement of the  probes  wi th in  i t.  For a  fixed  probe-array no  such  
constrain t appl i es.   

The  tests  shal l  be  performed  i n  a  l aboratory conform ing  to  the  fol l owing  environmenta l  
cond i tions:  

– The  ambien t temperature  shal l  be  wi th in  the  range  of 1 8  °C  to  25  °C.   

– I n  open  systems  where  ti ssue-s imu lati ng  material  i s  i n  d i rect con tact wi th  a i r,  t i ssue-
equ ivalent med ium  d ie lectric properties  shal l  be  veri fi ed  regu larl y fo l l owing  the  procedures  
described  in  I EC 62209-1  and  I EC 62209-2.   

– I n  hermetic systems,  the  manufacturer shal l  provide  e i ther  

a)  a  procedure  for the  accurate  measurement of d ie lectric  properties,  or  

b)  documentation  of the  d ie lectric parameters  and  correspond ing  med ium  temperature  
and  ambient temperature  that were  measured  for the  speci fic phan tom  when  i t  was  
manufactured  or during  system  recal ibration .   

– I n  hermetic systems,  the  manufacturer shal l  provide  a  demonstration  of the  stabi l i ty of the  
d ie lectric properties  of the  tissue-s imu lating  material  over a  period  of time wh ich  i s  equal  
to  or greater than  the  cal i bration  i n terval  of the  SAR measurement system .   

– Prior to  tissue-equ ivalen t med ium  d ielectric  properties  measurement and  SAR 
measurements ,  the  DUT,  test equ ipment,  t issue  s imu lating  med ium  and  phan tom  shal l  
have  been  kept i n  the  laboratory for thei r temperatures  to  have  stabi l i zed  ( i . e . ,  they shal l  
not have  been  recentl y moved  from  another area  wi th  a  d i fferen t ambient temperature,  
such  as  a  refrigerator or storage  area).  

– Between  the  measurement of the  d ie lectric  parameters  and  the  SAR measurement,  the  
temperature  of the  ti ssue  s imu lati ng  med ium  shal l  not  vary by more  than  2  °C  or by more  
than  5  % ,  i n  both  ε  and  σ  accord ing  to  the  temperature  sens i ti vi ty measurement of the  
tissue  s imu lating  med ium ,  wh ichever temperature  range  i s  l ess  (both  ε  and  σ  sha l l  stay 
wi th in  the  tolerance of the  targets),  un less  acti ve  temperature  compensation  is  employed  
by the  SAR measurement system .  I f acti ve  temperature  compensation  i s  used ,  the  
manufacturer of the  measurement system  shal l  provide  documentation  of the  temperature  
measurement and  compensation  a lgori thms and  the  uncertain ty of the  temperature  
compensation .  See  Annex I . 1 . 1 4. 5  to  determ ine  the  temperature  sensi ti vi ty uncertain ty of 
the  ti ssue  s imu lating  med ium .  

– The  effect of refl ections  from  cables ,  test equ ipment,  or other reflectors  shal l  be  
determ ined  us ing  the  SAR system check procedure  wi th  and  wi thout reflectors  present or 
where  necessary wi th  the  j ud icious  placement of absorbing  materia ls  and/or the  use  of 
ferri te  beads  on  cables.   

– SAR measurements  of DUT shal l  on l y be  performed  when  the  effects  of reflections,  
secondary RF  transm i tters,  etc. ,  resu l t i n  a  peak spatia l -average SAR (for 1  g  or 1 0  g  
mass,  wh ichever is  appl i cable  to  the  test)  of l ess  than  0 , 01 2  W/kg  by measuring  the  peak 
spatia l -average SAR at (approximatel y)  0 , 4  W/kg  (used  to  establ ish  the  above 3  %  l im i t)  
us ing  the  SAR system check  procedure.  When  the  effect of cables  and  reflectors  is  more  
than  0 , 01 2  W/kg ,  ferri te  beads,  RF  absorbers  and  other m i tigation  techn iques  shal l  be  
appl ied  to  reduce the  induced  error.  I f the  preced ing  l im i t  cannot be  ach ieved ,  a  va lue  
h igher than  3  %  (0 , 01 2  W/kg)  has  to  be  cons idered  in  the  uncertain ty budget i n  the  “RF  
ambien t cond i tions  – reflections”  row,  provided  i t  can  be  demonstrated  that the  SAR 
con tribu tion  due  to  reflections  determ ined  by the  system check procedure  i s  l ess  than  
1 0  %  of the  SAR measured  for the  DUT.  The  requ irement on  reflections  shal l  be  veri fied  at 
l east every year or whenever the  system check  shows  unexpected  resu l ts .  

– During  testing  the  DUT shal l  not be  connected  to  any wi reless  network except a  base  
station  s imu lator in  the  l ab.  
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NOTE  The  terms  system validation  and  system check are  i ta l i ci sed  because  they refer to  speci fi c  test  protocols  
described  for the  purposes  of th i s  PAS.  

System validation  accord ing  to  the  protocol  defined  i n  Annex D  shal l  be  done  at l east once  
per year by the  system  manufacturer,  i nclud ing  when  a  new system  is  pu t i n to  operation  and  
whenever mod i fications  have  been  made  to  the  system ,  such  as  a  new software  vers ion  wi th  
e. g . ,  updated  fi e ld  reconstruction  a lgori thms,  d i fferen t type  or vers ion  of readou t e lectron ics  or 
d i fferent types  of probes.  The  fu l l  system  val i dation  defined  i n  Annex D  shal l  be  performed  the  
fi rst time for a  new measurement system .  I t  may be  unnecessary to  perform  a  complete  
system  val idation  each  subsequent time.  A reduced  set of measurements  may be  performed  i f 
i t  can  be  demonstrated  and  documented  by the  system  manufacturer that the  set i s  sufficient  
to  warran t acceptance  accord ing  to  the  cri teria  (e. g . ,  i f the  frequency dependent sens i ti vi ty of 
the  sensors  is  constant due  to  reasons  of sensor des ign ,  then  the  number of frequencies  may 
be  reduced).  The  antennas  used  for system validation  shal l  be  designed  and  va l i dated  to  
meet the  requ i rements  speci fied  i n  th is  PAS (see  Annex F).   

NOTE  System  val i dation  i s  normal l y performed  by the  system  manufacturer,  even  though  i t  i s  defi ned  such  that  i t  
can  a l so  be  performed  i ndependentl y by any th i rd  party.  

The measurement system  shal l  be  val i dated  as  a  complete  system  ( i . e . ,  cons isting  of a l l  
parts,  i ncl ud ing  the  fu l l  sensor array,  the  d ie lectric med ium ,  phantom  shel l ,  e l ectron ics,  etc. ) .  
The  measurement probe  or probe  array shal l  be  cal i brated  i n  cond i tions  equ ivalen t to  the  fi nal  
operati ng  cond i tions  meeting  the  requ irements  of th i s  PAS.  Probe or probe-array ca l i bration  
shal l  be  documented  by the  system  manufactu rer.  

Where  th is  PAS expl ici tl y speci fies  performance characteristics  for the  measurement system  
or a  part  of the  measurement system ,  the  manufacturer of the  system  or of the  part,  or the  
system  in tegrator shal l  document conform i ty wi th  the  provis ions  of th is  PAS.  

6.2  Phantom  specifications  

6.2. 1  Head  Phantom  specifications  – shel l  

The SAM  phantom  shal l  be  used  as  the  head  phan tom .  The  rationale  for the  SAM  phantom  
and  the  geometrical  properties  of the  SAM  phan tom  are  provided  i n  Annex A.  The  head  SAR 
procedures  in  th is  PAS are  appl icable  to  the  SAM  phan tom  requ i rements  i n  I EC  62209-1 .  For 
some system  configurations,  th is  may not be  restricted  to  a  sag i tta l l y-bisected  horizon tal  SAM  
phantom .  The  phantom  con tainer may be  open  ( i . e. ,  the  tissue-equ iva len t materia l  i s  i n  d i rect 
con tact wi th  a i r)  or hermetic.  

6.2.2  Body Phantom  specifications  – shel l  

The fl at phantom  shal l  comply wi th  requ i rements  speci fied  in  Annex A.  The  phantom  con tainer 
may be  open  ( i . e . ,  the  ti ssue-equ iva len t materia l  i s  i n  d i rect con tact wi th  a i r)  or hermetic.  

6.2.3  Tissue-equ ivalent med ium  material  properties  

The phantom  shal l  be  fi l l ed  wi th  tissue-equ ivalent med ium  wi th  the  requ ired  d ie lectric  
properties.  The  d ie lectric  parameters  shal l  be  evaluated  and  compared  wi th  the  values  g i ven  
i n  Table  A. 3  using  l inear i n terpolation .  Th is  measurement can  be  performed  us ing  the  
equ ipment and  procedures  described  i n  I EC  62209-1 : 201 6,  Annex J .  The  measured  d ie lectric  
properties,  not the  values  of Table  A. 3,  shal l  be  used  in  the  SAR calcu lations.  

To  m in im ize  reflections  from  the  ti ssue-equ iva lent med ium  surface  that  i s  d is tal  from  the  
measurement (phantom)  surface,  the  depth  of the  med ium  shou ld  be  at least 1 5  cm  from  the  
flat body phan tom  inner surface  or from  the  SAM  i nner surface  above  the  ear reference poin t.  
I n  such  case,  the  uncerta in ty due  to  such  reflections  does  not need  to  be  added  to  the  budget.  
A med ium  depth  of l ess  than  1 5  cm  may be  used  i f i t  i s  demonstrated  (e. g . ,  us ing  numerical  
s imu lations)  that the  effect on  peak spatia l -average SAR is  l ess  than  1  %  under worst-case  
cond i ti ons.  I f i t  i s  more  than  1 ,  detai l ed  evaluation  of the  maximum  uncertain ty shal l  be  
documented  and  added  to  the  uncertain ty budget.  For the  case  of systems wi th  hermetic  
phantoms,  the  depth  of ti ssue-equ ivalen t med ium  for the  i nd ividual  phantom  shal l  be  reported  
by the  manufacturer.  
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6.3  Hand  and  Device holder considerations  

The  requ i rements  of I EC  62209-1  and  I EC  62209-2  appl y.   

6.4  Measurement system  requ i rements  

6.4. 1  General  

The vector measurement-based  system  may be  a  scann ing  system  (moving  a  s ing le  probe  in  
the  volume of the  phantom)  or an  array system  wi th  mu l ti p le  probes.  The  requ i rements  for 
scann ing  systems  are  provided  i n  subclause  6 . 4 . 2,  and  the  requ i rements  for array systems 
are  provided  in  subclause  6. 4 .3 .   

6.4.2  Single  probe measurement system  specifications  

The s i ng le  probe  measurement system  shal l  comply wi th  the  fo l lowing :  

– The  probe and  scann ing  system  and  reconstruction  a lgori thm  shal l  a l l ow the  determ ination  
of the  spatia l  SAR d istribu tion  i n  the  requ ired  reg ions  of the  phan tom  wi th  known  
uncerta in ty for a  near-fie l d  antenna  p laced  ou ts ide  the  phantom .  The  requ irements  on  the  
uncerta in ty are  provided  i n  8. 2 .  

– The  manufacturer of the  measurement system  shal l  provide  documentation  to  the  user 
defin ing  the  measurement reg ion  and  frequency range  where  the  requ irements  of th is  PAS  
are  met.  

– The  spatia l  resolu tion  of the  measurement gri d  and  the  reconstruction  a lgori thm  shal l  
a l l ow the  fie lds  to  be  reconstructed  anywhere  wi th in  the  defined  measurement reg ion  and  
to  the  boundary between  the  tissue-equ iva lent med ium  and  the  phan tom  shel l .   

– The  accuracy of the  probe  tip  pos i tion ing  at a  measurement poin t shal l  be  documented  
and  the  related  uncertain ty shal l  be  evaluated  accord ing  to  Annex I . 1 . 1 0.   

– Al l  re levant uncertain ty contribu tions  as  defined  in  clause  8  shal l  be  assessed  and  
documented .  

– The  d ynam ic range  of the  measurement system  shal l  be  such  that the  measurement 
uncertain ty budget i s  va l i d  for 1  g  average  SAR va lues  from  0, 1  W/kg  to  1 0  W/kg  for a l l  
modu lations.  The  peak spatia l -average SAR cube  can  be  l ocated  anywhere  in  the  reg ion  
of the  phantom  i n  wh ich  the  uncertain ty i s  defined  by the  system  manufacturer.   

– Probe ca l i bration  shal l  be  performed  i n  cond i tions  equ ivalent to  i ts  final  operating  
cond i ti on  meeting  the  requ irements  of th is  PAS.  Cal i bration  of the  probe separatel y from  
the  system  is  a l lowed ,  provided  that the  e lectrical  i n terface  characteristi cs  between  the  
probe and  readou t electron ics  are  speci fi ed  and  implemented  during  measurements .  The  
probe shal l  be  ca l i brated  together wi th  the  i den tical  type  of equ ipment (ampl i fier,  fi l tering ,  
data  acqu is i ti on ,  etc. ) .  The  probe  shal l  be  cal i brated  at  the  appropriate  operati ng  
frequency and  temperature  range,  accord ing  to  the  methodology described  in  
I EC 62209-1 .  

6.4.3  Array measurement system  speci fications   

The array measurement system  shal l  comply wi th  the  fol l owing :  

– The  probe  array shal l  a l l ow the  measurement of the  e lectric or magnetic fi e ld  that i s  used  
as  an  i nput  to  the  reconstruction  a lgori thms  that  enable  the  determ ination  of the  spatia l  
SAR d istribution  i n  the  requ ired  reg ions  of the  phantom  wi th  known  uncerta in ty for a  near-
fie ld  an tenna  p laced  outs ide  the  phan tom .  The  requ i rements  on  the  uncerta in ty are  
provided  in  8. 2.  

– The  manufacturer of the  measurement system  shal l  mark the  extent of the  measurement 
reg ion  on  the  flat phantom  and  document th is  reg ion  as  wel l  as  the  frequency range  where  
the  requ irements  of th is  PAS are  met.  At the  head  phantoms,  the  marking  is  not requ ired  
as  the  DUT posi tion  and  orien tations  are  speci fied  i n  the  test procedure.  Markings  shal l  be  
such  that  phan tom  shel l  requ i rements  of th is  PAS are  sti l l  respected .  
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– For the  head  phan tom ,  the  SAR evaluation  reg ion  of the  system  after fie l d  reconstruction  
shal l  i ncl ude  a l l  poin ts  wi th in  the  proj ection  of the  ou tl ine  of the  wi reless  device.  

– The  deviation  of the  locations  of the  probes  in  the  array from  the ir speci fi ed  locations  shal l  
be  documented  and  the  re lated  uncertain ty shal l  be  evaluated  accord ing  to  Annex I . 1 . 2 .  
These  pos i ti ons  shal l  not vary by more  than  ±0, 1  mm  as  a  function  of temperature  and  
pressure.  I f the  d isplacement i s  l arger,  the  probe  d isp lacement shal l  be  documented  and  
the  uncertain ty shal l  be  assessed  by the  system  manufacturer.  

– The  spatia l  resolu tion  of the  measurement gri d  and  the  reconstruction  a lgori thm  shal l  
a l l ow the  reconstruction  of the  fi e lds  anywhere  wi th in  the  defined  measurement reg ion  and  
to  the  boundary between  the  ti ssue-equ ivalent med ium  and  the  phan tom  shel l .  The  
manufacturer shal l  document the  types  and  spatial  d is tribution  of probes  i n  the  array.  I n  
particu lar,  i t  shal l  be  speci fi ed  for each  probe  i n  the  array:   

1 )  i ts  location  wi th in  the  phantom ;   

2)  whether i t  i s  sensi ti ve  to  i ncident magnetic  or e lectric fie l d ;   

3)  wh ich  polari zations  of the  i ncident  fi e ld  i t  i s  des igned  to  receive;   

4)  i f they measure  magn i tude  of the  fie ld  on l y or magn i tude  and  phase.  

– Al l  re levant uncerta in ty contribu tions  as  defined  in  cl ause  8  shal l  be  assessed  and  
documented .  

– The  dynam ic range  of the  measurement system  shal l  be  such  that the  measurement 
uncertain ty budget i s  va l i d  for 1  g  average  SAR values  from  0, 1  W/kg  to  1 0  W/kg  for a l l  
modu lations.  1  g  and  1 0  g  SAR cubes  can  be  located  anywhere  in  the  reg ion  of the  
phantom  i n  wh ich  the  uncertain ty is  guaran teed  by the  manufacturer.   

– Probe-array shal l  be  cal ibrated  at  the  cons idered  operating  frequency range  and  
temperature  range  i n  cond i tions  equ ivalen t to  i ts  final  operati ng  cond i ti on  meeting  the  
requ i rements  of th is  PAS.  The  probe-array sub-system  shal l  be  cal i brated  i n  the  fi nal  
phantom  assembly,  wi th  the  same or e lectrica l l y equ ivalent read-out e l ectron ics  used  for 
the  system  and  i den tical  type  of equ ipment (ampl i fi ers,  fi l teri ng ,  data  acqu is i tion  etc. ) ,  at 
the  appropriate  operati ng  frequencies  and  temperature  range,  wi th  one  of the  methods  
described  in  the  Annex B .  

6.5  Device holder specification  

The requ irements  for the  device  holder i n  I EC  62209-1  and  I EC 62209-2  appl y respectivel y for 
measurements  at the  head  and  flat phantoms.  The  DUT is  preferabl y mounted  on  a  p iece  of 
l ow relati ve  perm i tti vi ty (<  1 , 2)  and  l ow l oss  foam  before  be ing  moun ted  in to  the  device  holder 
to  avoid  any d i rect con tact between  the  device  holder and  the  DUT.  I f th is  i s  not possib le,  the  
device  holder shal l  provide  the  m in imum  amount of contact to  the  DUT to  g i ve  a  secure  hold  
and  mainta in  the  requ ired  posi tion  during  the  measurement.   

When  the  h ighest reported  SAR is  greater than  75  %  of the  compl iance  l im i t and  the  DUT has  
been  measured  i n  con tact wi th  the  device  holder,  the  h i ghest SAR test cond i tion  among  a l l  
frequency bands  and  pos i tions  shal l  be  tested  again  for each  s i ng le  transm i tter,  wi thou t us ing  
the  holder.  I n  th is  case,  the  DUT posi tion  shal l  be  rea l i zed  by us ing  l ow-loss  foam  materia l  
and  non-conductive  adhesive  (e. g . ,  tape  or e lastic bands) .  The  peak spatia l -average SAR 
both  wi th  and  wi thout holder cond i ti ons  shal l  be  reported .  I f the  d i fference between  these  
va lues  is  greater than  the  expanded  (k  =  2)  uncerta in ty for measurement repeatabi l i ty,  then  a l l  
SAR test  cond i ti ons  that are  wi th in  the  expanded  (k  =  2)  uncertain ty (see  Clause  8)  of the  
compl iance  l im i t  sha l l  be  measured  wi thout  the  holder.  

The  effect of the  hand  on  the  exposure  of the  head  phantom  is  not cons idered  i n  th is  PAS.  
Refer to  I EC 62209-1  for a  rationale.  

With  array systems  us ing  closed  flat phantom ,  a  holder may not be  needed  i n  certa in  test 
posi tions.  The  DUT may for example  be  d isposed  over the  fl at  phan tom ,  i n  d i rect con tact wi th  
the  phantom  or us ing  a  l ow-loss  and  l ow-perm itti vi ty h i gh  dens i ty foam  spacer provid ing  a  
separation  d istance.   
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6.6  Reconstruction  algori thm  and  peak spatial -averaging  specifications  

Un l ike  SAR measurement systems  defined  i n  I EC  62209-1  and  I EC  62209-2 ,  a  vector 
measurement-based  system  does  not determ ine  the  peak spatia l -average SAR d i rectl y from  
measurement poin ts  on  a  3D  grid  covering  the  peak spatia l  averag ing  volume.  Therefore,  the  
purpose  of the  reconstruction  a l gori thm  is  to  determ ine  the  d istribu tion  of the  SAR in  the  
volume of in terest such  that the  peak spatia l -average SAR can  be  evaluated  wi th  known  
uncertain ty us ing  the  e lectric and /or magnetic fi e l ds  measured  by the  vector measurement-
based  system .   

The  fol lowing  requ i rements  on  reconstruction  and  peak spatia l -average  SAR shal l  be  met:  

– The  reconstruction  a l gori thm  shal l  determ ine  the  SAR d istribu tion  i n  the  phan tom  from  the  
measured  e lectric and /or magnetic fie l d  from  the  sensors.  The  SAR d istribu tion  shal l  be  
determ ined  wi th in  a  volume con tain ing  a l l  peak spatia l -average  SAR volumes  (primary and  
secondary).  

– The  averag ing  volume shal l  be  i n  the  shape of a  cube,  except that the  front face  of the  
volume shal l  conform  to  the  phantom  she l l  and  the  back face  shal l  be  equal l y d istorted .  
The  four s i de  wal ls  of the  cube  shal l  be  paral le l  to  the  l i ne  normal  to  the  phantom  at the  
cen tre  of the  fron t face  of the  averag ing  volume (F igure  2) .  

– The  software  of the  measurement equ ipment shal l  provide  error messages  to  the  user i f 
the  peak spatia l -average SAR is  ou ts ide  the  spatia l  reg ion  for wh ich  the  uncertain ty 
requ irements  of th is  PAS  are  met.  

 

Figure 2  – I l lustration  of the  shape and  orientation  relative to  a  curved  phantom   
surface of the  d istorted  cubic volume  for computing  peak spatial -average SAR 

7 Protocol  for SAR assessment 

7. 1  Measurement preparation  

Al l  measurements  shou ld  be  carried  ou t  wi th  good  l aboratory practice,  e . g . ,  i n  accordance  
wi th  I SO/IEC  1 7025,  or any other l ocal  and  national  requ i rements  for device  certi fication .  Th is  
PAS does  not conta in  detai led  i n formation  needed  to  configure  devices  for speci fic wireless  
technolog ies,  such  as  transm ission  mode or data  rate  setti ngs  for satisfyi ng  national  
requ i rements  to  ensure  that the  maximum  SAR is  obtained .  

7. 1 . 1  Preparation  of tissue-equ ivalent medium  

Tissue  equ ivalent med ium  shal l  yi e ld  re lati ve  perm i tti vi ty and  conductivi ty values  wi th in  ±1 0  %  
of the  target values  at the  frequencies  at wh ich  the  SAR is  measured .  Annex I . 1 . 1 4  shal l  be  
used  to  correct the  measured  SAR for the  deviations  in  perm i tti vi ty and  conductivi ty.  I f the  
correction  ΔSAR  has  a  negative  s ign ,  the  measured  SAR resu l ts  shal l  not be  corrected .   

For systems  using  open  phan tom ,  the  d ie lectric properties  of the  tissue-equ ivalent med ium  
shal l  be  measured  wi th in  24  h  before  the  SAR measurements  and  every two  days  of 
con tinuous  use.  The  d ie lectric properties  of the  ti ssue-equ ivalen t med ium  may be  measured  
l ess  frequentl y (but  not l ess  than  once  per week)  i f the  l aboratory can  document compl iance  

IEC  
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wi th  d ie lectric properties  of the  ti ssue-equ ivalen t med ium  materia l  as  speci fied  i n  I EC  62209-1  
and  i n  I EC  62209-2 .   

I f the  tissue  s imu lating  med ium  is  i n  a  hermetical l y sealed  phan tom  the  test l aboratory may 
not be  able  to  d i rectl y measure  the  d ie lectric properties  of the  tissue-equ ivalent med ium .  I n  
th is  case,  the  manufacturer of the  measurement system  shal l  document compl iance  wi th  
d ie lectric properties  of the  ti ssue-equ ivalen t med ium  during  production ,  as  speci fied  i n  
IEC 62209-1  and  i n  I EC  62209-2 ,  as  wel l  as  the  recommended  procedure  and  measurement 
i n terval  on l y i f the  l atter i s  l onger than  the  va l i d i ty period  of the  system  cal ibration .  The  
compl iance  certi ficate  shal l  be  val i d  for the  i n tervals  between  the  measurements  of d ie lectric 
properties  of the  ti ssue-equ iva len t med ium .  

7. 1 .2  System  check 

A system check accord ing  to  the  procedures  of Annex D  shal l  be  completed  wi th in  24  hours  
before  perform ing  SAR measurements  for the  DUT.  The  purpose  of the  system check i s  to  
veri fy that the  system  operates  wi th in  i ts  speci fications.  The  system check i s  a  test of 
repeatabi l i ty wi th  a  ca l ibrated  an tenna  to  ensure  that the  system  works  correctl y during  the  
compl iance  test.  The  system check sha l l  be  performed  i n  order to  detect  poss ible  d ri ft  over 
short t ime periods  and  other uncertain ties  i n  the  system ,  such  as:  

– unacceptable  changes  i n  the  parameters  of the  ti ssue  s imu lati ng  med ium ,  e. g .  due  to  
water evaporation  or temperature  changes;  

– component fa i lu res;  

– component d ri ft;  

– operator errors  in  the  set-up  or the  software  parameters;  

– adverse  cond i tions  i n  the  system ,  e . g . ,  RF  in terference.  

NOTE  1  The  terms  system validation  and  system check  are  i ta l i ci sed  because  they refer to  speci fi c  test  protocols  
described  for the  purposes  of th i s  PAS.  

The system check procedure  shal l  be  performed  on  the  same SAR measurement system ,  
us ing  the  same SAR probe(s)  and  ti ssue-equ ivalen t med ium  as  the  SAR evaluation  of the  
DUT for each  frequency band  tested .  

7. 1 .3  Preparation  of the  device  under test  

The requ i rements  for the  preparation  of the  DUT as  speci fied  i n  I EC  62209-1  and  
I EC 62209-2  appl y.  

7. 1 .4  Operating  modes  

For DUT operati ng  modes,  the  requ i rements  of I EC  62209-1  and  I EC  62209-2  appl y.  

7. 1 .5  Posi tion  of the  DUT in  relation  to  the  phantom  

For the  posi tion ing  of the  DUT,  the  requ i rements  of I EC 62209-1  and  I EC 62209-2  appl y.  

7. 1 .6  Posi tions  of the  DUT in  relation  to  the  flat phantom  for l arge DUT 

I f the  DUT is  equal  to  or l arger than  the  measurement area  supported  by the  phantom ,  the  
scan  shal l  be  d i vided  i n to  smal l er reg ions.  The  DUT shal l  be  sh i fted  such  that  mu l tip le  scans  
can  be  combined  to  encompass  at l east the  projection  of the  DUT over the  fl at phantom .  
When  the  DUT is  sh i fted  over the  measurement area,  the  coupl ing  between  the  DUT and  
phantom  may be  affected  and  d i ffer from  that wi th  a  l arger phantom .  Therefore,  th is  procedure  
may not appl y i f there  i s  a  s ign i ficant change i n  the  shape of the  SAR d i stribution  between  
scans;  otherwise,  th is  effect sha l l  be  taken  i n to  account i n  the  uncertain ty evaluation .   
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To  l im i t  the  measurement errors  due  to  coupl i ng  variations,  the  scanned  areas  of the  DUT 
from  two success ive  tests  shal l  overlap  by at  l east one  th i rd  i n  the  sh i ft  d i rection  as  shown  i n  
F igure  3 .  The  formu la  below provides  the  m in imum  number of tests  to  perform  for a  DUT 
equal  to  or l arger than  the  measurement area,  when  success ive  SAR evaluations  wi th  one  
th i rd  overlapping  section  are  combined :  
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Where:  

L ꞌ  i s  the  length  of the  DUT  

Wꞌ  i s  the  wid th  of the  DUT  

L  i s  the  length  of the  measurement area  recommended  by the  manufacturer 

W i s  the  wid th  of the  measurement area  recommended  by the  manufacturer   

NBtests  i s  the  number of tests  performed  on  DUT sub-d ivis ions  for a  complete  SAR 
evaluation  of the  DUT 

NBsublength  i s  the  number of sub-d ivi s ions  of the  DUT leng th   

NBsubwid th   i s  the  number of sub-d ivi s ions  of the  DUT wid th  

 

Figure 3  – Measurements  performed  by sh ifting  a  l arge device  
over the  efficient measurement  area  of the  system  includ ing   

overlapping  areas  – in  th is  case:  6  tests  performed  

7. 1 . 7  Test frequencies  for DUT 

A DUT shal l  be  compl ian t wi th  appl icable  exposure  standards  at a l l  transm itting  frequencies.  
However,  testi ng  at every channel  i s  impractical  and  unnecessary.  The  purpose  of th is  
subclause is  to  define  a  practical  subset of channels  where  SAR measurements  are  to  be  
performed.  Th is  subset of channels  i s  chosen  so  as  to  g ive  a  characterization  of a  DUT wi th  
any appl icable  exposure  standards.  

NOTE  I n  some  cases  of Wi -F i  technology and  other wide  band  systems  such  as  WiMAX,  the  maximum  ou tput  
power of a  channel  may vary across  the  frequency band .  The  requ i red  test  channels  may not  i ncl ude  the  channel  
wi th  the  h i ghest  RF  transm i t  power.  For example,  for Wi -F i  based  technol og i es ,  the  channel s  operati ng  at  the  band  
edge  may produce  l ower power i n  order to  comply wi th  speci fi c  ou t-of-band  l im i ts ,  therefore  i t  may be  necessary to  
perform  the  testi ng  on  the  channel  ad jacent to  the  band  edge  channel .  For other devices,  the  maximum  ou tput  
power of d i fferen t  channe ls  may be  optim ized  d i fferentl y.  Therefore,  before  perform ing  testi ng  us i ng  the  speci fi c  
channels  requ i red  by th i s  standard ,  the  maximum  ou tpu t power of the  channels  need  to  be  veri fi ed  to  determ ine  the  
chosen  channels  are  i ndeed  producing  the  h i ghest  rated  ou tpu t of the  device.  The  process  used  to  establ i sh  the  
channels  for testi ng  purposes  shal l  be  documented  i n  the  test  report.  
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For each  operati ng  mode  of a  wi re less  technology used  by the  DUT,  tests  shal l  be  performed  
at the  channel  closest to  the  centre  of each  transm i t frequency band .  I f the  wid th  of the  
transm it frequency band  (Df =  fh i gh  – fl ow)  exceeds  1  %  of i ts  centre  frequency fc,  then  the  
channels  at the  l owest and  h ighest frequencies  of the  transm i t band  shal l  a lso  be  tested .  
Furthermore,  i f the  wid th  of the  transm i t band  exceeds  1 0  %  of i ts  centre  frequency,  the  
fol l owing  formu la  shal l  be  used  to  determ ine  the  number of channels ,  Nc,  to  be  tested :  
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Where:  

fc  i s  the  cen tre  frequency channel  of the  transm ission  band  i n  Hz  

fh igh  i s  the  h i ghest frequency channel  of the  transm ission  band  i n  Hz  

fl ow  i s  the  lowest frequency channel  of the  transm ission  band  i n  Hz 

Nc  i s  the  number of channels  

NOTE  1  The  function  roundup(x)  rounds  i ts  argument  x  to  the  next  h i ghest i n teger.  Thus,  the  number of channe ls ,  
N

c
,  wi l l  a lways  be  an  odd  number.  The  channels  tested  shal l  be  equal l y spaced  apart  i n  frequency (as  much  as  

possib le)  and  shal l  i ncl ude  the  channels  at  the  l owest and  h i ghest  frequenci es .  Probe  cal i brations  shal l  be  va l i d  for 
a l l  test  frequencies  and  l i qu i d  d i e l ectri c  parameters  at  those  frequencies.  Substanti a l l y l arge  transm ission  bands  
may requ i re  mu l ti pl e  probe  ca l i bration  poi n ts  and  d i fferen t t i ssue-equ i val ent  l i q u i ds  to  cover the  en ti re  frequency 
band .   

NOTE  2  Regu l atory agenci es  may have  d i fferent  requ i rements  on  the  number of channels  to  be  tested  per 
transm iss ion  band ,  accord ing  to  frequency a l l ocati ons  and  other wi reless  technology requ i rements .  

NOTE  3  I f the  test  frequency yie l d i ng  the  h i ghest ou tpu t power does  not  correspond  to  the  m idd le  channe l ,  the  
test  requ i rements  may vary among  d i fferen t national  regu latory au thori ti es.  

7.2  Tests  to  be  performed  

I n  order to  determ ine  the  h i ghest va lue  of the  peak spatia l -average SAR of a  device,  a l l  
device  posi ti ons,  configurations  and  operational  modes  shal l  be  tested  for each  frequency 
band  accord ing  to  step  1  to  step  3  below.   

Step  1 :  

The  tests  shal l  be  performed  at the  channel  that i s  closest to  the  centre  of the  transm i t  
frequency band  (fc)  for:  

a)  a l l  device  pos i ti ons  on  the  body phantom  ( i f testi ng  of DUT against body phantom  is  
requ ired );  

b)  a l l  cheek and  ti l t  pos i tions  on  the  l eft and  right head  phan toms  ( i f testi ng  of DUT against  
head  phantom  is  requ i red);   

c)  a l l  configurations  for each  device  pos i ti on  in  a),  e . g . ,  wi th  device  s l ide  or cover open  and  
closed  or antenna  extended  and  retracted ;   

d )  a l l  operational  modes,  e. g . ,  d i fferent resource  b lock a l l ocations  i n  LTE  or modu lations,  for 
each  device  pos i ti on  i n  Step  1  a)  and  configuration  i n  Step  1  b)  in  each  frequency band ;  

e)  a l l  an tennas  used .   

Step 2:  

For the  test cond i tion  provid ing  the  h i ghest peak spatial -average SAR determ ined  i n  step  1 ,  
perform  the  tests  at a l l  other test frequencies  as  requ i red  by 7 . 1 . 7  (e. g . ,  l owest and  h ighest 
channels) .  I n  add i ti on ,  for each  device  pos i tion ,  configuration  and  operati ng  mode where  the  
peak spatia l -average SAR value  determ ined  i n  step  1 a) ,  step  1 b)  and  step  1 c)  i s  greater than  
or equal  to  hal f of the  appl icable  SAR l im i t,  testi ng  of other channels  of 7. 1 . 7  i s  requ i red  as  
wel l ,  otherwise  i t  i s  not  requ ired .  
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Step  3:  

Exam ine  a l l  data  to  determ ine  the  h i ghest value  of the  peak spatia l -average SAR found  i n  
step  1  to  step  2  for each  operation  mode  i n  each  frequency band .  

7.3  General  measurement procedure  

This  clause  documents  the  procedure  to  be  performed  for each  of the  test cond i tions  
described  in  7 . 2.  For s i ng le  probe  systems,  the  measurement procedure  of 7 . 3 . 1  shal l  be  
appl ied .  For array systems,  the  measurement procedure  of 7 . 3 . 2  shal l  be  appl ied .  

7.3. 1  Measurement procedure  for s ing le  probe  systems  

I f a  s ing le  probe  measurement system  is  used ,  the  general  measurement procedure  of 
IEC 62209-1  or I EC 62209-2  (as  appropriate)  shal l  be  appl i ed ,  except that the  zoom  scan  
described  in  the  procedure  may not be  requ ired  due  to  the  use  of the  fiel d  reconstruction  
a lgori thm .  Add i ti onal l y,  reference and  dri ft measurements  I EC  62209-1  or I EC  62209-2  may 
be  replaced  by the  fo l l owing  procedure:  

•  I f the  DUT power dri fts  by more  than  2  %  during  the  SAR measurement period ,  the  SAR 
shal l  be  measured  at  a  fixed  reference poin t immed iatel y before  and  after the  SAR 
evaluation .  The  reference poin t  sha l l  be  wi th in  1 0  mm  of the  i nner surface  of the  phantom  
where  the  measured  l ocal  fi e l d  exceeds  the  l ower detection  l im i t of the  measurement 
system .  The  SAR dri ft of the  DUT is  estimated  as  the  d i fference between  the  two  
measured  s ing le-poin t SAR values.  

•  I f the  SAR dri ft  exceeds  5  %  then  the  provis ions  of Annex I . 4 . 3  shal l  appl y 

7.3.2  Measurement procedure for array systems  

I f an  array system  is  used ,  the  fo l l owing  procedure  and  requ i rements  shal l  be  appl ied :  

a)  Measure  the  e lectric  or magnetic fie l d  over the  measurement reg ion .  

b)  Appl y the  reconstruction  a l gori thm  to  reconstruct the  SAR d istribution  in  the  appl icable  
volume of the  phantom .  

c)  Appl y the  averag ing  a l gori thm  to  determ ine  the  peak spatial -average SAR.  

Commercia l  devices  typical l y have  ou tpu t power d ri fts  wi th in  ±5  % .  Some devices  cou ld  have  
s i gn i ficant fl uctuations  i n  ou tpu t power that are  not cl assi fiable  as  undesi rable  power d ri ft  bu t 
rather are  a  characteristi c of the  normal  operating  behaviour of the  device.  I n  these  cases ,  
methods  such  as  power scal i ng  shal l  be  appl ied  wi th  the  a im  of ensuring  that an  accurate  and  
conservative  SAR is  obtained .  

7.4  SAR measurements  for simultaneous  transmission  

DUTs  wi th  mu l ti p le  an tennas  or mu l tip le  transm itters  (wi th  s i ng le  or mu l tip le  antennas)  
transm itti ng  s imu l taneously requ i re  specia l  test cons iderations.  The  methods  to  combine  the  
fie l ds  in  order to  determ ine  the  combined  SAR d istribution  d i ffer depend ing  on  whether the  
correspond ing  RF  transm i tters  em i t  waveforms  that  are  correlated  or uncorrelated  in  t ime 
( IEC TR 62630).  

7.4. 1  SAR measurements  for non-correlated  s ignals  

When  two or more  s ignals  are  non-correlated  (e. g . ,  transm iss ion  at  d i fferent frequencies,  
modu lations,  or data  streams),  the  combined  SAR  a t  each  l ocation ,  r,  i n  the  phantom  is  
ca lcu lated  from  simple  summation  of the  SAR  va lues  of the  i nd ividual  transm itters :  
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Prior to  averag ing  and  search  of the  peak spatia l -average SAR,  each  SAR d istribution  shal l  
be  assessed  separatel y.  After fi e l d  reconstruction  and  determ ination  of the  i nd ividual  SAR 
d istribu tions,  SARk(r) ,  the  summation  g iven  i n  the  above equation  i s  performed.  The  averag ing  
and  search  of the  peak-spatia l  average  SAR are  then  conducted .   

The  above  procedure  appl ies  regard less  of whether the  N non-correlated  s i gnals  are  tu rned  
on  separatel y or transm i tti ng  s imu l taneously.  SAR measurement wh i le  s ignals  are  transm itti ng  
s imu l taneousl y is  possib le  on l y i f the  measurement system  is  capable  of d isti ngu ish ing  the  
s i gnals  so  that they can  be  processed  separatel y.   

For measurement equ ipment,  capable  of d is ti ngu ish ing  between  various  s i gnals  and  
frequency contributions,  d i rect SAR assessment for s imu l taneous  transm ission ,  incl ud ing  
carrier aggregation  technolog ies  (wi th  con tiguous  or non-contiguous  transm i tti ng  channels) ,  
can  be  performed  provid ing  that a l l  the  transm ission  frequencies  fal l  wi th in  a  va l i d  range  of 
both  the  probe  cal i bration  and  the  tissue  equ ivalen t med ium .  I n  such  a  case,  the  fol lowing  
procedure  appl ies :  

a)  The  DUT is  set  to  transm it s imu l taneousl y at frequencies  f1 ,  f2 ,  fN…  in  the  considered  
supported  transm iss ion  mode.  

b)  The  DUT is  posi tioned  to  the  phantom  accord ing  to  7. 1 . 5.  

c)  Measurement system  is  set to  measure  SAR at frequency f1 ,  so  that frequency 
con tribu tions  fa l l i ng  wi th in  the  f1  ±  Ba/2  range  are  assessed .  Ba  i s  the  anal ys is  bandwid th  
of the  probe or probe-array readout e lectron ics.  The  procedure described  here  supposes  
Ba  i s  l arger than  the  s i gnal  bandwid th  Bs .  

d )  I f fi  ±  Bsi /2 ,  for any transm i tter i  between  2  and  N,  i s  con tained  in  the  f1  ±  Ba/2  range,  then  
the  SAR is  measured  d i rectl y as  i n  the  case  of s i ng le-frequency transm iss ion  mode.  Th is  
i s  equal l y appl i ed  to  the  case  where  more  than  two  s ignal  bands  fa l l  wi th in  Ba .  

e)  I f there  i s  no  overlap  between  fi  ±  Bs i/2,  for any i ndex transm i tter i ndex i,  and  f1  ±  Ba/2  
range,  then  measure  SAR for the  f1  transm iss ion  mode.  

f)  I f there  i s  overlap  between  fi  ±  Bs i/2  and  f1  ±  Ba/2  range,  then  ( i )  reduce  the  anal ys is  
bandwid th  to  match  a  bandwid th  as  smal l  as  possible  bu t no  l ower than  Bs1  and  avoid  
overlap,  then  appl y s tep  g );  ( i i )  en large  and /or move  the  anal ys is  bandwid th  so  that the  
span  from  the  m in imum  frequency to  the  maximum  frequency of the  two s ignals  fal l s  
wi th in  the  anal ys is  bandwid th ,  then  appl y step  d ).  

