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WIRELESS POWER TRANSFER – AIRFUEL ALLIANCE RESONANT  

BASELINE SYSTEM  SPECIFICATION  (BSS)  
 

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 cations  (PAS)  and  Gu i des  (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  Commi 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 
patent  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  paten t  ri gh ts.  

I n ternational  Standard  I EC  63028  has  been  prepared  by techn ical  area  1 5:  Wireless  power 
transfer,  of I EC  techn ical  comm ittee  1 00:  Aud io,  video  and  mu l timed ia  systems and  
equ ipment.  

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

FDIS  Report  on  voti ng  

1 00/2901 /FDIS  1 00/2941 /RVD  

 

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  tab le.  

Th is  document has  been  drafted  i n  accordance  wi th  the  I SO/I EC D irectives,  Part 2 .  
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The  committee  has  decided  that the  con ten ts  of th is  document wi l l  remain  unchanged  un ti l  the  
stabi l i ty date  i nd icated  on  the  I EC  websi te  under "h ttp : //webstore. iec.ch "  i n  the  data  re lated  to  
the  speci fic document.  At  th is  date,  the  document wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  rep laced  by a  revised  ed i ti on ,  or 

•  amended .  

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

 

IMPORTANT – The  'colour inside'  logo  on  the  cover page  of th is  publ ication  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  prin t  th is  document using  a  
colour printer.  
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INTRODUCTION  

I n  today’s  world ,  mainstream  consumer mobi le  devices  are  ub iqu i tous l y supported  by wi re less  
technolog ies  for data  communication  and  connectivi ty functions  wh i l e  charg ing  function  is  
primari l y supported  by wired  technolog ies .  The  development of wi re less  power transfer 
technolog ies  offers  i ncreased  user conven ience  for charg ing  mobi le  devices;  technolog ies  
i nclude  inductive,  resonant,  uncoupled  (RF,  u l trason ic,  l aser)  methods.  

I EC 63028  defines  a  speci fic  wireless  charg ing  approach  based  on  resonant  technology and  
speci fies  techn ical  requ i rements  for the  Ai rFuelTM 1  resonant  wire less  power transfer (WPT)  
systems.  

 

  

___________ 

1   Ai rFue lTM  i s  the  trade  name of a  product  suppl i ed  by Ai rFue l  Al l i ance.  Th i s  i n formati on  i s  g i ven  for the  
conven i ence  of users  of th i s  document and  does  not  consti tu te  an  endorsement by I EC of the  product named .  



 – 1 0  – I EC 63028: 201 7    I EC:201 7  

WIRELESS POWER TRANSFER – AIRFUEL ALLIANCE RESONANT  
BASELINE SYSTEM  SPECIFICATION  (BSS)  

 
 
 

1  Scope 

This  document defines  techn ical  requ i rements,  behaviors  and  in terfaces  used  for ensuring  
i n teroperabi l i ty for fl exib l y coupled  wireless  power transfer (WPT)  systems  for Ai rFuel  
Resonant WPT.  Th is  document i s  based  on  Ai rFuel  W ireless  Power Transfer System  Basel i ne  
System  Speci fication  (BSS)  v1 . 3 .  

Products  implementing  th is  document are  expected  to  fo l l ow appl icable  regu lations  and  g lobal  
standards.  

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 i rements  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.  

Ai rFuel  Wireless  Power Transfer System  Basel i ne  System  Speci fication  (BSS)  v1 . 3  [viewed  
201 7-03-1 3] .  Avai l able  at:  h ttp : //www.airfuel . org /technolog ies/speci fication-down load  

AirFuel  Wireless  Power Transfer System  Basel ine  System  Speci fication  (BSS)  v1 . 2 . 1  [viewed  
201 7-03-1 3] .  Avai l ab le  at:  h ttp : //www.airfuel . org /technolog ies/speci fication-down load  

B luetooth  core  speci fication  v4 . 0,  or l ater vers ions  as  they are  avai l able  [viewed  201 7-03-1 3] .  
Avai l able  at:  h ttps: //www. bluetooth . org/docman/hand lers/down loaddoc.ashx?doc_id=229737  

CSA4,  or l ater vers ions  as  they are  avai l ab le  [viewed  201 7-03-1 3] .  Avai l able  at:   
h ttps : //www.bluetooth . org/docman/hand lers/Down loadDoc.ashx?doc_id=269452  

3 Terms,  defin i tions,  symbols  and  abbreviated  terms 

3. 1  Terms and  defin i tions  

For the  purposes  of th is  document,  the  fo l l owing  terms  and  defin i ti ons  apply.  

