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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
FLEXIBLE PRINTED CIRCUIT BOARDS (FPCBs)  –  

METHOD OF COMPENSATION  OF IMPEDANCE VARIATIONS 
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commiss ion  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i ng  
a l l  n ational  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  questions  concern i ng  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic  fi e l ds .  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es,  I EC publ i shes  I n ternational  S tandards,  Techn ical  Speci fi cations,  
Techn ical  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cation (s )” ) .  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC Nati onal  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non -
governmental  organ izations  l i a i s i ng  wi th  the  I EC a l so  parti 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 ternational  use  and  are  accepted  by I EC National  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  content  of I EC  
Publ i cations  i s  accu rate,  I EC  cannot  be  hel d  responsi b le  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  d amage  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  responsib l e  for i den ti fyi ng  any or a l l  such  patent  ri gh ts.  

The  main  task of I EC  techn ica l  committees  is  to  prepare  I n ternational  Standards.  However,  a  
techn ical  committee  may propose  the  publ ication  of a  techn ica l  report  when  i t  has  col l ected  
data  of a  d i fferent ki nd  from  that wh ich  i s  normal l y publ ished  as  an  I n ternational  Standard ,  for 
example  "state  of the  art" .  

I EC TR 6301 7,  wh ich  is  a  techn ical  report,  has  been  prepared  by I EC techn ical  committee  91 :  
E lectron ics  assembly technology.  

The  text of th is  techn ica l  report i s  based  on  the  fol l owing  documents :  

Enqu i ry d raft  Report  on  voti ng  

91 /1 283/DTR 91 /1 308/RVC 

 

Fu l l  i n formation  on  the  voti ng  for the  approval  of th is  techn ica l  report can  be  found  in  the  
report on  voti ng  ind icated  i n  the  above  table.  

Th is  publ ication  has  been  d rafted  i n  accordance wi th  the  I SO/IEC  D i recti ves,  Part 2 .  
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 – 4  – I EC TR 6301 7: 201 5  © I EC 201 5  

The  committee  has  decided  that  the  con ten ts  of th is  publ ication  wi l l  remain  unchanged  un ti l  
the  stabi l i ty date  ind icated  on  the  I EC  websi te  under "h ttp: //webstore. i ec.ch "  i n  the  data  
re lated  to  the  speci fic  publ ication .  At  th is  date,  the  publ ication  wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

 

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

 

IMPORTANT – The  'colour inside'  l ogo  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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FLEXIBLE PRINTED CIRCUIT BOARDS (FPCBs)  –  
METHOD OF COMPENSATION  OF IMPEDANCE VARIATIONS 

 
 
 

1  Scope 

This  Techn ical  Report  speci fies  a  compensation  method  of Cu  l i newid th  accord ing  to  
impeadance  reduction  by using  noise  suppress ion  materia ls  (hereafter referred  to  as  NSMs)  
for FPCBs.  

Th is  Techn ical  Report presents  an  optimum  resu l t for main tain ing  a  des ignated  performance 
of FPCBs  by us ing  NSMs.  I t  a lso  i nd icates  a  measuring  method  for an  impedance variation  of 
FPCBs  us ing  NSMs  wi th  the  prevai l i ng  TDR (time domain  reflectometry)  method .  Th is  method  
is  resticted  to  measuring  on l y the  variation  of an  impedance  value  i n  accordance wi th  the  
variation  of the  Cu  l i newid th  by us ing  NSMs  for FPCBs.  Th is  report,  however,  nei ther 
determ ines  nor i nd icates  the  s tructure  or material  of FPCBs.  

2  Normative references  

The fo l l owing  documents,  i n  whole  or i n  part,  are  normativel y referenced  i n  th is  document and  
are  i nd ispensable  for i ts  appl ication .  For dated  references,  on l y the  ed i ti on  ci ted  appl ies .  For 
undated  references,  the  l atest ed i ti on  of the  referenced  document ( i nclud ing  any 
amendments)  appl i es .  

I PC 21 41 A Design Guide for High-Speed Controlled Impedance Circuits Boards 
http: //www. ipc. org /  

3 Apparatus  

3.1  Time domain  reflectometry 

Time domain  reflectometry (hereafter referred  to  as  TDR)  i s  u ti l i zed  to  identi fy the  impedance  
data  at  the  speci fic frequency range  of FPCBs.  