NOTE  Depend ing  on  measurement  system  technology,  the  anal ys i s  bandwid th  can  be  i n  the  rad i ofrequency 
range  or DC cen tred  us ing  downconverti ng  techn i ques.  

g)  Set the  measurement system  to  measure  SAR at  frequency f2 ,  so  that frequency 
con tribu tions  fa l l i ng  wi th in  the  f2  ±  Ba/2  range  are  assessed .  Appl y step  d ),  s tep  e)  and  
step  f)  for transm itter 2  as  appropriate.  

h )  Repeat step  d ) ,  s tep  e) ,  s tep  f)  and  step  g )  for a l l  other transm iss ion  modes.  

i )  Use  one  of the  four a l ternatives  defined  i n  cl ause  6 . 4 . 3. 2  of I EC 62209-1 : 201 6  to  obta in  
the  combined  SAR.  

7.4.2  SAR measurements  for correlated  s ignals  

DUTs  wi th  mu l ti p le  an tennas  transm i tti ng  correlated  s ignals  s imu l taneousl y represent a  
particu lar case  of devices  such  as  M IMO transm i tters  wi th  d i g i tal  beam-form ing  capabi l i ti es  
and  requ i re  specia l  test considerations.  S ignals  of such  DUTs  can  be  classi fied  based  on  the  
change  of re lati ve  phases  of s i gnal  i n  a  normal  commun ication .  I n  general ,  there  are  two  
types  of s ignals  that can  be  found  in  most of recent generation  mu l ti -antenna  transm i tters.  
The  fi rst,  referred  to  as  type  1 ,  i s  s ignals  wi th  re lative  phases  unchanged  du ring  a  re lati vel y 
l ong  duration  compared  wi th  symbol  du ration .  Th is  type  of s ignals  can  be  found  i n  phased  
array an tenna  systems where  the  re lati ve  phases  of s ignal s  fed  to  the  antennas  are  control l ed  
to  form  the  rad iation  pattern  of the  array an tenna  toward  a  certa in  d i rection .  I n  d i fferen t 
operati ng  envi ronments,  the  re lati ve  phases  may change  to  obta in  d i fferen t des ired  rad iation  
patterns.  Yet,  as  soon  as  transm itting  d i rection  i s  determ ined  and  the  pattern  is  formed,  the  
re lati ve  phases  wi l l  be  fi xed  during  certa in  duration ,  and  wi l l  on l y change  when  the  rad iation  
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pattern  i s  configured  to  another form .  I n  fact,  the  duration  that re lati ve  phases  are  kept 
unchanged  is  re lati ve ly l ong ,  compared  wi th  the  duration  of a  symbol  i n  normal  
communication .  The  second  type,  referred  to  as  type  2 ,  on  the  other hand ,  i s  s i gnals  wi th  
re lati ve  phases  changed  qu ickly i n  a  re lati ve l y short duration .  Such  s i gnals  can  be  found  in  
the  systems  u ti l i zi ng  M IMO techn iques.  Relati ve  phases  of s i gnals  wi l l  be  changed  from  
symbols  to  symbols  due  to  the  function  of space-time b lock code  (STBC)  i n  the  M IMO 
schemes.  The  re lative  phases  of s ignals  are  changed  from  symbol  to  symbol  accord ing  to  the  
STBC cod ing ,  and  no  speci fi ed  d i rection  is  formed  during  a  normal  commun ication .  

As  expla ined  in  I EC  TR 62630,  the  correlated  s i gnals  can  on l y be  transm i tted  at the  same 
carrier frequency and  SAR depends  on  the  relati ve  phase(s)  between  the  s ignals.   

For type  1  correlated  s ignals,  the  peak spatia l -average SAR is  evaluated  by one  of the  
methods  described  i n  I EC  TR 62630.  Prior to  averag ing  and  search  of the  peak spatia l -
average SAR,  each  fie ld  d istribu tion  shal l  be  assessed  separatel y.  After fie ld  reconstruction  of 
each  s i gnal  con tribu tion ,  the  combined  SAR d istribu tion  i s  determ ined  at each  poin t e i ther by 
summation  of the  E-fie ld  magn i tudes,  summation  of the  E-fie l d  components  or summation  of 
the  complex E-fie l d  vectors  ( I EC TR 62630).  The  averag ing  and  search  of the  peak-spatia l  
average  SAR are  then  conducted .  Summation  of the  E-fie l d  magn i tudes  or E-fie l d  components  
provides  a  conservative  overestimation  compared  to  the  summation  of the  E-fie ld  vectors.  I f 
both  ampl i tude  and  phase  of the  e lectric fie l d  are  known,  i t  i s  possib le  to  accuratel y evaluate  
peak spatia l -average SAR under s imu l taneous  transm ission  cond i tion  by combin ing  the  vector 
fie l ds  of each  i nd ividual  transm i tter,  transm i tting  separatel y at the  h ighest t ime-averaged  
ou tpu t power wi th  s ing le  SAR measurements,  i n  such  case,  cl ause  6. 5. 1  of 
IEC TR 62630:201 0  appl ies  to  characterize  the  combined  fi e lds  from  correlated  s i gnals.   

For type  1  correlated  s ignals,  the  phase  combination  provid ing  the  h ighest peak spatia l -
average  SAR shal l  be  determ ined  from  among  the  set of phase  combinations  that the  device  
is  capable  of.  I f summation  of the  complex E-fie l d  vectors  i s  used ,  post-process ing  may be  
used  to  vary the  phases  prior to  summation  ( i . e . ,  for two  s i gnals ,  add  a  constant phase  sh i ft  to  
the  i nduced  E-fie l ds  from  the  second  s i gnal ,  then  add  the  SAR d istributions  from  the  fi rst and  
second  s i gnals).  Otherwise,  other techn iques  can  be  used ,  such  as  measurement of a l l  phase  
combinations  or estimation  from  fewer phase  combinations.   

For type  2  correlated  s i gnals,  the  SAR shal l  be  measured  wi th  a l l  s i gnals  transm i tti ng  
s imu l taneousl y.  The  s i gnal  i n tegration  time  shal l  be  sufficien t to  ensure  that enough  symbols  
are  transm itted .   

8 Uncertainty estimation  

8. 1  General  

The uncertain ty budget i s  appl icable  to  e i ther head  or body SAR measurements.  The  estimate  
of the  measurement repeatabi l i ty,  as  veri fied  by the  system check measurement,  i s  obtained  
by om i tti ng  the  Type  B  con tribu tions  from  the  uncertain ty budget.  The  uncerta in ty budget 
calcu lated  in  Table  2  to  Table  5  i s  an  example  for the  1  g  or 1 0  g  SAR measurement of a  DUT 
or a  va l idation  antenna.  

Each  i npu t quanti ty i s  described  together wi th  an  example  of how the  associated  s tandard  
uncertain ty is  evaluated .  These  are  general  examples  that may not be  appl icable  to  al l  
measuring  systems,  and  add i ti onal  q uan ti ti es  may be  requ ired  i n  a  speci fic case  as  
determ ined  by the  system  manufacturer.  

Further i n formation  for system  manufacturers  and  cal ibration  laboratories  to  assess  the  
measurement system  uncerta in ty is  g i ven  i n  I SO/IEC  Gu ide  98-3.  
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8.2  Requi rements  on  the  uncertainty evaluation  

The expanded  uncerta in ty i s  the  resu l t of an  uncerta in ty evaluation ,  speci fic detai l s  of wh ich  
are  recorded  i n  an  uncertain ty budget.  Separate  uncertain ty budgets  shal l  be  evaluated  for 
SAR measurements  accord ing  to  the  fol lowing :   

– The  expanded  uncertain ty i n  the  measured  va lue  of mass-averaged  SAR (1  g  or 1 0  g )  
sha l l  be  assessed  i n  accordance wi th  the  gu idance  and  explanation  g iven  in  I SO/IEC 
Gu ide  98-3  and  requ irements  speci fi ed  in  th is  PAS.   

– The  frequency range  for wh ich  the  uncertain ty anal ysis  i s  va l id  sha l l  be  speci fi ed .  

– The  reported  uncerta in ty shal l  represent the  maximum  expanded  uncerta in ty wi th in  th is  
range.  

– The  expanded  uncertain ty i n  the  system check  and  system validation  measurements  shal l  
a lso  be  evaluated .  The  uncertain ty shal l  be  quoted  at the  95  %  confidence level ,  and  the  
expanded  uncertain ty shal l  not exceed  30  %  of the  peak spatia l -average  SAR value  i n  the  
range  of 0 , 4  W/kg  to  1 0  W/kg  for SAR averaged  over 1  g .   

– I f the  expanded  uncertain ty for DUT testi ng  i s  greater than  30  %  and  i t  i s  not re lated  to  
errors  due  to  i ncorrect test setup  of the  test equ ipment or device,  reported  data  needs  to  
take  i n to  account  the  percentage  d i fference between  the  actual  uncertain ty and  the  30  %  
target value  ( I SO/I EC  Gu ide  98−3).  The  formu la  for reducing  the  appl icable  SAR l im i t  by 
the  excess  uncertain ty shal l  be  as  described  i n  I EC 62479.   

8.3  Description  of uncertainty models  

The combined  standard  uncertain ty of the  1  g  or 1 0  g  SAR consists  of uncertain ty 
con tribu tions  from  the  fol lowing  in fluences.  

1 )  Measuring  system  uncertainties  to  be  specified  by the  manufacturer,  MM (Annex I . 1  
and  top  section  of Table  2) :  The  standard  uncerta in ty for cal i bration  of the  vector 
measurement-based  system  is  determ ined  by the  system  cal ibration  l aboratory or 
manufacturer.   

2)  Uncertainties  in  post-processing  and  corrections,  MN (Annex I . 2  and  bottom  section  of 
Table  2) :  appl i ed  to  the  measurand  ( i . e.  SAR scal ing ,  etc. ) .  

3)  Measuring  system  uncertainties  wh ich  are  dependent on  the  device under test (DUT)  
(Annex I . 3  and  Table  3) :  These  uncertain ties  i nclude  those  re lating  to  device  posi ti on  
( I . 4. 2),  device  holder ( I . 4 . 1 ) ,  i n tegration  time  ( I . 3. 4),  s ignal  modu lation  ( I . 3 . 3),  coupl ing  
between  the  antenna  and  the  sensor array ( I . 3. 2).  The  correspond ing  uncertain ty may 
i nclude  a  Type A uncerta in ty anal ys is  based  on  a  set  of sources  wh ich  shal l  be  
documented  and  demonstrated  to  be  sufficien t for ensuring  a  conservative  assessment of 
the  re lated  uncertain ty con tribu tion .  The  anal ytica l  approach  described  i n  Annex H . 5  may 
a lso  be  used .   

4)  Envi ronmental  factors  (Annex I . 4  and  Table  3):  The  uncertain ties  caused  by the  
l aboratory environment i n  wh ich  the  measuring  system  wi l l  be  used .  These  uncertain ties  
i nclude  those  re lating  to  temperature,  ambient  s ignals  and  reflections.  

5)  DUT-related  uncertain ties  (Annex I . 4  and  Table  3) :  i nclud ing  d ri ft i n  RF  output,  device  
holder effects,  posi tional  errors  and  modu lation  ( i f d i fferent from  those  i n  2) .  

The  types  of devices  under test for wh ich  the  combined  uncertain ty estimate  is  va l i d  shal l  be  
stated .  For a l l  other devices,  add i ti onal  tests  may be  requ i red  to  establ ish  the  measurement  
uncerta in ty.  The  uncertain ty anal ys is  sha l l  be  performed  at  a  set  of frequencies  wh ich  i s  
sufficient to  ensure  that the  uncertain ty between  the  frequencies  of characterization  is  not  
h igher than  at  the  frequencies  of evaluation .   

The  measuring  system  uncerta in ties  shal l  be  assessed  separatel y for head  or body 
measurements  and  for 1   g  or 1 0   g  averaged  SAR as  requ ired .  Al l  error terms  are  g iven  as  
fractions  or percentages.  The  measurement uncerta in ty shal l  be  a  real is tic  estimate  of the  
uncerta in ty i n  the  measured  SAR of the  device  under test,  and  th is  wi l l  be  mu l ti p l ied  by a  
coverage factor to  provide  a  95  %  confidence l evel .  
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Accord ing  to  I SO/IEC Gu ide  98-3  the  uncertain ty i s  defined  as  the  root-sum-squared  of the  
uncertain ty con tribu tions.  The  fol lowing  uncertain ty components  are  defined  that are  
described  in  Annex I :  

Measuring  system  uncertain ties  to  be  speci fied  by the  manufacturer:  

 
22 MNMMMS +=  (5)  

where  MM and  MN are  the  errors  in  the  measurement system  and  errors  i n  the  corrections  
and  post-processing ,  respective l y:  

222222222222222 HOMMATPSABSEPPRTREBESLLINASMSCISOCFMM ++++++++++++++=
(6)  

 
22222 SCSARSSAVPOLRECMN ++++=  (7)  

SAR measurement of a  DUT:  

 
2222222222 MSIACSDDHDPDNITMODPACMSSAR +++++++++=D  (8)  

For system validation  measurement:  

  (9)  

For system check  measurement:   

  (1 0)  

Table  2  to  Table  5  show the  templates  for the  uncertain ty budgets  of the  above  equations.  
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Table  2  – Uncertainty budget template  for the  evaluation  of the  measurement  
system  uncertainty of the  1  g  or 1 0  g  psSAR to  be  carried  out  by the  system  

manufacturer (N  =  normal ,  R =  rectangu lar)  

Symbol  
/notes  

Quanti ty x
i
 (source of 

uncertain ty)  
Reference  Prob.  

Dist. *  
Uncertainty Divisor

*q  
u(x

i
)  c

i
 u

i
(y)  v

i
 

Uncertain ty i n  the  measuremen t  system  to  be  speci fi ed  by the  manufacturer (MM)  

CF Cal i bration  I . 1 . 1        n  

ISO Vector probe  or vector probe-
array i sotropy 

I . 1 . 2        n  

MSC Mutual  sensor coupl i ng   I . 1 . 3        n  

AS Scatteri ng  wi th i n  the  array I . 1 . 4        n  

LIN System  l i neari ty  I . 1 . 5        n  

SL Sensi ti vi ty l im i t  I . 1 . 6        n  

BE Boundary Effect  I . 1 . 7        n  

RE Readout E lectron ics  I . 1 . 8        n  

RT Response  Time  I . 1 . 9        n  

PP Probe  Pos i ti on i ng  I . 1 . 1 0        n  

SE Sampl i ng  error I . 1 . 1 1        n  

AB Array Boundari es  I . 1 . 1 2        n  

PS Phantom  shel l  I . 1 . 1 3        n  

MAT Tissue-equ i va lent  materi a l  
parameters  

I . 1 . 1 4        n  

HOM Phantom  Homogenei ty  I . 1 . 1 5        n  

Uncertain ty i n  corrections  and  post  processi ng  to  be  speci fi ed  by the  manufacturer (MN)  

REC Reconstruction  I . 2 . 2        n  

POL  Impact of noi se  on  
i n terpol ation  and  
extrapolati on  

I . 2 . 3        n  

SAV SAR averag ing  I . 2 . 4        n  

SARS SAR scal i ng  I . 2 . 5        n  

SC SAR correction  for devi ations  
i n  perm i tti vi ty and  
conducti vi ty  

I . 2 . 6        n  

 

MS Uncertain ty (k=1 )  and  
effecti ve  deg rees  of freedom  

     U=   veff=    

*   Probabi l i ty d i s tri bu tions  and  d i vi sors  are  chosen  to  best  represent  ava i l able  knowl edge  of the  quan ti ti es  
concerned .   

n  =  number of repeated  measurements  used  i n  the  Type  A eva luation .  

Some  uncertai n ty components  may be  eval uated  i n  combinati on  wi th  other uncertain ty components .  
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Table  3  – Uncertainty budget template  for evaluating  the  uncertainty in  the  measured  
value of 1  g  SAR or 1 0  g  SAR from  a  DUT (N  =  normal ,  R =  rectangular)  

Symbol
/notes  

Quanti ty x
i
 (source  of 

uncertain ty)  
Reference  Prob.  

Dist. *  
Uncertain ty Divisor

*q  
u(x

i
)  c

i
 u

i
(y)  v

i
 

Measuri ng  system  uncertain ti es  to  be  speci fi ed  by the  manufacturer 

MS Measuri ng  system  
uncertain ti es  to  be  speci fi ed  
by the  manufacturer 

Table  2        n  

Measuri ng  system  uncertain ti es  wh ich  are  dependent  on  the  DUT 

PAC Probe  or probe-array 
coupl i ng  wi th  DUT 

I . 3 . 2        n  

MOD Modu l ation  response  I . 3 . 3        n  

IT I n tegration  time  I . 3 . 4        n  

DN Dri ft  and  noi se  I . 3 . 5        n  

DUT-related  uncertai n ti es  related  u ncerta in ti es  and  envi ronmental  factors  

DP Device  posi ti on i ng  I . 4 . 2        n  

DH Device  hol der I . 4 . 1        n  

SD Measured  SAR d ri ft  I . 4 . 3        n  

AC RF ambien t cond i ti ons  I . 4 . 4        n  

MSI Measurement system  
immun i ty/secondary recepti on  

I . 4 . 5        n  

 

U Expanded  u ncertain ty and  
effecti ve  deg rees  of freedom  

     U=   veff  =    

*   Probabi l i ty d i stri bu ti ons  and  d i vi sors  are  chosen  to  best  represent avai l abl e  knowledge  of the  quanti ti es  
concerned .   

n  =   number of repeated  measurements  used  i n  the  Type  A eva luation .  

Some  uncertai n ty components  may be  eval uated  i n  combinati on  wi th  other uncertain ty components .  
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Table  4 – Uncertainty budget  template  for evaluating  the  uncertainty i n  the  measured  
value  of 1  g  SAR or 1 0  g  SAR from  a  val idation  antenna (N  =  normal ,  R =  rectangular)  

Symbol  
/notes  

Quanti ty x
i
 (source  of 

uncertain ty)  
Reference  Prob.  

Dist. *  
Uncertainty Divisor

*q  
u(x

i
)  c

i
 u

i
(y)  v

i
 

Measuri ng  system  uncertain ti es  to  be  speci fi ed  by the  manufacturer 

MS Measuri ng  system  
uncertain ti es  to  be  speci fi ed  
by the  manufacturer 

Table  2        n  

Measuri ng  system  uncertain ti es  wh ich  are  dependent  on  the  DUT 

PAC Probe  or probe-array 
coupl i ng  wi th  DUT 

I . 3 . 2        n  

MOD Modu l ation  response  I . 3 . 3        n  

IT I n tegration  t ime  I . 3 . 4        n  

DN Dri ft  and  noi se  I . 3 . 5        n  

Val i dati on  an tenna  re l ated  uncertai n ti es  and  envi ronmental  factors  

DP Device  pos i ti on i ng  I . 4 . 2        n  

DH Device  ho lder I . 4 . 1        n  

AC RF ambient  cond i ti ons  I . 4 . 4        n  

MSI Measurement  system  
immun i ty/secondary recepti on  

I . 4 . 5        n  

DEX Deviati on  of experimental  
an tennas  

I . 4 . 6        n  

OVS Other uncertai n ty 
con tribu tions  when  us ing  
val i dati on  an tennas  

I . 4 . 7        n  

 

U Expanded  u ncertain ty and  
effecti ve  deg rees  of freedom  

     U=   veff  =    

*  Probabi l i ty d i stri bu ti ons  and  d i vi sors  are  chosen  to  best  represent avai l abl e  knowledge  of the  quanti ti es  
concerned .   

n  =   number of repeated  measurements  used  i n  the  Type  A eva luation .  

Some  uncertai n ty components  may be  eval uated  i n  combinati on  wi th  other uncertain ty components .  
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Table  5  – Uncertainty budget  template  for evaluating  the  uncertainty in  the  measured  
value of 1  g  SAR or 1 0  g  SAR from  the  system check (N  =  normal ,  R =  rectangular)   

Symbol  
/notes  

Quanti ty x
i
 (source  of 

uncertain ty)  
Reference  Prob.  

Dist. *  
Uncertainty Divisor

*q  
u(x

i
)  c

i
 u

i
(y)  v

i
 

Measuri ng  system  uncertain ti es  to  be  speci fi ed  by the  manufacturer 

MS Measuri ng  system  
uncertain ti es  to  be  speci fi ed  
by the  manufacturer 

Table  2      1   ∞  

Measuri ng  system  uncertain ti es  wh ich  are  dependent  on  the  DUT 

PAC Probe  or probe-array 
coupl i ng  wi th  DUT 

I . 3 . 2      1   ∞  

MOD Modu l ation  response  I . 3 . 3      0   ∞  

IT I n tegration  t ime  I . 3 . 4      0   ∞  

DN Dri ft  and  noi se  I . 3 . 5      1   ∞  

DUT-related  uncertai n ti es  or system  check an tenna  re l ated  u ncertai n ti es  and  envi ronmental  factors  

AC RF ambient  cond i ti ons  I . 4 . 4      1   ∞  

MSI Measurement  system  
immun i ty/secondary recepti on  

I . 4 . 5      1   ∞  

DEX Deviati on  of experimental  
an tennas  

I . 4 . 6      1   ∞  

OVS Other uncertai n ty 
con tribu tions  when  us ing  
system  check an tennas  

I . 4 . 7      1   ∞  

 

U Expanded  u ncertain ty and  
effecti ve  deg rees  of freedom  

     U=   veff  =    

*   Probabi l i ty d i stri bu ti ons  and  d i vi sors  are  chosen  to  best  represent avai l abl e  knowledge  of the  quanti ti es  
concerned .   

n  =   number of repeated  measurements  used  i n  the  Type  A eva luation .  

Some  uncertai n ty components  may be  eval uated  i n  combinati on  wi th  other uncertain ty components .  

 

9  Measurement report 

The requ irements  of I EC  62209-1  and  I EC  62209-2  appl y,  as  wel l  as  the  reporti ng  
requ irements  speci fi ed  i n  other cl auses  of th is  PAS.  
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Annex A 
(normative)  

 
Phantom specifications  

A.1  SAM  phantom speci fications  

The j usti fication  for the  SAM  phantom  is  provided  i n  I EC  62209-1 .  

A.1 . 1  SAM  phantom  geometry 

The d imensions  of the  SAM  phantom  have  been  derived  from  selected  90 th  percenti le  male  
head  data  reported  by Gordon  et a l .  [61 ] ,  and  are  l i sted  i n  Table  A. 1  and  shown  i n  F igure  A. 1 .  
Table  A. 2  shows  other pertinen t d imensions  for comparison .  At the  ear reference poin t (ERP),  
a  th ickness  of 6  mm  includ ing  the  2  mm  shel l  i s  se lected  to  model  the  external  ear (p inna).  
Th is  th i n  ear spacer also  s imu lates  users  wi th  smal l  ears,  and  g i ves  a  conservative  SAR 
representation .  A system  of reference poin ts  and  reference l in es  i s  used  to  correlate  the  
device  pos i ti on ing  wi th  the  phantom  (Figu re  A. 2  and  F igure  A. 3) .  The  poin t  “M ”  i s  the  mouth  
reference poin t,  “LE”  i s  the  left ear reference  poin t (ERP),  and  “RE”  i s  the  ri ght ERP.  The  
ERPs  are  1 5  mm  posterior to  the  en trance  to  ear canal  (EEC)  a long  the  B-M  L ine  (back-
mouth)  (F igure  A.2).  
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NOTE  The  d imensions  i n  Table  A. 1  are  used  to  d efi ne  the  SAM  phantom .  The  d imensions  i n  Table  A. 2  are  
measured  on  the  SAM  phantom  and  compared  wi th  the  ARMY data  

Figure A. 1  – I l lustration  of d imensions  in  Table  A. 1  and  Table  A.2   

IEC  
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Table  A. 1  – Dimensions  used  in  deriving  SAM  phantom  from  the  
ARMY 90 th  percenti l e  male  head  data  (Gordon  et al . [61 ] )  

Ref.  Anatomy Gordon  report [mm]  SAM  
[mm]  

Devi ation  
[% ]  

Mean   
value  

Std  
deviation  

90 th  
Percen ti le  

H1 5  B i trag i on  Ch in  Arc 325, 8  1 3, 4  343, 1  329, 3  -4 , 0  

H 1 6  B i trag i on  Coronal  Arc  353, 3  1 2 , 9  369, 7  367, 3  -0 , 6  

H 1 8  B i trag i on  Fron tal  Arc  304, 3  1 0, 6  31 8, 2  31 4, 1  -1 , 3  

H 1 9  B i trag i on  Submand ibu lar Arc  304, 2  1 4, 5  323, 2  333, 5  3 , 2  

H20  B i trag i on  Subnasale  Arc  292  1 1 , 1  306, 3  305, 3  -0, 3  

H60  Head  Breadth  1 51 , 7  5 , 4  1 58, 6  1 58, 4  -0 , 1  

H61  Head  Ci rcumference  567, 7  1 5, 4  587, 3  594, 8  1 , 3  

H62  Head  Length  1 97, 1  7 , 1  206  206, 0  0 , 0  

H77  Menton -Sel l i on  Length  1 21 , 9  6 , 5  1 30, 4  1 25, 0  -4 , 1  

H80  Neck Ci rcumference  379, 6  1 9, 7  405, 3  395, 4  -2 , 5  

 

Table  A.2  – Add itional  SAM  d imensions  compared  with  selected  d imensions  from  the  
ARMY 90 th-percenti le  male  head  data  (Gordon  et al .  [61 ] )  – Special i st  head  

measurement section  

Ref.  Anatomy Gordon  report [mm]  SAM  
[mm]  

Devi ation  
[% ]  

Mean   
value  

Std   
deviation  

90 th   
Percenti l e  

H3  B igon i a l  Breadth  1 1 8, 9  7 , 9  1 29, 2  1 30, 0  0 , 6  

H6  B i trag i on  Bread th  1 44, 8  6  1 52 , 3  1 52, 7  0 , 2  

H 1 0  Ch in -Back of Head  1 94, 2  1 0, 3  207, 3  206, 5  -0 , 4  

H 1 1  Ch in -Top  of Head  21 6, 8  8 , 9  228, 3  220, 4  -3 , 5  

H 1 8  G label l a-Back of Head  1 99, 7  7 , 2  208, 5  209, 2  0 , 3  

H 1 9  G label l a-Top  of Head  96, 2  7 , 3  1 05, 6  1 04, 4  -1 , 1  

H30  Menton -Top  of Head  232, 0  8 , 8  243, 3  246, 7  1 , 4  

H36  Sel l i on -Back of Head  1 97  7 , 1  205, 9  205, 3  -0 , 3  

H37  Sel l i on -Top  of Head  1 1 2  6 , 9  1 20, 9  1 21 , 7  0 , 7  

H38  Stom ion-Back of Head  1 99, 4  9 , 6  21 1 , 9  21 1 , 4  -0 , 2  

H39  Stom ion-Top  of Head  1 86, 3  7 , 8  1 96, 3  1 96, 3  0 , 0  

H40  Subnasale-Back of Head  203, 5  8 , 3  21 3, 6  21 3, 0  -0 , 3  

H42  Subnasale-Top  of Head  1 61 , 9  7 , 7  1 71 , 8  1 77, 6  3 , 4  

H43  Trag ion -Back of Head  98, 9  8, 5  1 06, 4  1 06, 4  0 , 0  

H44  Trag ion -Top  of H ead  1 31  5 , 7  1 38, 2  1 38, 2  0 , 0  
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Key 

B   D i recti on  of B-M  l i ne  back endpoin t  

F   D i recti on  of N -F  l i ne  fron t  endpoin t  

N   D i rection  of N -F  l i ne  neck endpoin t  

M   Mouth  reference  poi n t  

RE  Right  ear reference  poin t  (ERP)  

Figure A.2  – Close  up  s ide  view of phantom  showing  the ear region  

 

Key 

B  Line  B -M  back endpoin t   

M  L i ne  B -M  front  endpoi n t   

N  L i ne  N -F  neck endpoi n t  

F  L i ne  N -F  front  endpoi n t   

RE  Righ t  ear reference  poin t  (ERP)  

Figure A.3  – S ide  view of the  phantom  showing  relevant markings,  
d imensions  are  in  mm  

NOTE  The  fu l l -head  model  i s  shown  for i l l ustrati on  purposes  on ly.  The  procedures  i n  th i s  PAS  are  deri ved  
primari l y for the  phantom  set-up  shown  i n  F i gure  A. 3.  

IEC  

M  

N  

F  

B  
0  

0  

+30  

–30  

+20  

–60  

RE  (ERP)  

1 0  mm  ×  1 0  mm  square  

IEC  

M  

N  

F  

B  

RE  ERP  

EEC  

ERP Ear reference  poin t  
EEC En trance  to  ear canal  

1 5  mm  
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The  p lane  pass ing  through  the  two ear reference poin ts  and  M  i s  defi ned  as  the  reference 
p lane.  The  l i ne  N -F  (neck-front),  a lso  ca l l ed  the  reference p ivoting  l i ne,  i s  a long  the  front  
truncated  edge  of the  ear.  Both  N -F  and  B-M  l i nes  shal l  be  marked  on  the  external  phan tom  
shel l  to  faci l i tate  handset pos i ti on ing .  Posterior to  the  N -F  l ine,  the  th ickness  of the  phan tom  
shel l  wi th  the  shape of an  ear i s  a  flat su rface  6  mm  th ick at the  ERPs.  Anterior to  the  N -F  
l ine,  the  ear i s  truncated  as  i l l ustrated  i n  F igure  A.2 .  The  ear truncation  is  i n troduced  to  
preclude  unstable  handset  posi ti on ing  at  the  cheek.   

The  proj ection  of the  reference  l i ne  B-M  and  reference l i ne  N -F  shal l  be  marked  on  the  
phantom .  Add i tional  l i nes  may be  chosen  for conven ience,  bu t the  add i ti onal  l i nes  are  
optional .  The  optional  markings  i n  F igure  A.3  may be  etched  i n to  the  external  surface  of the  
phantom  wi thout affecti ng  the  compl iance  wi th  phantom  shel l  th ickness  and  d ie lectric  
parameter requ i rements.   

A.1 .2  SAM  Phantom  shel l  

The phan tom  shel l  wi th  i n tegral  sol i d  ear spacer,  as  speci fi ed  i n  the  SAM  CAD model ,  shal l  be  
constructed  from  chem ical -res istan t,  non-hygroscopic,  l ow-perm i ttivi ty and  low- loss  materia l ,  
wi th  re lati ve  perm i tti vi ty between  2  and  5;  however,  less  than  2  i s  acceptable  for frequencies  
up  to  3  GHz.  The  l oss  tangent of the  phantom  shel l  shal l  be  less  than  or equal  to  0 , 05.  I t  has  
been  shown  that at  h i gher frequencies,  particu larl y above  3  GHz,  the  perm i tti vi ty of the  
phantom  shel l ,  has  an  i ncreas ing  impact on  SAR measurement uncertain ty ( I SO/IEC Gu ide  
98-3) .  Accord ing  to  I SO/IEC Gu ide  98-3,  the  SAR is  affected  by the  shel l  even  though  the  
shel l  i s  th in  and  has  d ie lectric properties  much  lower than  the  ti ssue-equ ivalen t med ium .  
Speci fical l y,  they showed  that the  variation  i n  the  SAR depends  not on l y on  the  frequency,  bu t 
a lso  on  the  re lati ve  perm i tti vi ty of the  shel l  and  the  d istance  between  the  an tenna  and  the  
materia l .  I t  was  recommended  that the  effects  of the  shel l  shal l  be  taken  i n to  account i n  the  
h igher frequency range.  Therefore,  uncertain ty evaluation  shal l  be  conducted  above 3  GHz 
accord ing  to  Annex I . 1 . 1 3.  The  shape  of the  phan tom  shel l  shal l  have  a  to lerance of l ess  than  
±0, 2  mm  wi th  respect to  the  SAM  CAD fi l e.  I n  any area  wi th in  the  proj ection  of the  handset,  
the  shel l  th ickness  shal l  be  2  mm  ±  0 , 2  mm.  The  phan tom  shel l  sha l l  be  made of materia ls  
res istive  to  compounds  used  for making  ti ssue-equ ivalen t med ia  (e. g . ,  those  l i sted  i n  Annex I  
of I EC  62209-1 : 201 6) ,  to  avoid  damage and  preserve  the  ±0, 2  mm  tolerances.  For non-cri tical  
areas,  i . e. ,  the  centra l  strip  con tain ing  the  nose,  as  shown  i n  F igure  A. 5,  the  th ickness  
to lerance i s  a l l owed  to  be  wi th in  ±1  mm .  

The  CAD  fi le  cross  section  for the  reference  p lane  i s  g i ven  in  F igure  A. 4.  

NOTE  The  CAD  model  i s  for use  i n  the  basic  manufactu re  of the  SAM  phantom  standard  test  fi xture  by g roups  
having  the  necessary experti se  and  resou rces.  Four * . IGES  fi l es  of i nner and  ou ter su rfaces  for the  l eft  and  ri gh t  
ha l ves  extracted  from  the  CAD model  of the  SAM  phantom  are  avai l abl e  on  the  support  d ocument fol der of 
h ttp: //www. iec. ch/tc1 06.  The  four fi l e  names  are:   

1 )  sam_l ft_in_6_1 1 . i gs  

2)  sam_l ft_out_6_1 1 . i gs  

3)  sam_rt_in_6_1 1 . i gs  

4)  sam_rt_out_6_1 1 . i gs  
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Dimensions in  millimetres 

 

Figure A.4  – Cross-sectional  view of SAM  at  the  reference  plane   

A. 1 .3  Tissue  Equ ivalent  Medium  

The phan tom  shal l  be  fi l l ed  wi th  a  homogeneous  ti ssue-equ iva lent med ium .  The  d ielectric 
parameters  of the  tissue-equ ivalent  med ium  are  provided  i n  A. 4 .   

I f the  vector measurement-based  system  is  a  s i ng le  probe  measurement system ,  the  phantom  
shal l  be  an  open  con tainer and  the  tissue-equ ivalen t med ium  shal l  be  a  l i qu id ,  so  as  to  a l l ow 
the  scann ing  system  to  move the  probe.  The  sag i ttal l y-bisected  phan tom  i s  recommended  for 
devices  having  the  peak spatia l -average SAR near the  ear (see  F igure  A.5) .  Other phan tom  
orientations  may be  used  i f the  peak spatial -average  SAR is  i n  another reg ion  of the  head .  
D i fferen t phantom  orien tations  may a lso  be  necessary for enabl ing  probe access  to  certa in  
reg ions  of the  SAM  phan tom  for SAR measurement.  For s ing le  probe  systems,  the  orien tation  
of the  phan tom  shou ld  be  chosen  to  m in im ize  the  measurement uncerta in ties  (e. g . ,  from  
probe isotropy and  boundary effects) .  I f the  vector measurement-based  system  is  an  array 
system  wi th  fixed  sensor locations,  the  phan tom  can  be  a  cl osed  con tainer and  the  ti ssue-
equ ivalent med ium  can  be  e i ther sol id  or l i qu id .  The  orien tation  of the  SAM  phantom  is  
i rre levant  i f a  cl osed  con ta iner i s  used .  

To  m in im ize  reflections  wi th in  the  phantom ,  the  depth  of the  homogeneous  med ium  shou ld  be  
chosen  such  that the  effect of reflections  on  peak spatia l -average SAR is  l ess  than  1  % .  I f the  
effect of refl ecti ons  on  peak spatial -average SAR is  more  than  1  %  bu t  l ess  than  3  %,  the  
maximum  uncertain ty shal l  be  added  to  the  uncertain ty budget.  

IEC  
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For hermetic phantoms,  the  presence of a i r voids  beneath  the  measurement surface  wi l l  resu l t  
i n  l arge  measurement.  Great care  must be  taken  when  des ign ing  and  fi l l i ng  the  phan toms  to  
avoid  th is  s i tuation  occurring .  

Dimensions in  millimetres 

 

Figure A.5  – Sag i ttal ly bisected  phantom  wi th  extended  perimeter,   
used  for single  probe  systems  

Figure  A. 5  i l l ustrates  a  sag i tta l l y b isected  phantom  wi th  extended  perimeter,  used  for s i ng le  
probe  systems (shown  p laced  on  i ts  s ide  as  u sed  for device  SAR tests).  Other phan tom  
orien tations  may be  used  i f the  peak spatia l -average SAR is  i n  another reg ion  of the  head  or 
to  enable  probe access  to  certa in  reg ions  of the  SAM  phantom  for SAR measurement.  The  
orien tation  of the  SAM  phantom  is  i rre levant i f a  sealed  phantom  is  used .  

A.2  Flat phantom speci fications  

The shel l  of the  fl at phantom  shal l  be  constructed  in  the  form  of a  container wi th  a  fl at  s i de  
that  i s  i n  contact wi th  the  DUT.   

Any flat phan toms used  shal l  be  l arge  enough  to  a l l ow SAR to  be  measured  accuratel y us ing  
the  system validation  and  system check an tennas  for 1  g  and  1 0  g  peak spatia l -average SAR 
wi th  l ess  than  1  %  i n fl uence  from  the  phan tom  shape  and  d imensions.   

For open  con tainers,  the  flat phantom  shal l  have  the  fol lowing  shape  and  d imensions:  

a)  Un less  speci fied  i n  Step  b),  the  shape of the  phantom  shal l  be  an  e l l i pse  wi th  a  l en gth  of 
600  mm  ±  5  mm  and  a  wid th  of 400  mm  ±  5  mm  (F igure  A. 6).  

b)  For frequencies  above 300  MHz,  phantoms  wi th  other shapes  and  smal l er d imensions  are  
a l l owed  as  fo l l ows:  

– between  300  MHz and  800  MHz,  the  phan tom  flat phantom  side  that makes  contact  
wi th  the  DUT may have  any shape  that  encompasses  an  el l i pse  wi th  a  l eng th  of 0 , 6  λ0  
and  a  wid th  of 0 , 4  λ0 ,  where  λ0  i s  the  wavelength  i n  a i r.  

–  between  800  MHz and  6  GHz,  the  phantom  s ide  that makes  contact wi th  the  DUT may 
have  any shape that encompasses  an  e l l i pse  wi th  a  l eng th  of 225  mm  and  a  wid th  of 
1 50  mm.  
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Dimensions in  millimetres 

 

Figure A.6  – Dimensions  of the  el l iptical  phantom  

The phantom  shal l  be  fi l led  wi th  ti ssue-s imu lan t  med ium  meeting  the  requ i rements  of th is  
PAS.  To  m in im ize  reflections  wi th in  the  phantom ,  the  depth  of the  homogeneous  med ium  
shou ld  be  at l east 1 5  cm.  Med ium  depth  of l ess  than  1 5  cm  can  be  used  i f i t  i s  demonstrated  
(e. g . ,  us ing  numerical  s imu lations)  that the  effect of refl ections  on  peak spatia l -average SAR 
is  l ess  than  1  % .  I f the  effect of reflections  on  peak spatia l -average  SAR is  more  than  1  % ,  
detai l ed  evaluation  of the  maximum  uncertain ty shal l  be  documented  and  added  to  the  
uncerta in ty budget.  The  phantom  shel l  shal l  be  made  of l ow- loss  and  low-perm i tti vi ty materia l ,  
having  a  l oss  tangent ≤  0 , 05  and  a  re lati ve  perm i ttivi ty of 

1  ≤  εr’  ≤  5  for f ≤  3  GHz 

2  ≤  εr’  ≤  5  for f >  3  GHz  

The  th ickness  of the  fl at face  of the  fl at phantom  shal l  be  2 , 0  mm  wi th  a  to lerance of 
±  0 , 2  mm.   

Effects  on  SAR due  to  deviations  of phantom  shel l  parameters  and  th ickness  shal l  be  
i ncluded  i n  the  uncertain ty estimation .   

The  phan tom  shel l  material  sha l l  be  res istan t to  damage or reaction  wi th  ti ssue-equ ivalen t 
med ium  chem icals  used  i n  i t.  

A.3  Specific phantoms  

Other speci fic phan toms are  appl icable  as  described  in  the  d raft un i fied  standard  of 
I EC 62209-1  and  I EC  62209-2.  The  Un iphantom  is  one  of the  i nstances  of those  phan toms;  
and  i ts  shape  i s  d i fferen t from  that described  earl ier.  The  same requ i rements  regard ing  the  
shel l  materia l ,  mechan ical  to lerance  and  ti ssue-equ iva lent med ia  apply accord ing  to  the  
requ irements  for s i ng le  probe  or array systems.   
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A.4  Tissue-equivalent medium  

Table  A. 3  shows  the  target re lative  perm i tti vi ty and  conductivi ty of the  ti ssue-equ ivalent  
med ium .  The  j usti fication  for the  parameters  i s  provided  i n  I EC  62209-1 .  For d ie lectric  
properties  of the  ti ssue-equ ivalen t med ium  at other frequencies  wi th in  the  frequency range,  a  
l i near i n terpolation  method  shal l  be  used .  Examples  of recipes  for l iq u ids  having  parameters  
as  defined  i n  Table  A. 3  are  g i ven  i n  Annex I  of I EC  62209-1 : 201 6.  Th is  measurement can  be  
performed  us ing  the  equ ipment and  procedures  described  i n  Annex J  of I EC 62209-1 : 201 6.   