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  

3. 1 . 1   
advertisement 
connectable ,  und i rected  advertis i ng  even t where  the  device  transm its  three  WPT service  
speci fic ADV_IND  packets  and  accepts  both  scan  requests  and  connect requests  

Note  1  to  en try:  There  i s  one  ADV_IND  packet transm i tted  on  each  of the  adverti s i ng  channel s .   

Note  2  to  en try:  Recei pt  of an  adverti sement i s  defi ned  to  be  receipt  of one  of the  th ree  adverti sement  packets.  

https://www.bluetooth.org/docman/handlers/downloaddoc.ashx?doc_id=229737
https://www.bluetooth.org/docman/handlers/DownloadDoc.ashx?doc_id=269452
http://www.electropedia.org/
http://www.iso.org/obp
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3. 1 .2   
category 
type  of power receiving  un i t  (PRU)  

Note  1  to  en try:  Refer a l so  to  the  defi n i ti on  of power recei ving  un i t  (3 . 1 . 1 7).  

3. 1 .3   
charge  area  
<PRU  l arger than  the  test area>  reg ion  of maximum  overlap  between  the  PTU  charge  area   
and  the  PRU  resonator 

Note  1  to  en try:  The  charge  area  i s  provi ded  by the  vendor,  the  PRU  i s  the  en ti re  device,  and  the  test  area  i s  the  
charge  area  i n  tests.  

3. 1 .4   
charge  area  
<PRU  smal l er than  the  test area>  reg ion  of maximum  overlap  between  the  PTU  charge  area  
and  the  PRU  

Note  1  to  en try:  The  charge  area  i s  provided  by the  vendor,  and  the  test  area  i s  the  charge  area  i n  tests.  

Note  2  to  en try:  Th i s  does  not  preclude  the  PRU  resonator being  l arger than  the  PTU  resonator.  

Note  3  to  en try:  Add i ti onal l y,  "wi th i n  the  charge  area"  i s  equated  to  mean  "wi th i n  the  test  area" .  

Note  4  to  en try:  The  charge  area  i ncl udes  the  speci fi cation  of the  Z  heigh ts  i n tended  for the  fi na l  product,  from  
the  surface  of resonator coi l .  

3. 1 .5   
class  

type  of power transm itting  un i t  (PTU)  

Note  1  to  en try:  Refer a l so  to  the  defi n i ti on  of power transm i tti ng  u n i t  (3. 1 . 1 8 ).  

3. 1 .6   
concurrent mul tiple  charging  

transm ission  of power from  one  transm itti ng  resonator to  mu l tip le  receiving  resonators  

Note  1  to  en try:  Magneti c  resonant coupl i ng  can  occur among  one  transm i tti ng  resonator and  many recei ving  
resonators ,  wh i l e  t i gh t  coupl i ng  i s  restri cted  to  on l y one  transm i tti ng  coi l  and  one  rece iving  coi l .  Thus,  t i gh tl y  
coupled  technology on l y a l l ows  one-to-one  power transm ission .  

3. 1 .7   
del ta  R1  
change  in  a  PTU  resonator’s  measured  res istance  when  a  PRU  is  p laced  at the  center of 
PTU ’s  charge  area  as  compared  to  the  res istance  when  no  objects  are  i n  the  charge  area  

Note  1  to  en try:  Th i s  measurement refers  to  the  use  of a  PRU  wi th  an  open -ci rcu i t  resonator.  

