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SURFACE ACOUSTIC WAVE (SAW)  AND BULK 

ACOUSTIC WAVE (BAW)  DUPLEXERS 
OF ASSESSED QUALITY –  

 
Part 2:  Guidel ines  for the use  

 
FOREWORD 

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

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

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

4)  I n  order to  promote  i n ternational  u n i form i ty,  I EC National  Comm i ttees  undertake  to  app ly I EC Pub l i cations  
transparen tl y to  the  maximum  exten t possib le  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  respons ibl e  for i denti fyi ng  any or a l l  such  paten t ri gh ts .  

I n ternational  Standard  I EC  62604-2  has  been  prepared  by I EC  techn ical  committee  49:  
P iezoelectric,  d ie lectric and  e lectrostatic  devices  and  associated  materials  for frequency 
con trol ,  se lection  and  detection .  

Th is  second  ed i ti on  cancels  and  replaces  the  fi rst ed i tion  publ ished  i n  201 1 .  Th is  ed i tion  
consti tu tes  a  techn ical  revis ion .  

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

•  d ip lexers  are  described ;  

•  d uplexers  wi th  a  balanced  RX port are  cons idered  in  the  measurement method  subclause  
(7. 3) .  
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NOTE  I n  th i s  standard ,  SAW and  BAW duplexers  are  treated  s imu l taneous ly because  both  dup lexers  are  used  i n  
the  same manner especia l l y  i n  mobi l e  phone  systems  and  have  same  requ i rements  of characteri sti cs,  test  method  
and  so  on .  

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

CDV Report  on  voti ng  

49/1 21 7/CDV 49/1 251 /RVC 

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

Th is  document has  been  drafted  i n  accordance  wi th  the  I SO/I EC D i rectives,  Part 2 .  

A l i s t of a l l  parts  in  the  I EC  62604  series ,  publ ished  under the  general  ti tl e  Surface acoustic 
wave (SAW)  and bulk acoustic wave (BAW)  duplexers of assessed quality,  can  be  found  on  

the  I EC  websi te.  

A b i l ingual  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  wh ich  are  considered  to  be  usefu l  for the  correct  
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colour printer.  
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SURFACE ACOUSTIC WAVE (SAW)  AND BULK 
ACOUSTIC WAVE (BAW)  DUPLEXERS 

OF ASSESSED QUALITY –  
 

Part 2:  Guidel ines  for the use  
 
 
 

1  Scope 

This  part  of I EC 62604  concerns  duplexers  wh ich  can  separate  receiving  s ignals  from  
transm i tting  s i gnals  and  are  key components  for two-way rad io  commun ications,  and  wh ich  
are  general l y used  i n  mobi le  phone  systems compl ian t wi th  CDMA systems such  as  N -CDMA 
in  second  generation  mobi l e  te lecommunication  systems (2G),  W-CDMA / UMTS (3G)  or 
LTE  (4G).  Wh i le  i n  2G  systems main l y d ielectri c duplexers  have  been  used ,  the  ongoing  
m in iaturization  i n  3G  and  4G  mobi le  commun ication  systems  promoted  the  development and  
appl ication  of acoustic wave  duplexers  due  to  thei r smal l  s i ze,  l i ght weight and  good  e lectrical  
performance.  Wh i l e  standard  surface  acoustic  wave (SAW) duplexers  have  been  employed  for 
appl ications  wi th  moderate  requ i rements  regard ing  the  s teepness  of ind ividual  fi l ters,  
appl ications  wi th  narrow duplex gap  (e . g .  Bands  2 ,  3 ,  8 ,  25),  i . e .  the  frequency gap  between  
receiving  and  transm i tting  bands,  requ ire  the  appl ication  of temperature-compensated  (TC)  
SAW or bu lk  acoustic  wave (BAW)  technology,  because  of thei r better temperature  
characteristics  and  resonator Q-factors .  