Table  A.3  – Dielectric properties  of the  ti ssue-equ ivalent med ium   

Frequency 
(MHz)  

Relative  permi ttivi ty ε
r 

 

Conductivi ty σ 
(S/m )  

30  55, 0  0 , 75  

1 50  52 , 3  0 , 76  

300  45, 3  0 , 87  

450  43, 5  0 , 87  

750 41 , 9 0, 89 

835  41 , 5  0 , 90  

900  41 , 5  0 , 97  

1  450  40, 5  1 , 20  

1  500 40, 4  1 , 23 

1  640 40, 2 1 , 31  

1  750 40, 1  1 , 37 

1  800  40, 0  1 , 40  

1  900  40, 0  1 , 40  

2  000  40, 0  1 , 40  

2 100 39, 8 1 , 49 

2 300 39, 5 1 , 67 

2  450  39, 2  1 , 80  

2 600 39, 0 1 , 96 

3  000  38, 5  2 , 40  

3 500 37, 9 2, 91  

4  000 37, 4  3, 43 

4 500 36, 8 3, 94 

5 000 36, 2 4, 45 

5 200 36, 0 4, 66 

5 400 35, 8 4, 86 

5 600 35, 5 5, 07 

5 800 35, 3 5, 27 

6 000 35, 1  5, 48 

NOTE  For conven i ence,  perm i tti vi ty and  conducti vi ty va l ues  at  those  frequencies  wh ich  are  not  part  of the  
ori g i na l  data  provided  by Drossos  et  a l .  or the  extension  to  5  800  MHz are  provided  ( i . e . ,  the  val ues  shown  i n  
i ta l i cs).  These  val ues  were  l i nearl y i n terpolated  between  the  val ues  i n  th i s  tabl e  that  are  immed iately above  and  
below these  val ues,  except the  val ues  at  6  000  MHz that  were  l i nearl y extrapolated  from  the  val ues  at 
3  000  MHz and  5  800  MHz.  
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Annex B  
(normative)  

 
Cal ibration  and  characterization  of dosimetric probes  

B.1  Introduction  

SAR  i s  proportional  to  |E| 2 .  The  SAR in  a  human  phantom  can  therefore  be  determ ined  e i ther 
by d i rectl y measuring  the  magn i tude  of the  e lectric fi e l d  i n  the  volume of the  phantom  as  
defined  i n  I EC  62209-1  and  I EC  62209-2  or by measuring  the  e lectric  or magnetic  fie ld  at 
su fficient poin ts  (e. g . ,  us ing  a  s i ng le  robot-control led  probe or a  fixed  array of sensors)  and  
reconstructing  the  SAR at other l ocations  i n  the  phantom .  There  are  several  methods  to  
ach ieve  these  goals;  and  each  method  has  advan tages  and  d isadvantages.  The  scope  of th is  
PAS covers  a l l  methods  that are  based  on  reconstruction  of the  SAR on  a  l im i ted  number of 
measurement poin ts.  The  precis ion  and  traceabi l i ty of the  ca l i bration  i s  essen tia l  to  the  
accuracy of the  SAR measurement method .  

I n  general ,  the  absolu te  sens i ti vi ty (ampl i tude)  and  the  re lati ve  phase  of each  sensor has  to  
be  cal i brated .   

Ca l ibration  laboratories  shou ld  be  accred i ted  by national  metrolog ica l  insti tu tes  to  
I SO/IEC 1 7025.  Th is  provides  a  means  to  ensure  traceabi l i ty,  measurement capabi l i ty and  
techn ical  competence.  Cal ibration  equ ipment use  primary and  secondary standards.  Primary 
standards  have  a  va l i d  ca l i bration  by an  accred i ted  cal i bration  laboratory that establ ishes  
traceabi l i ty to  the  S I  system  of measurement.  Secondary standards  do  not have  a  traceable  
ca l i bration  bu t thei r performance  and  stabi l i ty i s  veri fi ed  (e. g . ,  us ing  i n -house  checks)  us ing  
primary standards.  On ly primary s tandards  shal l  be  used  where  the  accuracy of the  
equ ipment i s  re levan t to  the  cal i bration  accuracy (e. g . ,  power meters,  ca l ibration  an tennas).  
An  example  of a  secondary standard  is  an  ampl i fier whose ou tpu t i s  mon i tored  by a  power 
meter.  

B.2  Types  of cal ibration   

B.2. 1  Ampl i tude  cal ibration  wi th  analytical  fields  

The most accurate  method  of ca l i brati ng  a  probe  is  to  expose i t  to  a  fie l d  that i s  anal yti cal l y 
known.  Examples  of such  fi el ds  are  fie lds  i n  wavegu ide,  the  fie l d  magn i tude  i ns ide  tissue-
equ ivalent l i qu ids  i s  known  when  the  power i s  measured  that goes  i ns ide  the  l i qu id .  
Techn iques  and  des ign  gu ide l i nes  for wavegu ide  cal ibration  are  described  i n  
I EC 62209-1 : 201 6,  Annex B .  Th is  method  can  be  appl ied  to  s i ng le  probes.   

When  perform ing  an  uncerta in ty anal ys is  of the  probe  ca l i bration  i n  a  wavegu ide,  at  l east the  
parameters  i ncluded  in  Table  B . 1  shal l  be  cons idered .  
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Table  B . 1  – Uncertainty analysis  of s ing le-probe cal ibration  in  waveguide  

 a   b   c  u
i
 =  (a/b)  ×  (c)   

Uncertain ty component  
Uncertainty 

±  %   

Probabi l i ty 
d i stribu tion   

Divisor  c
i
  

Standard  
uncertain ty 

±  %  
v
i

  

I nciden t or forward  power     1    ∞   

Refl ected  power     1    ∞   

L i qu id  conducti vi ty 
measurement   

 
  1   

 
∞   

L i qu id  perm i tti vi ty 
measurement  

 
  1   

 
∞   

L i qu id  conducti vi ty d eviation     1   ∞  

L i qu id  perm i tti vi ty deviati on     1   ∞  

Frequency devi ation     1   ∞  

F i e l d  homogenei ty     1    ∞   

F i e l d -probe  posi ti on i ng      1    ∞   

F i e l d -probe  l i neari ty     1    ∞   

Modu l ation     1    ∞   

Noi se     1    ∞   

Combined  standard  
uncertain ty  

 RSS       

NOTE  Col umn  head ings  a,  b,  c are  for reference.  

 

B.2.2  Ampl i tude  and  phase  cal ibration  by transfer cal ibration  

Transfer cal i bration  uses  one  or more  an tennas  (referred  to  as  transfer cal i bration  source)  to  
exci te  an  i nduced  fie ld  (referred  to  as  a  reference fi e l d )  that i s  not known  anal yti ca l l y.  The  
fie l d  generated  by the  transfer cal ibration  an tenna  is  i nstead  determ ined  by measurement for 
a  g i ven  an tenna  i npu t power,  using  a  probe  that has  been  cal ibrated  i n  an  anal ytical  fi e ld .  An  
example  of a  transfer ca l i bration  is  the  use  of one  or several  transfer ca l i bration  an tennas  to  
cal i brate  a  probe-array i n  a  phantom ,  where  the  target SAR or reference  fi e l d  at the  locations  
of the  probes  i n  the  array i ns ide  the  phantom  have  been  evaluated  by measurement us ing  a  
s i ng le  reference dosimetric probe  for wh ich  ampl i tude  cal i bration  has  been  performed  i n  a  
wavegu ide  as  described  i n  A. 2. 1 .  Cal ibration  of the  fi e ld  phase  may requ i re  ei ther the  use  of a  
phaseless  approach  to  retrieve  the  phase  of the  reference fi e l ds  (see  Annex C)  or a  reference 
probe of d i fferent nature  that wou ld  have  been  cal i brated  in  phase  us ing  anal ytical  fi e lds.  
Each  chosen  approach  may involve  variations  i n  the  l i st  of uncertain ty con tribu tions  wh ich  
shal l  be  taken  i n to  account.  

For ensuring  an  accurate  transfer cal ibration ,  i t  i s  recommended  to  m in im ize  the  deviations  
between  cond i tions  used  during  the  probe or probe-array ca l i bration  and  cond i tions  used  for 
measurement of the  reference fiel ds  wi th  the  reference probe.  For example,  the  phan tom  
geometry,  d ie lectric parameters ,  temperature  and  sensor locations  shal l  be  as  close  as  
poss ib le.  

For cal ibration  of array systems,  l ower overal l  uncertain ty may be  ach ieved  i f the  sensors  are  
cal i brated  in-situ  wi th in  the  array.  Th is  i s  because  removing  the  sensor from  the  array for 
cal ibration  wi l l  i n troduce add i tional  measurement uncertain ties  due  to  mutual  coupl ing  of the  
sensors  i n  the  array,  the  mechan ical  support s tructure  and  boundary errors .   

Transfer ca l i bration  i n troduces  add i ti onal  uncerta in ties  compared  to  ca l ibration  i n  anal ytical  
fie lds.  The  predom inant uncerta in ty contribu tion  i s  typical l y the  determ ination  of the  antenna  
target value.  Other uncerta in ty con tribu tions  include  the  sensor search ,  sensor coupl ing  and  
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phantom  shape.  When  perform ing  an  uncerta in ty anal ys is  of a  transfer ca l i bration  of an  a rray 
system ,  at  l east  the  parameters  i ncluded  in  Table  B. 2  shal l  be  cons idered .  

Table  B .2  – Uncertainty analysis  of transfer cal ibration  of array systems  

 a   b   c  u
i
 =  (a/b)  ×  (c)   

Uncertain ty component  
Uncertainty 

±  %  

Probabi l i ty 
d i stribu tion   

Divisor  c
i
 

Standard  
uncertain ty  

±  %  
v
i
 

Cal ibration  i nstrumentation  

I nci dent  or forward  power or 
transm iss ion  coeffi cien t  
measurement accuracy 

 
   

 
∞   

Refl ected  power or refl ection  
coeffi cien t  measurement  

 
   

 
∞   

Noi se        

Phantom  

Liqu id  conducti vi ty 
measurement  

 
    

 
∞   

L i qu id  perm i tti vi ty 
measurement 

 
   

 
∞   

L i qu id  conducti vi ty d eviation       ∞  

L i qu id  perm i tti vi ty deviati on       ∞  

Phantom  shel l  shape  and  
d iel ectri c  properties  

 
   

 
 

Appl ication  of reference fields  

Transfer cal i brati on  an tenna  
target  va l ue  or reference  fi e l d  
measurement 

 
    

 
∞   

Transfer cal i brati on  an tenna  
pos i ti on  

 
     

 
∞   

Probe or probe-array  

Sensor mutual  coupl i ng       ∞   

Pos i ti on  and  orien tation  of 
the  probe  or probe-array 
wi th i n  the  cal i brati on  setup  

 
   

 
 

Modu l ation        ∞   

L i neari ty        

Noi se        ∞   

Combined  standard  
uncertain ty  

 RSS       

NOTE  1  Column  head ings  a,  b,  c are  for reference.  

NOTE  2  Some  of the  l i nes  may be  doubl ed  to  take  i n to  account  the  impact of magn i tude  and  phase  on  the  
measurement uncertain ty.  

 

B.2.3  Ampl i tude  and  phase  cal ibration  using  numerical  reference  

This  procedure  is  s im i l ar as  above  (B. 2 . 2)  bu t  uses  reference  va lues  for ampl i tude  and  phase  
of a  transfer ca l i bration  antenna  that had  been  determ ined  by val i dated  s imu lations  i nstead  by 
measurements .  The  fi e l d  i s  i nstead  determ ined  by means  of numerical  model l ing  techn iques  
complying  wi th  requ i rements  from  I EC/IEEE  62704-1  or I EC  62704-4.  An  example  of such  
cal ibration  wou ld  i nvolve  the  use  of one  or several  antennas  to  ca l ibrate  a  probe-array i n  a  
phantom ,  where  the  target SAR or reference fie l d  at the  l ocations  of the  probes  i n  the  array 
i nside  the  phan tom  have  been  evaluated  by numerical  s imu lations  wi th  a  F in i te  D i fference 
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Time-Domain  (FDTD)  or a  F in i te  E lement Method  (FEM)  code.  Such  methods  enable  the  
assessment of both  ampl i tude  and  phase  of a l l  components  of the  e lectromagnetic fi e l ds.  
I EC/IEEE  62704-1  and  I EC 62704-4  provide  detai l s  on  evaluating  the  uncertain ty of 
numerica l l y s imu lated  fie l ds  and  SAR data  in  phantoms.  I n  particu lar,  the  deviation  between  
the  phys ical  antenna-phantom  setup  and  the  numerica l  model  have  to  be  carefu l l y taken  in to  
account  i n  the  uncerta in ty budget.  

The  d i fferences  between  numerical  model  and  physica l  antenna  wi th  respect to  the  re levant 
reference values  need  to  assess  us ing  the  cal ibration  method  as  described  in  Annex G  
(Cal ibration  of Reference An tennas).  The  appropriate  uncertain ty value  covering  the  
maximum  d i fferences  needs  to  be  assessed .  

For ensuring  an  accurate  cal ibration  us ing  numerical  reference,  i t  i s  recommended  to  
m in im ize  the  deviations  between  cond i ti ons  used  du ring  the  phys ical  probe  or probe-array 
cal i bration  and  cond i ti ons  used  for the  numerical  ca lcu lations  of the  reference fie l ds.  For 
example,  the  phan tom  geometry,  d ie lectric  parameters  and  sensor l ocations  shal l  be  as  close  
as  possib le.  

For cal i bration  of array systems,  l ower overal l  uncertain ty may be  ach ieved  i f the  sensors  are  
cal i brated  in-situ  wi th in  the  array.  Th is  i s  because  removing  the  sensor from  the  array for 
ca l i bration  wi l l  i n troduce add i ti onal  measurement uncerta in ties  due  to  mutual  coupl i ng  of the  
sensors  i n  the  array,  the  mechan ical  support  structure  and  boundary errors.  Therefore  
ca l i bration  of the  whole  array against a  numerica l  reference may be  preferable  to  cal i bration  
of i nd ividual  sensors  against an  anal yti c fie l d .   

Ca l i bration  using  numerical  reference  i n troduces  add i tional  uncertain ties  compared  to  
ca l i bration  i n  anal ytica l  fie lds.  The  predom inant  uncertain ty con tribu tions  are  typical l y the  
determ ination  of the  transfer cal i bration  an tenna  target value  or reference fi e l d ,  and  the  
deviation  between  the  phys ica l  an tenna-phantom  setup  and  i ts  numerical  model .  Other 
uncertain ty con tribu tions  include  the  sensor search ,  sensor coupl i ng  and  phantom  shape.  
When  perform ing  an  uncertain ty anal ys is  of the  cal i bration  of an  array system  us ing  numerical  
reference,  at  least  the  parameters  i ncluded  i n  Table  B .3  shal l  be  considered .  
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Table  B.3  – Uncertainty analysis  of transfer cal ibration  of array systems  

 a   b   c  u
i
 =  (a/b )  ×  (c)   

Uncertainty component  
Uncertainty 

±  %  

Probabi l i ty 
d istribu tion   

Divisor  c
i
 

Standard  
uncertain ty  

±  %  
v
i
 

Cal ibration  i nstrumentation  

I nciden t or forward  power or transm iss ion  
coeffi cien t  measurement  accu racy 

 
   

 
∞   

Refl ected  power or refl ection  coeffi cien t  
measurement  

 
   

 
∞   

Noi se        

Phantom  

Liqu id  conducti vi ty measurement        ∞   

L i qu id  perm i tti vi ty measu rement       ∞   

L i qu id  conducti vi ty d eviation       ∞  

L i qu id  perm i tti vi ty deviati on       ∞  

Phan tom  shel l  shape  and  d ie lectri c  
properties  

 
   

 
 

Appl ication  of reference fields  

Reference  an tenna  target val ue  or 
reference  fi e l d  – numerica l  model l i ng  
uncertain ti es  supposing  perfect source  
model  

 

    

 

∞   

Deviati on  between  phys ical  an tenna  and  
numerical  reference  an tenna  

 
   

 
 

Reference  an tenna  posi ti on         ∞   

Probe or probe-array  

Sensor mutual  coupl i ng       ∞   

Posi ti on  of the  probe  or probe-array wi th i n  
the  cal i brati on  setup  

 
   

 
 

Modu l ation        ∞   

L i neari ty        

Noi se        ∞   

Combined  standard  uncertain ty   RSS       

NOTE  1  Column  head ings  a,  b,  c are  for reference.  

NOTE  2  Some  of the  l i nes  may be  doubl ed  to  take  i n to  account the  impact  of magn i tude  and  phase  on  the  
measurement  uncertain ty.  
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Annex C  
(informative)  

 
F ield  Reconstruction  Techniques  

C.1  Introduction  

Vector measurement-based  systems and  protocols  use  fi el d  reconstruction  methods,  a l l owing  
the  appl ication  of i nd i rect measurement approaches  i n  wh ich  the  SAR is  evaluated  in  three  
d imensions  from  a  l im i ted  number of measurement poin ts  that may be  l ocated  in  a  l im i ted  part  
of the  volume of i n terest,  or even  outs ide  th is  volume.  

The  fol lowing  sections  provide  in formation  abou t methods  used  to  reconstruct the  SAR i n  the  
re levant  volume of the  phan tom  from  measurements  on  a  2D  surface  or another sub-reg ion .  
The  objectives  and  background  of fie ld  reconstruction  techn iques  are  covered  i n  C. 2  and  C. 3,  
respective l y.  C. 4  describes  examples  of expansion  techn iques.   

The  requ i rements  for fi e l d  reconstruction  techn iques  are  covered  i n  C lause  6 . 6 .   

C.2  Objective of Field  Reconstruction  Techniques  

The objecti ve  of vector measurement-based  systems  in  the  context of th is  PAS is  to  
determ ine  the  peak spatia l  SAR averaged  over a  cubical  vo lume of 1  g  or 1 0  g  mass.  For that 
purpose,  the  knowledge  of the  SAR d istribution  i n  exposed  reg ions  of the  phan tom  is  
requ ired .  These  reg ions  typica l l y i nclude  l ocations  of the  phantom  that are  i n  cl ose  proxim i ty 
to  the  device  an tennas,  as  there  may be  evanescent modes  that decay rapid l y i n  the  
phantom .  As  on l y a  l im i ted  number of poin ts  can  be  measured ,  the  3D  SAR d istribu tion  i n  the  
re levant  reg ions  must be  reconstructed  from  these  measurements.  Robot-based  scann ing  
systems  measure  a  dense  grid  of poin ts  before  i n terpolati ng  and  extrapolati ng  over a  short  
d istance  to  obta in  the  3D  SAR d istribution .  Vector measurement-based  systems  do  not yie ld  
such  dense  measurement gri ds.  Hence,  advanced  reconstruction  methods  are  requ i red  to  
obtain  the  3D  SAR d istribu tion  wi th  sufficien t re l iabi l i ty and  accuracy.  

C.3  Background  

Fie ld  reconstruction  techn iques  that are  su i table  for vector measurement-based  SAR systems  
can  be  derived  from  the  wel l -establ ished  theory of e l ectromagnetic near-fie ld  measurements,  
especial l y p l anar 2D  scann ing  based  techn iques.  The  pri ncip le  re l ies  on  the  measurement of 
the  sampled  d istribu tions  of the  E-fie ld  and/or H -fie ld  over a  2D  gri d  l ocated  in  a  source-free  
reg ion ,  as  depicted  F igure  C. 1 .  I n  a  general  sense,  the  e lectric-fie ld  reconstruction ,  at  an  

observation  poin t of coord inates  ,  from  the  measured  fi e ld  over the  scan  surface  S  a t  

 can  be  represented  by the  in tegral  transform   

 )'()',('=)( ∫ rErrDdrrE
S

 (C. 1 )  

where  

E(r)   i s  the  3D  e lectric vector fi el d   

E(r')   i s  the  2D  fie l d  over the  scan  surface  S  

D(r, r')  i s  the  i n tegra l  kernel   
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Figure C. 1  – Coord inate  system  for 2D  planar measurement-system   

Numerous  fie ld  expansion  techn iques  a l l ow the  retrieval  of the  3D  electromagnetic fi e ld  i n  the  
phantom  volume from  the  sampled  2D  fie lds .  For i nstance,  the  e lectromagnetic  fi el d  can  be  
expanded  i n  terms  of Green ’s  functions,  p l ane-waves,  or i n  general ,  i n  terms  of orthogonal  or 
non-orthogonal  basis-functions.  Notice  that d i fferent formu lations  exist that requ i re  the  
representation  of at l east two  orthogonal  fi e l d  components  on  the  2D  scan  area.  For example,  
( i )  tangentia l  E-fie ld  or dual  H  fie lds ,  ( i i )  normal  component and  i ts  normal  derivati ve,  or ( i i i )  a  
m ixture  of E  and  H  components.  I n  practice,  i deal  e l ectromagnetic fie ld  probes,  such  as  the  
Hertzian  d ipole,  do  not exist.  Hence,  the  cal ibration  of the  probes  of the  vector measurement-
based  SAR system  is  i ndeed  key for the  ach ievement of reasonable  measurement 
uncertain ty.   

 

Figure C.2  – Generic  configuration  of SAR measurement system  

Some particu lar assumptions  m ight hold  for the  appl ication  of the  2D  near-fie ld  measurement 
techn iques  to  mu l tip le-probe SAR systems,  i n  wh ich  the  probes  are  immersed  wi th in  the  
tissue-equ ivalent med ium  enclosed  i n  mannequ ins.  The  h igh  d ielectric  con trast between  the  
a i r ( the  source  reg ion)  and  the  s imu lating  l i qu id  ( the  measurement reg ion)  g ives  rise  to  a  
spatia l l y confined  rad iation ,  wh ich  is  main l y i n  the  d i rection  orthogonal  to  the  su rface  of the  
a i r-med ium  in terface.  Al so,  the  l arge  d iss ipation  of the  ti ssue-equ iva len t med ium  leads  to  
neg l ig ib le  in ternal  resonances  and  scattered  fie lds  by the  boundaries.  These  hypotheses  
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a l l ow the  ti ssue-equ ivalent l iq u id  reg ion  to  be  considered  as  an  open  homogeneous  med ium ,  
where  the  fie l d  reconstruction  is  on l y va l id  wi th in  the  inner reg ion  as  depicted  in  F igure  C.2 .   

Reconstruction  is  feas ib le  as  the  SAR d istribu tion  is  constrained  by Maxwel l ’ s  equations  
(wh ich  i n  source-free  homogeneous  med ium  reduces  to  the  Helmhol tz equation  [75] ).  I t  i s  wel l  
known,  that th is  physical  constra in t  a l l ows  the  reconstruction  of the  fu l l  fi e ld  from ,  e . g . ,  
complete  knowledge of the  fi e ld  on  an  enclos ing  surface  (Huygens’  princip le  of expansion  i n to  
spherica l  waves  [47] ) ,  or complete  knowledge of the  fi e l d  on  an  in fin i te  p lane  (p lane  wave  
expansion  [75] ).   

I t  shou ld  be  poin ted  out that precise  phase  in formation  of the  e lectric fie ld  components  is  not 
necessary to  compute  the  psSAR from  the  e lectri c fiel ds .  Precise  knowledge of the  phase  is  
on l y requ ired  where  measured  fie l d  componen ts  need  to  be  propagated  over an  electrical l y 
l arge  d istance  to  the  l ocation  of the  averag ing  volume.   

C.4 Reconstruction  Techniques  

C.4. 1  Expansion  Techniques  

Fast array SAR measurement systems perform  d iscrete  sampl ing  of a  sub-reg ion/surface  
wi th in  the  phan tom .  I f the  sampl ing  is  su fficien tl y dense  and  the  fi e ld  strength  ou ts ide  the  
measurable  exposure  area  is  sufficientl y l ow,  reconstruction  can  be  performed  accuratel y by 
expansion  techn iques.  Most common l y appl i ed  expansion  methods  requ ire  the  knowledge of 
at l east two  fi eld  components  as  wel l  as  thei r re lati ve  phases.  Phase  in formation  can  e i ther be  
obtained  d i rectl y through  phase  measurements  or reconstructed  from  i n tensi ty measurements.  

As  an  example,  the  main  steps  of the  PWS (plane  wave spectrum)  expansion  princip le  based  
on  2D  p lanar measurement systems,  depicted  in  F igure  C. 3,  can  be  described  as  fol l ows:  

Considering  the  e lectric fie ld   over the  scan  plane,  i ts  PWS  i s  obtained  

as:  

   (C. 2)  

Where   spans  the  fie ld  over the  scan-area  ,  and   i s  the  spectra l  

variable.  The  PWS over p lanes  at  d istances   from  the  scan-surface  can  be  computed  
i n troducing  the  propagator 

    (C.3)   

With  the  propagation  con tant  ;  

  (C. 4)  

The  fi e ld  d is tribu tion  at the  reconstruction  d istance   i s  then  obtained  through  the  i nverse  
transform  us ing  the  re lation :  

   (C.5)  
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Figure C.3  – Schematic  representation  of 2D  planar  
measurement-based  SAR system  and  i ts  coord inate  system  

I n  practice,  the  scan-area  Σ0  i s  sampled  at the  probe locations,  and  the  spectral  variable  is  
d iscretised .  The  i n tegral  operations  i nherent to  the  fi e ld  expansion  i n  equation  (C. 2)  and  
equation  (C. 5)  become s imple  DFT (d iscrete  Fourier transform)  operations   

C.4.2  Source Reconstruction  Techn iques  

Source  reconstruction  methods,  another wel l  stud ied  ca tegory of approaches,  are  derived  
from  the  equ ivalence  theorem  [2 ] ,  wh ich  s tates  that  i t  i s  poss ib le  to  fi nd  magnetic and /or 
e lectric curren t d is tribu tions  on  a  surface  that produce  the  same fiel d  wi th in  a  reg ion  as  the  
orig inal  source  [6,  1 36] .  Such  equ iva lent current d istribu tions  can  be  constructed  us ing ,  e . g . ,  
the  measured  ampl i tudes  of the  e lectric fi e l d  componen ts  and  used  to  obta in  the  overal l  fi e ld .  
Source  reconstruction  techn iques  do  not necessari l y requ i re  phase  in formation  [3]  provided  
that the  re levan t domain  that conta ins  the  source  and  the  target fie l ds  are  confined  i n  a  
sufficientl y smal l  reg ion  wi th  respect to  the  wavelength .  

C.4.3  Source Base Function  Decomposition  

Conceptual l y between  source reconstruction  and  expansion  techn iques  are  approaches  that 
perform  constructi ve  syn thesis  of the  SAR d istribu tion  from  base  functions  derived  from  smal l  
generic,  e . g . ,  d ipole  or mu l ti pole,  sources  and  match  them  to  a  measured  fie ld  d is tribu tion .  

C.4.4  Phase  Reconstruction  

I f measurements  on l y provide  ampl i tude  i n formation ,  phase  d istributions  can  be  recovered  by 
approaches  such  as  the  Gerchberg-Saxton  a lgori thm  [53] ,  wh ich  requ ires  i n tens i ty 
measurements  on  two p lanes,  grad ient search  methods  [41 ] ,  or solving  of the  E ikonal  
equation  [1 21 ] .  The  resu l ti ng  systems  of equations  are  general l y underdeterm ined  and  
non l inear.  They a lso  requ i re  the  appl ication  of add i ti onal  appl ication -speci fic knowledge.  

C.4.5  Other Approaches  

Reconstruction  approaches  are  not l im i ted  to  the  above-mentioned  pri ncipal  and  cu rren tl y 
most establ ished  methods.  For some combinations  of measurement and  reconstruction  
approaches  the  reconstruction  problem  is  in  i tse l f underdeterm ined  and  requ ires  add i ti onal  
appl ication-speci fic knowledge (e. g . ,  spatia l  l im i ts  of the  source,  d is tance  between  source  and  
phantom ,  etc. )  and/or constrained  optim ization  to  obtain  un ique  solu tions.  
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C.5 Source reconstruction  and  SAR estimation  from  fields  measured  outside  
the  phantom   

The general  formu lation  of the  source  reconstruction  techn iques  enables  the  determ ination  of 
a  d istri bu tion  of equ ivalent  e lectric  and  magnetic curren ts  on  a  cl osed  surface  su rround ing  the  
orig inal  source.  Th is  d is tribution  rad iates  the  same fie lds  ou ts ide  the  reconstruction  reg ion  
[1 53]  to  [1 55] .  I n  the  case  of a  source  device  ou ts ide  a  phantom ,  the  equ i va len t current  
d istribu tion  of the  source  can  therefore  be  determ ined  from  the  rad iated  fie lds  measured  
ou ts ide  the  phan tom  by a  s i ng le  probe  or mu l ti -probe  measurement system  using  standard  
an tenna  measurements  techn iques  as  shown  i n  F igure  C. 4  [1 56] .  Th i s  concept can  be  used  to  
determ ine  the  fi e l ds  induced  i n  a  body/head  phantom  and  hence  determ ine  the  SAR 
d istribu tion  from  measured  fi e lds  ou ts ide  the  phantom  [1 57] ,  [1 58] .  

 

Figure C.4 – Source  Reconstruction  outside the  phantom  
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Annex D  
(normative)  

 
SAR measurement system  veri fication  and  val idation  

D.1  Introduction  

The goal  of th is  Annex i s  to  defi ne  the  system check  and  system validation  procedures  that  
enable  users  and  th i rd  parties  to  veri fy system  performance  by appl ying  cons isten t protocols:   

a)  System check:  procedure  that uses  speci fic antennas  to  veri fy that the  performance of the  
measurement system  is  repeatable  and  has  not degenerated  s i nce  the  l ast cal i bration .  
The  system check  i s  performed  wi th in  the  manufacturer-defined  speci fications  of 
frequency range  and  pos i ti on  on  the  phan tom ;  

b)  System validation :  procedure  that uses  speci fic antennas  to  val i date  that a  measurement 
system  operates  wi th in  the  s tated  measurement uncerta in ty.  I n  other words,  i t  veri fi es  that 
the  accuracy i s  acceptable  for use  accord ing  to  th i s  PAS.  

NOTE  System validation  i s  n ormal l y  performed  by the  system  manufacturer,  even  though  i t  i s  defi ned  such  
that  i t  can  a l so  be  performed  i ndependentl y by any th i rd  party.  Val i dation  of software  updates  can  be  done  for 
each  hardware  vers ion  and  does  not  necessari l y have  to  be  done  on  each  speci fi c  system .  

D.1 . 1  Objectives  and  purpose  of system check  

System check provides  a  fast and  re l iab le  method  to  veri fy that the  SAR system  is  operational  
wi th  no  system  component fa i l u re,  i nclud ing  probe defects  i n  an  array system ,  d ri fts  or 
deviation  from  target performance requ irements .  A system check  a lso  veri fi es  the  
measurement repeatabi l i ty of the  SAR measurement system  against ca l i brated  system check  
an tenna(s)  before  compl iance  testi ng .  

a)  I n  the  case  of an  open  system  where  the  ti ssue-equ iva len t med ium  is  exposed  to  a i r (e. g . ,  
robot-based  scann ing  system),  system check shal l  be  performed  prior to  compl iance  tests  
or wi th in  24  hours  before  the  SAR evaluation  and  on  the  same SAR measurement system  
that i s  used  for the  SAR evaluation  of the  handset.  SAR measurements  are  val idated  wi th  
the  fl at  phan tom  on l y,  u sing  the  same probe,  system  e lectron ics  and  ti ssue-equ ivalen t 
med ium  that are  used  for system check  and  measurements  of the  DUT.   

b)  For al l  other cases  (e. g . ,  sealed  systems  wi th  fixed  arrays) ,  system check shal l  be  
performed  before  the  fi rst measurement and  wi th in  seven  days  of any measurement of the  
DUT.  I t  sha l l  be  performed  on  al l  phantoms used  for the  measurements ,  accord ing  to  the  
measurement locations  defined  i n  th is  PAS to  ensure  that there  are  no  potentia l  
component fa i l u res  (e. g . ,  broken  sensors),  performance degradation  (e. g . ,  changes  i n  
d ie lectric  parameters)  or system  configuration  errors  (e. g . ,  a i r bubbles) .   

The  system check  i s  a  complete  1  g  or 1 0  g  peak spatia l -average SAR measurement us ing  a  
system check an tenna  (see  D .3 . 1 ) ,  accord ing  to  the  requ i rements  of th is  PAS.  The  same 
measurement system  (sensors,  t issue-equ ivalent  med ium ,  and  e lectron ics) ,  software  version ,  
ca l i bration ,  and  measurement parameters  (e . g . ,  resol u tion ,  reconstruction  parameters ,  
measurement time)  shal l  be  used  for the  system check as  those  used  for the  compl iance  
tests.   

The  system  check shal l  be  performed  us ing  the  same l iqu id  as  i n  the  compl iance  test and  at a  
chosen  fixed  frequency that i s  wi th in  ±1 0  %  or ±1 00  MHz of the  compl iance  test m id -band  
frequency,  wh ichever is  g reater.  

D.1 .2  Objectives  of system validation   

The objective  of system  val i dation  i s  to  veri fy that the  SAR measurement system  (wi th in  i ts  
boundaries  of the  speci fi cations  and  correspond ing  uncertain ty as  determ ined  i n  cl ause  8)  wi l l  
not g i ve  erroneous  measurement resu l ts  for the  measurement of the  DUT.  Th is  i s  ach ieved  by 
testing  a  sufficien tl y l arge  set of wel l -characterised  an tennas  having  target values  wi th  
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m in imal  uncertain ty that  encompasses  the  range  of fi e l d  d istribu tions  and  s i gnal  types  
encountered  wi th  currentl y avai l able  mobi le  commun ications  devices.  

The  SAR measurement system  is  acceptable  i f the  va l i dation  measurement resu l ts  comply 
wi th  the  cri terion  defined  i n  D . 4.  Th is  cri terion  makes  use  of the  measurement uncertain ty that 
i s  determ ined  i n  accordance  wi th  i n  subclause  8 . 2 .  

The  general  requ irements  for the  va l i dation  tests  are  as  fol lows.  They shal l  cover the  fu l l  
range  of frequencies,  SAR levels,  s i gnal  modu lations  and  measurement l ocations  supported  
by the  phantom  and  wi th in  the  requ irements  of th is  PAS.  A re levant subset of the  val idation  
tests  may be  performed  for a  system  that supports  or i s  used  for on l y speci fic phantom(s)  or 
measurement requ i rements .  The  complete  set of SAR d istribu tions  and  resu l ts  shal l  be  
reported  accord ing  to  measurement configurations  defined  i n  clause  D. 4  shal l  be  evaluated  
us ing  the  reference an tennas  defined  in  Annex F  and  the  target values  defined  i n  Table  D .2  
and  Table  D. 3 .  Annex F  defines  a  m in imum  set of antennas  to  be  used  for va l i dation .  
Add i tional  an tennas  may be  added  to  Annex F  (e. g . ,  us ing  an  amended  standard)  i f further 
anal ys is  shows  that th is  set of antennas  i s  not  comprehensive  enough  for val i dating  vector 
measurement-based  systems.  

A system  may be  speci fied  for be ing  usable  for a  smal ler range  of frequencies  or for a  smal ler 
measurement reg ion  supported  by the  phan tom  as  speci fied  hereafter.  I n  these  cases,  the  
correspond ing  subset of the  tests  shal l  be  performed,  i . e . ,  a l l  the  tests  that fa l l  i n  th is  subset 
of the  speci fied  range  of use.  

System validation  i s  typical l y performed  and  documented  by the  system  manufacturer for 
every system  del i vered ,  on  an  annual  bas is  and  whenever any changes  of the  hardware  or 
software  wh ich  may affect the  SAR assessment are  made.  The  fu l l  set of va l idation  test must  
be  performed  at l east once  every year.  For rou ti ne  val i dation ,  i t  may be  reduced  i f i t  can  be  
demonstrated  that i t  i s  su fficient to  warranty that the  fu l l  set wou ld  meet the  acceptance  
cri teria  (e. g . ,  i f the  frequency dependent sensi ti vi ty of the  sensors  is  constant due  to  reasons  
of sensor design ,  then  the  number of frequencies  may be  reduced) .  The  rationale  and  proof of 
reduction  shal l  be  documented  and  made  avai lable.  

The  concepts  for val i dati ng  s i ng le  probe  systems  and  array systems are  d i fferent.  For s ing le  
probe  systems,  the  performance of the  measurement system  componen ts  can  be  assessed  
separate l y,  bu t th is  i s  not the  case  for array systems.  

I n  general ,  the  same system validation  procedure  appl ies  to  both  s ing le  probe  systems  and  
probe-array systems  using  head  and  fl at phantoms.  The  va l i dation  procedure  for s ing le  probe  
systems is  s impler and  requ i res  l ess  test  pos i tions.  

D.2  SAR measurement setup and  procedure for system check and  system 
validation  

D.2. 1  General  

The reference antennas  for system validation  (Annex F)  can  a lso  be  used  for system check.  
The  peak spatia l -average SAR measured  for the  requ i red  test cond i ti ons  shal l  be  normal i zed  
to  target forward  power at the  RF  i npu t of the  reference antenna  accord ing  to  procedures  i n  
th is  clause  and  compared  to  the  target SAR va lues.   

The  fol l owing  clause  describes  the  requ i red  power measurement setup  for system check and  
system validation .  Assessment of RF  forward  power measurement uncertain ty accord ing  to  
D. 2. 4  i s  a lso  described .  
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D.2.2  Power measurement setups  

Both  system check and  system validation  procedures  requ ire  accuratel y measured  and  s table  
forward  power at  the  RF  i npu t of the  reference  antennas.  

A recommended  test setup  for us ing  off-the-shel f i nstrumentation  wi th  a  reference an tenna  i s  
shown  in  F igure  D . 1 .  The  system  i ncludes  a  s ignal  generator,  an  ampl i fi er,  1 0  dB  to  20  dB  
attenuators,  a  d i rectional  coupler,  power meter(s),  two power sensors,  a  50-Ω- l oad ,  a  
precis ion  short,  cables ,  connectors  and  adapters.  An  a l ternative  setup  us ing  a  s i ng le  
d i rectional  coupler i nstead  of a  bi d i rectional  coupler to  establ ish  reflected  power from  an  S1 1  
measurement at the  i nput of the  reference  antenna  may be  used .  When  other equ ipment i s  
used ,  the  measurement setup  shal l  be  documented  by appl ying  s im i l ar procedures.  

 

Figure D. 1  – A Recommended  power measurement setup   
for system  check and  system  val idation  

The requ irements  of the  components  used  i n  the  setup  shown  i n  F igure  D . 1  are  described  i n  
the  fol l owing .  

a)  The  s i gnal  generator and  ampl i fier sha l l  be  stable  (after warm-up).  The  forward  power to  
the  reference antenna  shal l  be  at l east 1 0  mW to  avoid  the  in fl uence  of measurement 
noise.   

NOTE  I f the  s i gnal  generator can  del i ver 1 5  dBm  or more,  an  ampl i fi er i s  not  necessary for the  l ower power 
SAR eval uations.  Some  h i gh -power ampl i fi ers  shou l d  not  be  operated  at  a  l eve l  far bel ow thei r maximum  
ou tput  power l evel  (e. g . ,  a  1 00  W power ampl i fi er operated  at  250  mW ou tput  can  be  qu i te  noi sy).   

b)  A l ow pass  fi l ter may be  p laced  after the  ampl i fi er to  reduce  the  effects  of harmon ics  and  
noise  from  the  ampl i fi er.   

NOTE  For most ampl i fi ers,  th i s  fi l ter i s  typ ical l y not  necessary i f power stabi l i ty i s  main tained  for normal  
operati on  d uri ng  the  measurement.  

c)  An  attenuator shou ld  be  p laced  after the  ampl i fi er,  before  the  d i rectional  coupler,  to  
improve  source  match ing  and  overal l  measurement accuracy (see  manual  of the  speci fic  
power meter)  (caution).   

NOTE  1  Th i s  a l so  a l l ows  the  ampl i fi er to  operate  at  i ts  optimal  cond i ti on  for improving  system  stabi l i ty.   

NOTE  2  The  Att3  i s  not  necessary when  the  return  l oss  of Low pass  fi l ter i s  better than  20  dB  at  the  i npu t  and  
ou tpu t  ports .  
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d )  A d i rectional  coupler wi th  a  coupl i ng  coefficient  ≥  20  dB  i s  recommended  for mon i toring  
the  forward  power and  ad justing  the  s ignal  generator ou tpu t to  main ta in  constan t forward  
power.  The  coupler shal l  have  a  return  loss  ≥  25  dB  at the  i npu t and  ou tpu t ports.  A h igh -
qual i ty coupler wi th  respect to  d i recti vi ty and  ou tpu t match ing  is  necessary to  avoid  
add i ti onal  errors .  

e)  The power meter PM2  shou ld  have  a  l ow d ri ft and  a  resolu tion  of ≤  0 , 01  dBm ,  bu t  
otherwise  i ts  accuracy has  no  impact on  the  power setti ng .  

f)  The  in fluence  of the  cable  between  the  coupler and  the  reference an tenna  shal l  be  
evaluated  as  part  of the  uncertain ty assessment.  

g )  The  power meter PM1  and  attenuator Att1  shal l  be  of h i gh  qual i ty and  ca l i brated .  The  
attenuator (≥1 0  dB)  i s  used  to  improve the  accuracy of the  power sensor (some h igher 
power heads  come wi th  a  bu i l t- i n  ca l i brated  attenuator).  Attenuations  can  be  off by up  to  
0, 2  dB  from  the  speci fied  value;  therefore,  the  exact attenuation  at each  test frequency 
shal l  be  veri fi ed  and  used  i n  the  ca lcu lations.  

h )  To  avoid  l i neari ty and  range  swi tch ing  errors  i n  power meter PM2  for system check  
performed  at  various  power levels,  the  range  of PM2  during  actual  measurement wi th  the  
reference an tenna  shal l  be  kept the  same as  that used  during  power setup  wi th  power 
meter PM1  connected  d i rectl y to  the  cable.   

i )  The  reference  an tenna  shal l  be  connected  d i rectl y to  the  cable  at  l ocation  "X"  i n  
F i gu re  D . 1 .  I f the  power meter and  reference an tenna  requ i re  d i fferen t connector systems,  
a  ca l ibration  grade,  h i gh-qual i ty adapter shal l  be  used .  Preferabl y,  the  adapter i s  
ca l ibrated  wi th  attenuator Att1  a t the  i npu t ( l ocation  “X”) .  

j )  To  avoid  unacceptable  power d ri fts  during  system check,  the  equ ipment shou ld  be  a l l owed  
to  warm-up for the  duration  recommended  by the  manufacturer(s)  before  any 
measurement.   