3.2  Block d iagram  for impedance measuring  

Figure  1  g ives  one  example  of a  TDR setup.  

 

Figure 1  – TDR test system  

IEC  
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NOTE  A gu idel i ne  for TDR i s  provi ded  i n  Annex A.  

4 Test specimen  

4.1  General  

FPCBs  using  NSMs  shou ld  reduce the  effect of e l ectro-magnetic i n terference.  However,  
wi thout appropriate  appl ication  of NSMs,  i t  may cause  poor s i gnal  qual i ty on  the  FPCB  due  to  
the  impedance  variation  of Cu  ci rcu i t  l i nes.  

A major factor of impedance  variation  us ing  NSMs is  d ue  to  the  structure  variation  of FPCBs ,  
as  shown  i n  F igure  2 .  

  

Figure  2a  – <M icro  strip  l i ne  structu re  wi thout 

NSMs>  
F igure  2b  – <Strip  l i ne  s tructure  wi th  NSMs>  

NOTE  A gu idel i ne  for the  theoreti ca l  background  of impedance  vari ati on  i s  provided  i n  Annex B .  

Figure 2  – Two types  of impedance structure  of FPCB  

4.2  Structure  

Test specimens  shal l  be  des igned  by two structures,  i . e .  wi th  and  wi thou t us ing  NSMs i n  one  
FPCB board .  Test specimens  shal l  be  d i vided  i n to  two  ha lves  wi th  one  board  (cons isting  of 
the  two  parts  of one  bare  FPCB  and  one  sh ie l d  FPCB)  for equ i table  estimation .  Th is  structure  
has  the  meri t of un i form ly measuring  at  once  a  bare  and  a  sh ie ld  FPCB  under the  same 
cond i ti on .  One  FPCB wi thou t us ing  NSMs  has  a  structu re  of a  m icro-strip  l i ne.  Th is  type  is  
ca l l ed  bare  FPCB.  Another FPCB us ing  NSMs  has  a  s tructure  of a  strip  l i ne.  Th is  type  i s  
ca l l ed  sh ie l d  FPCB  (see  F igure  3) .  

A Cu  l ine  i s  formed  wi th  a  l i near d istance  d i rection ,  because  the  variation  of the  sh ie l d  effect  
i s  very weak for a  curved  l i ne.  

General l y,  the  number of Cu  patterns  of the  test  specimen  can  be  over the  5  (for example  
LW1  ~  LW5)  for veri fication  of the  characteristic impedance (Z0) .  Bu t the  number and  wid th  of 

the  Cu  l i ne  shal l  vary i n  accordance wi th  the  suppl ier’s  activi ty.  

IEC  

Bare  FPCB  

Cover l ayer PI  

PI  

Adhesi ve  

 S (Cu )  

GND (Cu)  

 G (Cu)  

G(Cu)  

  Vi a  hol e  

IEC  

Sh iel d  FPCB  

Cover l ayer PI  

PI  

Adhesi ve  

 S (Cu )  

GND (Cu)  

 G (Cu)  G(Cu)  

NSMs  
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Figure 3  – Schematic  d iagram  of a  test specimen  

Size,  spacing  and  number of via  holes  for test specimens  shal l  not be  l im i ted ,  bu t sufficientl y 
represented .  Especia l l y,  via  holes  offer an  importan t role  to  contact  the  NSMs  wi th  the  ground  
plan  of sh ie l d  FPCB.  The  number of via  holes  shal l  be  as  agreed  between  user and  suppl ier 
(hereafter referred  to  as  AABUS).  

The  l ength  of the  test specimen  shal l  be  over 5  cm  in  order to  obta in  stable  values  from  the  
measuring  equ ipment.  Each  end  of the  test specimen  shou ld  consist of SMA (subm in iature A)  

connectors.  For d iscernment of a  Cu  l i ne-wid th ,  wri te  each  −  n umber to  the  bare  −  end  of the  
test specimen  near the  SMA connector.  

The  decis ion  of wid th  and  th ickness  of a  test  specimen  shal l  depend  on  to  the  p i tch  or the 
number of the  Cu  l i ne  or accord ing  to  the  requ i rements  of the  user.  However,  general l y the  
structu re  of the  test  coupon  shal l  be  AABUS.  