I t  i s  nei ther the  a im  of these  gu idel ines  to  expla in  theory,  nor to  attempt to  cover a l l  the  
even tual i ti es  wh ich  may arise  i n  practical  ci rcumstances.  These  gu ide l i nes  d raw attention  to  
some of the  more  fundamental  q uestions,  wh ich  shou ld  be  considered  by the  user before  he  
p laces  an  order for SAW and  BAW duplexers  for a  new appl ication .  Such  a  procedure  wi l l  be  
the  user’s  i nsurance  against unsatisfactory performance.  Because  SAW and  BAW duplexers  
have  very s im i lar performance for the  usage,  i t  i s  usefu l  and  conven ien t for users  that both  
duplexers  are  described  i n  one  standard .  

Standard  speci fications,  such  as  those  of I EC,  of wh ich  these  gu ide l i nes  form  a  part,  and  
national  speci fications  or deta i l  speci fications  i ssued  by manufacturers  wi l l  defi ne  the  
avai lable  combinations  of cen tre  frequency,  pass  bandwid th  and  i nsertion  attenuation  for each  
sort  of transm itting  and  receiving  fi l ters  and  the  isolation  l evel  between  transm itter and  
receiver ports,  etc.  These  speci fications  are  compi led  to  i nclude  a  wide  range  of SAW and  
BAW duplexers  wi th  s tandard ized  performances.  I t  cannot  be  over-emphasized  that the  user 
shou ld ,  wherever poss ib le,  se lect h is  duplexers  from  these  speci fications,  when  avai lab le ,  
even  i f i t  may l ead  to  making  smal l  mod i fications  to  h is  ci rcu i t to  enable  the  use  of s tandard  
duplexers.  Th is  appl i es  particu larl y to  the  selection  of the  nom inal  frequency band .  

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 EC 60862-1 : 201 5,  Surface acoustic wave (SAW)  filters of assessed quality – Part 1 :  Generic 
specification  

I EC  62575-1 : 201 5,  Radio frequency (RF)  bulk acoustic wave (BAW)  filters of assessed quality 
– Part 1 :  Generic specification  
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3 Terms and  defin i tions  

No terms  and  defin i tions  are  l i sted  i n  th is  document.  

I SO and  I EC main ta in  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  

4 Technical  considerations  

I t  i s  of prime in terest to  a  user that  the  duplexer characteristics  shou ld  satisfy particu lar 
speci fications.  The  se lection  of the  front-end  ci rcu i ts  i n  user equ ipments  and  SAW and  BAW 
duplexers  to  meet such  speci fications  shou ld  be  a  matter of agreement between  the  user and  
the  manufactu rer.  

Duplexer characteristics  are usual ly expressed  in  terms of centre  frequency,  pass  bandwid th  
and  insertion  attenuation  for each  of transm itti ng  and  receiving  fi l ter parts  i n  the  duplexer and  
isolation  level  between  the  transm itter and  receiver ports.  S ince  the  SAW and  BAW duplexer 
is  used  i n  RF  fron t-end  of the  user equ ipments,  l ower i nsertion  attenuation ,  h igher 
isolation/rej ection  l evel ,  s tronger power durabi l i ty and  smal ler/th inner package d imensions  are  
strictl y requ ired .  

5 Fundamentals  of SAW and  BAW duplexers  

5.1  Basic  function  

5. 1 . 1  General  

Duplexers  are  necessary for frequency d i vis ion  duplex (FDD)  equ ipments  to  receive  and  
transm it  s ignals  s imu l taneousl y.  Duplexers  are  3-port devices  wh ich  cons ist  of an  antenna  
port,  a  transm i tter port (TX port)  and  a  receiver port (RX port) ,  as  shown  i n  F igure  1 .  The  
duplexer has  three  basic  functions;   

– to  transfer the  transm itti ng  s ignal  from  the  TX port to  the  an tenna  port;   

– to  transfer the  receiving  s i gnal  from  the  an tenna  port to  the  RX port;   

– to  preven t transfer of the  transm itti ng  s i gnal  and  noise  from  the  TX port  to  the  RX port.   