D.2.3  Procedure  to  normal ize  the  measured  SAR  

The test procedure  i s  described  i n  the  fo l lowing  steps:  

a)  Connect the  equ ipment as  shown  i n  F igure  D. 2,  wi th  the  power meter PM1  and  attenuator 
Att1  connected  to  the  end  of the  cable.  A 50  Ω  term ination  shal l  be  connected  at the  
reverse  coupled  port  of the  d i rectional  coupler.  

b)  Ad just the  power ou tput from  the  s i gnal  generator un ti l  the  forward  power Pf  at  PM1  is  at  
the  des ired  power l evel .   

c)  Measure  the  forward  coupled  power Pfc  a t  PM2.  

 

Figure  D.2  – Equ ipment  setup  for measurement of forward  power Pfc  

d)  Connect the  equ ipment as  shown  in  F igure  D. 3.  The  power meter PM1  and  i ts  attenuator 
are  d isconnected  from  the  end  of the  cable  and  a  short i s  p l aced  i nstead .  A power meter 
i s  connected  to  the  reverse  coupled  port of the  d i rectional  coupler,  replacing  the  50  Ω  
term ination .   

e)  Ad just the  power from  the  s i gnal  generator such  that the  forward  coupled  power at  PM2  is  
equal  to  Pfc  i n  step  c) .  

f)  Read  the  shorted  reverse  coupled  power Prcs  a t  power meter PM1 .   
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Figure D.3  – Equ ipment  setup  for measuring  the shorted  reverse coupled  power Prcs  

g)  Connect the  equ ipment as  shown  i n  F igure  D .4  wi th  the  reference  antenna  connected  to  
the  end  of the  cable,  replacing  the  short term ination .  

h )  Posi tion  the  reference  an tenna  at a  test l ocation  on  the  phan tom ,  at a  test l ocation  shown  
i n  F igu re  D .5  and  D. 6  

i )  Ad just the  power from  the  s i gnal  generator such  that the  forward  coupled  power at  PM2  is  
equal  to  Pfc.  

 

Figure D.4 – Equ ipment setup  for measuring  the power  
wi th  the  Reference antenna  connected  

j )  Read  the  reverse  coupled  power Prc  at  power meter PM1 .   

k)  Measure  the  1  g  and  1 0  g  peak spatial -average SAR,  SAR1 g ,m  and  SAR1 0g ,m ,  at the  
phantom  test pos i ti on .   

l )  Ca lcu late  the  return  loss  of the  reference an tenna  in  dB:  RL  =  Prcs  –  Prc ,  where  Prcs  and  
Prc  are  i n  dBm.  

m )  Normal ize  the  measured  SAR by the  forward  power Pf.   
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where  

SAR1 g ,m  and  SAR1 0g ,m   are  the  1  g  and  1 0  g  peak spatia l -average  SAR 
measured  at the  forward  power Pf.  
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SAR1 g , NORM  and  SAR1 0g ,NORM   are  the  1  g  and  1 0  g  peak spatia l -average  SAR 
normal i zed  to  1  W  forward  power.  

n )  Record  SAR1 g , NORM ,  SAR1 0g , NORM ,  Pf,  and  RL .  

o)  Compare  the  measured  SAR values  wi th  the  appropriate  target values,  as  described  i n  
D . 3. 2  (system  check)  and  D. 4. 4  (system  val i dation).  

p)  Check that the  retu rn  loss,  RL ,  i s  i n  accordance  wi th  the  requ irements  of D . 3. 1 .  

D.2.4  Power measurement uncertainty 

Figu re  D. 2  describes  the  power measurement setup  used  to  determ ine  forward  power (Pf)  at  
the  end  of the  cable.  Pf  i s  measured  by PM1  and  re lated  to  the  coupled  forward  power (Pfc)  
measured  by PM2.  Return  l oss  of the  reference  an tenna  (S1 1 )  i s  determ ined  by the  power 
measurement setup  shown  in  F igure  D . 3,  where  the  shorted  reverse  coupled  power (Prcs)  i s  
measured  at the  reverse  power port  of the  d i rectional  coupler by PM1 .  When  the  reference  
an tenna  is  connected  to  the  cable  as  shown  in  F igure  D. 4,  the  reverse  coupled  power (Prc)  i s  
measured  by PM1 .  The  uncertain ty con tribu tions  for Pf,  Pfc,  Prc  and  Prcs  are  as  fol lows:  

a)  The  con tribu tors  to  Pf  are:  u1 (PM1 ),  u1 (cable) ,  u1 (att1 ),  u1 (ΓGE ,  Γe ,  S1 1 ) .  

NOTE  The  uncertai n ty of the  attenuator cou l d  be  excluded  i f both  the  power meter PM1  and  attenuator ATT1  
are  cal i brated  together 

b)  The  contribu tors  to  Pfc:  no  uncertain ty,  because  the  s i gnal  generator ou tput i s  ad j usted  to  
main ta in  an  exact constant value  for Pf  a t  the  ou tpu t of the  cable  (reference  p lane) .  

c)  The  con tribu tor to  Prc ,  Prcs  are :  u2(PM1 ),  2  ×  u1 (cable).  

d )  Error by approximation :  u1 (F),  th is  con tribu tor i s  i ncl uded  i f the  measurement method  wi th  
b id i rectional  coupler i s  used  (the  m ismatch  i s  i ncluded  i n  th is  error)  wi thou t VNA.  

e)  The  m ismatch  error u1 (ΓGE ,  Γe ,  S1 1 ) ,  th is  contribu tor i s  i ncl uded  i f a  measurement method  
wi th  d i rectional  coupler and  a  VNA (for the  S1 1  measurement)  i s  used  

where:  

u1 (PM1 )  i s  dependent on  i nstrument accuracy,  sensor l i neari ty,  no ise,  zero  setting ,  zero  
dri ft,  ca l i bration  factor,  reference  power accuracy,  reference  power m ismatch .  

u1 (cable)  i s  the  maximum  deviation  resu l ti ng  from  cable  movement (rectangu lar 
d istribu tion) .  

u1 (attenuator)  i s  the  uncerta in ty on  the  attenuator value.  

u2(PM1 )   i s  dependent on  i nstrument accuracy,  sensor l i neari ty,  no ise,  zero  setting ,  zero  
dri ft,  ca l i bration  factor,  reference  power accuracy,  reference  power m ismatch .  

ΓGE   i s  the  equ iva len t source  reflection ,  when  a  d i rectional  coupler i s  used :   

 22
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The  S  parameters  for the  d i rectional  coupler can  be  obtained  from  manufacturer 
speci fications,  or measured  wi th  a  VNA.  

f)  u1 (ΓGE ,  Γe ,  S1 1 )  i s  expressed  as:   
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where  

Γe   i s  the  reflection  coefficient  of the  PM1  power sensor wi th  attenuator attn .  1 ;   

S1 1   i s  the  reflection  coefficient  of the  reference an tenna.  
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D.3  System check 

D.3. 1  System check an tennas  and  test conditions  

The antennas  used  for system check can  be  d i fferen t from  those  requ i red  for the  system 
validation  (see  Annex F).  System check an tennas  shal l  have  excel len t repeatabi l i ty ( less  than  
1 0  %  variation)  and  therefore  underpin  good  pos i tion ing  repeatabi l i ty (<  0 , 2  mm  wi th  respect  
to  d istance  from  the  shel l  wh ich  shal l  be  establ ished  wi th  a  low- loss  spacer and  <  1  mm  in  
tangentia l  d i rections  i n  case  of the  head  phan toms),  mechan ical  s tabi l i ty,  and  impedance 
match ing  for the  measurement cond i ti ons.  

System check an tennas  can  have  two  pai rs  of target values :  

a)  absolu te  targets  SAR1 g , cal  and  SAR1 0g , cal  (e. g . ,  see  Tables  D. 2  and  D .3).  These  target  
values  shal l  be  determ ined  by numerical  model ing  that i s  compl iant wi th  I EC/I EEE  62704-
1  or I EC  62704-4  s tandard  requ i rements  ( includ ing  the  l ow-loss  spacer in  the  model ) .  The  
target values  shal l  a lso  be  val i dated  experimental l y us ing  a  traceable  ca l i bration  s tandard  
(e. g . ,  accord ing  to  Annex G).  Proper appl ication  of these  cond i tions  accord ing  to  the  
requ irements  of th is  PAS  shal l  be  demonstrated .  

b)  The  system  check shal l  be  performed  wi th in  two  weeks  of the  recal ibration  of the  SAR 
measurement system  by cal i bration  lab  and  the  SAR 1 g , sys  and  SAR1 0g , sys  shal l  be  
provided .  

The  system check an tennas  shou ld  have  a  return  loss  greater than  1 2  dB  at each  location  on  
the  fl at and  SAM  head  phan toms.  The  return  loss  shal l  be  measured  annual l y during  system 
validation  us i ng  a  network anal yzer,  to  ensure  that SAR measurement uncerta in ty due  to  
power reflection  remains  as  l ow as  poss ib le.  Such  uncertain ty shal l  be  assessed  and  
documented .  

For s ing le  probe  systems,  the  tests  are  performed  i n  one  section  of the  same phantom  on l y 
(e. g . ,  i n  the  flat section  of the  TwinSAM),  fo l l owing  the  requ irements  of I EC  62209-1  and  
I EC 62209-2.   

For array systems,  system check an tennas  for at l east four frequencies  (e. g . ,  835  MHz,  
1  950  MHz,  2  450  MHz and  5  800  MHz)  shal l  be  used  to  cover system  operating  frequency 
range.  At each  selected  frequency,  SAR shal l  be  measured  in  a l l  fl at and  SAM  phantoms for 
at l east four locations.  The  antenna  l ocations  and  target values  for the  head  and  fl at  
phantoms  are  provided  by the  manufacturer.  

NOTE  I f on l y one  frequency i s  tested ,  the  system check on l y needs  to  be  performed  at  the  speci fi c  frequency or 
at  two  cl osest  frequencies.  

D.3.2  System  check acceptance  cri teria  

System check i s  a  complete  1  g  and/or 1 0  g  peak spatia l -average SAR measurement.  The  
measured  1  g  and/or 1 0  g  SAR is  normal i zed  to  1  W  forward  power to  the  system check  
an tenna  and  compared  to  the  appropriate  target values.  The  requ ired  RF  power measurement 
setup  and  SAR normal ization  procedure  are  described  i n  D .2 .   

The  system check i s  successfu l  i f:  

•  the  measured  va lues  are  wi th in  two s tandard  deviations  of the  system  standard  
uncerta in ty us  of the  absolu te  targets  SAR1 g , cal  and  SAR1 0g , cal ,  and  

•  the  measured  values  are  repeatable  wi th in  ±  1 0  %  of the  measured  reference values  
(SAR1 g , sys  and/or SAR1 g , sys)  for that measurement system .   

I n  case  th is  cri terion  cannot be  met,  the  reasons  for fai l u re  shal l  be  i nvesti gated  and  corrected  
before  starti ng  DUT SAR testi ng  i n  the  fa i l ed  frequency and  phantom  configuration .   
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D.4 System validation 

D.4. 1  Requ irements  for system validation  an tennas  and  test cond itions  

Val i dation  test cond i ti ons  shal l  be  selected  based  on  system  speci fications  defined  by the  
manufacturer as  compl iant wi th  the  requ irements  of th is  PAS and  accord ing  to  measurement 
requ irements  for the  system  at  the  testing  l aboratory.   

NOTE  For example,  i f a  l aboratory on l y performs  WLAN  tests  for body-worn  devices,  va l i dation  i s  requ i red  on l y  
for the  fl at  phan tom  i n  the  2 , 45  GHz and  5  GHz range  for the  subsets  of tests  defi ned  bel ow.  

The va l i dation  an tennas  and  procedure  shal l  meet the  fol lowing  requ i rements:  

a)  System validation  shal l  cover the  range  of frequencies  used  by the  system  for testing .  
Every DUT test frequency shal l  be  wi th in  ±1 00  MHz or ±1 0  %  (wh ichever is  greater)  of a  
va l i dation  frequency supported  by the  SAR system .  A typica l  set of va l i dation  frequencies  
for a  system  used  i n  the  700  MHz to  6  000  MHz range  may i nclude  750  MHz,  835  MHz,  
900  MHz,  1  450  MHz,  1  750  MHz,  1  950  MHz,  2  450  MHz,  2  600  MHz,  3  700  MHz,  
5  200  MHz,  5  500  MHz and  5  800  MHz.  

b)  System  val idation  shal l  be  done  for the  modu lation ,  mu l tip lexing  scheme the  duplexing  
method  that represent the  set of s i gnals  that the  DUTs  are  us ing .  I n  Table  D . 1 ,  both  
modu lations  of g roup  G1  and  al l  modu lations  i n  each  of groups  G2  and  G3  shal l  be  tested .  
The  tests  can  be  reduced  to  one  per group i f i t  i s  demonstrated  and  documented  that  the  
system  provides  accurate  resu l ts  i ndependent of modu lation  by des ign .  These  
modu lations  are  based  on  the  recommendation  that the  system  is  tested  for the  
modu lations,  mu l tip lexing  schemes,  and  duplex schemes  for wh ich  the  DUT generates  the  
various  peak-to-average  ratios,  in  order to  va l idate  that the  system  accurate l y measures  
the  s i gnal .  

c)  SAR d istribu tions  shal l  be  dom inated  by fie ld  components  normal  to  the  surface  of 
phantoms (evanescent components) .  

d )  SAR d istribu tions  shal l  be  dom inated  by fie l d  components  paral le l  to  the  surface  of 
phantoms (propagating  components)  wi th  various  polarizations.  

e)  The  antennas  and  RF  measuring  equ ipment used  for the  va l i dation  shal l  be  an  
i ndependent set of equ ipment from  those  used  for system  cal ibration .  Us ing  d i fferent sets  
of equ ipment avoids  any ca l i bration  b iases  be ing  passed  on  to  the  va l i dation .  

f)  The  measured  1  g  SAR l evels  sha l l  correspond  to  the  d ynam ic range  of the  SAR 
measurement system  and  the  range  of SAR expected  from  wireless  devices,  (e. g . ,  from  
>  0 , 1  W/kg  to  <  1 0  W/kg)  

g)  D i fferen t l ocations  ( l oc)  (F igu re  D. 5  and  F igure  D . 6)  are  chosen  to  ensure  that variations  
i n  the  sensor l ocations  and  inhomogenei ty of the  tissue  equ ivalent  materia l  are  
cons idered .  The  l ocations  are  chosen  for re l iable  psSAR evaluation  wi th in  the  
measurement reg ion  speci fi ed  for the  system ,  i . e . ,  the  manufacturer shal l  speci fy th is  
reg ion .  Locations  that are  too  close  to  the  edges  of the  measurement reg ion  may 
i n troduce errors  and  uncerta in ties  that are  unacceptable.  

h )  1  g  and  1 0  g  SAR targets  of the  reference an tennas  shal l  be  determ ined  based  on  
numerical  assessments  that are  i n  compl iance  wi th  I EC/IEEE  62704  series .  The  expanded  
uncertain ty of the  SAR targets  shal l  not exceed  20  %  and  more  than  60  %  of the  an tennas  
shal l  be  below 1 0  %  (k  =  2) .  The  reference  an tennas  shal l  be  veri fied  by cal ibration  
traceable  to  I SO/IEC 1 7025.  The  reference  antennas  used  for system validation  are  
defined  i n  Annex F.  
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Table  D. 1  – Modu lations  and  mu ltiplexing  methods  used  by rad io  systems  

Group  No.  Group  
denomination  

Modu lation  
Type  

Transmission  
method  /  

Mu l tiplexing  

Duplex Example  Description  

G1  M1  Reference  non  
modu lated  – 
Low PAPR 

CW n /a  n /a  CW Unmodu l ated  carri er 

M1 4  Reference  non  
modu lated  – 
H igh  PAPR 

CW n /a  n /a  Pu l se  Pu l se  s i gnal  wi th  a  peri od  of 
1 0ms  and  a  du ty cycle  of 1 0  %  
(1 ms  ON  – 9ms  OFF)  

G2  M2  H igh  PAPR GFSK,  PSK TDMA FDD  GSM  EDGE-FDD (TDMA,  8PSK,  TN  0)  

M6  H igh  PAPR QAM  OFDM  TDD  WLAN  I EEE  802. 1 1 g  WiFi  2 . 4  GHz 
(DSSS/OFDM,  54  Mbps)  

M5  H igh  PAPR QAM  OFDM  TDD  WLAN  I EEE  802. 1 1 a/h  WiFi  5  GHz 
(OFDM,  54  Mbps)  

M1 0  H igh  PAPR 64-QAM  SC-FDMA TDD  LTE-TDD  LTE-TDD (SC-FDMA,  1  RB,  1 . 4  
MHz,  64-QAM)  

M8  H igh  PAPR 64-QAM  SC-FDMA TDD  LTE-TDD  LTE-TDD (SC-FDMA,  1 00  RB,  
1 0  MHz,  64 -QAM)  

G3  M4  Low PAPR QAM  OFDM  TDD  WLAN  I EEE  802. 1 1 a/h  WiFi  5  GHz 
(OFDM,  6  Mbps)  

M9  Low PAPR 1 6-QAM  SC-FDMA FDD  LTE-FDD  LTE-FDD (SC-FDMA,  1  RB,  
20  MHz,  1 6-QAM)  

M7  Low PAPR QPSK SC-FDMA FDD  LTE-FDD  LTE-FDD (SC-FDMA,  1 00  RB,  
20  MHz,  QPSK)  

M3  Low PAPR GFSK TDMA TDD  B luetooth  I EEE  802. 1 5. 1  B l uetooth  (GFSK,  
DH1 )  

M1 2  Low PAPR QPSK DSSS  TDD  WLAN  I EEE  802. 1 1 b  WiFi  2 . 4  GHz 
(DSSS,  1 1  Mbps)  

M1 3  Low PAPR GFSK,  PSK TDMA FDD  GSM  GPRS-FDD (TDMA,  GMSK,  TN  
0-1 -2 -3)  

M1 1  Low PAPR QPSK CDMA FDD  UMTS  WCDMA,  1 2 . 2  kbps  RMC,  I S-
2000  

 

D.4.2  Test posi tions  for system validation  

The test pos i tions  for head  phan toms are  se lected  such  that  the  proj ected  area  of a  l arge  
wi reless  device  that can  be  operated  at the  ear i s  covered  by the  test pos i tions  wi th in  the  
measurement reg ion .  The  selected  d imensions  are  80  mm  ×  1 60  mm .  G iven  that  the  antennas  
can  be  l ocated  anywhere  on  the  wi re less  device  and  that curved  devices  cannot be  excluded ,  
the  an tenna  may be  in  cl ose  proxim i ty to  the  user’s  face  anywhere  wi th in  th is  area.  The  
maximum  measurement area  speci fi ed  by the  system  manufacturer shal l  be  marked  on  the  
phantom  or otherwise  i nd icated  to  the  user.  

The  test pos i tions  for fl at phan toms are  se lected  such  that the  l argest wi reless  device  to  be  
tested  by the  system  i s  covered  by the  test pos i tions  wi th in  the  measurement reg ion .  
Maximum  device  s i ze  (maximum  leng th  L,  maximum  wid th  W)  shal l  be  marked  on  the  
phantom  or otherwise  i nd icated  to  the  user.  The  val i dation  l ocations  shal l  be  proportional l y 
sca led  to  the  maximum  device  s i ze  wi th in  the  measurement reg ion  defined  i n  F igure  D .5.  

The  selected  test pos i tions  for the  flat and  head  phan toms are  defined  i n  the  fol lowing :   

– F lat phantom :  the  l ocations  of posi ti on ing  for the  reference an tennas  are  defined  i n  F igure  
D. 5  whereby the  0  degree  orien tation  is  defined  as  paral l e l  to  the  D1 -A1  l i ne.   

– Head  phantom :  the  l ocations  of posi tion ing  the  reference antennas  are  defined  i n  F igure  
D. 6a  and  F igure  D .6b,  whereby the  0  degree  orientation  i s  the  mou th-ear l i ne.  The  rotation  
around  the  axis  normal  to  the  surface  i s  defined  i n  F igure  D . 7.   
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NOTE  1  The  zero  deg ree  ori en tati on  i s  i n  the  D1  to  A1  d i rection  wi th  cl ockwise  rotation  to  ach ieve  the  d i fferent  
ori en tati on  defi ned  i n  Tabl es  D. 2  to  D . 3.  The  rotational  axi s  z  i s  normal  to  phan tom  surface  and  poin ts  i ns i de  the  
phan tom .  

NOTE  2  I f the  acti ve  measu red  area  i s  l arger,  the  measu rement l ocations  can  be  extended  proportional l y.  Poin t  
A0  i s  a l i gned  wi th  the  cen tre  of the  fl at  phan tom .  

Figure D.5  – System check and  val idation  locations  for the  flat  phantom   
for m in imal  device  specs  (the  m in imal  L  and  W shal l  be  1 60  mm  x 80  mm)  
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NOTE  1  The  poi n ts  correspond  to  the  proj ected  poin ts  from  the  pl anar phone  on  the  head .   

NOTE  2  The  po in ts  are  i l l ustrated  here  for the  ri gh t  head  bu t  the  m i rror poin ts  shal l  be  taken  for the  l eft  head .  
Measurement  l ocation  A can  be  om i tted  i f the  system  i s  decl ared  not  su i tabl e  for testi ng  devices  wi th  external  s tub  
or wh ip  an tennas.  Measurement  l ocati on  I  can  be  om i tted  i f the  system  i s  declared  not  su i tabl e  for devices  wi th  
bottom  an tenna  or curved  surface  i n  cl ose  proxim i ty to  th i s  l ocation .  

Figure D.6  – System check and  val idation  locations  for the  head  phantom   

IEC  

Y (mm)  

X (mm)  

EUT 80  ×  60  

A:  –60  /  40  /  –7, 08  
B :  25  /  40  /  –1 2 , 06  
C:  60  /  22 , 5  /  –1 1 , 38  
D:  –1 5  /  0  /  0  
E :  35  /  0  /  –4, 77  
F :  85  /  0  /  –1 9, 1 1  
G :  25  /  –40  /  –1 2 , 54  
H :  60  /  –22, 5  /  –8, 1 4  
I :  1 20  /  –35  /  –43, 82  

I  

F  
H  G  

E  C  

B  
D  

A  

IEC  

X  
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NOTE  The  z  axi s  poi n ts  normal  to  the  surface  and  posi ti ve  d i rection  i n to  the  med i um  for the  ri gh t  head  (and  
opposi te  for the  l eft  head).  The  0°  ang le  i s  paral l e l  to  the  l i ne  from  the  mou th  to  the  ear reference  poi n t  ( i . e. ,  the  x 
axi s  i n  F i gu re  D. 6).  For the  ri gh t  head ,  the  other ang les  are  defi ned  wi th  cl ockwise  rotation  from  0° .  

Figure  D.7  – Defin i tion  of rotation  ang les  for d ipoles   

D.4.3  System validation  procedure based  on  peak spatial -average SAR 

The  system validation  procedure  i s  performed  for each  phantom  system  using  the  reference  
an tennas  as  defined  i n  Annex F  and  by sequentia l l y measuring  the  spatia l  peak SAR 1  g  and  
1 0  g  of a l l  the  test cond i ti ons  as  defined  in  Table  D. 2  to  Table  D. 3.  Add i tional  tests  can  be  
performed  to  i ncrease  the  ri g idness  of the  evaluations.  The  target va lues  have  been  
determ ined  numerical l y wi th  a  s tandard  uncerta in ty of Usaj  of 0 , 2  dB  for the  d ipoles  and  
0, 3  dB  for the  VPIFAs  and  2-peak CPIFA.  Al l  va lues  have  been  veri fi ed  using  the  ca l i bration  
procedure  as  defined  i n  Annex F  and  the  d i fference between  numerical  target and  the  
ca l i bration  va lue  was  found  wel l  wi th in  the  combined  uncertain ty of the  cal ibration  procedure.  

IEC  
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Table  D .2a  – Peak spatial  SAR (psSAR)  averaged  over 1 g  and  1 0g  values  for the  flat  phantom  fi l led  wi th  ti ssue   
s imulating  material  for the  an tennas  defined  in  Annex F.  Modulations  are  as  defined  in  Table  D. 1  

No  An tenna  
Annex F  

f
1
 

[MHz]  
P
f
 

[dBm]  
Modu lation  Loc  

Deg  
d  

[mm]  
SAR  
1 g ,cal  

SAR  
1 0g ,cal  

U
saj

 
(k =  1 )  
dB  

1  D750  750  20  M1  A0/A1 /A2/B1 /B2  
C1 /C2/D1 /D2  

0/  45/  90  

1 5  0 , 849  0 , 555  0 , 2  

2  D750  750  1 3  M1 ,  M9,  M1 0  A0/A1 /A2  
0/  67, 5/  90  

1 5  0 , 1 69  0 , 1 1 1  0 , 2  

4  D750  750  20  M2,  M1 3,  M1 4  C1 /C2  
22, 5  

25  0 , 51 5  0 , 359  0 , 2  

5  D1 950  1 950  1 0  M1 ,  M7,  M8,  M1 1  B1 /B2  
0/67, 5/90  

1 0  0 , 405  0 , 209  0 , 2  

6  D1 950  1 950  24  M1  A 1 /A2  
0/ 45/ 90  

1 0  1 0, 1 7  5 , 25  0 , 2  

7  D1 950  1 950  3  M1  A0/D1 /D2  
0/22, 5/90  

5  0 , 1 3  0 , 059  0 , 2  

8  D1 950  1 950  30  M1 ,  M1 4  D1 /D2  
22, 5  

25  6 , 91  4 , 1 5  0 , 2  

9  D2450  2450  1 0  M1 ,  M3,  M6  C1 /C2  
0/45/90  

1 0  0 , 51 4  0 , 238  0 , 2  

1 1  D2450  2450  30  M3,  M1 2  D1 /D2  
0/45/90  

1 0  51 , 4  23, 80  0 , 2  

1 1  D2450  2450  3  M1  A0/A1 /A2  
0/67, 5/90  

5  0 , 1 88  0 , 078  0 , 2  

1 2  D2450  2450  20  M3,  M6,  M1 4  B2  
22, 5  

25  0 , 71 7  0 , 393  0 , 2  

1 3  D5800  5800  1 0  M4,  M5  D1 /D2  
0/67, 5/90  

1 0  0 , 78  0 , 21 9  0 , 2  

1 5  D5800  5800  0  M1  A0/A1 /A2  
0/45/90/  

5  0 , 274  0 , 057  0 , 2  

1 6  D5800  5800  20  M1 ,  M1 4  A0  
22, 5  

25  1 , 48  0 , 57  0 , 2  

1 7  D835  835  30  M1  A2  
22, 5/  67, 5  

1 5  9 , 56  6, 22  0 , 2  

1 8  D900  900  1 7  M1  A1  
0/ 90  

1 5  0 , 547  0 , 350  0 , 2  
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No  An tenna  
Annex F  

f
1
 

[MHz]  
P
f
 

[dBm]  
Modu lation  Loc  

Deg  
d  

[mm]  
SAR  

1 g ,cal  
SAR  

1 0g ,cal  
U

saj
 

(k =  1 )  
dB  

1 9  D1 450  1 450  1 3  M1  A0  
0/  90  

1 0  0 , 583  0 , 324  0 , 2  

20  D1 750  1 750  1 0  M1  B1  
22, 5/  67, 5  

1 0  0 , 364  0 , 1 93  0 , 2  

21  D2300  2300  20  M1  B2  
0/  90  

1 0  4 , 87  2 , 33  0 , 2  

22  D2600  2600  20  M1  C1  
0/ 90  

1 0  5 , 53  2 , 46  0 , 2  

23  D3700  3700  1 0  M1  C2  
22, 5/  67, 5  

1 0  0 , 674  0 , 242  0 , 2  

24  D5000  5200  7  M1  D1  
0/ 90  

1 0  0 , 379  0 , 1 07  0 , 2  

25  D5000  5500  7  M1  D2  
22, 5/  67, 5  

1 0  0 , 41 7  0 , 1 1 7  0 , 2  

26  D5000  5600  27  M1  A1  
0/  90  

1 0  40, 1  1 1 , 3  0 , 2  

27  VPI FA-750  750  24  M1  A0/A1 /A2/B1 /B2/ 
C1 /C2/D1 /D2  

0/ 90  
0  

0  3 , 25  0 , 97  0 , 3  

28  VPI FA-835  835  24  M1  A0/A1 /A2/B1 /B2/ 
C1 /C2/D1 /D2  

0/ 90  

0  3 , 32  0 , 96  0 , 3  

29  VPIFA-1 950  1 950  24  M1  A0/A1 /A2/B1 /B2/ 
C1 /C2/D1 /D2  

0/ 90  

0  2 , 1 8  0 , 90  0 , 3  

30  VPIFA-3700  3700  24  M1  A0/A1 /A2/B1 /B2/ 
C1 /C2/D1 /D2  

0/ 90  

0  2 , 48  1 , 04  0 , 3  
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Table  D .2b  – Peak spatial  SAR (psSAR)  averaged  over 1 g  and  1 0g  values  for antenna  generating  two peaks  on  the  fl at phantom   
fi l led  wi th  ti ssue  s imulating  material  for the  antennas  defined  in  Annex F.  Modulations  are  as  defined  in  Table  D. 1  

No  An tenna  
Annex F  

f
1  

[MHz]  
P
f 

dBm  
Mod  
U ID  

Loc 
Pos  
Deg  

d  
[mm]  

SAR
1  

1 g ,cal  
SAR

1  
1 0g ,cal  

SAR
2  

1 g ,cal  
SAR

2  
1 0g ,cal  

U
ti j  

(k=1 )  
dB  

1  2-PEAK 
CPIFA 

2450  24  M1  A0/A1 /A2/B1 /B2/C1 /C
2/D1 /D2  
0/  45/  90  

5  1 , 7  0 , 806  1 , 34  0 , 661  0 , 3  
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Table  D .3a  – Peak spatial  SAR (psSAR)  averaged  over 1 g  and  1 0g  values   
on  the  head  l eft  and  right phantom  for the  an tennas  defined  in  Annex F.   

Modu lations  are  as  defined  in  Table  D.1  

 An tenna  
Annex F  

f
1
 

[MHz]  
P
f 

[dBm ]  
Mod  
U ID  

Loc  
Pos  
Deg  

d  

[mm]  
SAR  
1 g , cal  

SAR  
1 0g , cal  

U
saj  

(k=1 )  
dB  

1  D750  750  30  M1 ,  M9,  
M1 0,  M1 4  

A/ B/  D/ F  
0/  45/ 90  

1 5  A(0/45/90)=(7, 55/7, 28/7, 58);  
B(0/45/90)=(8, 32/8, 90/8, 24);  
D(0/45/90)=(7, 1 3/7, 1 7/6, 78);  
F(0/45/90)= (7, 48/8, 48/8, 43)  

A(0/45/90)=(4, 98/4, 91 /5, 09);  
B(0/45/90)=(5, 51 /5, 85/5, 44);  
D(0/45/90)=(4, 85/4, 90/4, 62);  
F(0/45/90)= (5, 03/5, 72/5, 60)  

0 , 2  

2  D750  750  1 5  M2,  M1 3  C/ E / G / H / I  
0 /  45/ 90  

1 5  C(0/45/90)=(0, 243/0, 278/0, 266);  
E(0/45/90)=(0, 278/0, 288/0, 259);  
H (0/45/90)=(0, 243/0, 288/0, 266);  
I (0/45/90)= (0, 256/0, 247/0, 225)  

C(0/45/90)=(0, 1 61 /0, 1 83/0, 1 77);  
E (0/45/90)=(0, 1 83/0, 1 90/0, 1 71 );  
H (0/45/90)=(0, 1 68/0, 1 90/0, 1 77);  
I (0/45/90)=(0, 1 71 /0, 1 64/0, 1 49)  

0 , 2  

3  D1 950  1 950  20  M1 ,  M7,  
M8,  M1 1  

A/ B/  D/ F  
0/  45/ 90  

1 0  A(0/45/90)=(4, 22/3, 98/4, 1 0);  
B(0/45/90)=(4, 23/4, 27/4, 1 7);  
D(0/45/90)=(2 , 91 /2, 87/2, 85);  
F(0/45/90)= (4, 00/4, 1 4/4, 22)  

A(0/45/90)=(2, 1 3/2 , 05/2 , 1 1 ) ;  
B(0/45/90)=(2, 1 6/2 , 1 7/2 , 1 2 );  
D(0/45/90)=(1 , 57/1 , 56/1 , 56);  
F(0/45/90)= (2, 05/2, 1 1 /2 , 1 5)  

0 , 2  

4  D1 950  1 950  3  M1 ,  M1 4  C/ E / G / H / I  
45  

1 0  C(45)=(0, 087);  E(45)=(0, 084);  
H (45)=(0, 087);  I (45)=(0, 081 )  

C(45)=(0, 044);  E (45)=(0, 043);  
H (45)=(0, 044);  I (45)=(0, 042)  

0 , 2  

5  D1 950  1 950  1 4  M1  A-I  
0 /  90  

5  A(0/90)= (2 , 05/1 , 94);  
B(0/90)= (1 , 90/1 , 94);  
C(0/90)=(1 , 97/1 , 95);  
D(0/90)=(1 , 35/1 , 1 5);  
E(0/90)= (1 , 59/1 , 91 );  
F(0/90)= (2 , 05/1 , 96);  
H (0/90)=(1 , 93/2 , 07);  
I (0/90)=(1 , 84/2 , 02)  

A(0/90)= (0, 90/0, 87);  
B(0/90)= (0, 85/0, 86);  
C(0/90)=(0, 87/0, 86);  
D(0/90)=(0, 67/0, 58);  
E(0/90)= (0, 74/0, 86);  
F(0/90)= (0, 90/0, 87);  
H (0/90)=(0, 86/0, 92);  
I (0/90)= (0, 85/0, 88)  

0 , 2  

 

6  D1 950  1 950  24  M1  A-I  
0 /  45/ 90  

25  A(0/45/90)=(1 , 79/1 , 68/1 , 75);  
B(0/45/90)=(1 , 77/1 , 85/1 , 74);  
C(0/45/90)=(1 , 75/1 , 91 /1 , 84);  
D(0/45/90)=(1 , 39/1 , 38/1 , 37);  
E(0/45/90)=(1 , 78/1 , 87/1 , 72);  
F(0/45/90)= (1 , 62/1 , 76/1 , 84);  
G(0/45/90)= (1 , 69/1 , 75/1 , 87);  
H (0/45/90)=(1 , 68/1 , 99/1 , 87);  
I (0/45/90)=(2 , 05/1 , 85/1 , 57)  

A(0/45/90)=(1 , 08/1 , 03/1 , 07);  
B(0/45/90)=(1 , 07/1 , 1 1 /1 , 05);  
C(0/45/90)=(1 , 06/1 , 1 4/1 , 1 0);  
D(0/45/90)=(0, 85/0, 85/0, 84);  
E(0/45/90)=(1 , 07/1 , 1 2/1 , 04);  
F(0/45/90)= (1 , 00/1 , 08/1 , 1 2);  
G (0/45/90)= (1 , 05/1 , 07/1 , 1 4);  
H (0/45/90)=(1 , 03/1 , 1 8/1 , 1 1 );  
I (0/45/90)= (1 , 27/1 , 1 5/0, 96)  

0 , 2  

7  D2450  2450  20  M1 ,  M3,  
M6,  M1 2,  

M1 4  

A/ B / D/ F   
0 /  90  

1 0  A(0/90)= (5, 46/5, 35);  
B(0/90)= (5, 40/5, 38);  
D(0/90)=(3, 39/3, 22);  
F(0/90)= (5, 32/5, 48)  

A(0/90)= (2, 46/2, 40);  
B(0/90)= (2, 51 /2, 43);  
D(0/90)=(1 , 65/1 , 60);  
F(0/90)= (2, 40/2, 49)  

0 , 2  
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 An tenna  
Annex F  

f
1
 

[MHz]  
P
f 

[dBm ]  
Mod  
U ID  

Loc  
Pos  
Deg  

d  

[mm]  
SAR  
1 g , cal  

SAR  
1 0g , cal  

U
saj  

(k=1 )  
dB  

8  D2450  2450  1 0  M1  C/ E / G / H / I  
0 /  90  

1 0  C(0/90)=(0, 53/0, 55);  
E(0/90)= (0, 52/0, 52);  
G(0/90)=(0, 46/0, 49);  
H (0/90)=(0, 51 /0 , 56);  
I (0/90)=(0, 56/0, 53)  

C(0/90)=(0, 24/0, 25);  
E(0/90)= (0, 24/0, 24);  
G (0/90)=(0, 23/0, 23);  
H (0/90)=(0, 24/0, 27);  
I (0/90)= (0, 26/0, 24)  

0 , 2  

9  D5000  5800  24  M1 ,  M4,  
M5,  M1 4  

A/ B / D/ F   
0 /  45/ 90  

1 0  A(0/45/90)=(21 , 1 /1 9, 7/20, 1 );  
B(0/45/90)=(21 , 1 /21 , 2/20, 4);  
D(0/45/90)=(1 5, 5/1 5, 7/1 6, 1 ) ;  
F(0/45/90)= (20, 8/20, 9/20, 8)  

A(0/45/90)=(5, 2/51 /5, 1 ) ;  
B (0/45/90)=(5, 4/5, 3/5, 2 );  
D(0/45/90)=(5, 0/5, 1 /5, 3);  
F(0/45/90)= (5, 2/5, 2/5, 2 )  

0 , 2  

1 0  D5000  5800  5  M5  C/ E / G / H / I  
0 /  45/ 90  

1 0  C(0/45/90)=(0, 253/0, 262/0, 266);  
E(0/45/90)=(0, 269/0, 266/0, 250);  
G (0/45/90)= (0, 256/0, 262/0, 266);  
H (0/45/90)=(0, 250/0, 250/0, 272);  
I (0/45/90)=(  0 , 269/0, 266/0, 269)  

C(0/45/90)=(0, 063/0, 066/0, 066);  
E (0/45/90)=(0, 070/0, 066/0, 063);  
G(0/45/90)=(0, 070/0, 073/0, 073);  
H (0/45/90)=(0, 063/0, 060/0, 066);  
I (0/45/90)=(0, 066/0, 066/0, 066)  

0 , 2  

1 1  D5000  5800  24  M1  A/ B / D/ F   
0 /  45/ 90  

5  A(0/45/90)=(69/5/69/7/67/4);  
B(0/45/90)=(63/9/73/9/74/9);  
D(0/45/90)=(25/2/27/8/25/8);  
F(0/45/90)= (67/4/75/0/75/0)  

A(0/45/90)=(1 3, 2/1 3, 2/1 3, 1 ) ;  
B(0/45/90)=(1 3, 0/1 4, 0/1 4, 1 ) ;  
D(0/45/90)=(7, 2/7, 8/7, 4);  

F(0/45/90)= (1 3, 1 /1 3, 9/1 4, 0)  

0 , 2  

1 2  D5000  5800  1 4  M1  C/ E / G / H / I   
0 /  45/ 90  

25  C(0/45/90)=(0, 41 /0, 43/0, 43);  
E(0/45/90)=(0, 41 /0 , 40/0, 38);  
G(0/45/90)= (0, 37/0, 39/0, 40);  
H (0/45/90)=(0, 38/0, 41 /0, 42);  
I (0/45/90)=(0, 39/0, 39/0, 39)  

C(0/45/90)=(0, 1 5/0, 1 5/0, 1 5);  
E(0/45/90)=(0, 1 5/0, 1 4/0, 1 4);  
G (0/45/90)= (0, 1 4/0, 1 5/0, 1 5);  
H (0/45/90)=(0, 1 4/0, 1 4/0, 1 5);  
I (0/45/90)= (0, 1 5/0, 1 4/0, 1 4)  

0 , 2  

1 3  D835  835  20  M1  A/ B / D/ F   
0 /  90  

1 5  A(0/90)= (0, 91 /0 , 90);  
B(0/90)= (0, 98/0, 97);  
D(0/90)=(0, 82/0, 78);  
F(0/90)= (0, 89/0, 98)  

A(0/90)= (0, 595/0, 602);  
B (0/90)= (0, 644/0, 637);  
D(0/90)=(0, 557/0, 528);  
F(0/90)= (0, 597/0, 649)  

0 , 2  

1 4  D900  900  30  M1  C/ E / H / I   
0 /  90  

1 5  C(0/90)=(1 0, 34/1 1 , 1 5);  
E(0/90)= (1 1 , 46/1 0, 86);  
H (0/90)=(1 0, 40/1 1 , 1 2 );  
I (0/90)= (1 1 , 09/9, 26)  

C(0/90)=(6, 74/7, 25);  
E(0/90)= (7, 39/7, 06);  
H (0/90)=(6, 91 /7, 21 );  
I (0/90)= (7, 20/6, 03)  