An  impedance  value  for FPCBs  shal l  be  changed  wi th  respect  to  the  Cu  pattern  wid th ,  l ayer 
structu re,  th ickness  and  materia ls.  The  s tructure  and  materia ls  of the  test specimens  is  
requ i red  depend ing  on  the  user’s  sample  speci fications.  Bu t the  variation  of these  test  
specimens  is  not  importan t,  because  the  user of FPCBs  shal l  check on l y the  impedance 
variation  effect by us ing  NSMs  for the  user’s  sample  speci fication .  

4.3  Test method  

I n  order to  measure  the  proper impedance value  for the  test specimen ,  the  fol l owing  
procedures  shal l  be  empoyed .  
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a)  Impedance  values  of the  test  specimen  shal l  be  measured  by employing  TDR,  test  
specimen  and  coaxia l  cable  accord ing  to  I PC  21 41 A.  

b)  Measurement cond i tions  shal l  be  set by means  of the  TDR,  such  as  d ie lectric  constant,  
measurement poin t,  ris ing  time,  pu lse  wid th ,  etc.  

c)  The  impedance value  of the  test specimen  shal l  be  measured  accord ing  to  the  Cu  l i ne  
wid th  for bare  FPCB.  

d )  The  measurement of the  above process  accord ing  to  Cu  l i ne  wid th  shal l  be  repeated  for 
the  sh iel d  FPCB  (see  F igure  4).  

NOTE  The  gu idel i ne  of the  test  method  i s  provi ded  i n  Annex C.  

e)  The  measuring  va lue  of the  two  types  FPCBs  (bare  and  sh ie l d )  shal l  be  presented  i n  form  
of a  d iagram  ( l ine  chart  u sing  excel ) .  

 

 
IEC 

Figure 4 – Impedance value  of two type  FPCB (bare  and  sh ield)  

f)  I n  order to  obtain  the  correct data,  a  d i rect hand  contact to  the  specimen  shou ld  be  
avoided  as  the  e lectrostatic  capaci ty varies.  

NOTE  The  effect  of hand  con tact  wi th  the  test  specimen  i s  provided  i n  Annex D.  

4.4  Calcu lation  

The fol l owing  appl ies  to  the  calcu lation  of the  compensation  values.  

a)  General l y,  a  demand  of the  characteristic impedance value  (Z0)  i s  50  Ω  for a  s i ng le  Cu  

l ine,  1 00  Ω  for a  d i fferential  Cu  l i ne.  

b)  I n  the  case  of a  s i ng le  Cu  l i ne,  d raw a  s tra ight  base  l i ne  correspond ing  to  a  characteristic  

impedance va lue  (50  Ω)  on  a  excel  chart (see  F igure  5).  

c)  F ind  a  cross  poin t of the  Cu  l i ne  wid th  for a  characteristic  impedance  value  (50  Ω)  wi th  
each  curve  of bare  and  sh ie ld  FPCB.  

d )  Especia l l y,  check the  Cu  l i ne  wid th  i n  the  poin t to  meet the  50  Ω  impedance  value  from  
the  sh iel d  FPCB  curve.  

e)  Calcu late  a  d i fference  (∆L)  of the  Cu  l i ne  wid th  between  two  points .  

f)  Reduce  ∆L  by degrees  to  the  Cu  l i ne  wid th  of the  bare  FPCB.  

g )  Show th is  va lue  i n  a  new design  of a  Cu  l i ne  wid th  for the  bare  FPCB.  

NOTE  A detai l ed  test  resu l t  i s  provided  i n  Annex E .  
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Figure 5  – Compensation  value  (∆L)  of the  Cu  l i ne  width  for the  sh ield  FPCB  

5 Report 

I n  case  that  the  speci fication  of the  measurement i s  conta ined  i n  the  report,  i t  shal l  be  
provided  wi th  the  detai ls  as  speci fied  below.  

a)  Type  of TDR equ ipment.  

b)  Type  of sh ied  materia ls  (structu re,  th ickness,  maker) .  

c)  Type  of base  materials  (s tructu re,  maker) .  

d )  The  range  of Cu  l i ne  wid th .  

e)  The  range  of impedance (Z)  variation  accord ing  to  the  Cu  l i ne  wid th  of the  test  specimen.  

f)  Impedance  value  data  accord ing  to  the  Cu  l ine  wid th .  
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Annex A 
(normative)  

 
Block d iagram  for impedance measuring  with  TDR 

Time Domain  Reflectometry (TDR)  shal l  be  used  for impedance measurements  accord ing  to  
I PC 21 41 A.  