3. 1 .8   
device  registry 

l i st  of active  PRU ’s  main tained  by the  PTU  

3. 1 .9   
dominant PRU  
PRU  consum ing  the  h ighest percentage  of i ts  rated  ou tpu t power (VRECT  x  IRECT  /  PRECT_MAX)  

3. 1 . 1 0   
flexibly coupled  wireless  power transfer 
power transfer system  that provides  power through  magnetic i nduction  between  a  transm i tter 
coi l  and  a  receiver coi l ,  where  the  coupl ing  factor (k)  between  the  coi l s  can  be  wi th in  a  range 
between  large  and  very smal l  (e . g . ,  l ess  than  0, 025)  
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Note  1  to  en try:  Al so,  i n  a  fl exib l y coupl ed  system ,  the  transm i tter ( i . e . ,  the  primary)  coi l  can  be  of the  same  s i ze,  
or much  l arger than  the  recei ver ( i . e. ,  secondary)  coi l .  The  a l l owabl e  d i fference  i n  coi l  s i ze  enab les  concurren t 
charg i ng  of mu l ti p l e  devices  as  wel l  as  more  fl exi ble  p l acement  of recei ver coi l s  wi th i n  the  charge  area.  

3. 1 . 1 1   
h igh  vol tage region  
PRU  reg ion  i n  wh ich  VRECT  l evels  resu l t  i n  h i gh  power d iss ipation  wi thou t damag ing  the  PRU  

3. 1 . 1 2   
keep-out volume 

volume outs ide  of the  charge  area  i n  wh ich  no  testing  is  performed  

Note  1  to  en try:  Th i s  parameter i s  defi ned  by the  PTU  vendor.  

3. 1 . 1 3   
low vol tage  region  
VRECT  vo l tages  below the  operational  range  

3. 1 . 1 4  
normal  operation  

range  of a l l  speci fied  WPT states  other than  PRU  System  Error state  for over-vol tage  

3. 1 . 1 5   
over-voltage  
VRECT  vo l tages  greater than  VRECT_MAX  

Note  1  to  en try:  Over-vol tage  can  permanentl y damage  PRU  components  i f the  PRU  does  not  correct  the  
cond i ti on  (see  8. 3. 6).  

3. 1 . 1 6   
OVP switch  

swi tch  i n  the  PRU  that  opens  or cl oses  to  protect the  PRU  

3. 1 . 1 7   
power receiving  un i t  

un i t receiving  e lectrical  power wi reless l y from  a  power transm i tti ng  un i t  

3. 1 . 1 8   
power transmitting  un i t  

un i t transferring  e lectrical  power wi reless l y to  each  power recei ving  un i t  

3. 1 . 1 9   
recti fier efficiency 
ratio  of recti fied  power to  PRU  received  power (PRECT  /  PRX_OUT)  

3. 1 .20   
resonance  
cond i tion  of a  body or system  when  i t  i s  subjected  to  a  period ic  d is turbance  of the  same 
frequency as  the  natural  frequency of the  body or system  

Note  1  to  en try:  At  th i s  frequency,  the  system  d i splays  an  enhanced  osci l l ati on  or vi bration .  

3. 1 .21   
resonator 
magnetic fie ld  generator that satisfies  the  resonance cond i ti on  for efficien tl y transferring  
e lectrica l  power from  a  PTU  to  a  PRU  

Note  1  to  en try:  Both  a  coi l  and  an  e l ectri cal  conducti ng  wi re  are  examples  of a  resonator.  
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3. 1 .22   
wireless  power transfer 
processes  and  methods  that take  p lace  i n  any system  where  e lectrical  power is  transm i tted  
from  a  power source  to  an  e lectrical  load  wi thou t i n terconnecting  wi res  

3.2  Symbols  and  abbreviated  terms  

3.2. 1  Symbols  

For the  purposes  of th is  document,  the  fol l owing  symbols  for variable  parameters  appl y.  

3.2. 1 . 1   
ηRECT  
recti fi er efficiency (PRECT  /  PRX_OUT)  

3.2. 1 .2   
IRECT  

DC  current  ou t of the  PRU ’s  recti fi er 

3.2. 1 .3   
IRECT_REPORT  
IRECT  va l ue  reported  by a  PRU  to  a  PTU  

3.2. 1 .4   
IRX_IN  

RMS  current ou t of the  resonator/in to  the  recti fier,  wh i l e  i n  the  PRU  on  state  

3.2. 1 .5   
ITX  

RMS  current  i n to  the  PTU  resonator coi l  

3.2. 1 .6   
ITX_LONG_BEACON  

RMS  curren t  in to  the  PTU  resonator during  the  l ong  beacon  period  i n  the  PTU  power save  
state  

Note  1  to  en try:  Th i s  cu rren t i s  used  to  provide  m in imum  power for waking  up  a  PRU  s i gnal i ng  modu le  and  MCU,  
and  to  i n i ti ate  commun ication .  