0 , 2  

1 5  D900  900  30  M1  G  
0/ 90  

25  G(0/90)=(5, 76/7, 1 0);  G(0/90)=(4, 0/4, 80);   0 , 2  

1 6  D1 450  1 450  1 0  M1  A/ B / D/ F   
0 /  90  

1 0  A(0/90)= (0, 29/0, 29);  
B(0/90)= (0, 30/0, 30);  
D(0/90)=(0, 23/0, 23);  
F(0/90)= (0, 28/0, 30)  

A(0/90)= (0, 1 6/0, 1 6);  
B(0/90)= (0, 1 7/0, 1 6);  
D(0/90)=(0, 1 3/0, 1 3);  
F(0/90)= (0, 1 6/0, 1 7)  

0 , 2  
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 An tenna  
Annex F  

f
1
 

[MHz]  
P
f 

[dBm ]  
Mod  
U ID  

Loc  
Pos  
Deg  

d  

[mm]  
SAR  
1 g , cal  

SAR  
1 0g , cal  

U
saj  

(k=1 )  
dB  

1 7  D1 750  1 750  30  M1  C/ E/  H /  I  0 /  90  1 0  C(0/90)=(37, 69/39, 26);  
E(0/90)= (37, 1 8/37, 89);   

H (0/90)=(  36, 72/39, 63);  
I (0/90)= (39, 50/34, 40)  

C(0/90)=(1 9, 70/ 20, 52);  
E (0/90)= (1 9, 59/1 9, 93);  
H (0/90)=(1 9, 35/20, 57);  
I (0/90)=(21 , 03/1 7, 92)  

0 , 2  

1 8  D2300  2300  1 0  M1  A/ B/  D/ F  
0/  90  

1 0  A(0/90)= (0, 51 /0 , 50);  
B(0/90)= (0, 51 /0 , 50);  
D(0/90)=(0, 33/0, 33);  
F(0/90)= (0, 49/0, 51 )  

A(0/90)= (0, 24/0, 23);  
B(0/90)= (0, 24/0, 24);  
D(0/90)=(0, 1 7/0, 1 7);  
F(0/90)= (0, 23/0, 24)  

0 , 2  

1 9  D2600  2600  20  M1  C/ E / G / H / I   
0 /  90  

1 0  C(0/90)=(5, 63/5, 88);  
E(0/90)= (5, 72/5, 56);  
G(0/90)=(5, 21 /5, 52);  
H (0/90)=(5, 41 /5, 95);  
I (0/90)=(6, 02/5, 58)  

C(0/90)=(2 , 42/2 , 53);  
E(0/90)= (2, 48/2, 43);  
G (0/90)=(2 , 40/2 , 51 );  
H (0/90)=(2 , 32/2 , 53);  
I (0/90)= (2 , 64/2 , 39)  

0 , 2  

20  D3700  3700  1 0  M1  A/ B/  D/ F  
0/  90  

1 0  A(0/90)= (0, 72/0, 68);  
B(0/90)= (0, 72/0, 70);  
D(0/90)=(0, 44/0, 41 );  
F(0/90)= (0, 71 /0 , 72)  

A(0/90)= (0, 24/0, 24);  
B(0/90)= (0, 25/0, 24);  
D(0/90)=(0, 1 7/0, 1 6);  
F(0/90)= (0, 24/0, 25)  

0 , 2  

21  D5000  5200  1 0  M1  C/ E / G / H / I   
0 /  90  

1 0  C(0/90)=(0, 839/0, 889);  
E(0/90)= (0, 893/0, 829);  
G(0/90)=(0, 847/0, 884);  
H (0/90)=(0, 827/0, 898);  
I (0/90)= (0, 889/0, 893)  

C(0/90)=(0, 21 6/0, 227);  
E (0/90)= (0, 232/0, 21 9);  
G (0/90)=(0, 235/0, 244);  
H (0/90)=(0, 209/0, 224);  
I (0/90)=(0, 231 /0, 229)  

0 , 2  

22  D5000  5400  5  M1  A/ B / D/ F   
0 /  90  

1 0  A(0/90)= (0, 273/0, 261 );  
B(0/90)= (0, 276/0, 266);  
D(0/90)=(0, 1 90/0, 1 93);  
F(0/90)=(0, 272/0, 272)  

A(0/90)= (0, 069/0, 068);  
B (0/90)= (0, 070/0, 068);  
D(0/90)=(0, 062/0, 063);  
F(0/90)= (0, 069/0, 059)  

0 , 2  

23  D5000  5500  24  M1  C/ E/  G / H /  I  0 /  
90  

1 0  C(0/90)=(20, 6/21 , 8);  
E(0/90)= (21 , 9/20, 4);  
G(0/90)=(20, 8/21 , 7);  
H (0/90)=(20, 4/22, 1 );  
I (0/90)=(21 , 8/21 , 8)  

C(0/90)=(5, 2/5, 5);  
E (0/90)=(5, 6/5, 3);  
G(0/90)=(5, 7/5, 9);  
H (0/90)=(5, 1 /5, 4);  
I (0/90)=(5, 6/5, 5)  

0 , 2  

24  D5000  5600  1 4  M1  A/ B / D/ F   
0 /  90  

1 0  A(0/90)= (2 , 1 4/2 , 04);  
B(0/90)= (2 , 1 5/2 , 07);  
D(0/90)=(1 , 53/1 , 57);  
F(0/90)= (2, 1 2/2 , 1 2 )  

A(0/90)= (0, 54/0, 52);  
B(0/90)= (0, 55/0, 53);  
D(0/90)=(0, 49/0, 52);  
F(0/90)= (0, 53/0, 53)  

0 , 2  
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f
1
 

[MHz]  
P
f 

[dBm ]  
Mod  
U ID  

Loc  
Pos  
Deg  

d  

[mm]  
SAR  
1 g , cal  

SAR  
1 0g , cal  

U
saj  

(k=1 )  
dB  

25  VPI FA-750  750  24  M1  A… I  
0/ 90  

0  A(0/90)= (3, 39/3, 28);  
B(0/90)= (3, 27/3, 30);  
C(0/90)=(3, 25/ 3 , 31 );  
E (0/90)=(3, 33/ 3 , 33);  
F(0/90)= (3, 28/3, 35);  
G(0/90)=(3, 34/3, 37);  
H (0/90)=(3, 26/3, 46);  
I (0/90)= (2 , 87/ 3 , 01 )   

A(0/90)= (0, 91 / 0 , 88);  
B(0/90)= (0, 89/ 0 , 90);  
C(0/90)=(0, 87/ 0 , 89);  
E(0/90)= (0, 92/ 0 , 91 );  
F(0/90)= (0, 89/ 0 , 91 );  
G(0/90)=(0, 96/ 0 , 96);  
H (0/90)=(0, 88/ 0 , 92);  
I (0/90)= (0, 81 / 0 , 84)  

0 , 3  

26  VPI FA-835  835  24  M1  A… I  
0/ 90  

0  A(0/90)=(3, 39/ 3 , 27);  
B (0/90)=(3, 26/ 3 , 28);  
C(0/90)=(3, 20/ 3 , 22);  
E (0/90)=(3, 23/ 3 , 23);  
F(0/90)= (3, 21 / 3 , 23);  
G(0/90)=(3, 24/ 3 , 31 );   

H (0/90)=(3,  1 4/  3 , 36);  
I (0/90)= (2, 85/ 2 , 98)  

A(0/90)= (0, 93/ 0 , 90);  
B(0/90)= (0, 91 / 0 , 92);  
C(0/90)=(0, 88/ 0 , 88);  
E(0/90)= (0, 91 / 0 , 90);  
F(0/90)= (0, 90/ 0 , 90);  
G(0/90)=(0, 96/ 0 , 97);  
H (0/90)=(0, 87/ 0 , 92);  
I (0/90)= (0, 83/ 0 , 86)  

0 , 3  

27  VPIFA-1 950  1 950  24  M1  A… I  
0/ 90  

0  A(0/90)=(2 , 27/ 2 , 23);  
B (0/90)=(2 , 23/ 2 , 25);  
C(0/90)=(2, 29/ 2 , 27);  
E (0/90)=(2 , 27/ 2 , 26);  
F(0/90)=(2 , 24/ 2 , 28);  

 G (0/90)  )= (2, 24/ 2 , 22);  
H (0/90)=(2, 26/ 2 , 32);  
I (0/90)= (2 , 1 4/ 2 , 1 6)   

A(0/90)= (0, 90/ 0 , 89);  
B(0/90)= (0, 90/ 0 , 90);  
C(0/90)=(0, 90/ 0 , 90);  
E(0/90)= (0, 92/ 0 , 91 );  
F(0/90)= (0, 90/ 0 , 90);  
G(0/90)=(0, 96/ 0 , 97);  
H (0/90)=(0, 88/ 0 , 91 );  
I (0/90)= (0, 88/ 0 , 87)  

0 , 3  

28  VPIFA-3700  3700  24  M1  A… I  
0/ 90  

0  A(0/90)=(2 , 50/ 2 , 30);  
B (0/90)=(2 , 25/ 2 , 21 );  
C(0/90)=(2, 23/ 2 , 27);  
E (0/90)=(2 , 45/ 2 , 31 );  
F(0/90)= (2 , 09/ 2 , 33);  
G(0/90)=(2, 32/ 2 , 72);  
H (0/90)=(2, 09/ 2 , 46);  
I (0/90)= (2, 44/ 2 , 09)  

A(0/90)= (1 , 02/ 1 , 00);  
B(0/90)= (0, 96/ 0 , 97);  
C(0/90)=(0, 98/ 0 , 98);  
E(0/90)= (1 , 01 / 1 , 00);  
F(0/90)= (0, 97/ 0 , 99);  
G(0/90)=(0, 99/ 1 , 05);  
H (0/90)=(0, 97/ 1 , 00);  
I (0/90)= (0, 98/ 0 , 96)  

0 , 3  
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Table  D.3b  – Peak spatial  SAR (psSAR)  averaged  over 1 g  and  1 0g  values  for antenna generating  two peaks  on   
the  head  l eft  and  right  phantom  for the  antennas  defined  i n  Annex F .  Modulations  are  as  defined  in  Table  D .1  

No  Antenna  
Annex F  

f
1  

[MHz]  
P
f 

dBm  
Mod  
U ID  

Loc  
Pos  
Deg  

d  
[mm]  

SAR
1  

1 g ,cal  
SAR

1  
1 0g ,cal  

SAR
2  

1 g ,cal  
SAR

2  
1 0g ,cal  

U
ti j  

(k=1 )  

1  2-PEAK 
CPI FA 

2450  24  M1  Phone  posi ti on  
R/L  

0  3 , 00/4, 80  1 , 41 /1 , 96  2 , 1 2/2, 91  0 , 94/1 , 45  0 , 3  
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D.4.4  Val idation  acceptance  cri teria  

The  va l i dation  cri teria  have  been  defined  to  meet the  objecti ves  as  defined  i n  D . 1 . 2,  i . e . ,  to  
veri fy that the  SAR measurement system  is  operati ng  wi th in  i ts  range  of speci fied  use  and  
correspond ing  uncertain ty as  determ ined  in  cl ause  8  wi l l  not g i ve  erroneous  measurement 
resu l ts  for the  DUT.  Each  s ing le  subsystem(s)  or phan tom  (head  l eft,  head  ri gh t,  fl at,  e tc. )  i s  
va l i dated  separatel y.   

NOTE  The  acceptance  cri teri a  i s  an  adaption  of I SO  361 1 : 201 0,  “Geometri cal  product speci fi cations  (GPS)  – 
Dimensiona l  measuring  equ i pment:  M icrometers  for external  measurements  – Des i gn  and  metrolog ical  
characteri sti cs” .  

Al l  va l idation  antennas  and  configurations  from  Table  D .2  and  Table  D . 3  wh ich  are  wi th in  the  
operati ng  frequency range  and  surface  area  of the  measuring  system  (as  speci fi ed  by the  
manufacturer) ,  shal l  be  tested  accord ing  to  the  procedure  defined  i n  Annex D. 2 .  The  re lati ve  
d i fferences  rs, 1 g , j  and  rs, 1 0g , j  i n  % ,  between  the  numerical  targets  SAR 1 g , cal , j  and  SAR1 0g , cal , j  
and  the  measured  va lues,  SAR1 g ,m , j  and  SAR1 0g ,m , j ,  i s  defi ned  as :  

 )
-

(×%1 00=
,,1

,,1,,1
,1,

jcalg

jcalgjmg

jgs SAR

SARSAR
r  (D. 5a)  

 )(×%1 00=
,,1 0

,,1 0,,1 0
,1 0,

jcalg

jcalgjmg

jgs SAR

SARSAR
r

-
 (D . 5b)  

whereby the  maximum  rsj ,max  and  the  m in imum  rsj ,m in  over a l l  rs, 1 g , j  and  al l  rs, 1 0g , j  sha l l  be  
determ ined .  The  maximum  perm itted  error (MPE)  is  the  smal lest tolerance (+O,  -U)  wh ich  
encompasses  ALL of the  ca lcu lated  d i fferences.  

Therefore,  the  system  passes  the  cri teria  i f the  fo l lowing  cond i tions  are  met:  

 rs j ,max  <  2  ×  us  +  1 5  %  =  +O  (D. 6)  

 U
u

u
r

s

s
sj -=

%1 5+×2+1 00

%1 5+×2
×1 00->min,  (D . 7)  

where  

us   i s  the  standard  system  uncertain ty for k =  1  i n  %  as  determ ined  in  clause  8  and   

1 5  %   i s  the  maximum  expanded  uncerta in ty for k =  2  for the  val i dation  antennas  as  provided  
i n  Table  D .2  and  D. 3 .   

NOTE  Equati on  (D. 6)  l im i ts  the  degree  the  system  over-reads,  and  equati on  (D. 7)  l im i ts  the  deg ree  that  the  
system  under-reads.  The  1 5%  i s  the  maximum  target  uncertain ty of the  val i dation  an tennas  (k =  2 ).  Because  of 
conservati ve  reasons  i n  favor for the  array systems  these  uncertain ti es  are  consi dered  l i nearl y add i ti ve.  I f the  
system  uncertain ty i s  1 5%,  +O  =  45%  and  –U  =  -31  % .  

I f a  system  fai ls  th is  va l i dation  test,  the  measurements  correspond ing  to  the  poin ts  that fai l ed  
shal l  be  repeated  at l east 1 0  times  in  order to  preclude  measurement ou tl iers .  Calcu late  the  
average  µsj  and  s tandard  deviation  σsj  from  the  1 0  rs j  va l ues.  I f µsj  i s  g reater than  one,  
replace  rsj  wi th  µsj  +  2  σsj .  I f µsj  i s  l ess  than  one,  replace  rsj  wi th  µsj  –  2  σsj .   

The  MPE va lues  (+O,  –U )  obta ined  from  the  system  va l i dation  procedure  shal l  be  reported  in  
a l l  measurement certi fi cates,  together wi th  the  uncerta in ty estimate  for the  measurements  
system .  

NOTE  Th is  add i ti ona l  repeti ti on  ensu res  that  95  %  of the  val ues  wi l l  be  wi th i n  the  acceptance  cri teria  and  the  
acceptance  cri teri a  i s  not  fa i l ed  by chance.  
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Annex E  
(informative)  

 
I nterlaboratory comparisons  

E.1  Purpose  

The purpose  of the  i n terlaboratory comparison  is  to  compare  the  resu l ts  from  several  
l aboratories  i n  order to  evaluate  the  performance of SAR measurement systems,  thei r 
reported  measurement uncertain ties  and  measurement protocols  defi ned  in  th is  PAS.  The  
princip le  i s  to  use  reference  devices  and  fu l l y va l i dated  measurement systems defined  in  th is  
PAS.  The  SAR assessment methodolog ies  described  in  C lause  7  are  used .   

The  measured  data  from  al l  participati ng  laboratories  shal l  be  compared .  Also,  each  
participating  laboratory shal l  subm i t a  fu l l  measurement uncertain ty budget i n  accordance wi th  
Clause  8.  I f the  deviations  i n  the  measured  data  between  l aboratories  can  be  attribu ted  to  the  
measurement uncertain ties  (see  E. 5),  the  i n terl aboratory comparison  i s  deemed  to  be  
successfu l .  I f not,  a l l  u ncerta in ty sources  shal l  be  re-evaluated  per the  recommendations  of 
Clause  8.  Also,  other possible  sources  of uncertain ties  d i fferent from  those  defined  i n  C lause  
8  shal l  be  cons idered .  

E.2  Moni tor laboratory 

A mon i tor l aboratory shal l  be  des ignated  that i s  responsible  for the  main tenance of the  
reference devices  ( i . e . ,  to  check that they meet the  requ irements  g i ven  i n  the  fol lowing  
sections)  and  the  ci rcu lation  of the  devices  to  the  participating  laboratories.  The  mon i tor 
l aboratory is  a lso  responsible  for col lecting  the  measurement data.  

I f deemed  necessary,  the  reference devices  shou ld  be  returned  to  the  mon i tor l aboratory 
period ical l y during  the  comparison  campaign  to  veri fy the  SAR level ,  ou tpu t power (see  E . 5) ,  
frequency and  battery cond i tion .  

NOTE  General  gu i de l i nes  for accompl i sh ing  i n terl aboratory compari son  tests  are  g i ven  for example  i n  [50,  96] .  

E.3  Phantom set-up 

The requ i red  phantoms  and  device  holders  are  defined  i n  th is  PAS.  Metal l i c  parts  closer than  
50  cm  from  the  structure  shal l  be  avoided .  The  phan tom  shal l  be  i rrad iated  us ing  a  reference 
device  mounted  accord ing  to  the  test posi ti ons  described  i n  C lause  7 .   

E.4 Reference devices  

Reference devices  are  commercia l  wi re less  devices  that are  mai ntained  and  d istributed  in  
accordance  wi th  I SO/I EC  Gu ide  1 7043.  The  set of reference  devices  may a lso  be  extended  to  
i ncl ude  non-commercia l  sources.  Each  reference  device  shal l  have  evaluated  target SAR 
values  wi th  associated  uncertain ty l ess  than  30  %  for k  =  2 .  The  designation  of the  suppl ier i s  
based  on  the  agreement between  the  participating  parties.   

E.5 Power set-up 

I f the  reference device  has  an  accessib le  an tenna  port,  the  forward  power to  the  an tenna  
shou ld  be  measured  by the  mon i tor l aboratory and  each  participati ng  l aboratory.  The  power 
set-up  is  dependent on  the  precis ion  of the  ou tput power measurement of the  reference  
device  used  for the  i n terlaboratory comparison .  Each  device  is  checked  by the  participating  
l aboratory so  that the  conducted  outpu t power of each  reference device  is  in  the  range  of 
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±  0 , 3  dB  of the  reference value  reported  by the  mon i tor l aboratory.  The  measured  outpu t  
power shal l  be  reported  to  the  mon i tor l aboratory.  The  device  battery shal l  be  fu l l y charged .   

E.6  Interlaboratory comparison  – Procedure  

Measurement procedures  for SAR assessment used  in  the  in terlaboratory comparison  are  the  
same as  those  used  for compl iance  testing  i n  accordance wi th  Clause  7 .  Each  participati ng  
l aboratory shal l  provide  a  fu l l  test report i n  accordance wi th  the  requ irements  of Clause  9  
i ncl ud ing  system  check (see  7 . 1 . 2) ,  system  val i dation  (see  Annex D),  ti ssue-equ ivalent med ia  
parameters  (see  Clauses  6  and  7 . 1 . 1 ) ,  system  uncertain ty data  (see  Clause  8) ,  and  measured  
ou tpu t power data  (see  E .5) .  

Resu l ts  of the  i n terlaboratory comparison  shal l  be  compared  to  thei r respective  target values.  
Each  resu l t  shal l  fa l l  wi th in  the  combined  expanded  uncertain ty of the  measured  value  and  
target value,  i . e. ,  the  root-sum-squared  of the  expanded  (k =  2)  measurement uncerta in ty and  
the  expanded  (k =  2)  target value  uncerta in ty.  The  reports  from  d i fferen t l aboratories  are  to  be  
evaluated  and  compared  by the  des ignated  mon i tor l aboratory.  
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Annex F  
(normative)  

 
Val idation  antennas  

F.1  Introduction  

The fo l l owing  subclauses  define  the  an tennas  that shal l  be  used  for the  system  val idation  of 
vector measurement-based  systems,  as  defined  i n  Annex D .  These  an tennas  define  a  
m in imum  set of antennas  based  on  the  cri teria  provided  in  Annex D.  Antennas  defined  here  
shal l  not  be  removed  from  the  val i dation  protocol ,  as  th is  wou ld  comprom ise  the  abi l i ty of the  
system  val idation  to  test  the  accuracy of the  vector measurement-based  system .  However,  
add i ti onal  antennas  can  be  added  to  the  l i st.  The  requ irements  for add i ti onal  an tennas  are  
defined  i n  F . 5.  

F.2  Standard  d ipole  antenna 

As speci fied  i n  Annex D ,  standard  d ipoles  wel l  represent one  category of an tennas  and  can  
be  eas i l y speci fied  and  cal ibrated  for the  requ ired  frequencies.  The  reference d ipoles  are  
defined  for the  speci fic d ielectric  parameters  and  th ickness  of the  phan tom  shel l  i nd icated  i n  
Table  F . 1 .  The  reference d ipole  shal l  have  a  return  l oss  better than  –20  dB  at the  test 
frequency to  reduce the  uncertain ty i n  the  power measurement in  the  case  of the  fl at phantom  
at a  defi ned  test d istance.  The  return  loss  requ irements  can  be  reduced  to  better than  –1 5  dB  
at the  head  and/or at closer and  l arger d istances  to  not be ing  requ i red  to  use  d i fferent sets  of 
d ipoles .   

To  meet th is  requ i rement,  i t  i s  acceptable  to  fi ne-tune  the  reference d ipoles  by us ing  low- loss  
d ie lectric  or metal  tun ing  e lements  at the  ends  of the  d ipole  (F igure  F . 1 ).  The  standard  d ipole  
an tennas  of F igure  F. 1  wi th  mechan ical  d imensions  g i ven  in  Table  F . 1  wi l l  produce  the  SAR 
values  g i ven  in  Table  D. 2a  and  Table  D. 3a  when  the  system validation test of Annex D  i s  
fol l owed .  I f d ipole  antennas  are  used  that have  d i fferen t d imensions  than  those  g iven  in  
Table  F. 1 ,  or i f d i pole  an tennas  are  used  at frequencies  other than  those  l i sted  i n  Table  F. 1 ,  
the  reference SAR values  for those  antennas  shal l  be  documented  and  independentl y veri fi ed  
us ing  procedures  that are  consisten t wi th  the  methodolog ies  described  in  th is  PAS.  
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Table  F . 1  – Mechan ical  d imensions  of the  reference  d ipoles  

Frequency 
(MHz)  

Phantom  shel l  
th ickness  

(mm)  

L  
(mm)  

h  
(mm)  

d
1
 

(mm)  

D300  6 , 3  396, 0  250, 0  6 , 35  

D300  2 , 0  420, 0  250, 0  6 , 35  

D450  6 , 3  270, 0  1 66, 7  6 , 35  

D450  2 , 0  290, 0  1 66, 7  6 , 35  

D750  2 , 0  1 76, 0  1 00, 0  6 , 35  

D835  2 , 0  1 61 , 0  89, 8  3 , 6  

D900  2 , 0  1 49, 0  83, 3  3 , 6  

D1 450  2 , 0  89, 1  51 , 7  3 , 6  

D1 500  2 , 0  86, 2  50, 0  3 , 6  

D1 640  2 , 0  79, 0  45, 7  3 , 6  

D1 750  2 , 0  75, 2  42, 9  3 , 6  

D1 800  2 , 0  72 , 0  41 , 7  3 , 6  

D1 900  2 , 0  68, 0  39, 5  3 , 6  

D1 950  2 , 0  66, 3  38, 5  3 , 6  

D2000  2 , 0  64, 5  37, 5  3 , 6  

D21 00  2 , 0  61 , 0  35, 7  3 , 6  

D2300  2 , 0  55, 5  32, 6  3 , 6  

D2450  2 , 0  51 , 5  30, 4  3 , 6  

D2600  2 , 0  48, 5  28, 8  3 , 6  

D3000  2 , 0  41 , 5  25, 0  3 , 6  

D3500  2 , 0  37, 0  26, 4  3 , 6  

D3700  2 , 0  34, 7  26, 4  3 , 6  

D5000  – 6000  2 , 0  20, 6  a  40 , 3  a  3 , 6  

a  These  d imensions  are  appl i cab le  for a  coaxial  d i ameter at  the  bal un  of d2  =  2 , 1  mm  (see  F igu re  G . 1 ).  

NOTE  The  L ,  h ,  and  d 1  d imensions  shal l  be  wi th i n  ±2  %  tolerance.  

 

The reference  d ipole  arms  shal l  be  para l l e l  to  the  fl at surface  of the  phantom  wi th in  a  
to lerance of ±  2 °  or l ess  (see  F igure  F . 1 ).  Th is  can  be  assured  by carefu l l y pos i ti on ing  the  
empty phantom  and  the  reference d ipole  to  hori zontal  l evel  us ing  a  spi ri t  l evel .  

The  numerica l  target values  above  3  GHz cannot be  un iversal l y g iven  as  for below 3  GHz due  
to  the  greater effect from  the  spacer,  phantom  bottom  and  mechan ical  u ncerta in ties .  Thus,  the  
numerical  target va lues  may be  d i fferen t from  one  d ipole  to  another.  I t  i s  importan t that for 
each  d ipole  used  for system validation  a  fu l l y documented  anal ysis  i s  provided  based  on  both  
numerical  s imu lations  and  experimental  va l i dation .  
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Dimensions in  millimetres 

 

Key 

L  Length  of the  d ipole  

d 1  D i ameter of the  d i pol e  

d2  D i ameter of the  coaxia l  cable  a t  the  bal un  

h  Length  of the  bal un  choke  section  

PTFE  pol ytetrafl uoroethylene  

Figure F . 1  – Mechan ical  detai l s  of the  standard  d ipole  

F.3  VPIFA 

These s i ng le  band  an tennas  are  designed  to  be  p laced  at a  wide  range  of locations  on  the  
curved  surface  of the  SAM  head  or on  a  fl at phan tom .  The  des ign  is  chosen  to  provide  a  
predom inantl y E−fi e ld  coupl ing ,  as  seen  i n  a  range  of an tenna  structu res  where  antenna  
metal l i zation  extends  beyond  the  ground  p lane.  The  structure  is  that of a  PIFA an tenna.  The  
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Coaxial  feed  
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Standard  sem i -ri g i d  

coaxi a l  cabl e  
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PTFE  
Soldered  

0, 5  – 3  
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main  resonant metal l ic  ri bbon  is  orthogonal  to  the  surface  of the  phan tom .  I t  i s  short-ci rcu i ted  
on  one  s ide  and  open-ended  on  the  s i de  that i s  cl ose  to  the  phantom ,  where  a  capaci tive  
coupl ing  is  generated .  The  d istance  between  the  conductor and  the  phan tom  and  i ts  pos i tion  
are  fixed  by us ing  a  p lastic separator,  wh ich  is  part of the  an tenna.  The  device  shou ld  be  held  
orthogonal  to  the  surface.  The  SAR pattern  is  l ocal i zed  wi th  a  dom inan t orthogonal  
component.  Four frequency vers ions  for VPIFA-750,  VPIFA-835,  VPIFA-1 950,  and  VPIFA-
3  700  MHz are  provided .  At h igher frequencies,  the  normal  components  dom inate  for 
d ≥  2  mm .  F igure  F . 2(a)  shows the  basic  structure  of the  antenna,  seen  from  the  PCB1  s i de.  
F igure  F. 2(a)  shows the  an tenna  as  seen  from  the  PCB2,  here  the  flat mask has  been  
removed  to  easi l y see  the  i n tegrated  spacer.  The  cri tical  d imensions  are  shown  i n  F igure  
F. 2(c).  Two PCB substrates  are  used  for etch ing  the  metal l ic  ri bbon  and  the  ground  p lane,  
respective l y and  have  a  th ickness  of 0 , 508  mm  each  one.  Both  substrates  are  mechan ical l y 
separated  by an  FR4  frame.  One  end  of th is  frame is  used  to  fix the  an tenna  to  a  holder.  The  
an tenna  i s  des igned  to  be  matched  to  a  50  Ω coaxia l  connection .  The  d imensions  for each  
frequency and  the  material  properties  are  provided  i n  Table  F . 2  and  Table  F. 3,  respectivel y.  
I n  order to  compensate  for the  manufactu ring  errors,  the  an tenna  i ncl udes  a  tun ing  s tructure  
and  a  match ing  screw.  I n  the  fi rst  case,  a  d ie lectric bar i s  ad j usted  to  tune  the  resonant 
frequency,  wh i l e  i n  the  second  case  a  brass  screw in tegrated  i n  the  short ci rcu i t  can  be  
ad j usted  to  change the  d istance  between  the  feed  poin t and  the  short-ci rcu i t,  and  therefore,  
improve the  match ing .  The  screw implementation  requ i res  a  0 , 3  mm  prism  wi th  a  hole  i n  order 
to  mechan ical l y posi tion  and  fix the  screw.  Add i ti onal l y,  a  l ock nu t i s  used  to  secure  the  screw 
pos i tion .  Once the  an tenna  i s  fi ne-tuned ,  both  elements  shou ld  be  fixed .  The  SMA connector 
requ i res  a  bend ing  section  to  place  the  connection  cable  paral l e l  to  the  an tenna  axis .  To  
reduce the  twisti ng  force  (torque),  wh ich  can  break the  connector,  i t  i s  recommended  to  fi rst  
connect the  bend  to  the  cable  and  then  connect the  other s ide  of the  bend  to  the  connector.  
The  flat mask (cross  shape wi th  cen tra l  ho le  for pl acing  the  i n tegrated  spacer)  can  be  
removed  to  use  the  same an tenna  i n  the  SAM  mask,  see  F igure  F . 3  (b)  and  F igu re  F . 3  (c).   

 

(a)  

 

(b)  

IEC  

Tuner  
Match i ng  screw  

Metal l i c  ri bbon  (PCB1 )  

Flat  mask  

Feed  poi n t  

Short  
Frame  

IEC  
SMA 90  deg ree  e lbow connector  

Ground  plane  (PCB2)  

I n tegrated  spacer  
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(c)  (d )  

 

(e)  

Key:  

(a)   General  schematic  of the  an tenna  viewed  from  the  metal l i c  ri bbon  s i de.   

(b)   General  schematic  of the  an tenna  viewed  from  the  ground  p l ane  s i de.   

(c)   Cri ti cal  d imensions  for the  an tenna  from  the  fron t  s i de.   

(d )   Cri ti cal  d imensions  for the  an tenna  from  rear s i de.  

(e)   Detai l ed  view of the  bent  segment.  

Figure F .2  – VPIFA val idation  antenna  

Key 

(a)  F l at  mask.   

(b)  Right-head  mask (0  deg  and  90  deg).   

(c)  Left-head  mask (0  deg  and  90  deg ).   

NOTE  The  recommended  tolerances  for the  3D  pri n ted  masks  are  ± 0, 1 0  mm .  
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(a)  

  

(b)  (c)  

Figure F .3  – Masks  for posi tion ing  VPIFAs   

The  posi tion ing  to lerance us ing  these  masks  are  dom inated  by the  mask uncertain ty and  the  
correspond ing  SAR uncertai n ty i s  a l ready considered  in  the  uncerta in ty of the  target values.  
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Table  F .2  – Dimensions  for VPIFA antennas  at  d i fferent  frequencies  

Freq.  
(MHz)  

Ribbon  & ben t 
width ,  W 
(mm)  

Length  of ben t 
width ,   

l b  
(mm)  

Frame 
th ickness,  l

f
 /  

rad iator 
th ickness,  l

t
 

(mm)  

Frame width ,  
W f 

(mm)  

Match ing  
screw 

d iameter/ 
l ength   
(mm)  

Tuner width ,   
W t  

(mm)  

d
b-f
 

(mm)  
d
b-s

 
(mm) 

l
gr
 

(mm)  
g  

(mm)  

750  1 0, 00  ±  0 , 05  1 , 50  ±  0 , 1 0  4 , 00  ±  0 , 05  /  
5 , 35  ±  0 , 05  

5, 00  ±  0 , 05  4 , 00  ±  0 , 05  /  
1 2 , 00  ±  0 , 1 0  

1 0 , 00  ±  0 , 1 0  58, 00  ±  0 , 1 0  5 , 50  ±  0 , 1 0  59, 90  ±  0 , 1 0  2 , 50  ±  0 , 05  

835  1 0, 00  ±  0 , 05  1 , 50  ±  0 , 1 0  4 , 00  ±  0 , 05  /  
5 , 35  ±  0 , 05  

5, 00  ±  0 , 05  4 , 00  ±  0 , 05  /  
1 2 , 00  ±  0 , 1 0  

3 , 50  ±  0 , 1 0  51 , 70  ±  0 , 1 0  5 , 55  ±  0 , 1 0  53, 70  ±  0 , 1 0  2 , 50  ±  0 , 05  

1  950  1 0, 00  ±  0 , 05  1 , 50  ±  0 , 1 0  4 , 00  ±  0 , 05  /  
5 , 35  ±  0 , 05  

5, 00  ±  0 , 05  4 , 00  ±  0 , 05  /  
1 2 , 00  ±  0 , 1 0  

3 , 00  ±  0 , 1 0  77, 70  ±  0 , 1 0  4 , 55  ±  0 , 1 0  78, 45  ±  0 , 1 0  2 , 50  ±  0 , 05  

3  700  3 , 00  ±  0 , 05  1 , 50  ±  0 , 1 0  4 , 00  ±  0 , 05  /  
5 , 35  ±  0 , 05  

5, 00  ±  0 , 05  4 , 00  ±  0 , 05  /  
1 2 , 00  ±  0 , 1 0  

2 , 00  ±  0 , 1 0  36, 7  ±  0 , 1 0  5 , 77  ±  0 , 1 0  38, 75  ±  0 , 1 0  2 , 50  ±  0 , 05  

 

Table  F .3  – Electric properties  for the  d ielectric layers  for VPIFA antennas  

 750  MHz 835  MHz 1  950  MHz 3  700  MHz 

 εr  σ [S/m ]  ε r  σ [S/m ]  ε r  σ [S/m ]  εr  σ [S/m ]  

Frame  (FR4)  4 , 38  3, 49e-3  4 , 38  3, 84e-3  4 , 37  8 , 45e-3  4 , 34  1 5, 7e-3  

Mask (3D  pri n t)  2 , 22  1 , 74e-3  2 , 22  1 , 83e-3  2 , 22  3 , 09e-3  2 , 22  5 , 06e-3  

PCB_1  (RO4350B)  3 , 75  463e-6  3, 75  51 7e-6  3, 75  1 , 24e-3  3 , 74  2 , 46e-3  

PCB_2  (RO4350B)  3 , 75  463e-6  3, 75  51 7e-6  3, 75  1 , 24e-3  3 , 74  2 , 46e-3  

Spacer (PET)  2 , 97  7, 52e-3  2 , 96  8, 05e-3  2 , 90  1 4, 5e-3  2 , 84  22, 6e-3  

Tuner (FR4)  4 , 38  3, 49e-3  4 , 38  3, 84e-3  4 , 37  8 , 45e-3  4 , 34  1 5, 7e-3  
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F.4 2-PEAK CPIFA 

This  an tenna  generates  two fie l d  peaks  at 2450  MHz i n  order to  test the  a l gori thm  capable  of 
d isti ngu ish ing  two peaks.  Th is  feature  is  not frequency dependent and  does  not requ i re  tests  
at d i fferent frequencies.  I ts  geometry is  s im i l ar to  a  l arge  cel lu lar phone (1 50  mm  ×  75  mm) 
wi th  th ickness  1 0  mm.  The  an tenna  i s  fed  by means  of a  sem i -rig i d  coaxia l  connected  to  the  
50  Ω  poin t of the  main  rad iator (F igure  F . 4  (a)).  The  an tenna  has  4  d ie lectric  layers ,  a l l  of 
them  made of FR4,  wi th  a  g round  p lane  between  l ayer 1  and  l ayer 2 .  The  l abels  for each  l ayer 
are  shown  i n  F igure  F. 4(b).  The  an tenna  has  been  des igned  to  have  s im i l ar ampl i tude  of the  
reflection  coefficient i n  both  flat and  head  phan toms.  For th is  reason ,  a  foam  spacer wi th  
th ickness  5  mm  has  to  be  p laced  between  the  an tenna  and  the  fl at phan tom  shel l .  The  
rad iation  mechan ism  is  s im i lar to  that of a  p l anar i nverted-F  an tenna  (PIFA),  where  a  meta l l ic 
conductor i s  open-ended  in  one  extreme and  short-ci rcu i ted  i n  the  other extreme.  The  feed  
poin t has  to  be  chosen  at the  ri ght d istance  from  the  short.  I n  the  speci fic case  of the  2-peak 
CPIFA,  the  metal l ic  conductor or ribbon  has  a  T-shape,  wi th  two  branches  open-ended  and  
the  th i rd  one  short-ended .  The  open-ended  are  ben t.  W i th  the  a im  of generati ng  peaks  wi th  
d i fferent ampl i tude  one  of the  bent segments  i s  s l i gh tl y shorter than  the  other (2  mm  shorter) .  
Two screws  wi th  variable  posi tion  have  been  i ncluded .  One  screw i n  the  short-ci rcu i t section  
is  used  to  improve the  match ing  of the  antenna,  wh i l e  wi th  the  a im  of tun ing  the  antenna  and  
compensating  the  manufacturing  to lerances  the  second  screw is  i nserted  through  the  common  
part of the  ri bbon  i n  the  d ie lectric  layer 2 .  The  ri bbon  has  a  th ickness  of 300  µm  wh ich  has  to  
be  cons idered ,  wh i l e  the  g round  p lane  conductor has  a  th ickness  of on l y 34  µm.  Three  
rectangu lar and  one  cross-shaped  cavi ti es  have  been  included  to  serve  as  reference when  
pos i tion ing  the  an tenna.  The  cross  cen ter coincides  wi th  the  ear poin t of head  phantoms.  
Those  cavi ties  cu t across  the  four FR4  l ayers.  Thei r d imensions  are  shown  i n  F igure  F . 4(c),  
wi th  li  =  1 2  mm  and  w i  =  3  mm .  The  cross  i s  formed  by two  rectangu lar cavi ti es.  I n  the  same 
drawing  the  s lot made  in  the  Layer 4  to  a l l ow i nserti ng  the  sem i -rig i d  coaxial  i s  shown.  Layer 
1  and  Layer 4  are  i denti cal ,  except that Layer 4  has  the  s l ot for the  coaxial  and  the  hole  for 
the  tun ing  screw.  Layer 2  has  the  hole  for the  tun ing  screw.  
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(d )  

Key 

(a)  fu l l  model  wi th  connecti ng  e l ements   

(b)  expanded  vi ew of the  substrates   

(c)  upper view  

(d )  rad iati ng  

Figure  F .4 – Peak CPIFA at 2450  MHz  

The detai ls  of the  d i fferent components  are  shown  i n  F igure  F. 4(c),  i ncl ud ing  re lati ve  posi ti on  
of each  component.  The  T-shaped  spl i t  ri bbon  made of copper is  shown  i n  F igure  F. 4(d ).  
F i gure  F. 5(a)  shows i n  detai l  the  brass  s tructure  for i nserting  the  match ing  screw,  i n  the  short.  
I ts  l ower s i de  i s  soldered  to  the  ground  p lane.  The  ribbon  must be  i nserted  j ust  i n  the  upper 
part of the  screw and  soldered  to  the  structure  i n  the  upper s ide.  As  a  reference,  the  fi gure  of 
the  match ing  structure  shows  a  poin t named  AR  to  wh ich  the  ribbon  must be  attached .  F igure  
F.5(b)  shows  i n  detai l  the  structure  for in troducing  the  tun ing  screw,  that i s  a lso  made  of 
brass.  Th is  must be  soldered  to  the  ri bbon  i n  the  upper s i de.  I n  both  cases,  the  d iameter of 
the  screw is  4  mm,  wi th  maximum  leng th  of 1 2  mm  for the  match ing  screw and  5  mm  for the  
tun ing  screw.   