The  TDR setup  ( I PC 21 41 A)  is  presented  in  F igure  A. 1 .  

 

Figure A. 1  – TDR test system  accord ing  to  IPC  21 41 a-9-1  

Test setup  by Ag i l ent  TDR 54754A 1  i s  presented  i n  F igure  A. 2.  

 

Figure A.2  – TDR test system  accord ing  to  Ag i lent TDR 54754A 

                                                      
1   Ag i l en t  TDR 54754A i s  the  trade  name of a  product  suppl i ed  by Ag i l en t  Technol og ies .  

 Th i s  i n formation  i s  g i ven  for the  conven ience  of users  of th i s  document  and  does  not  consti tu te  an  endorsement  
by I EC of the  product named .  Equ ivalent  products  may be  used  i f they can  be  shown  to  l ead  to  the  same resu l ts .  
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Annex B  
(informative)  

 
Theoretical  background  

The appl ication  of sh ie ld  FPCB (wi th  using  NSMs)  i n  e lectron ic devices  (or equ ipment)  sha l l  
be  able  to  reduce  the  effect of e l ectro-magnetic  in terference,  bu t i t  wi l l  eventual l y resu l t i n  bad  
s i gnal  qua l i ty of FPCBs,  because  of the  impedance  variation  of Cu  ci rcu i t l i nes.  

The  purpose  of th is  Techn ical  Report i s  to  settle  the  problem  that FPCBs  us ing  NSMs suffer 
from ,  i . e.  to  e l im inate  an  impedance  m ismatch  by means  of impedance compensation .  

A major factor caus ing  the  impedance  variation  by us ing  NSMs  is  d ue  to  the  structure  
variation  of FPCBs  as  shown  i n  F igure  B . 1 .  

 

  

Figure  B. 1  a  – <Micro  strip  l i ne  structure>  F igure  B. 1  b  – <Strip  l i ne  structure>  

Figure B. 1  – Two types  of impedance  structure  of FPCBs  

The impedance  value  of the  s trip  l i ne  structure  for FPCBs  i s  l ower than  that of the  m icro-strip  
l ine  structure,  as  shown  i n  F igure  B . 2 .  NSMs  shal l  p lay a  role  wi th  respect of the  metal  l ayer,  
because  they are  composed  of a  meta l  component.  Accord ing l y,  the  m icro-strip  l i ne  structure  
for bare  FPCBs shal l  be  changed  to  the  s trip  l i ne  structu re  after appl ication  of NSMs  for bare  
FPCB.  

The  impedance  value  decreases,  as  the  Cu  l i ne  wid th  i ncreases.  

 

Figure B.2  – Comparison  of the  impedance  value   
of a  bare  FPCB  versus  a  sh ield  FPCB 

FPCB suppl iers  have  to  produce a  new reduction  design  of Cu  l i ne  wid th  for new impedance  

match ing  (Z0 ,  50  Ω) .  
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Annex C  
(informative)  

 
Example  of an  impedance measurement wi th  TDR 

The test  specimen  shows  two  d i fferent impedance  values  accord ing  to  the  s tructure  variation  
between  a  bare  FPCB  and  a  sh ield  FPCB,  as  depicted  i n  F igure  C. 1 .  

Example:  test  specimen :  8  cm  (bare)  +8  cm  (sh ie l d ) ,  1 00  µm  Cu  l ine  wid th ,  wi th  the  fol l owing  
va lues:  

•  impedance va lue  wi th  bare  FPCB:  50 ,9  Ω ;  

•  impedance value  wi th  sh ie ld  FPCB:  31 , 3  Ω ;  

•  the  impedance  d i fference  between  two  types:  ∆Z ( 1 9 , 6  Ω) .  