3.2. 1 .7   
ITX_SHORT_BEACON  

RMS  current  i n to  the  PTU  resonator wh i l e  i n  the  PTU  power save  s tate  

Note  1  to  en try:  Th i s  curren t i s  used  to  detect the  PTU  impedance  change  caused  by the  pl acement of an  object  
i n  the  charge  area.  

3.2. 1 .8   
ITX_START  

RMS  current  in to  the  PTU  resonator that provides  m in imum  power for waking  up  a  PRU  
s ignal ing  modu le  and  MCU  

Note  1  to  en try:  Th i s  cu rrent  i s  a l so  used  to  i n i ti ate  commun ication  and  reg i stration .  

3.2. 1 .9   
PI N  

DC  power in to  the  PTU  

3.2. 1 . 1 0   
PTX_IN  

i nput  power to  the  PTU  resonator 
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3.2. 1 . 1 1   
PTX_IN_MAX  

maximum  i npu t power to  the  PTU  resonator 

3.2. 1 . 1 2   
PRECT  
average  power ou t of the  PRU ’s  recti fi er AVG  (VRECT  x  IRECT)  

3.2. 1 . 1 3   
PRECT_BOOT  

maximum  average  power out  of the  PRU ’s  recti fier as  declared  by the  vendor 

Note  1  to  en try:  The  recti fi er power i s  measured  over a  1  ms  i n terval .  

3.2. 1 . 1 4   
PRECT_I N  

average  power i n to  the  PRU  recti fi er 

3.2. 1 . 1 5   
PRX_REPORTED  
product  of reported  recti fied  vol tage  and  curren t (VRECT_REPORT  x  IRECT_REPORT)  

3.2. 1 . 1 6   
PRX_OUT  

power out of the  PRU  resonator 

3.2. 1 . 1 7   
RRECT  

effective  load  res istance  at  the  ou tpu t of the  PRU ’s  recti fi er 

3.2. 1 . 1 8   
RRECT_MP  

maximum  power poin t  resistance  

3.2. 1 . 1 9   
RRX_IN  

paras i tic  resistance  of the  PRU  resonator 

3.2. 1 .20   
VPAa  

DC  i npu t vol tage  to  the  PTU ’s  power ampl i fi er 

3.2. 1 .21   
VRECT  

DC  vol tage  at  the  ou tpu t of a  PRU ’s  recti fier 

3.2. 1 .22   
VRECT_REPORT  
VRECT  va l ue  wh ich  a  PRU  reports  to  a  PTU  

3.2. 1 .23   
ZRX_IN  

i nput impedance of the  PRU  resonator and  match ing  network  

For the  purposes  of th is  document,  the  fol lowing  symbols  for PTU/PRU  des ign  dependen t 
variable  parameters  apply.  
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3.2. 1 .24   
ADV_PWR_MIN  
m in imum  BLE  advertisement power as  seen  at  the  PTU  BLE  antenna  

3.2. 1 .25   
ITX_ABS_MAX  

absolu te  maximum  PTU  curren t  

3.2. 1 .26   
ITX_LONG_BEACON_MIN  

m in imum  al l owed  curren t during  PTU  long  beacon  

3.2. 1 .27   
ITX_SHORT_BEACON_MIN  

m in imum  al l owed  current  during  PTU  short beacon  

3.2. 1 .28   
ITX_MAX  

operational  maximum  PTU  curren t  

3.2. 1 .29   
ITX_MIN  

operational  m in imum  PTU  curren t  

3.2. 1 .30   
ITX_NOMINAL  

nom inal  PTU  resonator curren t d riving  a l l  PRUs  to  operate  in  the  optimum  vol tage  reg ion  

3.2. 1 .31   
PRECT_MAX  
PRU ’s  maximum  rated  PRECT  power 

3.2. 1 .32   
PRECT_MIN  
PRU ’s  m in imum  rated  PRECT  power 

3.2. 1 .33   
PRX_OUT_MAX  

maximum  ou tpu t power of the  PRU  resonator 

3.2. 1 .34   
RRX_MIN  

m in imum  resistance  presented  to  the  PRU  resonator term inals  during  normal  operation  