 

 

 

(a)  Detai l  of the  match ing  structure  (b)  Detai l  of the  tun i ng  structu re  

Figure  F .5  – Tun ing  structure and  matching  structure  
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Table  F .4  – Th ickness  of substrates  and  planar metal l ization  

Dielectri cs  Th ickness  (mm)  PEC  Th ickness  (mm)  

Layer 1  =  Layer 4  (FR4)  1 , 00  ±  0 , 1 0  Ground  pl ane  0 , 035  ±  0 , 003   
(neg l i g ib l e  i n  s imu lati on )  

Layer 2  =  Layer 3  (FR4)  4 , 00  ±  0 , 1 0  T-shaped  rad iati ng  l i ne  0 , 30  ±  0 , 05  

 

Table  F .5  – D ielectric  properties  for FR4 

 2  450  MHz 

 εr  σ [S/m ]  

FR4  4 , 36  0 , 01 05  

 

Table  F .6  – Lengths  for the  d i fferent components  

I tem  length  (mm)  I tem  l ength  (mm)  

L1  1 50, 00  ±  0 , 1 0  lT1  53, 60  ±  0 , 05  

W1  75, 00  ±  0 , 1 0  lT2  33, 80  ±  0 , 05  

Lg round  87 , 00  ±  0 , 05  w 6, 00  ±  0 , 05  

wg round  47 , 00  ±  0 , 05  l b1  4 , 30  ±  0 , 05  

L2  33 , 00  ±  0 , 1 0  l b2  2 , 30  ±  0 , 05  

W2  1 5, 00  ±  0 , 1 0  dm1  6 , 00  ±  0 , 1 0  

d 1  57 , 00  ±  0 , 1 0  dm2  6 , 00  ±  0 , 1 0  

d2  1 1 , 50  ±  0 , 1 0  dm3  6 , 30  ±  0 , 1 0  

d3   6 , 74  ±  0 , 50  dm4  2 , 00  ±  0 , 1 0  

d4  1 0 , 00  ±  0 , 1 0  d t1  6 , 00  ±  0 , 1 0  

d5  9 , 00  ±  0 , 1 0  d t2  6 , 00  ±  0 , 1 0  

d6  3 , 00  ±  0 , 1 0  d t3  3 , 00  ±  0 , 1 0  

l i  1 2 , 00  ±  0 , 1 0  Foam  spacer 5, 00  ±  0 , 25  

wi  3 , 00  ±  0 , 1 0  match i ng  screw d i ameter 4 , 00  ±  0 , 05  

L3  47 , 90  ±  0 , 1 0  match ing  screw l eng th  1 2 , 00  ±  0 , 1 0  

W3  53, 00  ±  0 , 1 0  tun ing  screw d iameter 4 , 00  ±  0 , 05  

l c  25, 00  ±  0 , 1 0  tun ing  screw l ength  5, 00  ±  0 , 1 0  

wc  6 , 00  ±  0 , 1 0    

 

F.5 Addi tional  antennas  

The antennas  defined  in  the  previous  clauses  of th is  Annex shal l  be  used  for the  system  
val i dation .  They define  a  m in imum  set of an tennas  to  test the  accuracy of the  vector 
measurement-based  system  to  evaluate  i f the  system  is  acceptable  for measurement of DUTs  
accord ing  to  th is  PAS.  Antennas  cannot be  removed  from  the  system  val i dation ,  as  th is  wou ld  
comprom ise  the  abi l i ty of the  system  va l idation  to  evaluate  the  accuracy and  uncertain ty of 
the  system .  However,  other antennas  can  be  added  to  the  l i st.  

The  fo l l owing  are  m in imum  requ i rements  for any an tenna  added  to  the  val idation  protocol .  

•  J usti fication  shal l  be  provided  for the  i nclus ion  of an  an tenna  and  how i ts  use  s trengthens  
the  val idation  section ;  
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•  The  test configurations  (e. g . ,  frequencies,  l ocations  on  the  phantom ,  d i stance,  rotation  
ang le)  shal l  be  provided ;  

•  Deta i led  d rawings,  i nclud ing  al l  d imensions  and  to lerances,  shal l  be  provided .  CAD  fi l es  of 
the  antennas  shal l  be  made avai lable  wi th  su fficien t deta i l  of the  construction  and  
parameters  so  that the  numerica l  targets  can  be  i ndependen tl y veri fied ;  

•  Target SAR values  shal l  be  provided  from  h igh -resolu tion  numerical  s imu lations  of the 
CAD fi l e  of the  an tenna.  These  shal l  be  avai lable  for a l l  d efi ned  test configurations  on  the  
phantoms;  

•  Physical  an tennas  shal l  be  measured  us ing  a  SAR measurement system  that has  an  
I SO/IEC 1 7025  accred i ted  cal ibration  to  val i date  the  numeric target values  and  generate  a  
certi ficate  of traceabi l i ty;  

•  Annex G  shows  an  example  of a  procedure  to  cal i brate  those  add i ti onal  an tenna.  
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Annex G  
(normative)  

 
Cal ibration  of Reference Antennas  

G.1  Introduction  

The purpose  of th is  Annex for the  cal ibrator of reference  an tennas  is  to  defi ne  the  cal i bration  
procedure  and  cal ibration  uncertain ty of reference antennas  that are  used  to  val i date  the  SAR 
measurement system .  S ince  th is  PAS i ncludes  several  d i fferent measurement pri nciples ,  
va l i dation  of the  measurement system  is  important  for checking  the  measurement re l iabi l i ty of 
these  systems.  The  use  of wel l -characterized  reference an tenna  wh ich  are  described  i n  
Annex F  is  important,  s ince  the  users  of these  systems  are  not ab le  to  exam ine  the  system -
embedded  parameters  by themselves,  e . g .  evaluate  the  effect of sensor d isp lacement wi th in  
the  array.   

The  target SAR values  of the  reference  antennas  shal l  be  determ ined ,  and  the  uncerta in ty of 
the  target  va lues  shou ld  be  l ow (typical l y below 0, 3  dB  for k  =  1 )  to  ensure  rel i ab i l i ty of the  
val i dation  tests .  A typical  means  of reducing  the  uncertain ty is  to  use  the  same equ ipment 
(tissue-equ ivalent l i qu id ,  d ie lectric spacer,  power sensors  and  couplers)  as  used  for 
wavegu ide  probe  ca l i bration .  For example,  i t  resu l ts  i n  low uncertain ty for determ in ing  the  
i nput power to  the  reference  antenna.  I n  case  the  same equ ipment i s  not used  for the  
cal i bration  of the  reference antenna,  re lated  uncerta in ty shou ld  be  cons idered .  The  average  of 
two measurements  wi th  a  90-degree  probe rotation  between  the  two measurements  wou ld  
s i gn i ficantl y reduce  the  uncertain ty due  to  the  axia l  i sotropy of the  probe.  These  tests  shou ld  
be  performed  for phan tom  shel l  materia l  that i s  wel l  characterized  by measurements  and  for 
wh ich  sens i ti vi ty on  SAR is  determ ined  by s imu lations  or mathematical  anal ysis .  I n  a l l  cases,  
the  forward  power and  reflected  power during  the  tests  and  the  tuned  frequency shou ld  be  
recorded .  
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Figure G .1  – Measurement setup  for wavegu ide cal ibration  of dosimetric probe,   
and  s imi lar setup  (same tissue-equ ivalent l iqu id ,  d ielectric spacer,  power sensors   

and  coupler)  for antenna cal ibration  

G.2  Parameters  or quanti ties  and  ranges  to  be determined  by cal ibration  
method  

The reference an tenna  i s  placed  i n  the  defined  posi ti on  be low the  fl at or SAM-head  phan tom .  
Parameters  to  be  determ ined  i nclude  peak 1  g  and  1 0  g  averaged  SAR values  measured  
i nside  the  med ium  when  exposed  wi th  the  reference  an tenna.  Th is  i s  performed  at the  centra l  
operati ng  frequency of the  reference an tenna.  These  values  can  be  considered  as  the  
“ca l i brated”  or “ target”  quan ti ties.  Add i ti onal l y,  they shou ld  comply wi th  the  theoretical  resu l ts ,  
wi th in  a  g i ven  uncertain ty (typical l y wi th in  0, 3  dB).  Th is  agreement demonstrates  the  correct 
performance of the  reference  antenna.   

Furthermore,  transm ission ,  e l ectrical  delay of the  reference an tenna,  reference an tenna  
impedance and  return  l oss  when  posi tioned  at the  standard ised  ca l ibration  d istances  from  the  
l ossy med ium  shal l  be  assessed .  

G.3 Reference Antenna Cal ibration  Setup  

The uncertain ty of the  power to  the  reference  an tenna  shal l  be  as  low as  poss ible.  Th is  
requ ires  the  use  of a  test set-up  wi th  bi -d i rectional  coupler,  ca l i brated  power meters.  The  
recommended  set-up  is  shown  i n  F igure  G . 2 .  

IEC  

Wavegu ide  
cal i bration  system  

Flat  phantom  

SAM  head  phantom  

Antenna  under test  

Antenna  under test  

SAR probe  

SAR probe  
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Figure G .2  – Setup  for cal ibration  of a  reference antenna  

The cal i brated  power meter PM1  ( i nclud ing  cal ibrated  attenuator Att1 )  i s  connected  to  the  
cable  to  measure  the  forward  power at the  l ocation  of the  connector (X)  to  the  system check  
an tenna.  Des ired  input power level  to  the  reference  antenna  (Pin)  i s  defi ned  as  a  sum  of a  
reference  attenuator Att1  and  power meter PM1  read ing .  

Power meter PM2  is  used  as  a  mon i tor of the  i npu t power.  Power meter PM3 mon i tors  the  
reflected  power l evel .  After manual  check (setup  under 1 )  and  veri fication  of values,  the  cable  
is  d isconnected  from  the  power meter PM1  and  connected  to  the  reference an tenna  (setup  
see  F igure  G . 2).  

G.4 Reference Antenna Cal ibration  procedure  

G.4.1  Verification  of Return  Loss  

The fol l owing  e lectrical  ci rcu i t  parameters  of the  reference antenna  are  measured  wi th  a  VNA 
(vector network analyser)  i n  order to  veri fy the  functional i ty and  the  respective  requ irements:  
Transm ission  l oss  and  delay between  connector and  feed  poin t (e. g . ,  va lues  determ ined  from  
S1 1  wi th  the  feed  poin t  shorted  or by other techn iques)  and  return  loss  when  pos i ti oned  under 
the  phan tom .   

G.4.2  Cal ibration  of Reference Antennas:  Step-by-Step Procedure  

The reference an tenna  shal l  be  p laced  below the  flat or SAM  head  phantom  at the  defined  
d istance  and  posi ti on .  The  phantom  shal l  be  fi l l ed  wi th  ti ssue  s imu lating  med ium  wi th  
appropriate  parameters  (TSL parameters  shal l  be  measured  wi th in  24  hours  of the  
cal ibration).  

The fol lowing  requ i rements  of the  phantom  shal l  be  observed  in  order to  reduce the  
measurement uncerta in ty:  

a)  The  th ickness  shal l  be  2 , 00  mm  ± 0, 05  mm  at the  l ocation  of the  an tenna.  Cal i brated  
i nstrumentation  su i table  for measuring  d i rectl y at the  phantom  having  an  accuracy of 
better than  0 , 05  mm  shal l  be  used  to  determ ine  the  th ickness.  

b)  The  d ie lectric  parameters  of the  shel l  materia l  shal l  comply wi th  the  nom inal  targets  
between  3, 0  and  3 , 5.  
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c)  The  d ie lectric parameters  of the  l iqu id  sha l l  be  measured  wi th  an  uncertain ty of l ess  2  %  
and  a  deviation  from  the  targets  wi th in  ±3  %.   

d )  The  l i qu id  temperature  during  SAR measurements  shal l  be  wi th in  ±1  °C  of the  l iqu id  
temperature  during  d ie lectric parameter measurements.  Preferabl y the  same l i qu id  as  for 
the  probe  cal i bration  are  used .  

The  measurement system  selected  shal l  be  appropriate  for the  reference an tenna  under test;  
i ncl ud ing  choice  of 1 )  dos imetric probe  wi th  va l i d  ca l i bration  parameters  for the  ca l i bration  
frequency,  ca l i brated  e lectron ics,  and  med ium  parameters  and  2)  the  power setup  i nclud ing  
ca l i brated  power meters,  couplers  and  attenuators.  Preferabl y,  the  same power antenna,  
coupler and  power meter as  during  the  ca l ibration  of the  probe i s  used .   

The  measurement protocol  shal l  i ncl ude  the  fol l owing  procedures  as  described  i n  
IEC 62209-2:  

a)  Power reference;  

b)  Area  Scan  wi th  appropriate  grid  settings;  

c)  Zoom  Scan  wi th  appropriate  gri d  settings;  

d )  Power dri ft.  

Veri fy the  measurement setup  us ing  the  measurement software  (e. g .  veri fi cation  of phan tom  
location ,  a l i gnment of the  probe).  

Connect the  cable  as  i n  F i gure  G .2  and  turn  the  RF  power on .  Veri fy that the  reference  
an tenna  i s  s ti l l  p laced  as  requ ired  in  step  1 .  

When  the  measurements  are  completed ,  prepare  and  issue  the  cal ibration  document.   

G.4.3  Uncertainty Budget of Reference  Antenna  Cal ibration  

Each  component contributing  to  uncertain ty that i s  frequency-dependent i s  evaluated  i n  the  
frequency band  where  SAR assessment i s  performed.  Below are  l i s ted  the  main  uncertain ty 
con tribu tions  and  reduced  tolerances  that wou ld  be  practical l y ach ievable  i n  order to  obtain  
cal i brated  or target values  wi th  m in imal  uncertain ties.  The  methods  described  in  th is  Annex 
enable  the  determ ination  of the  1  g  and  1 0  g  spatia l  peak SAR target va lues  wi th  an  
uncertain ty of smal ler than  1 0  % .  

– The  inciden t power measurement to lerance i s  derived  from  the  cal ibration  certi ficate  of the  
power sensor,  power meter and  reference attenuator (Att1 ).  Th is  i tem  includes:  power 
sensor ca l i bration  uncertain ty,  ca l i bration  uncerta in ty of the  reference attenuator (Att1 ),  
and  m ismatch  uncertain ties  on  the  importan t j unctions.  

– The  power uncertain ty i ncludes:  m ismatch  between  a  reference  attenuator and  reference  
an tenna,  bi -d i rectional  coupler error (d i recti vi ty error)  and  error due  to  the  m ismatch  of the  
reference an tenna  i n  the  setup  and  the  uncertain ty of net power del i vered  to  the  reference  
an tenna,  aris i ng  from  the  uncertain ty of the  reference  an tenna  reflection  factor.   

– The  probe cal i bration  uncerta in ty can  be  l owered  i f the  same power measurement setup  i s  
used  for reference  an tenna  cal i bration  as  for probe  cal ibration .  

– The  d ie lectric parameters  and  the  temperature  shal l  be  measured  before  the  fi rst  
measurement and  l ast measurements .  The  deviation  shal l  be  as  smal l  as  ach ievable;  
typical l y <  ±0,2  °C  i n  a  con trol l ed  environment and  not more  than  ±3  %  from  the  target 
va lue.   

– The  axia l  i sotropy tol erance  accounts  for probe  rotation  around  i ts  axis .  For the  cal ibration  
of reference antennas,  axial  i sotropy error of a  dosimetric probe  shal l  not exceed  ±0, 1  dB.  

– The  hem ispherical  i sotropy error i ncludes  a l l  probe  orientations  and  fie l d  polari zations.  For 
the  cal i bration  of reference antennas,  hem ispherical  i sotropy error of a  dos imetric probe  
shal l  not  exceed  ±0, 3  dB  (preferabl y much  smal l er).   
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– L ineari ty error of the  dosimetric probe  is  determ ined  as  the  maximum  deviation  of the  
measured  and  actual  fie ld  strength .  For reference  antenna  cal ibration ,  the  i npu t power to  
the  an tenna  shal l  be  chosen  to  be  wel l  above  the  noise  level  of the  probe ( i . e . ,  
S/N :  >  20  dB)  and  for m in imal  l i neari ty error ( typica l l y <  0 , 05  dB).  

– Sufficient power shal l  be  used  to  feed  the  reference antennas,  typ ical l y at 0 , 5  W  to  1  W,  
such  that  the  detection  l im i t error becomes neg l i g ib le .  

– The  probe  boundary effect i s  an  enhanced  sens i ti vi ty i n  the  immed iate  vicin i ty of med ium  
boundaries,  due  to  a  capaci ti ve  coupl i ng  effect between  the  probe  and  the  med ium  
boundary at the  med ium  and  phan tom  shel l  surfaces.  As  probe ca l i bration  procedure  
i ncludes  a lso  boundary-effect compensation  parameters  remain ing  error i s  reduced  to  
1  %.  

– Readout electron ics  uncertain ty i s  as  s tated  on  the  correspond ing  cal ibration  certi ficate.  

– Response time/I n tegration  time set to  0  (CW signal  used) .  

– Probe posi ti oner error:  The  absolu te  accuracy for short d istance  movements  depends  on  
the  robot bu t can  be  considerabl y better than  ±0, 1  mm  and  can  be  approximated  as  
normal l y d istribu ted .  A typical  number of poin ts  i n  a  Zoom  Scan  i s  343  for frequencies  
be low 3  GHz and  448  poin ts  for frequencies  above 3  GHz.  Therefore,  the  randomness  of 
the  pos i ti on  error can  be  used  to  ca lcu late  the  uncertain ty.  

– Probe posi tion ing  error:  The  surface  detection  shal l  have  a  precis ion  of better than  
0, 2  mm.  As  the  surface  i s  detected  for each  z-grid - l i ne  of the  cube  (typica l  number of grid  
l i nes  is  47  for frequencies  below 3  GHz and  64  for frequencies  above 3  GHz),  the  
uncertain ty can  be  reduced  as  the  d istance  i s  measured  mu l ti ple  times.  

– Extrapolation /i n terpolation :  the  maximum  evaluated  to lerance for the  variety of zoom  scan  
sh i fts  and  probe  types  shal l  be  determ ined  for the  speci fic an tenna.   

– The  an tenna  to  med ium  d istance  tolerance  can  be  kept  be low 1  %  as  reference  antennas  
have  wel l  defi ned  ( l ow loss)  spacers  to  establ ish  correct d istance  between  the  top  surface  
of the  an tenna  and  the  bottom  surface  of the  phantom .  

– RF  ambien t can  be  nu l l i fied  as  ca l ibration  i s  done  in  wel l -control l ed  envi ronment wi th  no  
external  d is turbance.  

– Phantom  uncertain ty shou ld  be  kept  as  smal l  as  poss ib le.   

– Med ium  conductivi ty/perm i tti vi ty errors  are  evaluated  as  per I EC 62209-1  and  
I EC 62209-2.  
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Table  G . 1  – Example uncertainty budget for reference antenna (DIPOLE)   
cal ibration  for 1 g  and  1 0g  averaged  SAR (750  MHz – 3  GHz)  

Uncertainty Description  Uncert.  
value  ±%  

Probab.  
d i str.  

d iv c
i
1  

 
( 1 g )  

Std .  
unc.  
(1 g )  

S td .  
unc.  
(1 g )  

c
i
1  

 
(1 0g)  

Std .  
unc.  
(1 0g)  

v
i
2  or 
v
eff
 

I nciden t power:       1 , 4   1 , 4   

Power reference  of 50  MHz 
an tenna  0 , 5  N  2  1  0 , 3     

 

Sensor cal i bration  factor at  1 mW 0, 7  N  2  1  0 , 4      

Sensor l i neari ty at  50  MHz 0, 4  R 1 , 73  1  0 , 2      

M i smatch  sensor &  reference  a ttn .  0 , 3  U  1 , 41  1  0 , 2      

M i smatch  reference  attn .  &  coupler 0 , 3  U  1 , 41  1  0 , 2      

S21  of reference  attn .  2 , 3  N  2  1  1 , 2      

An tenna  power:       1 , 8   1 , 8   

M i smatch  an tenna  &  coupler 2 , 0  U  1 , 41  1  1 , 4      

Cabl e  attenuati on  variati on  1 , 2  R 1 , 73  1  0 , 7      

Coupler uncerta in ty (S1 1 )  1 , 1  U  1 , 41  1  0 , 8      

Net  power u ncerta in ty  0 , 2  N  2  1  0 , 1      

Measurement System  Related :           

Probe  cal i brati on   3 , 4  N  1  1   3 , 4  1  3 , 4   

Axial  i sotropy  1 , 6  R 1 , 73  1   0 , 9  1  0 , 9   

Hem ispherical  i sotropy  7 , 3  R 1 , 73  0   0 , 0  0  0 , 0   

L i neari ty  1 , 2  R 1 , 73  1   0 , 7  1  0 , 7   

Detection  l im i t  0 , 0  R 1 , 73  1   0 , 0  1  0 , 0   

Boundary effect  1 , 0  R 1 , 73  1   0 , 6  1  0 , 6   

Readout  e l ectron ics  0 , 3  N  1  1   0 , 3  1  0 , 3   

Response  time  (CW)  0 , 0  R 1 , 73  1   0 , 0  1  0 , 0   

I n tegration  time  (CW)  0 , 0  R 1 , 73  1   0 , 0  1  0 , 0   

Probe  posi ti oner 0 , 02  R 1 , 73  1   0 , 01  1  0 , 01   

Probe  posi ti on ing  0 , 4  R 1 , 73  1   0 , 2  1  0 , 2   

Extrapol ation/I n terpol ation  1 , 0  R 1 , 73  1   0 , 6  1  0 , 6   

An tenna  and  phan tom  related :           

D i stance  an tenna-med ium  1 , 0  R 1 , 73  1   0 , 6  1  0 , 6   

RF  ambien t cond i ti on  3 , 0  R 1 , 73  1   0 , 0  1  0 , 0   

Phantom  uncertain ty  2 , 0  R 1 , 73  1   1 , 2  1  1 , 2   

Temp,  unc – Conducti vi ty  1 , 7  R 1 , 73  0 , 78   0 , 8  0 , 71  0 , 7   

Med ium  conducti vi ty (mea. )  2 , 0  N  1 , 73  0 , 78   1 , 6  0 , 71  1 , 4   

Temp.  unc – Perm i tti vi ty 0 , 2  R 1 , 73  0 , 23   0 , 0  0 , 26  0 , 0   

Med ium  perm i tti vi ty (mea. )  2 , 0  N  1 , 73  0 , 23   0 , 5  0 , 26  0 , 5   

Combined  Standard  Uncertai n ty ±  4 , 9    ±  4 , 8   

Expanded  Standard  Uncertain ty (k=2)  ±  9 , 7   ±  9 , 6   

1   c i  i s  the  sensi ti vi ty coeffi cien t  

2   v i  or veff  a re  the  degrees  of freedom  i n  the  standard  u ncerta in ty u(xi )  for the  i npu t  estimate  (xi ) ;  and  the  deg ree  
of effecti ve  freedom  i n  combined  u ncerta in ty uc(xi ) ,  u sed  to  obtain  ttp(veff) ,  respecti vely.  
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Table  G .2  – Example  uncertainty budget for reference antenna   
cal ibration  (PIFA)  for 1  g  and  1 0  g  averaged  SAR (750  MHz – 3  GHz)  

Uncertainty Description  Uncert.  
value  ±%  

Probab.  
d i str.  

d iv c
i
1  

 

(1 g )  

Std .  
unc.  
(1 g )  

S td .  
unc.  
(1 g )  

c
i
1  

 

(1 0g)  

Std .  
unc.  
(1 0g)  

v
i
2  or 
v
eff
 

I nciden t power:       1 , 4   1 , 4   

Power reference  of 50  MHz 
an tenna  0 , 5  N  2  1  0 , 3     

 

Sensor cal i bration  factor at  1  mW 0, 7  N  2  1  0 , 4      

Sensor l i neari ty at  50  MHz 0, 4  R 1 , 73  1  0 , 2      

Mismatch  sensor &  reference  a ttn .  0 , 3  U  1 , 41  1  0 , 2      

Mismatch  reference  attn .  &  coupler 0 , 3  U  1 , 41  1  0 , 2      

S21  of reference  attn .  2 , 3  N  2  1  1 , 2      

Antenna  power:       1 , 8   1 , 8   

Mismatch  an tenna  &  coupler 2 , 0  U  1 , 41  1  1 , 4      

Cable  attenuati on  variati on  1 , 2  R 1 , 73  1  0 , 7      

Coupler uncerta in ty (S1 1 )  1 , 1  U  1 , 41  1  0 , 8      

Net power u ncerta in ty  0 , 2  N  2  1  0 , 1      

Measurement System  Related :           

Probe  cal i brati on   3 , 4  N  1  1   3 , 4  1  3 , 4   

Axial  i sotropy  1 , 6  R 1 , 73  0 , 7   0 , 6  0 , 7  0 , 6   

Hem ispherical  i sotropy  7 , 3  R 1 , 73  0 , 7   2 , 9  0 , 7  2 , 9   

Lineari ty  1 , 2  R 1 , 73  1   0 , 7  1  0 , 7   

Detection  l im i t  0 , 0  R 1 , 73  1   0 , 0  1  0 , 0   

Boundary effect  1 , 0  R 1 , 73  1   0 , 6  1  0 , 6   

Readout  e l ectron ics  0 , 3  N  1  1   0 , 3  1  0 , 3   

Response  time  (CW)  0 , 0  R 1 , 73  1   0 , 0  1  0 , 0   

I n tegration  time  (CW)  0 , 0  R 1 , 73  1   0 , 0  1  0 , 0   

Probe  posi ti oner 0 , 02  R 1 , 73  1   0 , 01  1  0 , 01   

Probe  posi ti on ing  0 , 4  R 1 , 73  1   0 , 2  1  0 , 2   

Extrapol ation/I n terpol ation  5, 0  R 1 , 73  1   2 , 9  1  2 , 9   

Antenna  and  phan tom  related :           

Distance  an tenna-med ium  1 , 0  R 1 , 73  1   0 , 6  1  0 , 6   

RF ambien t cond i ti on  3 , 0  R 1 , 73  1   0 , 0  1  0 , 0   

Phantom  uncertain ty  2 , 0  R 1 , 73  1   1 , 2  1  1 , 2   

Temp.  unc – Conducti vi ty  1 , 7  R 1 , 73  0 , 78   0 , 8  0 , 71  0 , 7   

Med ium  conducti vi ty (mea. )  2 , 0  N  1 , 73  0 , 78   1 , 6  0 , 71  1 , 4   

Temp.  unc – Perm i tti vi ty 0 , 2  R 1 , 73  0 , 23   0 , 0  0 , 26  0 , 0   

Med ium  perm i tti vi ty (mea. )  2 , 0  N  1 , 73  0 , 23   0 . 5  0 . 26  0 . 5   

          

Combined  Standard  Uncertai n ty  ±  6 , 3   ±  6 , 3   

Expanded  Standard  Uncertain ty (k=2)  ±  1 2 , 7   ±  1 2 , 6   
1   c i  i s  the  sensi ti vi ty coeffi cien t.  

2   v i  or veff  a re  the  degrees  of freedom  i n  the  standard  u ncerta in ty u(xi )  for the  i npu t  estimate  (xi ) ;  and  the  deg ree  
of effecti ve  freedom  i n  combined  u ncerta in ty uc(xi ) ,  u sed  to  obtain  ttp(veff) ,  respecti vely.  
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Table  G .3  – Example uncertainty budget for reference antenna (DIPOLE)   
cal ibration  for 1 g  and  1 0g  averaged  SAR (3  – 6  GHz)  

Uncertainty Description  Uncert.  
value  ±%  

Probab.  
d i str.  

d iv c
i
1  

 

(1 g )  

Std .  
unc.  
(1 g )  

S td .  
unc.  
(1 g )  

c
i
1  

 
(1 0g)  

Std .  
unc.  
(1 0g)  

v
i
2  or 
v
eff
 

I ncident power:       1 , 5   1 , 5   

Power reference  of 50  MHz 
an tenna  0 , 5  N  2  1  0 , 3     

 

Sensor cal i bration  factor at  1 mW 0, 8  N  2  1  0 , 4      

Sensor l i neari ty at  50  MHz  1 , 1  R 1 , 73  1  0 , 6      

Mismatch  sensor &  reference  a ttn .  0 , 6  U  1 , 41  1  0 , 4      

Mismatch  reference  attn .  &  coupler 0 , 6  U  1 , 41  1  0 , 4      

S21  of reference  attn .  
2 , 3  N  2  1  1 , 2      

An tenna power:       2 , 0   2 , 0   

Mismatch  an tenna  &  coupler 2 , 0  U  1 , 41  1  1 , 4      

Cable  attenuati on  variati on  2 , 0  R 1 , 73  1  1 , 2      

Coupler uncerta in ty (S1 1 )  
1 , 0  U  1 , 41  1  0 , 8      

Net power u ncerta in ty  0 , 2  N  2  1  0 , 1      

Measurement System  Rel ated:           

Probe  cal i brati on   4 , 6  N  1  1   4 , 6  1  4 , 6   

Axial  i sotropy  1 , 6  R 1 , 73  1   0 , 9  1  0 , 9   

Hem ispherical  i sotropy  7 , 3  R 1 , 73  0   0 , 0  0  0 , 0   

Lineari ty  1 , 2  R 1 , 73  1   0 , 7  1  0 , 7   

Detection  l im i t  0 , 0  R 1 , 73  1   0 , 0  1  0 , 0   

Boundary effect  1 , 0  R 1 , 73  1   0 , 6  1  0 , 6   

Readout  e l ectron ics  0 , 3  N  1  1   0 , 3  1  0 , 3   

Response  time  (CW)  0 , 0  R 1 , 73  1   0 , 0  1  0 , 0   

I n tegration  time  (CW)  0 , 0  R 1 , 73  1   0 , 0  1  0 , 0   

Probe  posi ti oner 0 , 04  R 1 , 73  1   0 , 02  1  0 , 02   

Probe  posi ti on ing  0 , 8  R 1 , 73  1   0 , 5  1  0 , 5   

Extrapol ation/I n terpol ation  2 , 0  R 1 , 73  1   1 , 2  1  1 , 2   

An tenna and  phantom  related:           

Distance  an tenna-med ium  2 , 0  R 1 , 73  1   1 , 2  1  1 , 2   

RF ambien t cond i ti on  3 , 0  R 1 , 73  1   0 , 0  1  0 , 0   

Phantom  uncertain ty  2 , 0  R 1 , 73  1   1 , 2  1  1 , 2   

          

Temp.  unc – Conducti vi ty  1 , 7  R 1 , 73  0 , 78   0 , 8  0 , 71  0 , 7   

Med ium  conducti vi ty (mea. )  2 , 0  N  1 , 73  0 , 78   1 , 6  0 , 71  1 , 4   

Temp.  unc – Perm i tti vi ty 0 , 2  R 1 , 73  0 , 23   0 , 0  0 , 26  0 , 0   

Med ium  perm i tti vi ty (mea. )  2 , 0  N  1 , 73  0 , 23   0 , 5  0 , 26  0 , 5   

          

Combined  Standard  Uncertai n ty  ±  6 , 1    ±  6 , 0   

Expanded  Standard  Uncertain ty (k=2)  ±  1 2 , 2   ±  1 2 , 1   

1   c i  i s  the  sensi ti vi ty coeffi cien t  

2   v i  or veff  a re  the  degrees  of freedom  i n  the  standard  u ncerta in ty u(xi )  for the  i npu t  estimate  (xi ) ;  and  the  deg ree  
of effecti ve  freedom  i n  combined  u ncerta in ty uc(xi ) ,  u sed  to  obtain  ttp(veff) ,  respecti vely 
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Annex H  
(normative)  

 
General  considerations  on  uncertainty estimation  

H.1  Concept of uncertainty estimation  

The concepts  of uncerta i n ty estimation  i n  the  measurement of the  SAR from  wire less  devices  
are  based  on  the  general  ru les  provided  by the  I SO/IEC Gu ide  98-3.  Nevertheless,  
uncertain ty estimation  for complex measurements  remains  as  a  d i fficu l t task and  requ i res  
h igh- level  and  specia l i zed  eng ineering  knowledge.  I n  order to  faci l i tate  th is  task,  gu ide l i nes  
and  approximation  formu las  are  provided  i n  th i s  Clause,  enabl ing  the  estimation  of each  
i nd ividual  uncertain ty component.  The  concept i s  des igned  to  provide  the  system  uncertain ty 
for the  enti re  frequency range  of 30  MHz to  6  GHz and  for any device  under test wi th in  the  
scope of the  document.  D i fferen t uncertain ty budgets  for d i fferent  frequency bands  or other 
cond i ti ons  may be  assessed  as  l ong  as  the  user can  eas i l y comply wi th  these  cond i ti ons.  As  
an  example,  i f a  system  is  made of several  i ndependent sections,  e. g .  sea led  hermetic  
phantoms wi th  embedded  probe-arrays,  an  uncerta in ty budget may be  defined  for each  
i nd ividual  phan tom .  

The  uncerta in ty evaluation  described  in  th is  C lause  i s  des igned  to  be  broad l y appl icable  to  
SAR measurement systems that comply wi th  the  normative  clauses  of th is  PAS.  However,  
some measurement systems may requ i re  add i ti onal  uncertain ty anal ys is.  

I t  i s  not sufficien t to  provide  on l y Table  2  and  Table  3 .  Detai led  documentation  shal l  be  
provided  of the  estimation  of each  i n fl uence quan ti ty incl ud ing  methodology,  assessment of 
data  for each  component,  as  wel l  as  how the  uncertain ty was  derived  from  the  data  set.  

Dos imetric assessment systems  u ti l i zi ng  vector probe  or vector probe-array technolog ies  
fal l i ng  i n  the  scope  of th i s  PAS requ i re  add i tional  considerations  as  compared  to  techn iques  
covered  by I EC 62209−1  and  I EC  62209-2 .  To  properl y evaluate  the  uncertain ty budget for 
such  approaches,  two  main  aspects  have  to  be  taken  in to  account:  

1 )  The  tolerance on  some of the  components  has  to  be  assessed  in  ampl i tude  and  i n  phase,  
before  being  transferred  i n to  an  uncertain ty on  peak spatial -average SAR.  

2)  The  sens i ti vi ty coefficien ts  c i  of the  uncerta in ty components  have  to  be  carefu l l y revised  
by feed ing  the  to lerances  in to  the  processing  a l gori thms,  so  that these  coefficien ts  wi l l  
general l y be  method-dependent.   

Technolog ical  implementations  of dos imetric assessment systems covered  by th is  PAS as  
wel l  as  thei r ca l i bration  setups  and  procedures  a l so  d i ffer from  I EC 62209-1  and  I EC 62209-2  
ones.  As  a  resu l t,  the  l i s t of uncertain ty components  and  the  uncerta in ty evaluation  methods  
had  to  be  speci fical l y revised .  The  l i st of uncertain ty components  i s  provided  in  Annex G ,  
Annex H  and  Annex I .  

For systems and  technolog ies  covered  by th is  PAS,  some uncerta in ty components  may be  
correlated ,  so  that certa in  combined  uncerta in ties  evaluations  have  to  be  carried  ou t.  As  an  
example,  for a  s ing le  vector probe  or probe-array system ,  the  resu l ti ng  uncertain ty from  probe  
pos i tion ing  to lerance wi l l  actual l y depend  on  post-process ing  uncerta in ties.  I n  add i ti on ,  for 
probe-array systems,  depend ing  on  the  system  technology and  implemented  method ,  the  
probe-array wi l l  be  characterized  du ring  the  cal ibration  by e i ther l ooking  at  each  s ing le  probe  
transfer function  or by taking  i n to  account the  complete  response of the  array as  a  whole.  
Whether one  or the  other approach  i s  taken  wi l l  resu l t i n  d i fferences  i n  uncertain ty evaluation .  
I n  the  l atter case,  for i nstance,  i t  may be  more  re levant to  assess  mu l ti ple  uncertain ty 
components  al together i nstead  of separating  them.  

The  uncertain ty assessment shal l  be  cons istent wi th  the  val i dation  resu l ts  of Annex D .  
Otherwise  the  stated  uncerta in ty is  not va l id .  
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To  define  the  procedures  and  requ i rements  for a  Type A and  B  evaluation  that are  consistent  
wi th  I SO/I EC Gu ide  98-3  is  complex.  Nevertheless,  there  is  a  need  for fast array systems,  the  
performance  of wh ich  must be  fu l l y understood  when  used  for demonstrating  compl iance  wi th  
safety l im i ts .  I n  order to  ach ieve  th is  goal ,  th is  cl ause  provides  essentia l  requ i rements  and  
gu idance for ensuring  that the  uncerta in ty evaluation  is  thorough  and  conservative.  I n  
add i ti on ,  the  approach  proposed  in  subclause  D. 4  defines  a  series  of test to  evaluate  the  
re levance  and  conservativeness  of the  reported  uncertain ty budget.   

Gu idance for assessing  the  uncertain ty budget i s  provided  in  Clause  8.  The  procedure  of 
va l i dation  i s  defined  i n  Annex D  us ing  the  antennas  of Annex F .  

The  detai l s  how the  uncerta in ty i s  determ ined  is  described  i n  8. 3 .  

H.2  Type A and  Type B  evaluation  

Both  Type A and  Type B  evaluations  of the  standard  uncertain ty shal l  be  used .  The  evaluation  
of uncertain ty by the  statis tica l  anal ys is  of a  series  of observations  i s  termed  a  Type  A 
evaluation  of uncertain ty.  The  evaluation  of uncertain ty by means  other than  the  s tatistical  
anal ys is  of a  series  of observations  is  termed  a  Type  B  evaluation  of uncerta in ty.  Each  
component of uncerta in ty,  however evaluated ,  i s  represented  by an  estimated  standard  
deviation ,  termed  standard  uncertain ty,  wh ich  is  determ ined  by the  pos i ti ve  square  root of the  
estimated  variance.  

When  a  Type  A anal ys is  i s  performed ,  the  standard  uncertain ty u i  shal l  be  derived  us ing  the  
estimated  standard  deviation  from  statistica l  observations.  When  a  Type  B  anal ys is  i s  
performed,  u i  comes  from  the  upper a+  and  l ower a–  l im i ts  of the  quan ti ty i n  question ,  
depend ing  on  the  probabi l i ty d is tribution  function  defin ing  2)( −+ −= aaa ,  then :  

•  rectangu lar d istribu tion :  3
aui =

 

•  tri angu lar d istribution :  6
aui =

 

•  normal  d istribution :  k
aui =  

•  U -shaped  (asymmetric)  d istribution :  2
aui =

 

where;  

a  i s  the  ha l f- leng th  of the  i n terval  set  by l im i ts  of the  i n fl uence quanti ty  

k  i s  the  coverage  factor 

u i   i s  the  standard  uncertain ty 

Predeterm ined  s tandard  deviations  based  on  a  l arger number of repeat tests  can  be  used  to  
estimate  uncertain ty components  i n  cases  where  the  system ,  method ,  configuration  and  
cond i ti ons,  etc. ,  are  representati ve  of the  speci fic  DUT.   

H.3  Degrees  of freedom and  coverage factor 

When  the  degrees  of freedom  are  less  than  30,  a  coverage factor of two  i s  not the  appropriate  
mu l tip l i er to  ach ieve  a  95  %  confidence level .  A s imple  bu t on l y approximatel y correct method  
is  to  use  t  i n  p l ace  of the  coverage  factor k,  where  t i s  the  Student’ s-t factor.  Standard  
deviations  of t-d istributions  are  narrower than  normal  (Gaussian)  d istribu tions,  bu t the  curves  
approach  the  Gauss ian  shape for l arge  numbers  of degrees  of freedom.  The  degrees  of 
freedom  for most standard  uncerta in ties  based  on  Type B  eval uations  can  be  assumed  to  be  
i n fin i te.  Then  the  effective  degrees  of freedom  of the  combined  standard  uncertain ty,  uc,  wi l l  
most strong l y depend  on  the  degrees  of freedom  of the  Type A contribu tions  and  thei r 
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magn i tude  re lative  to  the  Type  B  con tribu tions.  The  coverage  factor (kp)  for smal l  sample  
popu lations  shal l  be  determ ined  by equation  (H . 1 ) :  

 kp  =  tp(νeff)  (H . 1 )  

where;   

kp  i s  the  coverage  factor for a  g i ven  probabi l i ty p  

tp(νeff)  i s  the  t-d istribu tion   

νeff  i s  the  effecti ve  degrees  of freedom  estimated  us ing  the  Welch-Satterthwai te  
formu la:   

 

∑
=

=
m

i i

ii

ν

uc

u

1

44

4
c

effν   (H . 2)  

c i  i s  the  sens i ti vi ty coefficient  of each  uncerta in ty componen t ui  

vi  i s  the  number of degrees  of freedom  for each  uncertain ty component ui  

The subscript  p  refers  to  the  approximate  confidence l evel ,  e. g . ,  95  %.  Tabu lated  values  of 
tp(νeff)  are  avai l ab le ,  for example  in  [1 1 6 ] .  

NOTE  As  an  example,  assume  that  the  combined  standard  u ncertai n ty calcu l ated  from  a l l  the  quan ti ti es  for the  1 g  
SAR i n  Tabl e  H . 1  wi th  an  assumed  posi ti on ing  u ncerta in ty of 7  %  i s  uc  =  1 4 , 2  % .  Assume a l so  that  the  number of 
samples  or tests  i s  equal  to  5 ,  so  ν i  =  4  and  the  deg rees  of freedom  for a l l  of the  other components  are  ν i    =  ∞ .  

From  the  equati on  ∑
=

=
m

i iν

i
u

i
c

uν

1

44
4
ceff ,  the  effecti ve  degrees  of freedom  for the  combined  s tandard  uncertain ty i s  νeff  

=  68,  so  k  =  2  does  app ly i n  th i s  case,  and  the  expanded  u ncertai n ty i s  U  =  29  % .  I f the  s tandard  u ncertain ty for 
pos i ti on ing  variati ons  goes  to  9  %  and  the  number of tests  i s  reduced  to  4  (ν i  =  3) ,  then  νc  =  1 5, 3  % ,  νeff  =  25,  
k  =  kp  =  k95  =  t  =  t95  =  2 , 06,  and  the  expanded  uncertain ty becomes  U  =  2 , 06  ×  1 5 , 6  %  =  31 , 4  % .  

H.4 Combined  and  expanded  uncertainties   

The con tribu tions  of each  component of uncerta in ty shal l  be  recorded  wi th  description ,  
probabi l i ty d istribu tion ,  sens i ti vi ty coefficient,  ci ,  and  uncertain ty value,  u(xi )  of the  uncertain ty 
component,  xi .  A recommended  tabu lar form  is  shown  i n  Table  H . 1 .  