The  transm i tti ng  and  the  receiving  frequencies  are  determ ined  correspond ing  to  each  mobi le  
communication  system .  For example,  Table  1  shows  typica l  a l l ocated  frequency bands  for 
UMTS.  
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Figure 1  – Basic duplexer configuration  

Table  1  – Frequency al location  for typical  LTE  frequency d ivision  duplex (FDD)  bands  

Band  
Upl ink frequency 

Downl ink 
frequency 

Band  Upl ink frequency 
Downl ink 
frequency 

(MHz)  (MHz)   (MHz)  (MHz)  

1  1  920  – 1  980  2  1 1 0  – 2  1 70  1 6  2  01 0  – 2  025  2  585  – 2  600  

2  1  850  – 1  91 0  1  930  – 1  990  1 7  704  – 71 6  734  – 746  

3  1  71 0  – 1  785  1  805  – 1  880  1 8  81 5  – 830  860  – 875  

4  1  71 0  – 1  755  2  1 1 0  – 2  1 55  1 9  830  – 845  875  – 890  

5  824  – 849  869  – 894  20  832  – 862  791  – 821  

6  830  – 840  875  – 885  21  1  447, 9  – 1  462, 9  1  495, 5  – 1  51 0, 9  

7  2  500  – 2  570  2  620  – 2  690  22  3  41 0  – 3  490  3  51 0  – 3  590  

8  880  – 91 5  925  – 960  23  2  000  – 2  020  2  1 80  – 2  200  

9  1  749, 9  – 1  784, 9  1  844, 9  – 1  879, 9  24  1  626, 5  – 1  660, 5  1  525  – 1  559  

1 0  1  71 0  – 1  770  2  1 1 0  – 2  1 70  25  1  850  – 1  91 5  1  930  – 1  995  

1 1  1  427, 9  – 1  447, 9  1  475, 9  – 1  495, 9  26  81 4  – 849  859  – 894  

1 2  699  – 71 6  729  – 746  27  807  – 824  852  – 869  

1 3  777  – 787  746  – 756  28  703  – 748  758  – 803  

1 4  788  – 798  758  – 768  30  2  305  – 2  31 5  2  350  – 2  360  

1 5  1  900  – 1  920  2  600  – 2  620  31  452, 5  – 457, 5  462, 5  – 467, 5  

 

NOTE  For a  user equ ipment,  upl i nk frequency means  transm i tti ng  frequency and  down l i nk frequency means  
recei ving  frequency respecti ve l y.  

5.1 .2  TX fi l ter response (fi l ter response from  TX port  to  antenna port)  

Figure  2  shows  an  example  of frequency characteristics  of the  TX fi l ter.  The  requ i red  
frequency characteristics  are  l ow insertion  attenuation  i n  the  transm itti ng  frequency band  (fT) ,  
h igh  i nsertion  attenuation  i n  the  receiving  frequency band  (fR)  and  good  impedance  match ing .   
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5.1 .3  RX fi l ter response  (fi l ter response  from  antenna port to  RX port)  

Figure  3  shows  an  example  of frequency characteristics  of the  RX fi l ter.  The  requ ired  
frequency characteristics  are  l ow i nsertion  attenuation  i n  the  receiving  band  (fR)  and  h i gh  
i nsertion  attenuation  i n  the  transm i tting  frequency band  (fT) .   

5.1 .4  Isolation  ( isolation  from  TX port to  RX port)  

Figu re  4  shows  an  example  of i so lation  characteri stics .  One  of the  important  functions  for the  
duplexers  i s  i solation  characteristics,  wh ich  show the  frequency dependence  of the  l eakage  
power from  the  TX port to  the  RX port.  

  

Figure 2  – Basic TX fi l ter response  example of SAW and  BAW duplexers  

  

Figure 3  – Basic RX fi l ter response  example of SAW and  BAW duplexers  
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Figure 4 – Basic isolation  characteristics  example  of SAW and  BAW duplexers  

5.2  Basic  structure  

Duplexers  are  3-port devices/modu les,  wh ich  enable  to  transm it  and  receive  s ignals  
simu l taneousl y through  a  common  antenna.  A bas ic structure  of duplexers  i s  shown  in  
F igure  5.  SAW and  BAW duplexers  cons ist of a  transm i tter (TX)  part and  a  receiver (RX)  part.  
These  two  parts,  wh ich  may add  a  phase  sh i fter,  are  connected  to  an  antenna  port.  The  
phase  sh i fter i s  u ti l i zed  to  prevent  the  i n teraction  between  the  fi l ters.  I n  F igure  5,  Zt  and  Zr  
correspond  to  the  impedance  of the  TX and  RX part at  the  an tenna  port s ide,  whereas  Zo  i s  

the  impedance  of the  an tenna  port.  The  fol l owing  cond i tions  shal l  be  fu l fi l l ed  to  ach ieve  the  
duplexer functions.  