3.2. 1 .35   
RRECT_MP  
RRECT  res istance  that ach ieves  maximum  PRECT  power 

3.2. 1 .36   
RTX_IN  
real  part of ZTX_IN  

3.2. 1 .37   
VRECT_BOOT  
boot VRECT  vo l tage  

Note  1  to  en try:  Be low th i s  l evel ,  the  PRU  cannot en ter the  PRU  boot s tate.  
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3.2. 1 .38   
VRECT_HIGH  
maximum  operational  VRECT  vol tage  

3.2. 1 .39   
VRECT_MAX  
PRU ’s  maximum  al lowable  VRECT  vo l tage  

3.2. 1 .40   
VRECT_MIN  
m in imum  operational  VRECT  vo l tage  

Note  1  to  en try:  Be low th i s  vo l tage,  PRUs  m ight  not  del i ver fu l l  power.  

3.2. 1 .41   
VRECT_SET  
PRU ’s  preferred  VRECT  vo l tage  

3.2. 1 .42   
VRECT_UVLO  
u nder vol tage  lock ou t VRECT  vol tage  

Note  1  to  en try:  Be low th i s  l evel ,  the  PRU  m ight  not  enable  MCU  and  commun ication  modu le.  

3.2. 1 .43   
XTX_IN  
imag inary part of ZTX_IN  

3.2. 1 .44   
|ZPA_SOURCE |  
magn i tude  of the  ou tpu t impedance  of the  match ing  network and  connected  power ampl i fi er of 
the  PTU  

3.2. 1 .45   
|ZPA_SOURCE_MIN |  

magn i tude  of the  m in imum  a l lowable  source  impedance  of the  ampl i fier or suppl y that 
provides  curren t to  the  PTU  resonator 

3.2. 1 .46   
ZTX_IN_LOAD_CHANGE  
m in imum  load  change i n  ZTX_IN  created  by a  PRU  when  p laced  i n  the  charge  area  of a  PTU  

Note  1  to  en try:  The  l oad  change  i s  measured  when  an  I
TX

 cu rrent  g reater than  or equal  to  
ITX_SHORT_BEACON_MIN  i s  appl i ed .  

Note  2  to  en try:  Th i s  va l ue  i s  speci fi c  to  a  PTU  resonator d esign .  

3.2. 1 .47   
ZTX_IN_LOAD_DETECT  
magn i tude  of the  m in imum  real  and  imag inary change  i n  ZTX_I N  that  the  PTU  resonator 

ci rcu i try can  be  able  to  detect  

3.2. 1 .48   
ZTX_IN  

i nput impedance of PTU  resonator 
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3.2.2  Abbreviated  terms  

BLE  b luetooth  l ow energy 

BSS  basel ine  system  speci fication  

GAP generic access  profi le  

GATT generic attribu te  profi l e  

MCU  m icrocontrol ler 

NFC  near fie ld  communication  

LE  l ow energy 

OCP over-current protection  

OEM  orig inal  equ ipment manufacturer 

OTP over-temperature  protection  

OVP over-vol tage  protection  

PA power ampl i fier 

PRU  power receiving  un i t  

PTU  power transm i tting  un i t  

RCE  resonator coupl i ng  efficiency 

RFU  reserved  for fu tu re  use  

UU ID  un iversal l y un ique  i den ti fi er 

WPT wire less  power transfer 

4 System  description  

The AirFuel  Al l i ance  WPT system  transfers  power from  a  s ing le  power transm itter un i t (PTU)  
to  one  or more  power receiver un i ts  (PRUs. )  The  power transm iss ion  frequency i s  6 , 78  MHz,  
and  up  to  e i gh t devices  can  be  powered  from  a  s ing le  PTU  depend ing  on  transm i tter and  
receiver geometry and  power l evels .  The  bl uetooth  low energy (BLE)  l ink in  the  AirFuel  
Resonant system  is  in tended  for control  of power levels ,  i denti fication  of va l id  l oads  and  
protection  of non-compl iant  devices.  

F igure  1  i l l ustrates  the  bas ic WPT system  configu ration  between  a  PTU  and  a  PRU .  The  PTU  
can  be  expanded  to  serve  mu l tip le  i ndependent PRUs.  The  PTU  comprises  three  main  
functional  un i ts  wh ich  are  a  resonator and  match ing  un i t,  a  power convers ion  un i t,  and  a  
s i gnal ing  and  con trol  un i t.  The  PRU  a lso  comprises  three  main  functional  un i ts  l i ke  the  PTU.  