I f a l l  uncertain ty components ,  xi ,  are  statistical l y i ndependent,  the  combined  s tandard  
uncerta in ty uc(y)  for SAR measurement (y)  sha l l  be  estimated  accord ing  to  the  fol lowing  
formu la  (H .3):  

 ∑
=

⋅=
m

i

ii xucyu
1

22

c )()(  (H . 3)  

The  variable  y i s  e i ther the  1 -gram  or 1 0-gram  peak-spatia l  average  SAR.  Therefore,  the  
above  equation  can  be  wri tten  speci fica l l y for the  estimation  of the  combined  standard  
uncertain ty for the  1 -gram  and  1 0-gram  peak spatia l -average SAR,  uc, 1 g  and  uc, 1 0g ,  
respectivel y:  

 ∑
=

⋅=
m

i

igig xucu
1

22

1,1c, )(  (H . 4)  
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=

⋅=
m

i

igig xucu
1

22

10,1 0c, )(  (H . 5)  

I f there  i s  some s ign i fican t non- l i neari ty then  h igher-order terms,  C i j ,  i n  the  Taylor series  
expansion  used  to  derived  the  equation  shal l  be  used  to  calcu late  the  combined  s tandard  
uncertain ty.  Further description  i s  provided  i n  I SO/IEC  Gu ide  98-3.  The  sens i ti vi ty coefficien ts  
ci , 1 g  and  ci , 1 0g  d escribe  how the  combined  uncertain ty for the  1 -gram  and  1 0-gram  peak 
spatia l -average SAR vary wi th  changes  i n  the  va lues  of the  uncerta in ty componen t xi .  

I f some uncertain ty componen ts  are  statistical l y dependen t on  others,  the  fol lowing  general  
formu la  shal l  be  appl i ed  to  ca lcu late  the  combined  standard  uncertain ty:  

 ∑ ∑∑
−

= +==

+⋅=
1

1 11

22

c ),()()(2)()(
m

i

jij

m

ij

iji

m

i

ii xxrxuxuccxucyu  (H . 6)  

I n  the  above  equation ,  r(x i ,  x j )  i s  the  correlation  coefficien t wh ich  is  ca lcu lated  from  the  
estimated  covariance  u(x i ,x j )  associated  wi th  the  two  components  x i  and  x j .  

 
)()(

),(
),(

ji

ji

ji
xuxu

xxu
xxr =  (H . 7)  

I n  the  specia l  case  where  a l l  u ncertain ty terms  are  complete l y corre lated  ( i . e . ,  r(x i ,  x j )  =  1 ) ,  the  
uncerta in ty i s  a  l i near sum  of the  i nd ividual  components:  

 ∑
=

⋅=
m

i

ii xucyu
1

c )()(  (H . 8)  

Further description  and  examples  of evaluating  uncertain ty is  provided  i n  I SO/IEC  Gu ide  98-1  
and  I SO/IEC Gu ide  98-3.  

The  expanded  uncertain ty U shal l  be  estimated  by mu l tip l ying  the  standard  uncertain ty by a  
coverage factor of k  =  2  representing  a  confidence  i n terval  of 95  % .  

The  evaluation  of several  uncerta in ty componen ts  can  be  combined  and  assessed  by Mon te-
Carlo-method  or more  advanced  methods.  I n  such  a  case,  the  ca lcu lation  of the  correlation  
coefficien t may not be  needed .  

H.5 Analytical  reference functions  

I EC 62209-1  and  I EC 62209-2  standards  describe  three  reference evaluation  functions  used  
to  create  arti ficia l  SAR data  for testing  the  accuracy of post-process ing  a lgori thms.  These  
functions  are  defined  analytica l l y and  a l l ow an  accurate  peak spatia l -average SAR 
calcu lation .  These  mathematica l  objects  are  however made of real  va lues  taken  by the  
function  at the  d i fferen t l ocations  i n  space.  Th is  i s  hence  not  enough  to  support the  evaluation  
of uncerta in ty con tributions  i nvolving  near-fie l d  reconstruction  techn iques.  I ndeed ,  such  
approaches  requ ire  fi e l d  d istribu tion  inputs  wh ich  satisfy Maxwel l  equations  and  veri fy l aws  of 
e lectromagnetic fi e l d  propagation  wi th in  the  ti ssue-s imu lating  materia l  con ta ined  i n  the  
phantom .   

I n  th is  PAS,  a  new form  of anal yti ca l  reference functions  i s  i n troduced  wh ich  have  the  
requ i red  properties .  The  general  anal ytical  formu la  for the  reference complex vector e lectric  
fie ld  d istribu tions  i s  defined  as  fol lows  as  a  sum  of e lectric  d ipole  moments:  
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  (H . 9)  

where   

x  i s  a   vector made  of spatia l  coord inates  at  wh ich  the  fi e ld  i s  observed .   

,  

k i s  the  un ique  solu tion  of   

 and   i s  the  Hess ian  matrix of .   

 i s  a   vector conta in ing  x,  y and  z spatia l  coord inates  i nd icati ng  the  l ocation  of the 
d ipole.   

 i s  the  d ipole  moment be long ing  to   space  wi th  coord inates,  px,  py  and  pz.   

F i l es  conta in ing  tables  of  and   are  provided  wi th  th is  PAS.  Each  provided  set defines  a  
particu lar solu tion .  The  provided  reference functions  have  been  determ ined  so  that the  

anal ytical  complex e lectric fi e l d  d istribution  i s  a t a  m in imum  d istance  ( i n  the  sense  of the   
norm)  from  numerical  resu l ts  obta ined  in  FDTD-computed  rea l is tic exposure  cond i ti ons  wi th  
flat and  head  phan toms meeting  the  requ i rements  of th is  PAS.  

The  reference functions  are  used  hereafter to  evaluate  several  uncertain ty con tribu tions  wh ich  
i nvolve  a  propagation  of the  error through  the  reconstruction  a lgori thms.  

Table  H . 1  shows  the  l i s t of avai lab le  reference  functions  provided  wi th  th is  PAS.  Al l  the  
functions  are  normal ized  so  that the  reference  peak spatia l -average  1 g  SAR equals  1  W/kg .  
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Table  H . 1  – Parameters  of analytical  reference functions  and  associated  reference  
peak 1 0g  SAR value.  Reference peak 1 g  SAR value  i s  1  W/kg  for every function  

Function  
ID  

Frequency 
(MHz)  

An tenna description  Phantom  and  
test posi tion  

Medium  
relati ve  

permi tti vi ty 

Med ium  
conductivi ty 

(S .m -1 )  

Reference  
peak 1 0g  

SAR (W/kg)  

001  850  U l tra  wide-band  (UWB)  
coplanar s tri p-fed  
monopole  fi tti ng  handset-
l i ke  casing  of 1 1 , 5cm  x 
74cm  (cal l ed  UWBA here  
after)  at  0mm  from  fl at  
phantom  

F lat  phantom  – 
UWBA casing  i n  
contact 

42 , 234  0 , 892  0 , 570  

002  1  800  U l tra  wide-band  an tenna  
(UWBA) 

F lat  phan tom  – 
UWBA casing  i n  
contact  

40, 451  1 , 391  0 , 472  

003  1  900  UWBA F lat  phantom  – 
UWBA casing  i n  
contact 

40, 287  1 , 458  0 , 464  

004  2  450  UWBA F lat  phantom  – 
UWBA casing  i n  
contact 

39, 376  1 , 873  0 , 41 5  

005  5  500  UWBA F lat  phantom  – 
UWBA casing  i n  
contact 

33, 304  5, 1 85  0 , 269  

006  5  800  UWBA F lat  phantom  – 
UWBA casing  i n  
contact 

32 , 648  5, 555  0 , 263  

007  750  VPI FA-750  F lat  phantom  – 
VPI FA-750  fl at  
mask i n  con tact  

42, 477  0 , 855  0 , 262  

008  1  950  VPIFA-1 950  F lat  phantom  – 
VPI FA-1 950  fl at  
mask i n  con tact  

40, 205  1 , 492  0 , 392  

009  750  Val i dati on  d ipo le  F lat  phantom  – 
system 
validation  
pos i ti on  

42, 477  0 , 855  0 , 638  

01 0  835  Val i dati on  d ipo le  F lat  phantom  – 
system 
validation  
pos i ti on  

42, 269  0 , 887  0 , 633  

01 1  1  750  Val i dati on  d ipo le  F lat  phantom  – 
system 
validation  
pos i ti on  

40, 534  1 , 358  0 , 507  
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Annex I  
(normative)  

 
Evaluation  of the  measurement system  uncertainty  

I . 1  Measuring  system  uncertainties  to  be  speci fied  by the manufacturer 

I . 1 . 1  Cal ibration  CF 

The standard  uncertain ty CF for ca l i bration  of the  vector system  is  determ ined  by the  system  
cal i bration  l aboratory or manufacturer.  

Example  protocols  for cal ibration  of vector measurement-based  systems are  g i ven  in  
Annex B .  The  protocols  depend  on  each  technolog ica l  implementation  and  hardware.  
Cal i bration  uncertain ty shal l  be  assessed  and  documented  by the  system  manufacturer.  The  
rad iati ng  antenna  used  for cal ibration  of the  vector measurement-based  system  shou ld  be  
traced  accord ing  to  national  standards.  The  system  cal i bration  uncerta in ty shou ld  be  
documented  and  appropriate  to  the  cal i brati on  method  appl ied .  The  uncerta in ty i ncludes  the  
an tenna  uncertain ty.  

Depend ing  on  the  system  implementation ,  the  probe or probe-array may be  d i rectl y cal ibrated  
together wi th  i ts  readou t  e lectron ics  or the  readout e lectron ics  may be  cal ibrated  separatel y.  
I n  the  latter case,  add i tional  u ncertain ties  resu l ti ng  from  the  connection  of the  two b locks  after 
cal ibration  shal l  be  taken  i n to  account,  e. g .  m ismatch  uncerta in ty for a  RF  probe and  RF  
readou t having  d i fferen t impedances.  

The  assessed  to lerance  val i d  at  the  sensor location  needs  to  be  trans lated  to  the  uncerta in ty 
for the  peak spatia l  SAR and  fi l led  i n to  Table  2 .  The  trans lation  i s  a  function  of the  actual  
implemented  3D  reconstruction  and  can  on l y be  performed  by the  manufacturer.  Al l  s teps  
shal l  be  documented .  

I . 1 . 2  Vector probe  or vector probe-array isotropy ISO  

Probe or probe-array i sotropy i s  a  measure  of the  deviation  i n  probe  response to  arb i trary 
fie ld  polari zation  and  i ncidence.  I n  general ,  fi el ds  em i tted  by a  handset are  of arbi trary 
polari zation  and  incidence.  For s ing le  probe  systems,  th is  uncerta in ty component can  be  
evaluated  fol l owing  I EC 62209-1  and  I EC  62209-2  appropriate  procedures.  For systems  using  
vector probe-arrays,  technology-speci fic cons iderations  have  to  be  taken  i n to  accoun t.  The  
manufacturer shal l  eva luate  th is  con tribu tion  during  the  ca l i bration .   

I f a lgori thms  are  appl i ed  to  compensate  for the  deviation  from  isotropic response,  then  the  
SAR uncertain ty shal l  be  determ ined  wi th  the  same evaluation  hardware  and  software  as  is  
used  for perform ing  the  SAR measurements.  

To  evaluate  the  isotropy,  the  SAR measurement system  shal l  be  exposed  to  reference  fie lds  
con tain ing  waves  wi th  varying  ang les  of i ncidences  wi th  respect to  the  l ine  normal  to  the  
phantom  surface.  The  SAR g rad ien ts  in  the  d i rection  normal  to  the  phan tom  shel l  shal l  be  l ow 
enough  that probe  posi ti on ing  to lerance  does  not s ign i ficantl y i n fl uence the  i sotropy 
assessment.   

The  i sotropy shal l  be  characterized  for at l east one  frequency in  each  frequency band  of 
i n terest.   

The  assessed  to lerance  va l i d  at  the  sensor location  needs  to  be  translated  to  the  uncertain ty 
for the  peak spatia l  SAR and  fi l led  i n to  Table  2 .  The  trans lation  i s  a  function  of the  actual  
implemented  3D  reconstruction  and  can  on l y be  performed  by the  manufacturer.  Al l  s teps  
shal l  be  documented .  
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I . 1 . 3  Mutual  sensor coupl ing  MSC  

I . 1 . 3. 1  General   

For systems  using  probe-arrays,  coupl ing  between  the  probe  sensors  may exist,  due  to  
imperfect i solation  of the  sensors.  Th is  uncerta in ty term  is  caused  by port-to-port coupl i ng  
where  the  readou t at a  g i ven  sensor port i s  i n fl uenced  by the  vol tage  and /or curren t at  
another sensor port.  Mutual  sensor coupl ing  may be  evaluated  and  compensated  during  
cal ibration .  However,  th i s  coupl i ng  is  i n  princip le  dependent on  the  polari zation ,  d istribu tion  
and  ang le  of i ncidence  of the  imping ing  fi e l d  and  is  therefore  d i fficu l t to  remove completel y 
during  cal ibration .   

The  assessed  to lerance  val i d  at  the  sensor location  needs  to  be  trans lated  to  the  uncerta in ty 
for the  peak spatia l  SAR and  fi l led  i n to  Table  2 .  The  translation  is  a  function  of the  actual  
implemented  3D  reconstruction  and  can  on l y be  performed  by the  manufacturer.  Al l  s teps  
shal l  be  documented .  

Two  methods  are  described  be low.   

I n  order to  i solate  th is  uncerta in ty contribution  from  other components:  

•  The  probe  or probe-array shal l  be  immersed  i n  ti ssue-s imu lating  material  complying  wi th  
the  requ irements  of th is  PAS.  

•  The  reference  an tennas  used  shal l  have  a  polari zation  puri ty of more  than  1 0  dB.   

•  The  reference antennas  shal l  be  far enough  from  the  phan tom  so  that the  i n teraction  wi th  
the  probe  or probe-array can  be  neg lected .  

•  The  fi e l ds  shal l  be  sufficien tl y above the  noise  fl oor.  

I . 1 .3.2  Evaluation  of mutual  sensor coupl ing  for independently-cal ibrated  probes   

I n  the  case  of probe  arrays  wi th  probes  that are  cal i brated  independentl y prior to  assembly or 
i n  the  case  of probe  arrays  that are  ca l ibrated  together i n  i ts  fi na l  operating  cond i tion  wi thout  
compensation  for mutual  coupl i ng ,  the  mutual  sensor coupl i ng  uncertain ty shal l  be  evaluated  
by computing  the  d i fference between  the  s i ng le  poin t  SAR measured  us ing  one  probe  i n  
i solation  and  the  SAR measured  by the  same probe surrounded  by the  other probes.  Several  
an tennas  wi th  d i fferent polari zations  and  ang les  of incidence are  requ i red .  The  antennas  are  
moved  to  the  requ i red  posi ti ons  so  that each  sensor i s  actual l y exposed  to  a  fi el d  i n tens i ty 
compatib le  wi th  the  d ynam ic range  of the  measurement system .  For each  test cond i tion ,  the  
cal i bration  coefficients  and  post-process ing  are  appl i ed  on  the  measured  data  to  evaluate  the  
vector fi e ld  over the  measurement surface.  I t  shal l  be  documented  how the  error propagates  
and  how the  uncertain ty i s  coupled  to  other uncerta in ty terms.  

I . 1 .3.3  Evaluation  of mutual  sensor coupl ing  for probe  arrays  using  compensation  

For probe-arrays  where  the  probes  are  cal ibrated  together i n  i ts  final  operati ng  cond i ti on  and  
the  mutual  coupl i ng  between  the  sensors  is  characterized  as  a  scattering  matrix and  
compensated  (e. g . ,  d uri ng  the  probe-array cal i bration) ,  mutual  coupl i ng  wi l l  be  reduced .  
However,  the  remain ing  mutual  sensor coupl ing  error shal l  be  assessed .  Also,  the  uncertain ty 
on  the  compensation  i s  taken  i n to  account as  an  add i ti onal  contribu tion  to  the  measurement 
system  cal ibration  uncertain ty.  I t  shal l  be  documented  how the  error propagates  and  how the  
uncertain ty i s  coupled  to  other uncertain ty terms.  

I . 1 .4  Scattering  wi th in  the  array AS  

I . 1 .4. 1  General   

Scattering  of the  e lectromagnetic fi e lds  i n  the  phan tom  due  to  the  presence of the  array cause  
d istortion  of the  imping ing  fi e l d  d istribu tion  captured  by the  sensors.  These  reflections  are  
strong l y dependen t on  the  d is tribu tion ,  polari zation  and  ang le  of i ncidence  of the  i nciden t 
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fie lds.  Therefore,  they cannot be  fu l l y ca l ibrated  ou t.  Th is  uncertain ty term  is  corre lated  wi th  
the  uncertain ty due  to  mutual  coupl ing  between  the  sensors.   

I n  order to  characterize  th is  uncertain ty component and  m in im ize  the  i n fl uence from  other 
components :  

•  The  probe or probe-array shal l  be  immersed  i n  ti ssue-s imu lating  material  complying  wi th  
the  requ irements  of th is  PAS.  

•  The  reference  an tennas  used  shal l  have  a  polarization  puri ty of more  than  1 0  dB.   

•  The  reference  an tennas  shal l  be  far enough  from  the  phan tom  so  that the  i n teraction  wi th  
the  probe  or probe-array can  be  neg lected .  

•  The  probe or probe-array shal l  be  far enough  from  the  phan tom  shel l  so  that  the  boundary 
effect can  be  neg lected .  

•  The  fi e l ds  shal l  be  su fficien tl y above the  noise  fl oor.  

•  The  inciden t ang les  of the  propagating  fi el d  wi th  respect to  the  orien tation  of the  array 
shal l  cover 0°  to  45° .  

•  The  polari zations  of the  propagating  fie l d  sha l l  i nclude  para l l e l  and  normal  polari zation  
wi th  respect to  the  array.  

Reference an tennas  wi th  d i fferent polari zations  and  ang les  of i ncidence  are  requ i red .  The  
an tennas  are  moved  at as  many needed  posi tions  so  that each  sensor i s  exposed  to  a  fie l d  
i n tens i ty compatib le  wi th  the  d ynam ic range  of the  measurement system .  For each  test 
cond i ti on ,  the  ca l i bration  coefficien ts  and  post-processing  are  appl ied  on  the  measured  data  
to  evaluate  the  vector fie ld  over the  measurement su rface.  Th is  can  also  be  evaluated  by 
computational  anal ysis  that i s  va l i dated  experimen ta l l y.  

The  assessed  to lerance  va l i d  at  the  sensor location  needs  to  be  trans lated  to  the  uncertain ty 
for the  peak spatia l  SAR and  fi l l ed  i n to  Table  2 .  The  translation  is  a  function  of the  actual  
implemented  3D  reconstruction  and  can  on l y be  performed  by the  manufacturer.  Al l  s teps  
shal l  be  documented .  

I . 1 .4.2  Evaluation  of array scattering  for independently-cal ibrated  probes  

I n  the  case  of probe-arrays  that are  cal ibrated  i ndependentl y prior to  assembly or i n  the  case  
of probe  arrays  that are  cal ibrated  together in  i ts  final  operati ng  cond i ti on  wi thou t 
compensation  for scattering ,  the  scattering  wi th in  the  array uncerta in ty shal l  be  evaluated  by 
computing  the  d i fference between  the  s ing le  poin t SAR measured  us ing  one  probe in  i solation  
and  the  SAR measured  by the  same probe surrounded  by the  other probes  bu t wi thou t the  
sens ing  element connected .  Th is  ensures  to  m in im ize  the  i n fl uence of port-to-port  mutual  
coupl ing .   

I . 1 .4.3  Evaluation  of array scattering  for systems  using  compensation  

For probe-arrays  where  the  probes  are  cal ibrated  together i n  i ts  final  operati ng  cond i ti on  and  
the  mutual  coupl ing  between  the  sensors  i s  characterized  as  a  scattering  matrix and  
compensated  (e. g . ,  duri ng  the  probe-array cal ibration),  the  effect of the  scattered  fie l d  on  the  
received  s i gnal  by each  sensor may be  evaluated  from  a  time-domain  anal ysis  of the  probe-
array response.  The  con tribu tion  from  the  scattered  fie ld  sha l l  be  isolated  using  a  time-gating  
approach .  The  uncertain ty shal l  then  be  evaluated  as  the  maximum  relati ve  d i fference  
between  the  SAR obtained  using  the  orig ina l  s i gnals  to  the  one  obtained  wi th  time-gated  
s i gnals.  I f a  t ime-fi l tering  compensation  i s  appl ied  during  measurements ,  th is  compensation  
shal l  be  i ncluded  for the  uncertain ty evaluation  and  i ts  uncertain ty con tribution  characterized .  

I t  i s  a lso  poss ible  to  assess  al together the  i sotropy ( I . 1 . 2) ,  sensor mutual  coupl ing  ( I . 1 . 3)  and  
scattering  wi th in  the  array ( I . 1 . 4)  uncertain ty components.  Th is  can  be  done  wi th  a  setup  
respecting  the  requ irements  of th is  sub-clause.  I n  th is  case,  the  obtained  vector fie ld  for each  
measurement i n  cond i ti ons  of the  defined  set i s  projected  on  the  reference  vector fie l d  for the  
correspond ing  antenna  and  test cond i tion .  I deal l y th is  projection  shal l  equal  the  squared  norm  
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of the  reference vector fi e ld  at every poin t.  I n  practice  however,  th is  projection  deviates  from  
the  squared  norm  by a  re lati ve  res idual  error.  The  maximum  relative  res idual  error obtained  
for a l l  test cond i ti ons  wi th in  a  space  reg ion  compatib le  wi th  system  dynam ic range  is  reported  
as  the  uncertain ty for th is  component wi th  a  rectangu lar d istribution .  

I . 1 . 5  System  l ineari ty LIN 

The evaluation  of system  l i neari ty must be  performed  such  that  a l l  componen ts  of the  system  
in troducing  potentia l  non -l ineari ties  are  assessed .  For i nstance,  i f a  vector probe  contains  no  
non- l i near e lement bu t  i ts  readout electron ic does,  then  the  tests  to  evaluate  th is  uncertain ty 
con tribu tion  shal l  i nclude  the  readout  e lectron ics.  The  uncertain ty term  is  evaluated  as  
described  in  I EC 62209-1 .  

Th is  evaluation  may be  done  e i ther i n  free  space  or i n  the  ti ssue-equ ivalen t med ium .  Th is  i s  
performed  by a  power sweep covering  a  l ocal  SAR in  the  range  of 0 , 1 2  W/kg  to  1 00  W/kg  
(rms  for CW signals)  i n  steps  of 3  dB  or l ess .  The  l ineari ty uncertain ty i s  defi ned  as  the  
maximum  deviation  i n  the  SAR vs.  power characteristic from  the  best-fi t  stra ight reference  l i ne  
going  through  zero  (SAR  =  a  ×  P,  where  a  i s  the  best-fi t  s l ope  of the  l i ne,  us ing  the  method  of 
l east-squares)  defined  over the  i n terval  0 , 1 2  W/kg  to  1 00  W/kg.  

The  assessed  to lerance  val i d  at  the  sensor location  needs  to  be  translated  to  the  uncertain ty 
for the  peak spatia l  SAR and  fi l l ed  i n to  Table  2 .  The  trans lation  i s  a  function  of the  actual  
implemented  3D  reconstruction  and  can  on l y be  performed  by the  manufacturer.  Al l  s teps  
shal l  be  documented .  

I . 1 .6  Sensi tivi ty l im it  SL  

System  sensi ti vi ty l im i t  i s  evaluated  accord ing  to  re levant cl auses  of I EC  62209-1  i n  such  a  
way that the  s ignal  to  noise  ratio  (determ ined  at  the  measurement time)  i s  at  the  l ower bound  
of the  system  dynam ic range  as  speci fied  by the  manufacturer.  The  sens i ti vi ty l im i t  
uncertain ty i s  defi ned  as  the  d i fference between  the  measured  SAR and  the  SAR vs .  power 
characteristic from  the  best-fi t  stra igh t reference  l i ne  going  through  zero  (SAR  =  a  ×  P,  as  
described  in  I . 1 . 5).  

The  assessed  to lerance  val i d  at  the  sensor location  needs  to  be  translated  to  the  uncertain ty 
for the  peak spatia l  SAR and  fi l l ed  i n to  Table  2 .  The  trans lation  is  a  function  of the  actual  
implemented  3D  reconstruction  and  can  on l y be  performed  by the  manufacturer.  Al l  s teps  
shal l  be  documented .  

I . 1 .7  Boundary effect  BE  

A change in  sens i ti vi ty of the  probe  can  occur when  i t  i s  i n  cl ose  proxim i ty to  a  d ie lectric 
i n terface  ( i . e .  the  in terface  between  the  phan tom  and  the  phan tom  shel l ) .  Th is  i s  caused  by 
d istortion  of the  scattered  fie ld  at the  probe  ti p  by the  proxim i ty of the  d ie lectric i n terface.  For 
a  g i ven  phan tom  and  probe,  the  magn i tude  of the  error wi l l  d epend  on  the  separation  and  
orien tation  of the  probe  wi th  respect to  the  i n terface  and  a lso  the  frequency.   

Th is  effect  i s  neg l ig ib le  i f:  

•  The  closest d is tance  between  the  probe  ti p  and  the  boundary is  greater than  the  d iameter 
of the  probe tip .   

•  The  sensor or sensor array is  ca l ibrated  in-situ  wi th in  the  phan tom  and  remains  at the  
same separation  and  orien tation  wi th  respect to  the  d ie lectric i n terface  du ring  subsequent 
measurements .  

I f these  cond i tions  are  not met the  boundary effect shal l  be  determ ined  by the  manufacturer 
and  an  uncerta in ty term ,  BE,  i ncluded  to  account  for the  boundary error,  or res idual  error i n  
any compensation  appl i ed  to  correct for i t.  
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The  assessed  to lerance  val i d  at  the  sensor location  needs  to  be  trans lated  to  the  uncertain ty 
for the  peak spatia l  SAR and  fi l led  i n to  Table  2 .  The  trans lation  i s  a  function  of the  actual  
implemented  3D  reconstruction  and  can  on l y be  performed  by the  manufacturer.  Al l  s teps  
shal l  be  documented .  

I . 1 . 8  Readout electron ics  RE  

The readou t e lectron ics  are  used  to  process  the  s ignals  read  by the  sensors.  The  readout  
e lectron ics  may have  non- l i near components  (e . g . ,  ampl i fiers)  and  may l oad  the  sensors  
caus ing  d istortion .  One  method  to  determ ine  these  uncerta in ty components  is  by replacing  the  
probe wi th  an  equ iva len t antenna  having  the  same antenna  impedance  as  the  probe under 
cons ideration  accord ing  to  the  manufacturer’s  speci fications  for the  probe.  Th is  i s  general l y 
performed  by the  system  manufacturer.  Each  uncertain ty shal l  be  converted  to  a  standard  
uncertain ty us ing  normal  probabi l i ty d is tribu tion .  The  RSS value  of these  uncertain ties  shal l  
then  be  used  to  determ ine  the  overal l  readou t e lectron ics  uncertain ty.  

The  assessed  to lerance  va l i d  at  the  sensor location  needs  to  be  trans lated  to  the  uncerta in ty 
for the  peak spatia l  SAR and  fi l l ed  i n to  Table  2 .  The  translation  is  a  function  of the  actual  
implemented  3D  reconstruction  and  can  on l y be  performed  by the  manufacturer.  Al l  s teps  
shal l  be  documented .  

I . 1 .9  Response time  RT 

The response time uncertain ty i s  the  measurement error caused  by movement of the  probe  
during  measurement.  For systems  having  fixed  probes,  th is  uncertain ty i s  zero.  

For systems  having  moveable  probes,  response time uncertain ty is  evaluated  by exposing  the  
probe  to  an  E-fie ld  step  response producing  at l east 1 00  W/kg  near the  phantom  surface.  The  
s ignal  response  time i s  evaluated  as  the  time requ i red  by the  probe  and  i ts  readout 
e lectron ics  to  reach  90  %  of the  expected  fi nal  va lue  produced  by the  step  response by 
swi tch ing  the  RF  power on  and  off.  During  the  SAR measurement,  the  probe shal l  remain  
stationary at each  measurement l ocation  for at  l east twice  the  assessed  response time  so  that 
the  probe s i gnal  response time uncertain ty i s  neg l i g ib le.  U nder these  measurement 
cond i tions,  a  to lerance value  of zero  may be  entered  i n  the  appropriate  uncertain ty table.  
Otherwise,  the  SAR uncertain ty due  to  s i gnal  response-time uncertain ty shal l  be  assessed ,  
us ing  the  s ignal  characteristics  of the  test  device.  I n  th is  case,  the  s i gnal  step-response  time  
uncertain ty is  equal  to  the  percentage  d i fference  between  the  SAR measured  at the  chosen  
measurement time  and  the  SAR measured  at  twice  the  chosen  measurement time.  A 
rectangu lar probabi l i ty d i stribution  shal l  be  assumed .  

The  assessed  to lerance  val i d  at  the  sensor location  needs  to  be  translated  to  the  uncertain ty 
for the  peak spatia l  SAR and  fi l led  i n to  Table  2 .  The  trans lation  i s  a  function  of the  actual  
implemented  3D  reconstruction  and  can  on l y be  performed  by the  manufacturer.  Al l  s teps  
shal l  be  documented .  

I . 1 . 1 0  Probe posi tion ing  PP  

The  mechan ica l  restrictions  of the  fie ld  probe  or probe-array posi tioner can  i n troduce  
deviations  in  the  accuracy and  repeatabi l i ty of probe  pos i ti on ing  wh ich  add  to  the  uncertain ty 
of the  measured  SAR.  The  uncertain ty i s  due  to  mechan ica l  uncertain ties  i n  the  sensor 
location  during  manufacturing .  The  actual  d is tance  of the  sensor from  the  phantom  surface  i s  
d i fferent from  the  assumed  (nom inal )  d istance,  and  each  sensor l ocation  varies  i n  a  certa in  
to lerance range.  The  impact of these  deviations  cannot be  assessed  i n  the  same way as  for 
systems covered  by I EC 62209-1  and  I EC  62209-2 ,  because  of the  existence  of mu l ti p le  
probes  and  the  poten tia l  use  of phase  i n formation  and  fie ld  reconstruction  al gori thms.  The  
uncertain ty i s  evaluated  us ing  a  set of numerica l l y generated  vector fie ld  reference 
d istribu tions  covering  the  performance requ irements  of Annex D  (e. g . ,  generated  us ing  the  
formu lation  i n  Annex H . 5).  The  procedure  i s  as  fol lows:  
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i )  For each  numerica l  d is tribu tion ,  the  fie l d  i s  sampled  at poin ts  and  in  polari zations  wh ich  
correspond  to  the  measurement gri d  appl i ed  by the  physical  system .   

i i )  From  these  ori g ina l  sampled  data,  the  peak spatial -average SAR is  computed  us ing  the  
same process ing  as  used  for measurements  wi th  th is  particu lar system .  I n  th is  process,  
step  ( i )  g ives  the  reference  SAR,  SARref, i ,  for each  fi el d  d istribu tion  case  i  (a  number of i  
d i stribu tions  i s  supposed  per frequency).  

i i i )  The  known  to lerance  on  probe  or probe-array posi tion ing  i s  used  to  generate  
measurement scan  grids  G j  (j  =  1  to  J )  affected  by mechan ical  errors.  The  manufacturer 
shal l  make a  model  to  represent such  mechan ical  errors.  For example,  each  to lerance 
may have  a  rectangu lar or triangu lar d istribution  i f the  manufacturer defines  maximum  
acceptable  deviations  from  nom inal  l ocations.  I n  the  case  of moving  probes,  the  
repeatabi l i ty uncerta in ty of the  probes  posi ti on ing  must be  i ncluded  i n  the  mechan ical  
error.  J  sampled  d istribu tions  of each  reference vector fiel d  are  then  created  by us ing  the  
G j  sampl ing  grids.  

i v)  For each  reference fi e l d  i and  each  grid  j,  the  reconstruction  a lgori thms  of the  
measurement system  are  appl ied  to  compu te  the  peak spatial -average SAR,  SAR i , j .  The  
software  shal l  assume i deal  posi ti ons  of the  poin ts  i n  the  gri d .  As  a  consequence,  the 
a lgori thms  are  used  as  i f sampled  fie ld  values  were  obta ined  from  a  probe  or probe-array 
wi th  perfectl y known  pos i tion ,  whereas  the  probe  or probe-array is  actual l y sampl i ng  the  
fie ld  on  a  grid  wh ich  deviates  from  the  targeted  l ocations.  

v)  For each  ( i,  j)  couple ,  the  relati ve  d i fference  %SAR i , j  =  (SAR i , j  – SARref, i ) / SAR ref, i  i s  
computed .  

Ui  i s  then  ca lcu lated  for each  reference fi e l d  configuration  i  as  the  95th  percen ti le  of the  
absolu te  value  of %SAR i , j  for a l l  J  probe  or probe-array grid  l ocations.  The  uncerta in ty is  then  
estimated  as  the  RMS  value  of Ui  across  the  appl icable  frequency range  for a l l  I  exposure  
cond i ti ons.  Th is  va lue  is  ca lcu lated  on  I  x  J  cases  wi th  I  ×  J  – 1  degrees  of freedom.  A normal  
d istribu tion  (k =  2)  i s  assumed.  

The  assessed  to lerance  val i d  at  the  sensor location  needs  to  be  trans lated  to  the  uncerta in ty 
for the  peak spatia l  SAR and  fi l led  i n to  Table  2 .  The  trans lation  i s  a  function  of the  actual  
implemented  3D  reconstruction  and  can  on l y be  performed  by the  manufacturer.  Al l  s teps  
shal l  be  documented .  

I . 1 . 1 1  Sampl ing  error SE  

The measured  SAR d istribu tion  i s  estimated  from  the  d i rect sampl i ng  of the  fi el d  at  a  set of 
d iscrete  poin ts.  I f the  sampl i ng  resolu tion  is  coarse  compared  to  the  grad ien ts  of the  i nduced  
SAR d istribu tion ,  the  peak spatia l -average  may be  i naccurate.   

The  evaluation  of th is  uncertain ty may be  combined  wi th  the  evaluation  of the  uncertain ty of 
reconstruction  a l gori thms.  

The  uncertain ty is  evaluated  us ing  a  set of numerical l y generated  vector fie l d  reference  
d istribu tions  covering  the  performance requ i rements  of Annex D  (e. g . ,  generated  us ing  the  
formu lation  i n  Annex H . 5).   

Move each  reference function  over several  poin ts  i n  X and  Y d i rections  surround ing  the  
reference l ocation .  The  poin ts  are  defined  for a  1  mm  resolu tion  wi th  respect to  the  cen ter 
poin t  (A0  for flat phantoms,  E  for head  phan toms),  extend ing  hal f of the  sensor resolu tion  i n  
both  d i rections.  The  values  are  evaluated  at the  sampl ing  resolu tion  of the  SAR measurement 
equ ipment.  The  va lues  are  i nput to  the  SAR system  software  wh ich  computes  the  peak-spatia l  
average  SAR us ing  the  reconstruction  al gori thms as  i f they were  actual l y measured .  The  
resu l ting  1  g  and  1 0  g  SAR va lues  are  compared  wi th  reference  SAR values.  Record  the  
maximum  deviation  of the  SAR value  from  the  target.  A rectangu lar probabi l i ty d istribution  i s  
assumed .  
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The  assessed  to lerance  val i d  at  the  sensor location  needs  to  be  trans lated  to  the  uncerta in ty 
for the  peak spatia l  SAR and  fi l led  i n to  Table  2 .  The  trans lation  i s  a  function  of the  actual  
implemented  3D  reconstruction  and  can  on l y be  performed  by the  manufacturer.  Al l  s teps  
shal l  be  documented .  

I . 1 . 1 2  Array boundaries  AB  

I n  add i ti on  to  SAR errors  due  to  the  spatial  resolu tion  and  the  locations  of the  sensors,  there  
are  errors  at the  boundary of the  measurement area  due  to  truncation  of the  fie ld  and  
extrapolation  of the  fi e l d  d istribu tion  beyond  the  measurement area.   

The  evaluation  of th is  uncertain ty can  be  combined  wi th  the  evaluation  of the  uncertain ty of 
reconstruction  a l gori thms.  

The  uncerta in ty is  evaluated  us ing  a  set of numerical l y generated  vector fie l d  reference  
d istribu tions  covering  the  performance requ irements  of Annex D  (e. g . ,  generated  us ing  the  
formu lation  i n  Annex H .5).  The  reference  d istribu tions  are  appl i ed  close  to  the  boundary of the  
measurement area.  I f the  measurement system  provides  warn ings  or error messages  to  the  
user abou t the  measurement error at l ocations  near the  boundary,  the  evaluation  shal l  be  
performed  i ns ide  of these  l ocations.  Compare  the  resu l ti ng  1 -gram  and  1 0-gram  average  SAR 
wi th  the  target values.  The  reference  d istributions  shal l  be  appl i ed  at the  boundaries  of the  
appl icable  measurement reg ion  defined  by the  manufacturer.  The  software  shal l  clearl y defi ne  
the  measurement reg ion  such  that measurements  ou ts ide  th is  reg ion  provide  warn ings  to  the  
user.  For each  edge  and  each  corner of the  measurement reg ion ,  the  reference function  shal l  
be  appl i ed  for the  g iven  poin t  and  other poin ts  toward  the  centre  of the  measurement reg ion ,  
i n  steps  accord ing  to  the  sensor resolu tion .  The  maximum  deviation  for a l l  cases  shal l  be  
recorded .  A rectangu lar probabi l i ty d istribu tion  is  assumed .   

The  assessed  to lerance  val i d  at  the  sensor location  needs  to  be  trans lated  to  the  uncerta in ty 
for the  peak spatia l  SAR and  fi l led  i n to  Table  2 .  The  trans lation  i s  a  function  of the  actual  
implemented  3D  reconstruction  and  can  on l y be  performed  by the  manufacturer.  Al l  s teps  
shal l  be  documented .  

I . 1 . 1 3  Phantom  shel l  PS  

The evaluation  of th is  uncertain ty contribu tion  shal l  be  made on  the  fl at phantom .  Th is  
uncerta in ty contribu tion  can  be  evaluated  wi th  a  Type A approach ,  us ing  numerica l  reference  
fie ld  d istribu tions,  as  fo l l ows:  

i )  For each  numerica l  fi e ld  d istribution ,  the  peak spatia l -average SAR is  computed  wi th  the  
phantom  shel l  having  a  target th ickness  as  defined  by the  standard ,  and  a  target  
perm i ttivi ty and  conductivi ty as  evaluated  by the  system  manufacturer,  complying  wi th  the  
requ i rements  of th is  PAS.  For each  s imu lation  i ,  the  peak spatia l -average SAR ref, i  i s  then  
obtained .  

i i )  The  known  tolerances  on  th ickness,  perm i tti vi ty and  conductivi ty are  used  to  generate  J  
s imu lation  models  ( j  =  1  to  J )  wi th  mod i fied  phantoms.  

i i i )  For each  reference exposure  cond i ti on  i and  mod i fied  phantom  model  j,  the  fie ld  
d istribu tion  i s  compu ted  us ing  I EC/IEEE  62704-1  compl iant software.  From  the  obtained  
resu l ts,  the  fie ld  i s  sampled  at the  system  probe or probe-array l ocations  and  a long  the  
appropriate  polari zations,  prior to  appl ying  reconstruction  a lgori thms.  SAR averag ing  is  
appl ied  on  the  reconstructed  fi e lds  to  ca lcu late  the  peak spatial -average SAR,  SAR i , j ,  for 
each  (i  , j)  couple.  

i v)  For each  reference exposure  cond i ti on  i,  the  re lative  deviation  i s  then  calcu lated  as  
(SAR i , j -SAR ref, i ) / SARref, i .  

v)  The  uncertain ty i s  estimated  as  the  RMS value  on  the  I  ×  J  cases,  wi th  a  ( I  ×  3)  – 1  degree  
of freedom.  Normal  d istribu tion  i s  assumed .  

The  assessed  to lerance  val i d  at  the  sensor location  needs  to  be  trans lated  to  the  uncertain ty 
for the  peak spatia l  SAR and  fi l led  i n to  Table  2 .  The  trans lation  i s  a  function  of the  actual  



 – 1 06  – I EC PAS  631 51 :201 8  © I EC  201 8  

implemented  3D  reconstruction  and  can  on l y be  performed  by the  manufacturer.  Al l  s teps  
shal l  be  documented .  

I . 1 . 1 4 Tissue-equ ivalent material  parameters  MAT 

I . 1 . 1 4. 1  In troduction  

Detai ls  of d ie lectric parameter test methods  are  g iven  in  Annex J  of I EC 62209-1 : 201 6,  and  
uncertain ty estimation  methods  are  g iven  in  I SO/IEC Gu ide  98-1 .  I n  th is  PAS,  the  same 
procedures  and  concepts  as  defined  by I EC  62209-1  and  I EC  62209-2  apply.  However,  the  
ti ssue-s imu lating  materia l  perm i tti vi ty and  conductivi ty may be  parameters  of the  processing  
a lgori thms  and  therefore  i n fl uence the  calcu lations  in  a  way wh ich  i s  speci fic  to  each  
process ing  approach .  As  a  consequence,  the  system  manufacturer shal l  demonstrate  a  proper 
evaluation  of sensi ti vi ty coefficien ts  re lati ng  to  to lerances  on  tissue-equ ivalen t parameters .   

I . 1 . 1 4.2  Material  densi ty 

IEC 62209-1  and  I EC 62209-2  appl y.  