Zo  ≅  Zt   and   |Zo |   <<   |Zr|   i n  the  TX pass  band  

Zo  ≅  Zr   and   |Zo |   <<   |Zt |   i n  the  RX pass  band  

DMS  (double  mode  SAW)  type  fi l ters  wh ich  are  a lso  known  as  LCRF  ( long i tud inal l y coupled  
resonator fi l ters) 1 ) ,  l adder type  SAW 2)  and  BAW fi l ters  and  other type  of SAW fi l ters  such  as  
i n terd ig i tated  i n terd ig i ta l  transducer ( l IDT)  resonator fi l ters 3)  can  be  adopted  as  TX and  RX 
fi l ters .  H igh  power durabi l i ty i s  requ i red  in  the  TX fi l ters.  

5.3  Principle  of operation  

I n  the  TX pass  band ,  the  impedance  of the  TX part i n  the  antenna  port  s i de  (Zt)  i s  a lmost the  
same as  that of antenna(Zo) ,  wh i l e  that of the  RX part (Zr)  i s  much  h i gher,  wh ich  means  that 

at  the  an tenna  port,  the  RX part has  l arge  reflection  coefficien t i n  th is  band .  

Zo  ≅  Zt   and   |Zo |   <<   |Zr|   i n  the  TX pass  band  

On  the  other hand ,  i n  the  RX pass  band ,  the  impedance  of the  RX part  at  the  antenna  port 
s ide  (Zr)  i s  a lmost the  same as  that of an tenna  (Zo) ,  wh i l e  that of the  TX part (Zt)  i s  much  

h igher.  Th is  also  means  the  TX part  has  large  reflection  coefficien t i n  th is  band .  

Zo  ≅  Zr   and   |Zo |   <<   |Zt |   i n  the  RX pass  band  

___________ 

1 )   See  I EC 60862-2: 201 2,  5. 3.  

2)   See  I EC 60862-2: 201 2,  5. 2 .  

3)  See  I EC 60862-2: 201 2,  5. 4.  
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Figure 5  – The block d iagram  of a  duplexer 

The transm i tting  s ignal  appl i ed  to  the  TX port passes  through  the  TX fi l ter and  then  fl ows  to  
the  an tenna  port,  not  the  RX fi l ter.  The  received  s i gnal  from  the  an tenna  port  does  not  fl ow to  
the  TX fi l ter,  bu t to  the  RX fi l ter.  As  a  resu l t,  the  TX part and  th e  RX part  can  share  the  
common  an tenna  port.  I n  the  fol lowing  explanation ,  the  impedance  of the  an tenna  (Zo)  i s  

assumed  to  be  50  Ω .  The  S1 1  curve  of the  TX part at  the  antenna  port  s i de  shal l  satisfy the  
demanded  cond i ti on  i nd icated  i n  F igure  6.  The  impedance of i ts  pass  band  shal l  be  around  

50  Ω .  I n  the  rejection  band ,  the  impedance  shal l  be  sufficien tl y l arger than  50  Ω .  I n  the  actual  
duplexer,  the  S1 1  trace  i n  the  Sm ith  chart of the  TX fi l ter i s  rotated  to  i ts  optimum  state  by a  
phase  sh i fter,  as  shown  i n  F igure  7.  On  the  other hand ,  the  frequency characteristics  of the  
ampl i tude  of S21  remains  the  same as  that wi thou t phase  sh i fter.  F igure  8  shows the  S21  
frequency characteristics  and  S1 1  d emanded  cond i tion  of the  RX part.  
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Figure 6  – Demanded  condition  of TX part  for duplexers  
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Figure 7  – Phase rotation  in  TX part  

 

Figure 8  – Demanded  condi tion  of RX part  for duplexers  
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5.4 Diplexer 

Diplexers  combine  d i fferen t frequency domains  as  shown  i n  F igure  9 .  They have  a  structure  
and  an  operation  pri ncip le  very s im i lar to  those  of duplexers.  