The  con trol  and  communication  protocol  for the  WPT network i s  des igned  as  the  b id i rectional  
and  hal f duplex arch i tecture  and  is  used  to  s ignal  PRU  characteristics  to  the  PTU  as  wel l  as  
to  provide  feedback to  enable  efficiency optim ization ,  over-vol tage  protection ,  under-vol tage  
avoidance,  and  rogue  object  detection .  

The  WPT network i s  a  s tar topology wi th  the  PTU  as  the  master and  PRUs  as  s l aves.  The  
PTU  and  the  PRU  perform  the  b i d i rectional  commun ication  to  each  other to  i den ti fy the  device  
compl iance  and  to  exchange  the  power negotiation  i n formation .  

I n  th is  document,  Clause  5  provides  h igh  l evel  requ i rements  and  Clause  6  i den ti fi es  device  
classi fications.  C lause  7  provides  power transfer requ irements  ( includ ing  a  fixed  6 , 78  MHz 
operati ng  frequency,  resonator requ i rements  and  l oad  parameters)  wh i l e  C lause  8  provides  
PTU  and  PRU  power con trol  requ irements .  C lause  9  provides  s ignal i ng  requ irements ,  
Clause  1 0  i den ti fi es  approved  PTU  resonator designs ,  and  Annex A ( i n formative)  i ncl udes  
reference PRUs  for PTU  acceptance  testi ng .  Annex B  i s  an  i n formative  annex for PTU  l ost  
power.  Annex C  is  a  normative  annex for user experience  requ irements .  Annex D  is  an  
i n formative  annex for address ing  resonator coupl ing  efficiency (RCE)  measurements .  



 – 1 8  – I EC 63028: 201 7    I EC:201 7  

Signal ing  and  

control

Power receiving  unit (PRU)
Rx resonator

Matching 

network

Signal ing  and  

control

Tx resonator
Voltage control

Power transmitting  unit (PTU)

Resonant coupling  

at 6,78 MHz Bidirectional  communication  

at 2,4 GHz Band

Power 

amp

Power 

supply

Power conversion  unit

DC to DC

Client 

device 

load

Power conversion  unit

Matching  

network
Rectifier

 
IEC 

Figure 1  – Wireless  power transfer system  

5 Conformance and  backwards  compatibi l i ty 

PRU  and  PTU  devices  shal l  comply wi th  the  Ai rFuel  W ireless  Power Transfer System  
Basel i ne  System  Speci fication  (BSS)  v1 . 3 ,  the  Ai rFuel  Wireless  Power Transfer System  
Basel i ne  System  Speci fi cation  (BSS)  v1 . 2 . 1 ,  and  the  B luetooth  core  speci fication  v4.0  wi th  
CSA4.  

Devices  compl iant  wi th  th is  document shal l  be  backwards  compatible  wi th  devices  wh ich  are  
i n  compl iance  wi th  the  AirFuel  W ireless  Power Transfer System  Basel ine  System  
Speci fication  (BSS)  v1 . 3 ,  and  the  Ai rFuel  W ireless  Power Transfer System  Basel i ne  System  
Speci fication  (BSS)  v1 . 2 . 1  publ ished  by the  AirFuel  Al l i ance.  To  be  backwards  compatib le,  
devices  shal l  adhere  to  the  fol lowing  behavior.  

Upon  completion  of device  reg istration ,  i f the  device,  based  on  the  exchanged  in formation ,  
determ ines  that i t  i s  connected  to  a  prior version  Ai rFuel  resonant device  or to  an  AirFuel  
resonant device  wi th  unsupported  optional  featu res,  then  the  device  shal l  not  perform  any 
procedure  re lated  to  the  unsupported  features  of the  connected  Ai rFuel  resonant device.  
Further,  i f a  device  receives  any unknown  or unsupported  i n formation  from  the  connected  
AirFuel  resonant device,  such  in formation  i n  any form  or manner shal l  be  i gnored .  