The  assessed  to lerance  val i d  at  the  sensor location  needs  to  be  trans lated  to  the  uncerta in ty 
for the  peak spatia l  SAR and  fi l led  i n to  Table  2 .  The  trans lation  i s  a  function  of the  actual  
implemented  3D  reconstruction  and  can  on l y be  performed  by the  manufacturer.  Al l  s teps  
shal l  be  documented .  

I . 1 . 1 4.3  Material  conductivi ty  

The uncerta in ty due  to  the  material  conductivi ty arises  from  two d i fferent  sources.  The  fi rst  
source  of uncertain ty is  the  a l l owable  to lerance  from  the  Table  A. 3  target value  and  the  
second  an tenna  of uncertain ty arises  from  the  measurement procedures  used  to  assess  
conductivi ty.  The  uncertain ty shal l  be  estimated  using  a  normal  probabi l i ty.  Tissue  equ iva len t 
materia ls  sha l l  yie l d  conductivi ty va lues  wi th in  ±  1 0  %  of the  target values  at the  frequencies  
at wh ich  the  SAR is  measured .  Clause  I . 4. 1  sha l l  be  used  to  correct the  measured  SAR for 
the  deviations  i n  conductivi ty.  

The  assessed  to lerance  val i d  at  the  sensor location  needs  to  be  translated  to  the  uncertain ty 
for the  peak spatia l  SAR and  fi l led  i n to  Table  2 .  The  trans lation  i s  a  function  of the  actual  
implemented  3D  reconstruction  and  can  on l y be  performed  by the  manufacturer.  Al l  s teps  
shal l  be  documented .  

I . 1 . 1 4.4  Material  permittivi ty  

The uncertain ty due  to  the  material  re lati ve  perm i tti vi ty arises  from  two d i fferen t sources.  The  
fi rst source  of uncertain ty i s  the  al l owable  to lerance from  the  Table  A. 3  target value  and  the 
second  an tenna  of uncertain ty arises  from  the  measurement procedures  used  to  assess  
re lati ve  perm i tti vi ty.  The  uncertain ty shal l  be  estimated  using  a  normal  probabi l i ty ( I . 4. 1 ) .  
Tissue  equ ivalen t materia ls  shal l  yi e l d  relative  perm i tti vi ty values  wi th in  ±  1 0  %  of the  target  
values  at  the  frequencies  at  wh ich  the  SAR is  measured .  C lause  I . 4 . 1  shal l  be  used  to  correct  
the  measured  SAR for the  deviations  i n  perm i ttivi ty.  

The  assessed  to lerance  val i d  at  the  sensor location  needs  to  be  trans lated  to  the  uncerta in ty 
for the  peak spatia l  SAR and  fi l led  i n to  Table  2 .  The  trans lation  i s  a  function  of the  actual  
implemented  3D  reconstruction  and  can  on l y be  performed  by the  manufacturer.  Al l  s teps  
shal l  be  documented .  

I . 1 . 1 4.5  Material  temperature   

The measurements  of both  SAR and  tissue  d ie lectric parameters  shal l  be  carried  ou t at  an  
ambien t temperature  between  1 8  °C  and  25  °C  i nclusivel y.  These  two  measured  temperatures  
must not d i ffer by more  than  2  °C.  The  fol lowing  evaluation  shal l  be  conducted  for each  recipe  
to  determ ine  the  uncertain ty caused  by the  temperature  uncerta in ty.  Th is  evaluation  is  
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typical l y done  on l y once  per recipe  at the  frequencies  of i n terest.  Th is  evaluation  shal l  be  
performed  for every new or mod i fications  to  a  recipe.   

Measurements  of the  d ie lectric parameters  at materia l  temperatures  Tl ow =  1 8  °C  and  
Th i gh  =  25  °C  shal l  be  computed  accord ing  to  the  equations  ( I . 1 ) :  
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where;  

ε_temp_materia l uncertai n ty   i s  the  temperature  uncertain ty for the  materia l  perm i ttivi ty i n  
percent;  

σ_temp_materia luncertai n ty   i s  the  temperature  uncerta in ty for the  materia l  conductivi ty i n  
percent;  

εr(Th igh)  i s  the  re lative  perm i tti vi ty at temperature  Th igh ;  

εr(Tl ow)  i s  the  re lati ve  perm i ttivi ty at temperature  Tl ow;  

σ(Th igh)  i s  the  conductivi ty at temperature  Th igh ;  

σ(Tl ow)  i s  the  conductivi ty at temperature  Tl ow;  

Th i gh  i s  the  h ighest temperature  i n  °C  at wh ich  the  d ie lectric parameters  
were  measured ;  

Tl ow  i s  the  l owest  temperature  in  °C  at wh ich  the  d ie lectric parameters  
were  measured .  

These  equations  can  be  used  to  derive  the  temperature  uncertain ty for the  particu lar materia l .  
The  uncertain ty of the  measurements  of Tl ow  and  Th igh  sha l l  be  less  than  0 , 1  °C.  Note  that 
±  1  °C  to lerance  is  appl icable  on l y for th is  uncertain ty evaluation .  They do  not affect the  
temperature  requ i rements  during  testing .  

The  values  of ε_temp_materia luncertain ty  and  σ_temp_material uncertai n ty  are  en tered  in to  
column  c of the  appropriate  rows  i n  Table  2 .  A rectangu lar probabi l i ty d i stribution  has  been  
assumed  for the  materia l  temperature  uncertain ty i n  Table  2 .  The  sensi ti vi ty coefficients  for 
the  materia l  temperature  uncertain ty are  cσ  for conductivi ty and  cε  for perm i tti vi ty.  They are  
calcu lated  us ing  the  procedure  described  i n  I . 2 . 6. 1 .   

The  assessed  to lerance  va l i d  at  the  sensor location  needs  to  be  trans lated  to  the  uncertain ty 
for the  peak spatia l  SAR and  fi l l ed  i n to  Table  2 .  The  translation  is  a  function  of the  actual  
implemented  3D  reconstruction  and  can  on l y be  performed  by the  manufacturer.  Al l  s teps  
shal l  be  documented .  

I . 1 . 1 4.6  Spatial  variation  in  tissue equ ivalent material  parameters  

The d ie lectric parameters  of the  tissue-s imu lating  materia l  can  vary spatia l l y.  The  spatia l  
variation  i n  the  d ie lectric parameters  can  be  assessed  on  a  production  sample  of the  materia l  
by making  d ie lectric  parameter measurements  at  mu l ti ple  reg ions  (at l east 1 0)  i n  a  d ie lectric  
sample  across  the  frequency range  of i n terest.  Th is  evaluation  shal l  be  performed  after a  
period  correspond ing  to  the  m in imum  maintenance  period  recommended  by the  manufacturer.  
The  methods  of Annex J  i n  I EC 62209-1 : 201 6  can  be  used  to  measure  the  d ie lectric  
parameters,  i f appropriate.  The  d ie lectric measurement methods  shal l  be  appropriate  to  the  
materia l  being  tested .  The  uncerta in ty term  is  ca lcu lated  from  the  h i ghest  percen t d i fference  
i n  each  of the  perm i tti vi ty and  conductivi ty from  the  average  value,  and  a  rectangu lar 
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d istribu tion  i s  assumed.  Th is  uncerta in ty term  is  on l y taken  in to  account i n  the  uncertain ty 
budget i f l arger than  the  respective  perm itti vi ty and  conductivi ty measurement uncertain ties.   

The  assessed  to lerance  val i d  at  the  sensor location  needs  to  be  trans lated  to  the  uncerta in ty 
for the  peak spatia l  SAR and  fi l led  i n to  Table  2 .  The  trans lation  i s  a  function  of the  actual  
implemented  3D  reconstruction  and  can  on l y be  performed  by the  manufacturer.  Al l  s teps  
shal l  be  documented .  

I . 1 . 1 5  Phantom  Homogeneity HOM 

A conservative  exposure  assessment had  been  determ ined  and  va l i dated  for the  defined  
phantom  shel l  homogeneousl y fi l l ed  wi th  the  speci fied  tissue  s imu lating  materia l  to  a  depth  of 
1 50  mm.  I n  case  of array systems,  a  s ign i ficant proportion  of the  head  i s  fi l l ed  wi th  l ow loss  
d ie lectric and/or conductive  materials .  The  med ium  depth  may a lso  deviate  from  1 50  mm .  The 
uncerta in ty wi th  respect to  the  speci fi ed  homogeneous  phan toms as  defined  i n  Annex A shal l  
be  determ ined  by numerical  s imu lations  comparing  the  homogeneous  phan tom  wi th  the  
phys ical  head  includ ing  the  array.  The  worst-case  effect on  the  peak spatia l  SAR shal l  be  
determ ined  by p lane  wave an tennas  or d ipoles  at  d istances  to  the  phantom  shel l  l arger than  
50  mm  and  d i fferen t i ncident ang les  and  polari zations  and  considered  as  rectangu lar 
d istribu tion .   

Th is  uncertain ty contribution  is  correlated  wi th  MSC,  AS and  ISO  components  and  may be  
evaluated  in  con j unction  wi th  these  three  contribu tions  by using  the  approach  used  in  I . 1 . 6.  

The  assessed  to lerance  val i d  at  the  sensor location  needs  to  be  translated  to  the  uncertain ty 
for the  peak spatia l  SAR and  fi l led  i n to  Table  2 .  The  trans lation  i s  a  function  of the  actual  
implemented  3D  reconstruction  and  can  on l y be  performed  by the  manufacturer.  Al l  s teps  
shal l  be  documented .  

I .2  Uncertainty of post-processing  algori thms  

I . 2 . 1  In troduction  

This  subclause  describes  the  estimation  of the  uncertain ty resu l ti ng  from  the  post-processing  
of the  d iscrete  measured  data  to  determ ine  the  1  g  and  1 0  g  peak spatia l -average SAR,  i . e . ,  
the  combined  uncertain ty of i n terpolation ,  extrapolation ,  averag ing  and  maximum  find ing  
a lgori thms.  The  developed  uncertain ty concept assumes  that there  are  no  errors  i n  l ocation  of 
the  grid  poin ts:  probe  and  probe-array pos i ti on ing  and  measurement uncertain ties  are  not 
i ncl uded .  

Th is  uncertain ty i s  evaluated  by appl ying  the  post-process ing  al gori thms,  i nclud ing  
reconstruction  and  averag ing ,  to  the  anal yti cal  reference e lectromagnetic  fi e ld  d is tributions  as  
i n troduced  in  Annex H .  Th is  uncertain ty i s  then  obta ined  from  evaluating  the  re lati ve  
d i fference  from  the  obtained  peak spatia l -average  SAR to  defined  targets .  

I . 2.2  Evaluation  of uncertain ty due  to  reconstruction  REC 

This  subclause  describes  the  method  to  evaluate  the  uncerta in ty con tribu tion  due  to  
reconstruction  a l gori thms,  exclud ing  peak spatia l  SAR averag ing .  The  fol l owing  procedure  
shal l  be  appl i ed :  

i )  Sample  reference analytical  fie l d  d is tribu tions  provided  wi th  th is  PAS at grid  poin ts  and  
us ing  polarizations  correspond ing  to  the  measurement scan  performed  by the  actual  
system .  

i i )  Process  the  sampled  data  by u ti l i zing  system  reconstruction  and  peak spatia l -averag ing  
a lgori thms.   
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i i i )  For each  d istribu tion ,  compute  the  relati ve  d i fference between  the  peak spatia l -average 
SAR obtained  i n  s tep  ( i i )  to  the  reference SAR targets  for the  provided  anal yti cal  
functions.  

The  uncertain ty i s  obta ined  as  the  RMS of the  va lues  obtained  in  s tep  ( i i i )  for a l l  the  
appropriate  d istributions.  Normal  d istribu tion  and  a  degree  of freedom  of N  – 1  are  assumed ,  
N  be ing  the  number of cons idered  anal ytical  reference  functions.  

Th is  approach  natura l l y takes  in to  account the  actual  sampl i ng  and  truncation  of the  fi e l ds  
resu l ting  from  measurement system  implementation .  I n  order to  ensure  a  complete  evaluation  
for sampl i ng  and  array boundaries  uncerta in ties,  the  set of reference vector fie ld  d istributions  
at a  fl at  phan tom  shal l  i ncl ude:  ( i )  reference  vector fie l d  d is tribu tions  trans lated  by ha l f of the  
scan  grid  resolu tion  (ha l f of probe-to-probe d istance  i n  the  case  of an  array)  at l east a long  two  
axes  in  both  pos i ti ve  and  negative  d i rections  (4  trans lations  per fi e l d  d is tribu tion);  ( i i )  
reference vector fie l d  d is tributions  trans lated  so  that the  expected  peak spat ia l  SAR is  l ocated  
at a l l  re levan t edges  of the  measurement area  as  recommended  by the  manufacturer (at l east  
4  translations  i f the  measurement area  i s  rectangu lar).  I f such  an  approach  is  taken  to  i nclude  
sampl i ng  and  truncation  effects ,  uncertain ty contribu tions  for sampl ing ,  array boundaries,  
reconstruction  a l gori thms  are  evaluated  i n  a  combined  fash ion  so  that on l y one  combined  
uncertain ty va lue  shal l  be  reported  in  Table  2 .  

I . 2.3  Impact of noise  on  in terpolation  and  extrapolation  POL  

Th is  i s  the  i n fl uence of s ignal  noise  on  the  accuracy of the  measurement.  The  impact of 
measurement noise  be ing  fed  i n to  process ing  al gori thms can  be  estimated  by the  fol lowing  
procedure:  

i )  Add  wh i te  Gauss ian  noise  to  reference  3-D  vector fie ld  d is tribu tions  and  create  X noisy 
sets  for each  i n i tia l  cond i tion .  The  standard  deviation  of the  noise  on  the  ampl i tude  and  
phase  data  shal l  be  a l i gned  wi th  the  actual  system  measurement noise.  

i i )  Sample  noisy fi el d  d is tribu tions  of the  set at grid  poin ts  and  using  polari zations  
correspond ing  to  the  measurement scan  performed  by the  actual  system .  

i i i )  Process  the  sampled  data  by u ti l i zi ng  system  i n terpolation ,  extrapolation ,  and  i n tegration  
a lgori thms as  i f they were  actual l y measured .  

i v)  For each  d istribu tion  affected  wi th  noise,  ca lcu late  the  relative  standard  deviation  of the  
peak spatia l -average  SAR.   

v)  For each  phantom  and  frequency,  the  uncertain ty is  estimated  as  the  RMS of the  values  
obtained  in  s tep  ( i v)  for a l l  the  appropriate  d istribu tions  affected  by noise.  Normal  
d istribu tion  is  assumed .  A degree  of freedom  of N -1  i s  assumed ,  supposing  N  in i tia l  
no iseless  d istributions  are  involved  at  a  g i ven  frequency.  The  maximum  uncertain ty across  
the  appl icable  frequency range  and  used  phan toms  shal l  be  reported .  

I . 2.4  SAR Averag ing  SAV 

Uncertain ty due  to  SAR averag ing  shal l  be  evaluated  based  on  test  functions  as  defined  in  
Clause  7. 2. 1 0. 2  of I EC 62209-1 : 201 6.  

I . 2.5  SAR scal ing  SARS  

The same procedure  as  described  by I EC 62209-1  and  I EC 62209-2  appl ies.  

I . 2.6  SAR correction  for deviations  in  permittivi ty and  conductivi ty SC 

I . 2 . 6. 1  Assessment  of ti ssue-equivalent material  d ielectric  parameter measurement  
uncertainties   

The measurement procedures  described  i n  Annex J  of I EC  62209-1 : 201 6  use  vector network 
anal ysers  for d ie lectric property measurements.  Network anal ysers  requ i re  cal ibration  i n  order 
to  accoun t for and  remove  inheren t l osses  and  reflections.  The  uncerta in ty budget for 
d ie lectric measurement derives  from  i naccuracies  i n  the  cal i bration  data,  anal yser d ri ft,  and  



 – 1 1 0  – I EC PAS  631 51 :201 8  © I EC  201 8  

random  errors .  Other sources  of errors  are  the  uncertain ties  of the  sample  holder hardware,  
and  deviations  from  the  optimal  d imensions  for the  speci fied  frequencies,  and  sample  
properties.  Th is  appl ies  regard less  of the  type  of sample  holder and  the  nature  of the  
scattering  parameters  being  measured .  Uncertain ties  due  to  the  s tra ight- l i ne  fi t  i n  the  s lotted -
l ine  method  can  be  evaluated  us ing  a  l east-squares  anal ys is .   

I n  Table  2  to  Table  5,  the  sens i ti vi ty coefficien ts  ci  i n  columns  f and  g  for the  measurement 
uncertain ties  of the  conductivi ty and  perm itti vi ty of tissue-equ ivalen t materia ls  are  needed .  
These  sens i ti vi ty coefficien ts  shal l  be  determ ined  for each  speci fic process ing  techn ique  used  
by the  system .  I n  setting  up  the  parameters  of the  a lgori thms,  target values  shal l  be  assumed  
for the  d ielectric properties.  The  sens i ti vi ty coefficien ts  are  then  obta ined  numerical l y us ing  
the  fol l owing  procedure:  

i )  Ca lcu late  the  peak spatia l -average  SAR on  reference numerica l  vector fi e ld  d is tributions  
representing  various  exposure  cond i ti ons  and  obtained  wi th  ti ssue-equ ivalen t material  
parameters  set as  target va lues.  The  same sampl i ng  grid  and  process ing  a lgori thms shal l  
be  as  i n  the  actual  system .  

i i )  Calcu late  the  peak spatia l -average SAR on  a  mod i fied  set of reference d i stributions  based  
on  the  same cond i tions  as  i n  step  ( i )  bu t  wi th  d ie lectric parameters  varied  to  mesh  the  
space of to lerances  on  perm i tti vi ty and  conductivi ty,  e. g . ,  a l l  the  couples  composed  of 
target perm i tti vi ty and  conductivi ty ±  2  % .  I n  th is  step,  the  reference fi e ld  d istribu tions  are  
actual l y mod i fied  due  to  deviations  of perm i ttivi ty and  conductivi ty va lues  from  targets.  
However,  the  process ing  a l gori thms  are  supposed  not to  have  the  in formation  on  th is  
deviation  and  hence  are  configured  to  operate  wi th  d ie lectric  parameters  set as  targets.  

i i i )  Calcu late  the  relati ve  d i fferences  DSAR  i n  peak spatia l -average SAR va lues  determ ined  in  
step  ( i i )  wi th  respect to  peak spatia l -average  SAR determ ined  in  s tep  ( i )  for each  
cond i tion .  

i v)  For each  frequency,  ca lcu late  the  s lopes  of best-fi t  l i near regressions  re lating  DSAR 
expressed  i n  percent to  Dεr′  and  Dσ  expressed  in  percent.  These  s lopes  are  respectivel y 
the  sens i ti vi ty coefficien ts  on  perm i ttivi ty and  conductivi ty measurement to lerances.  

The  l argest sens i ti vi ty coefficien ts  over the  cons idered  frequency range  shal l  be  entered  i n to  
Table  2  to  Table  5.  

I . 2 .6.2  SAR correction  formula  for deviation  from  d ielectric  target  values  

The determ ination  of SAR correction  for the  deviation  of d ie lectric  properties  from  target  
values  shal l  be  determ ined  for each  speci fic process ing  techn ique  used  by the  system .  I n  
setting  up  the  parameters  of the  algori thms,  d ie lectric properties  actual l y measured  for the  
tissue-equ ivalent materia l  used  in  the  system  shal l  be  assumed .  The  corrections  and  their 
uncerta in ty are  obta ined  numerica l l y us ing  the  fol lowi ng  procedure:  

i )  Calcu late  the  peak spatia l -average SAR on  the  reference  numerical  vector fi e ld  
d istribu tions  representing  various  exposure  cond i tions  and  obtained  wi th  tissue-equ iva len t 
materia l  parameters  set as  target values.  The  same sampl i ng  g rid  and  process ing  
a lgori thms  as  i n  the  actual  system  shal l  be  used .  

i i )  Calcu late  the  peak spatia l -average SAR on  a  mod i fied  set of reference d i stributions  based  
on  the  same cond i tions  as  i n  step  ( i )  bu t wi th  d ie lectric parameters  set as  target d ie lectric  
properties  ±1 0%.  I n  th is  step,  the  reference fi e l d  d istribu tions  are  actual l y mod i fied  due  to  
deviations  of perm i tti vi ty and  conductivi ty values  from  targets.  The  processing  a lgori thms 
are  supposed  to  be  fed  wi th  the  i n formation  on  th is  deviation  and  hence are  set to  operate  
wi th  d ie lectric  parameters  correspond ing  to  the  measured  va lues.  

i i i )  Calcu late  the  relative  d i fferences  DSAR  i n  peak spatia l -average SAR values  determ ined  in  
step  ( i i )  wi th  respect to  peak spatia l -average  SAR determ ined  in  s tep  ( i )  for each  
cond i ti on .  

i v)  For each  frequency f,  ca lcu late  the  s lopes  of best-fi t  l i near regress ions  re lating  DSAR  
expressed  i n  percent to  Dεr′  and  Dσ  expressed  in  percent.  These  s lopes  are  respective l y 
the  sens i ti vi ty coefficien ts  cε  and  cσ  on  known  deviations  from  perm i ttivi ty and  conductivi ty 
targets.  
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v)  For each  frequency f,  the  correction  coefficien t i s  obtained  as  -cε  ×  Dε r′  – cσ×Dσ.  The  
correction  uncerta in ty i s  obtained  as  the  RMS value  of relati ve  res iduals  (re lati ve 
d i fferences  between  the  SAR calcu lated  at s tep  ( i i )  wi th  appl i ed  correction  for each  
re levant  cond i ti on  wi th  respect to  the  SAR ca lcu lated  at  step  ( i )) .  

The  l argest uncertain ty value  over the  considered  frequency range  shal l  be  entered  i n to  
Tables  2  to  5,  wi th  a  normal  probabi l i ty d istribu tion  assumed .  A degree  of freedom  of N -1  i s  
assumed ,  supposing  N  d istributions  are  involved  at a  g i ven  frequency.   

I .3  Measuring  system  errors  which  are dependent on  the DUT 

I . 3. 1  In troduction  

These  errors  i nclude  those  relating  to  device  posi tion ,  separation  d is tance  to  phantom ,  
frequency,  s ignal  modu lation ,  form  factor,  number and  type  of the  antenna/s  and  
backscatter/mutual  coupl i ng  between  the  an tenna  and  the  sensor array.  The  correspond ing  
standard  may i nclude  a  Type  A uncertain ty anal ysis  based  on  measurements  of a  set of 
an tennas  whose re levance is  clearl y demonstrated .  To  l im i t  the  i n fl uence  of systematic errors  
on  the  uncertain ty,  the  uncertain ty of the  accepted  power shal l  be  no  l arger than  1 0  %  of the  
tota l  uncertain ty of the  target va lue  of the  an tenna.   

I . 3.2  Probe or probe-array coupl ing  wi th  the  DUT PAC 

The probe  or probe-array partl y scatters  the  imping ing  power rad iated  by the  DUT and  
transm itted  i n to  the  phantom .  Th is  scattering  phenomenon  resu l ts  i n  two d i fferent types  of 
measurement uncertain ty components :  ( i )  the  boundary effect,  wh ich  re lates  to  the  part of the  
power wh ich  i s  back-scattered  by the  probe or probe-array to  the  i n terface,  then  back-
scattered  again  at the  impedance transi ti on  between  ti ssue-materia l  and  shel l -a i r i n terface;  
( i i )  the  mod i fication  of the  DUT load ing  wh ich  causes  a  reaction  of the  power ampl i fi er that 
may ad j ust  i ts  ou tput power.   

The  boundary effect i s  addressed  i n  Annex I . 1 . 7 .  Th is  C lause  appl ies  to  the  second  type  of 
impact re lati ng  to  a  mod i fication  of the  DUT behaviour.  The  fol l owing  procedure  shal l  be  
appl ied :  

i )  Connect va l i dation  antenna  or a  set of reference  an tennas  to  port 1  of a  VNA us ing  RF  
coaxia l  cable .  

i i )  Measure  the  magn i tude  of S1 1  of the  an tennas  at  the  appl icable  phan toms  i n  the  
appl icable  frequency range.  I n  th is  step,  the  phantoms  con ta in  no  probe or probe-array.  
The  an tennas  are  posi ti oned  at each  phan tom  in  agreement wi th  posi tions  defined  for the  
val i dation  or at  a  re levant set of test  pos i tions.  

i i i )  Measure  the  magn i tude  of S1 1  of the  an tennas  i n  the  same cond i tions  wi th  the  phan toms 
con tain ing  the  probe or probe-array.  

i v)  For each  an tenna  and  test pos i tion ,  compute   

 Power_mismatch  =  | 1 -[1 - |S1 1 _wi th_probe | ²] /[1 - |S1 1 _wi thout_probe | ² ] |   ( I . 2)  

v)  For each  phantom ,  compute  the  relati ve  s tandard  deviation  of the  Power_mismatch  across  
appl icable  test cond i tions.  

vi )  Report the  maximum  between  s tandard  deviations  calcu lated  at (v)  as  the  SAR 
measurement uncerta in ty contribution  wi th  assumed  normal  d istribu tion .  

The  reported  uncertain ty fo l lowing  th is  approach  wi l l  overestimate  the  actual  uncertain ty.  
I ndeed ,  power ampl i fi ers  of modern  DUT are  usual l y designed  to  compensate  for d i fferent 
l oad ings  such  that  the  PA wi l l  usual l y appl y more  power when  i ts  ou tput  impedance gets  away 
from  the  optimal  l oad-pu l l  zone  and  less  power when  the  match ing  i s  better.  Th is  i s  a l l  the  
more  true  i f the  DUT uses  d ynam ic antenna  tun ing .  
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I . 3.3  Modulation  Response  MOD  

The  fo l lowing  uncertain ty can  be  determ ined  by us ing  any antenna  (e. g . ,  d ipole)  or open-
ended  wavegu ide  as  a  source  wi th  a  setup  equal  or equ ivalent to  a  setup  used  for system  
veri fication .  The  s i gnal  generation  setup  shal l  s imu late  the  modu lation  for wh ich  the  
uncertain ty i s  determ ined  accord ing  to  the  speci fication  of the  commun ication  system  
standard .  For a  system  wi th  one  or several  probes,  the  power shal l  be  i ncreased  such  that a  
range  of 0 , 1  W/kg  l ocal  SAR or less  to  1 0  W/kg  or more  i s  assessed  by steps  of 5  dB.  At  each  
power l evel ,  the  SAR shal l  be  measured  wi th  the  modu lated  s i gnal  and  wi th  CW at the  same 
rms  power (veri fication  that the  power meter i s  a  true  rms  detector and  that the  ampl i fier i s  
su fficientl y l i near for the  en ti re  d ynam ic of the  s i gnal  i s  requ ired ).   

Equation  ( I . 3)  can  be  used  to  derive  the  modu lation  uncertain ty for the  particu lar 
modu lation  X.  
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where  

SAR_mod  Xuncertain ty   i s  the  uncertain ty for the  particu lar modu lation  X i n  percent;  

SAR(Pi )mod  Xi  i s  the  SAR measured  wi th  the  modu lated  s i gnal  at  a  mean  power;  

SAR(Pi )CWi  i s  the  SAR measured  wi th  CW at the  same mean  power.  

The  SAR uncertain ty i s  determ ined  as  the  maximum  of a l l  SAR_modX at  each  step.  A 
rectangu lar probabi l i ty d i stribution  is  assumed  for probe  modu lation  response uncerta in ty.  

I . 3.4  Integration  time  IT 

Probe i n tegration-time uncertain ties  may arise  when  test devices  do  not em i t  a  conti nuous  
s i gnal .  When  the  i n tegration  time and  d iscrete  sampl i ng  i n tervals  used  in  the  probe  
e lectron ics  are  not  synchron ized  wi th  the  pu lsed  characteristics  of the  measured  s i gnal ,  the  
RF  energy at each  measurement l ocation  may not be  fu l l y or correctl y captured .  Th is  
uncertain ty shal l  be  evaluated  accord ing  to  the  s i gnal  characteristics  of the  test device  prior to  
the  SAR measurement.  

The  probe in tegration  time shal l  be  determ ined  from  SAR measurements  us ing  a  s table  
an tenna  wi th  the  same signal  characteristics  and  the  same probe type  that i s  used  for DUT 
measurements .  Measurements  at a  s ing le  poin t (where  the  SAR is  at  least 1  W/kg)  sha l l  be  
made consecu tivel y us ing  the  chosen  in tegration  time  and  progressively l arger i n tegration  
times.  Double  the  i n tegration  time  for each  consecutive  measurement un ti l  the  l ast and  next to  
l ast measurements  are  wi th in  0 , 1  dB  of each  other.  Each  measurement at a  g iven  in tegration  
time shal l  be  repeated  several  times  to  veri fy that the  measurement resu l t  i s  stable,  and  the  
average  SAR of the  repeat measurements  shal l  be  used  for that i n tegration  time.  The  probe  
i n tegration  time  uncertain ty is  the  percent d i fference between  the  average  SAR at the  chosen  
i n tegration  time and  the  RMS value  at  the  l ast measurement step  when  growing  the  
i n tegration  time.  A rectangu lar probabi l i ty i s  assumed .  

I . 3.5  Measurement system  dri ft  and  noise DN 

This  subclause  describes  three  uncertain ty terms:  

a)  Noise  i n  the  SAR measurement system .  Th is  i s  typ ical l y due  to  component noise.  

b)  Short-term  dri fts  (e . g . ,  over a  period  of m inutes  or hours) .  Th is  i s  due  to  equ ipment 
heating ,  e lectromagnetic  i n terference  or changes  i n  ambient cond i tions.  

c)  Long-term  d ri fts  (over the  cal ibration  period).  Th is  may be  caused  by ampl i fier stabi l i ty,  
changes  in  the  d ie lectric  parameters  of the  med ium  and  component d ri ft.  
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Uncertain ty due  to  d ri ft and  noise  i s  evaluated  from  trend  anal ys is  of the  SAR measurement  
taken  at  several  times  on  a  measurement system  as  shown  i n  F igure  I . 1 .  They are  evaluated  
separatel y and  combined  as  the  root-sum-squared  of the  uncertain ties  assum ing  that they are  
statistical l y i ndependent.  Use  a  d ipole  an tenna  as  an  antenna,  fed  wi th  a  CW signal  ( to  avoid  
modu lation  uncertain ty)  having  an  i npu t power correspond ing  to  a  1  g  peak spatia l -average  
SAR l evel  of 1  W/kg .  For the  short-term  dri ft,  record  the  1  g  and  1 0  g  peak spatia l -average 
SAR at d i fferen t t imes  from  in i tia l  power up  of the  SAR measurement system  (after 
manufacturer-recommended  warm-up  time)  and  con tinu ing  as  often  as  possib le  (defined  by 
the  measurement speed)  for a  period  of 8  hours.  Use  the  fastest s table  scan  rate  of the  
system  for these  measurements .  Use  a  sufficien tl y l ong  in tegration  time such  that the 
i n tegration  time uncertain ty i s  neg l ig ib le  for these  tests .  

Compute  the  moving  average.  The  averag ing  window s ize  shal l  be  chosen  such  that  the  
component noise  is  averaged  ou t bu t not the  i n fl uence of the  change  of ambien t cond i tions  
(e. g . ,  5  seconds) .  Record  the  maximum  deviation  between  the  resu l ti ng  poin ts .   

The  measurement system  dri ft  and  noise  uncertain ty i s  ca lcu lated  as  

 u2(drift  +  noise)  =  u2(drift)  +  u2(noise)  ( I . 4)  

  ( I . 5)  

The  l ong-term  dri ft  u ncertain ty is  evaluated  in  the  same way,  except that measurements  are  
conducted  over the  ca l ibration  period  (e. g . ,  1  year) .  

The  uncertain ty i s  assumed  to  have  a  rectangu lar d istribu tion .  

 

Figure I . 1  – I l lustration  of the  SAR measurements  during  8  hours   
and  the  centered  moving  average  
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I .4 DUT-related  errors  or val idation  antenna related  errors  and  environmental  
factors  

I . 4. 1  Device  holder DH 

I . 4. 1 . 1  General  

Some holders  may sti l l  affect the  an tenna,  so  the  uncerta in ty resu l ting  from  the  holder ( i . e .  the  
deviation  from  a  set-up  wi thout the  holder)  sha l l  be  estimated .  The  uncertain ty of the  device  
holder for testi ng  a  speci fic DUT shal l  be  estimated  accord ing  to  the  Type B  method  described  
below.  Al ternativel y,  the  Type  A method  described  below can  be  used  to  assess  the  
uncertain ty for a  group of wire less  devices  having  s im i l ar SAR characteristics  and  tested  wi th  
the  same device  holder.  

I . 4. 1 . 2  Device holder perturbation  uncertainty for a  specific  DUT:  Type  B  

The uncerta in ty for a  speci fic handset operati ng  in  a  speci fic device  holder shal l  be  estimated  
by perform ing  the  fo l lowing  two  tests  us ing  a  fl at  phantom :  

a)  assessment of the  1  g  or 1 0  g  peak spatia l -average SAR (SARw/ h o l d er)  by p lacing  the  device  
i n  the  holder i n  the  same way i t  wou ld  be  he ld  when  tested  next to  the  head ,  then  
pos i tion ing  the  handset i n  d i rect con tact wi th  a  fl at phan tom  (horizon tal  and  vertical  cen tre  
l ine  of the  handset paral le l  to  the  bottom  of the  flat phantom);  

b)  assessment of the  1  g  or 1 0  g  peak spatial -average SAR (SARw/o  h o l der)  by p lacing  the  
device  i n  the  same pos i tion  as  i n  a)  bu t held  i n  p l ace  us ing  foamed  pol ystyrene  or 
equ ivalent l ow- loss  and  non-reflecti ve  materia l  (perm i ttivi ty no  g reater than  1 , 2  and  loss  
tangent  no  g reater than  1 0 -5) .  

The  SAR uncertain ty to  be  used  is :  

  ( I . 6)  

where   

SARuncertai n ty  i s  the  uncerta in ty i n  percent;  

SARw/ holder   i s  the  SAR wi th  device  holder i n  W/kg ;  

SARw/o  holder  i s  the  SAR wi thou t device  holder i n  W/kg .  

Th is  uncertain ty has  an  assumed  rectangu lar probabi l i ty d is tribu tion  and  v i  =  ∞  degrees  of  

freedom .  

I . 4. 1 . 3  Device holder perturbation  uncertainty for a  specific  test  device:  Type  A 

The speci fic device  holder d is tu rbance uncertain ty data  evaluated  accord ing  to  the  Type  B  
method  described  above  for a  group  of handsets  wi th  the  same shape and  wi th  substantia l l y 
equ ivalent SAR d istribu tion  characteristics  shal l  be  stati stical l y compi led  and  appl ied  to  
selected  groups  of devices  tested  i n  the  same device  holder and  the  same configurations.  The  
statistical  procedures  shal l  i nclude  at l east s ix devices,  each  evaluated  accord ing  to  the  
Type  B  method  described  above.  As  more  handsets  having  s im i lar SAR characteristics  are  
evaluated  wi th  the  same  device  holder,  the  pertu rbation  error may be  included  in  a  Type  A 
uncerta in ty anal ysis  and  appl ied  to  fu ture  SAR evaluations  of s im i l ar device  and  holder 
configurations.  I ncreas ing  the  number of test devices  wi l l  i ncrease  the  degrees  of freedom  (v i )  
and  lower the  coverage  factor (kp) .  The  coverage factor (kp)  for such  cond i tions  shou ld  be  
determ ined  as  kp  =  tp  (νeff)  where  tp(νeff)  i s  the  coverage factor of the  t-d istribu tion ,  and  νeff  i s  
the  effective  number of degrees  of freedom  estimated  us ing  the  Welch-Satterthwai te  Formu la.  
The  effect of the  device  holder for N d i fferen t models  of handsets  i n  the  d i fferen t 
configurations  shal l  be  estimated  by perform ing  the  tests  accord ing  to  the  Type B  method  
described  above for each  model  (N shal l  be  at  l east 6).  
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The  correspond ing  uncertain ty shal l  be  estimated  by us ing  the  root-mean-square  of the  
i nd ividual  uncertain ties ,  wi th  degrees  of freedom  of v i  =  N – 1 .  The  database shou ld  be  
updated  yearl y i n  order to  account for handset design  changes.  

I . 4.2  Device Posi tion ing  DP  

I . 4.2. 1  General  

The deviation  of the  actual  handset posi tion  from  the  pos i tions  described  i n  the  standard  
depends  on  the  precis ion  of the  handset pos i tioner as  wel l  as  on  the  i n terpretation  and  
hand l i ng  of the  person  perform ing  the  test.  I n  add i ti on ,  the  magn i tude  of th is  deviation  on  the  
peak spatia l -average SAR values  depends  on  the  handset design .  S ince  these  parameters  
cannot be  separated ,  the  fol l owing  Type  A tests  as  described  below shal l  be  performed .  

I . 4.2.2  Posi tion ing  uncertainty of a  specific  handset i n  a  specific device  holder 

The pos i ti on ing  uncertain ty of a  speci fic  handset tested  in  a  speci fic  device  holder is  
assessed  by repeating  measurements  of the  1  g  or 1 0  g  peak spatia l -average SAR.  Th is  
pos i tion ing  uncerta in ty shal l  be  evaluated  us ing  the  antenna  pos i tion ,  frequency channel ,  and  
device  pos i tion  for the  operating  mode  that produced  the  h i ghest SAR among  a l l  frequency 
bands.  I n  add i tion  to  the  orig inal  SAR measurement,  the  handset shal l  be  reposi tioned  and  
the  tests  repeated  at l east four times.  Th is  m in imum  of five  tests  is  sufficien t to  establ ish  a  
reasonable  va lue  for the  degrees  of freedom.  I f the  posi ti on ing  uncerta in ty of an  i nd ividual  
device  i s  suspected  to  be  l arge,  more  tests  may need  to  be  performed  to  reduce the  impact 
on  the  tota l  measurement uncertain ty.  I ncreasing  the  number of tests  wi l l  i ncrease  the  
effecti ve  degrees  of freedom  (veff)  and  decrease  the  coverage factor.  The  average  SAR for 
the  tota l  number of measurements  (N)  i s  used  to  determ ine  the  SAR uncertain ty accord ing  to  
the  s tandard  deviation  and  degrees  of freedom  (v i  =  N -1 )  of the  number of tests  performed .  

I . 4.2.3  Posi tion ing  uncertainty of specific  types  of handsets  in  a  specific device 
holder 

A Type A uncertain ty anal ysis  can  be  appl ied  for a  group of handsets  wi th  predom inantl y the  
same shape  and  substantia l l y equ iva len t d imensions  and  SAR d istribu tions.  The  tests  shal l  
i ncl ude  at l east s ix devices,  each  evaluated  accord ing  to  the  procedures  for a  speci fic 
handset i n  a  speci fic device  holder described  above.  The  number of tests  n  shal l  be  at l east 5 ,  
and  each  of the  n  tests  shal l  be  performed  for a l l  M devices) .  Hal f of the  n  tests  shal l  be  i n  the  
cheek posi tion  and  the  other hal f sha l l  be  i n  the  ti l t  pos i ti on .  The  correspond ing  uncertain ty 
shal l  be  estimated  by applying  the  root-mean-square  of the  M i nd ividual  standard  deviations.  
The  value  to  be  fi l l ed  i n  the  uncertain ty tab le  shal l  be  the  s tandard  uncertain ty wi th  k =  1 .  The  
degrees  of freedom  are  determ ined  accord ing  to  the  tota l  number of tests  N =  n  ×  M.  For the  
M devices  i ncluded  i n  the  speci fic group of handsets ,  v i  =  N – 1 .  I f th is  procedure  i s  appl ied  to  
determ ine  uncertain ty,  i t  may be  unnecessary to  appl y the  procedures  for a  speci fic  handset 
i n  a  speci fic device  holder described  above to  i nd ividual  handsets.  The  database  shou ld  be  
updated  yearl y i n  order to  account  for handset design  changes.  

I . 4.3  Measured  SAR dri ft  SD  

This  uncertain ty term  is  evaluated  as  described  i n  I EC 62209-1 .   

I . 4.4   RF  ambient cond itions  AC 

Clause  7. 2. 3. 7  of I EC  62209-1 : 201 6  appl ies.  

I . 4.5  Measurement system  immunity/secondary reception  MSI 

During  measurement,  the  fie l d  rad iated  by the  DUT may be  p icked  up  by parts  of the  
measurement system  other than  the  fi e l d  sensors.  Th is  may resu l t i n  undes irable  effects  
susceptib le  to  i ncrease  the  measurement uncertain ty.  The  assessment of th is  contribu tion  i s  
system  speci fic and  shal l  be  documented  by the  manufacturer.  I t  can  be  for example  carried  
ou t by us ing  the  va l idation  an tennas  i n  speci fied  test pos i ti ons  and  b locking  the  d i rect fie l d  
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reception  from  the  probe or probe-array supposed  to  perform  the  measurement.  SAR 
measurements  shal l  be  performed  i n  these  cond i ti ons  at frequencies  speci fied  for the  
val i dation  and  for each  phan tom  in  case  each  phan tom  contains  a  ded icated  probe or probe-
array.  The  uncertain ty shal l  be  estimated  assum ing  a  rectangu lar probabi l i ty d i s tribu tion .  

I . 4.6  Deviation  of experimental  antennas  DEX 

Clause  7. 2 . 1 2  of I EC 62209-1 : 201 6  appl ies  

I . 4.7  Other uncertainty contributions  when  using  val idation  antennas  OVS  

Clause  7. 2 . 1 3  of I EC 62209-1 : 201 6  appl ies .  
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