 

Figure 9  – Basic d iplexer configuration  

6 SAW and  BAW duplexer characteristics  

6.1  General  conditions  for SAW and  BAW duplexers   

The TX fi l ter,  RX fi l ter and  phase  sh i fter,  wh ich  compose  SAW and  BAW duplexers,  as  shown  
in  5. 2,  are  described  i n  C lause  6 .  The  duplexer assembly configuration  i s  a l so  expla ined  here.  

– TX fi l ter 

The  TX fi l ter of the  duplexers  needs  h igh  power durabi l i ty against  the  transm i tting  s ignal .  
To  ensure  the  du rabi l i ty against  h i gh  power,  e . g .  1  W ,  a  l adder fi l ter or l attice  fi l ter i s  used  
for the  TX fi l ter because  of the ir h i gher power durabi l i ty among  several  types  of SAW and  
BAW fi l ters .  SAW ladder and  l attice  fi l ters  are  described  in  5. 2  of I EC  60862-2: 201 2  and  
BAW ladder fi l ter i s  described  i n  4 . 4  of I EC  62575-2: 201 2.  

Besides  l ow i nsertion  attenuation  i n  the  TX band  (fT)  and  h igh  i nsertion  attenuation  i n  the  
RX band  (fR)  described  i n  5 . 1 ,  the  h igh  attenuation  i n  the  second  harmon ic (2fT)  and  the  
th i rd  harmon ic (3fT)  i s  a lso  important.  The  attenuation  i n  spurious  frequency (fSP)  
suppresses  the  in ter-modu lation  s ignal  at  fR  =  2fT  – fSP .  The  typical  frequency response i s  
shown  i n  F igure  1 0 .  

– RX fi l ter 

Transm i tti ng  power passes  through  the  TX fi l ter and  attacks  the  an tenna  port s ide  of the  
RX fi l ter.  F i l ter types  used  for the  TX fi l ter can  be  adopted  for the  RX fi l ter,  bu t  DMS 
(double  mode  SAW) type  fi l ters  wh ich  are  a lso  known  as  LCRF ( l ong i tud inal l y coupled  
resonator fi l ters)  have  the  poss ibi l i ty of adoption  wi th  trap  e lements  to  block the  
transm itti ng  power.  

Besides  l ow i nsertion  attenuation  i n  the  RX band(fR)  and  h i gh  i nsertion  attenuation  i n  the  
TX band(fT)  described  in  5. 1 ,  a  heterodyne  receiver wi th  the  i n termed iate  frequency (fI F)  
demands  h i gh  attenuation  i n  the  local  osci l lation  frequency(fLO)  and  the  image frequency 
(fI M  =  fLO +  fI F  for upper l ocal  system).  The  i n ter-modu lation  s i gnal  in  fR  can  be  reduced  by 
h igh  attenuation  i n  the  duplex image  frequency (fDIM  =  2fT  – fR) .  The  typica l  frequency 
response i s  shown  i n  F igure  1 1 .  

– Phase  sh i fter 

There  are  various  types  of phase  sh i fters  accord ing  to  duplexer configurations  and  the  
ou t-of-band  complex impedance of TX and  RX fi l ters.  To  construct the  phase  sh i fter of a  
de lay l i ne  wi th  the  des ired  e lectrica l  l eng th ,  a  s trip l ine  i s  l ocated  between  the  i ns ide  layers  

Signal  i n  frequency domain  1  

S i gnal  i n  frequency domain  2  

D ip l exer 

IEC 
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of a  package,  or a  m icrostrip  l i ne  i s  l ocated  on  the  surface  of a  package  as  shown  i n  
F igu re  1 2.  F i gure  1 3  shows  a  l umped  e lement phase  sh i fter.  A su i table  number of l umped  
e lements  is  not fixed  at  three.  I n  some cases  no  phase  sh i fter i s  necessary.  

– Duplexer configuration  

F igu re  1 4  shows two types  of the  duplexer configuration .  They have  meri ts  and  demeri ts  
wi th  regard  to  characteristics ,  s i ze,  cost and  other i tems.  