  

   F igure  C. 1  a  – <Bare  FPCB>  F i gure  C. 1  b  – <Shield  FPCB>  

Figure  C. 1  – Photographic  view of the  impedance  measurement wi th  TDR 
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Annex D  
(informative)  

 
Hand  contact effect 

The impedance value  for a  sh ie ld  FPCB  is  not i n fl uenced  by hand  con tact.  But  the  impedance  
va lue  for a  bare  FPCB  is  able  to  vary due  to  hand  con tact,  as  shown  i n  F igure  D. 1 .  Especia l l y,  
the  effect of hand  contact  i s  more  i ncreased  by a  smal l  l i ne  wid th .  

 

Figure D. 1  – Effect  of impedance variation  by hand  contact for bare  FPCB  
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Annex E  
(informative)  

 
Test result 

E.1  Shield  1  FPCB 

Figure  E . 1  shows the  resu l t of a  test specimen  that  uses  an  8  cm  l eng th  sh ie ld  (8  cm  (bare)  

+8 cm  (sh ie ld  1 )) .  

To  satisfy the  50  Ω  cond i tion  for sh ie ld  1  FPCB,  the  Cu  l i ne  wid th  shal l  be  near 40  µm.  

The  range  of impedance (Z)  reduction  wi th  NSMs:  1 6  Ω  ~  30  Ω  (wi th in  the  range  of 

30  µm  ~  1 50  µm  Cu  l i ne  wid th ) .  

•  Need  of a  reduction  of the  l i ne  wid th  for new impedance match ing  (Z0 ,  50  Ω) .  

•  (example)  Bare  FPCB  (1 00  µm) ⇒  Sh ie l d  1  FPCB (40  µm):  60  µm  wide  d i fference (∆L) .  

 

Figure E. 1  – Measurement resu lt  of the  test specimen  for sh ield  1  FPCB  

A cross-section  of a  test  specimen  using  sh ie l d  1  FPCB is  as  shown  i n  Table  E. 1 .  Where,  a  

Cu  th ickness  of NSMs  for sh ie ld  1  FPCB  is  2  µm.  

Table  E. 1  – Cross-section  of test  specimen  with  using  sh ield  1  FPCB  

FPCB  

FCCL  
(F lexib le  Copper Clad  Lam inate)  

PI  50  µm,  Cu  1 2  µm  

Cu  th ickness  24  µm  (Cu  p lati ng  1 2  µm)  

C/L  PI  1 2  µm,  Adhesive  25  µm  

Pattern  space  200  µm  

NSMs  
Material  Cu  

Thickness  2  µm  
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E.2  Shield  2  FPCB 

Figure  E. 2  shows  the  resu l t  of test specimen  wi th  us ing  8  cm  length  (8  cm  (bare)  +8 cm  
(sh ie l d  2)) .  

To  satisfy the  50  Ω  cond i ti on  for sh ie l d  2  FPCB,  Cu  l i ne  wid th  shal l  be  nearby 50  µm.  

The  range  of impedance (Z)  reduction  wi th  NSMs:  1 3  Ω  ~  24  Ω  (wi th in  the  range  of 

30  µm  ~  1 50  µm  Cu  l i ne  wid th) .  

•  Need  of a  reduction  of the  l i ne  wid th  for new impedance match ing  (Z0 ,  50  Ω) .  

•  (example)  Bare  FPCB  (1 00  µm)  ⇒  Sh ie l d  2  FPCB (50  µm):  50  µm  wide  d i fference  (∆L) .  

 

Figure E.2  – Measurement resu lt  of the  test specimen  for sh ield  2  FPCB  

A cross-section  of a  test specimen  wi th  us ing  sh ie ld  2  FPCB is  as  i nd icated  i n  Table  E .2 .  

Where,  a  Cu  (or Ag)  th ickness  of NSMs  for sh ie ld  2  FPCB is  0 , 1  µm.  

Table  E.2  – Cross-section  of test  specimen  wi th  using  sh ield  2  FPCB  

FPCB  

FCCL  PI  50  µm,  Cu  1 2  µm  

Cu  th ickness  24  µm  (Cu  pl ati ng  1 2  µm  )  

C/L  PI  1 2  µm,  adhes i ve  25  µm  

Pattern  space  200  µm  

NSMs  
materi al  Cu  (or Ag )  

th ickness  0, 1  µm  
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