F igure  1 4(a)  shows  a  modu le  type,  wh ich  moun ts  SAW and  BAW fi l ters  and  other 
components  on  a  substrate,  such  as  a  pri n ted  board .  F igure  1 4(b)  shows  a  device  type,  
wh ich  seals  the  package  after mounting  SAW and  BAW fi l ter bare  ch ips  on  a  package,  
such  as  mu l ti - l ayered  ceram ics.  I n  those  two types,  the  TX and  RX fi l ters/ch ips  are  
separated  from  each  other,  and  there  i s  the  poss ib i l i ty of a  s ing le  fi l ter/ch ip  solu tion .  

 

Figure 1 0  – Typical  wide range frequency response of TX fi l ter 

 

Figure 1 1  – Typical  wide range frequency response of RX fi l ter for upper local  system  
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Figure 1 2  – Phase  sh i fter by microstrip  l ine  on  the  surface of a  ceramic package  

 

Figure 1 3  – Lumped  element phase  sh ifter 

                  

 
 

a)  Modu le  type   b)  Device  type  

Figure 1 4 – Duplexer configuration  

6.2  Typical  characteristics  of SAW and  BAW duplexers  

6.2. 1  UMTS duplexer 

As  an  example  of a  duplexer for a  UMTS system ,  a  SAW duplexer for UMTS Band  1  i s  shown  
i n  6 . 2 .  The  frequency regu lation  of Band  1  i s  provided  by a  th i rd  generation  partnersh ip  
proj ect  (3GPP).  The  transm itter and  receiver pass  bands  i n  the  handset are  1  920  MHz to  
1  980  MHz and  2  1 1 0  MHz to  2  1 70  MHz,  respectivel y.  Both  frequency bands  are  i nd icated  by 

fT  and  fR  i n  F i gure  1 5.  The  s i ze  of th is  duplexer i s  typica l l y 4 , 9  mm  ×  4 , 9  mm  ×  1 , 7  mm.  A 41 °  
rotated  Y cu t  X propagated  LiNbO3  crystal  i s  used  as  substrate.  The  structure  of the  fi l ter i s  a  
l adder (see  5. 2  of I EC 60862-2 : 201 2),  and  the  e lectrodes  materia l  i s  made by Al -Ti  a l l oy for 
h igh  power durabi l i ty.  
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Frequency characteristics  of th is  SAW duplexer for UMTS  Band  1  are  shown  i n  F igure  1 5.  The  
typical  i nsertion  attenuation  from  the  TX port  to  the  an tenna  port  and  that from  the  antenna  
port to  the  RX port are  1 , 4  dB  and  2 , 3  dB,  respective l y.  The  isolation  values  between  
transm i tter and  receiver ports  are  typ ical l y 48  dB  for the  TX band  and  40  dB  for the  RX band .  

6.2.2  US  CDMA duplexer 

The frequency characteri stics  example  of US  CDMA duplexer i s  shown  in  F igure  1 6 .  Th is  type  
of duplexer is  a lso  appl icable  to  UMTS Band  5.  The  TX passband  frequency i s  824  MHz to  
849  MHz,  wh i l e  RX passband  frequency i s  869  MHz to  894  MHz.  Both  frequency bands  are  
i nd icated  by fT  and  fR  i n  the  fi gure.  The  d imension  of th is  duplexer is  typ ical l y 

3, 8  mm  ×  3 , 8  mm  ×  1 , 6  mm.  Y cu t  X propagated  LiTaO3  wi th  a  rotation  ang le  optim ized  
around  36°  i s  used  as  a  substrate.  The  l adder type  SAW fi l ters  are  used  for both  TX and  RX 
parts.  Typical  i nsertion  attenuation  i s  1 , 8  dB  from  TX port  to  an tenna  port.  And  2 , 5  dB  typical  
i nsertion  attenuation  is  from  antenna  port  to  RX port.  The  isolation  between  TX port  and  
RX port i s  typical l y 60  dB  for the  TX band  and  47  dB  for the  RX band .   

6.2.3  PCS  CDMA duplexer 

Accord ing  to  Table  1 ,  the  guard  band  or a  gap  d istance  between  the  transm itti ng  and  
receiving  frequencies  for UMTS band  2  or PCS  band  is  re lati vel y narrow,  and  h i gh  Q  
characteristics  or a  sharp  fi l ter response  in  the  trans i tion  band  is  requ ired .  From  th is  
requ i rement,  BAW duplexers  wh ich  are  composed  of fi lm  bu lk  acoustic resonators  (FBAR)  or 
sol i d l y moun ted  resonators  (SMR)  are  main l y used  for PCS  CDMA duplexers.  The  frequency 
characteristics  example  of a  PCS CDMA duplexer us ing  FBAR is  shown  i n  F igure  1 7.  The  TX 
passband  frequency i s  1  850  MHz to  1  91 0  MHz,  wh i le  the  RX passband  frequency i s  
1  930  MHz to  1  990  MHz.  Th is  duplexer can  comply wi th  the  speci fi ed  maximum  i nsertion  
attenuation  of 3 , 5  dB  for the  TX band  and  4 , 0  dB  for the  RX band ,  wi th  excel l en t transi tion  
band  responses  between  the  TX and  RX bands .  Also,  the  speci fied  m in imum  isolation  va lues  
between  the  transm itter and  receiver ports  are  54  dB  for the  TX band  and  43  dB  for the  RX 
band .  

 

a)  Ampl i tude  responses  of the  dupl exer from  TX port  to  an tenna  port  and   
from  an tenna  port  to  RX port  (near pass  band )  
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b)  I solati on  characteri sti cs  of the  d uplexer between  RX port  and  TX port  

 

c)  Ampl i tude  response  of the  d uplexer from  TX port  to  an tenna  port  (DC to  6  GHz)  

Figure 1 5 – Frequency characteristics  of SAW duplexer for UMTS Band  1  system  
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a)  Ampl i tude  responses  of the  dupl exer from  TX port  to  an tenna  port  and   

from  an tenna  port  to  RX port  (near pass  band )  

 
b)  I solati on  characteri sti cs  of the  d uplexer between  RX port  and  TX port  

 
c)  Ampl i tude  response  of the  d uplexer from  TX port  to  an tenna  port  (DC to  3  GHz)  

Figure 1 6  – Frequency characteristics  of a  SAW duplexer for US  CDMA system  
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a)  Ampl i tude  responses  of the  dupl exer from  TX port  to  an tenna  port  and   
from  an tenna  port  to  RX port  (near pass  band )  

 

b)  I solati on  characteri sti cs  of the  d uplexer between  RX port  and  TX port  

 

c)  Ampl i tude  responses  of the  dupl exer from  TX port  to  an tenna  port  and   
from  antenna  port  to  RX port  (DC to  6  GHz)  

Figure 1 7  – Frequency characteristics  of BAW duplexer for PCS  CDMA system 4)  

___________ 

4)   P . Brad ley et  a l . :  "A 6 -port  F i lm  Bu lk Acousti c  Resonator (FBAR)  Mu l ti p l exer For U . S .  CDMA Handsets  
Perm i tti ng  use  of PCS,  U . S .  CDMA and  GPS  wi th  a  s i ng le  An tenna”,  Proc.  I EEE  U l trason ics  Symp. ,  pp. 325-328,  
2006.   
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7 Appl ication  guidel ines  

7. 1  Power durabi l i ty  

High  power durabi l i ty of about 1  W  is  necessary for SAW and  BAW duplexers.  There  are  two  
modes  of damage  caused  by power beyond  the  durabi l i ty and  the  s i tuation  i s  severer for a  
SAW duplexer than  for a  BAW duplexer.   

The  fi rst mode i s  breakdown.  H igh  vol tage  momentari l y destroys  SAW electrodes.  I nput power 
shou ld  be  considered  to  prevent  thei r breakdown.  

The  second  mode  i s  stress  m igration .  The  excess ive  repeated  mechan ica l  stress  can  i nduce  
e lectrode  deteriorations,  such  as  voids  and  h i l l ocks.  They cause  frequency sh i ft and  insertion  
attenuation  degradation  of the  SAW duplexer.  

I n  order to  protect  the  SAW duplexer from  such  deteriorations,  and  to  keep  the  duplexer 
working  for a  sufficien t amoun t of t ime,  the  d rive  l evel  sha l l  be  less  than  1  W.  Various  
technolog ies  of h igh  power durabi l i ty i n  SAW devices  i n tended  to  extend  their l i fetime have  
been  stud ied ;  these  are  described  in  5. 5  of I EC 61 01 9-2 : 2005.  

I n  the  case  of a  BAW duplexer,  i t  i s  sa id  that  i ts  du rabi l i ty i s  s tronger than  that of an  SAW.  
However,  cons ideration  of the  d ri ve  l evel  i s  necessary a lso  for a  BAW duplexer.  More  deta i led  
stud ies  and  reports  are  requ i red  techn ical l y.  

7.2  Harmonics  and  i n ter-modulation  d istortion  

Non l ineari ty of SAW and  BAW duplexers  l oaded  i n  h igh  power can  cause  harmon ics,  wh ich  
generates  unwanted  output  s ignals  i n  stop  band  areas,  as  shown  by F igure  1 0  and  F igure  1 1 .  
I n  add i ti on  i n ter-modu lation  d is tortion  a lso  occurs  both  i n  s top  band  and  pass  band  areas.  
Detai l ed  techn ica l  i n formation  i s  described  i n  8. 5. 7  of I EC 60862-1 : 201 5.  

7.3  Measurement method  for the  duplexer 

The  measurement method  shal l  bas ical l y be  performed  i n  accordance  wi th  the  measurement 
method  of I EC  60862-1 : 201 5  and  I EC 62575-1 : 201 5.  However,  i n  the  evaluation  of the  
duplexer,  the  i nstructions  g i ven  by the  appl ication  notes  from  a  vendor shou ld  be  considered .  
Because  the  duplexer i s  a  th ree-port  device,  i t  i s  recommended  to  use  mu l ti -port-type  network 
analyzers.  F i gure  1 8  shows  a  schematic d iagram  of the  measurement method  for a  duplexer 
wi th  a  four-port-type  network analyzer,  as  an  example.   

However,  a  conventional  two-port-type  network anal yzer can  be  a lso  used  for measuring  the  

characteristics  between  any two  ports  chosen  from  three  ports  of the  duplexer wi th  50  Ω  
term ination  of the  unchosen  port.  A vector vol tmeter or other fi l ter test  equ ipment can  be  a lso  
appl icable  i n  the  same way i nstead  of the  network anal yzer.  
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Figure 1 8  – Four-port-type network analyzer for duplexer measurement 

Adopting  a  ba lanced  connection  fi l ter5)  to  the  RX fi l ter,  a  duplexer wi th  a  balanced  RX port  
wi l l  be  real i zed .  I t  can  a lso  be  evaluated  us ing  four-port-type  network anal yzer as  shown  in  
F igure  1 9 .  

___________ 

5)  See  I EC 60862-2 : 201 2,  5 . 3 . 5.  
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Figure 1 9  – Four-port-type network analyzer for measurement of 
a  balanced  RX port duplexer 

7.4  Electrostatic vol tage  protection  

Since  the  duplexers  are  used  in  the  fron t-end  of the  user equ ipment,  e lectrostatic  overstress  
(d ischarge)  can  easi l y a ffect the  device 's  antenna  port,  and  a  countermeasure  against the  
static e lectrici ty i s  general l y requ ired ,  particu larl y for SAW duplexers.  As  the  e lectrode  gap  of 
IDT i n  the  SAW duplexer i s  very narrow,  especia l l y for the  h igh  frequency range,  and  i t  m ight  
be  a  cause  of degradation  or destruction  to  appl y static  e l ectrici ty to  a  SAW duplexer,  i t  i s  
necessary to  be  carefu l  not to  appl y static  e l ectrici ty or excessive  vol tage  wh i l e  transporti ng ,  
assembl ing  and  measuring .  

I f the  p iezoelectric material  of duplexers  has  l arge  pyro-e lectrici ty,  excessive  vol tage  can  
occur during  rapid  temperature  changes.  I n  order to  prevent  such  an  occurrence,  i t  i s  
necessary to  take  care  not to  add  any thermal  shock.  I n  the  soldering  process,  adequate  
preheating  i s  effecti ve.  
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