For Ai rFuel  resonant  devices,  the  fol l owing  appl ies .  

a)  The  PRU  shal l  be  in teroperable  wi th  al l  previous  BSS  vers ion  PTUs and  shal l  support a l l  
mandatory features  for the  vers ion  to  wh ich  the  previous  vers ion  PTU  compl ies .  The  PRU  
may support the  optional  features  that the  PTU  supports  i n  the  previous  vers ion  for wh ich  
the  PTU  compl ies.  The  PRU  shal l  not request  or i n i tiate  any feature  (mandatory or 
optional )  that i s  not  supported  by the  previous  version  PTU.  
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b)  The  PTU  shal l  be  i n teroperable  wi th  a l l  previous  BSS vers ion  PRUs  and  shal l  support  a l l  
mandatory features  for the  vers ion  to  wh ich  the  previous  vers ion  PRU  compl ies.  The  PTU  
may support  the  optional  features  that the  PRU  supports  i n  the  previous  vers ion  for wh ich  
the  PRU  compl ies .  The  PTU  shal l  not  request  or i n i ti ate  any featu re  (mandatory or 
optional )  that i s  not supported  by the  previous  version  PRU .  

6 Device types  

6.1  PTU  classi fication  

AirFuel  resonan t PTU  classes  are  defined  by the  fol lowing .  

a)  A PTU  class  i s  determ ined  by the  h ighest category PRU  supported  by that PTU  as  
determ ined  in  Table  1 .  For example,  a  PTU  that  supports  category 4  and  below PRUs  i s  
considered  a  class  3  PTU.  The  maximum  ou tpu t power capabi l i ty of a  PTU  of class  n  shal l  
be  l arger than  or equal  to  the  value  of PTX_IN_MAX’  of i ts  class  as  denoted  in  Table  1 .  The  
ou tpu t power of a  PTU  is  denoted  by PTX i n  F igu re  2 ,  where  PTX  i s  the  real  power,  
Avg  (V(t)  x I(t)) .  See  Clause  7  for power transfer requ irements .   

b)  The  m in imum  PRU  support requ irements  are  speci fi ed  i n  Table  1 .  The  m in imum  support 
requ i rement speci fies  the  number of h i ghest category PRUs  that the  PTU  shal l  support at  
the  least.  The  PTU  shal l  support  power a l l ocation  for PRUs  of a l l  categories  lower than  the  
h ighest  supported  category speci fied  in  Table  1 ,  at  l east up  to  the  max number of devices  
speci fied  i n  the  table,  per the  l im i tation  of avai l ab le  power.  PTU  vendors  may speci fy a  
d i fferent  charge  area  for the  Category 1  PRUs from  other PRU  categories.  

NOTE  The  m in imum  category support  requ i rement speci fi ed  i n  Table  1  does  not  l im i t  PTUs  from  supporti ng  PRUs  
of h i gher category,  i f the  PTU  i s  capable  of supporti ng  h i gher category devices.  

PTU  resonator

PTX_IN

PRU  resonator

 
IEC 

Figure  2  – PTU-PRU  resonator PTX_IN  

Table  1  – PTU  classi fication  

 
P
TX_IN_MAX’  

watts  

Min imum  category support 
requ i rements  

M in imum  value  for max number of 
devices  supported  

Class  1  2  1  x Category 1  1  x Category 1  

Class  2  1 0  1  x Category 3  2x Category 2  

Class  3  1 6  1  x Category 4  2x Category 3  

Class  4  33  1  x Category 5  3x Category 3  

Class  5  50  1  x Category 6  4x Category 3  

Class  6  70  1  x Category 7   5x Category 3  

 

The m in imum  number of maximum  category devices  is  provided  as  a  gu idel ine  for ca lcu lating  
PTX_IN_MAX' ,  and  i s  not mean t to  restrict  the  s i ze  of a  correspond ing  class.  
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6.2  PRU  category 

I l l ustrated  i n  F igure  3 ,  the  PRU  resonator ou tput  power denoted  by PRX_OUT  i s  the  real  power 
Avg  V( t)  x  I( t) .  Table  2  l i s ts  the  PRU  resonator ou tpu t power (PRX_OUT_MAX’ )  for PRU  

categories.  See  Clause  7  for power transfer requ irements .  

PTU  resonator PRU  resonator

PRX_OUT

 
IEC 

Figure 3  – PTU-PRU  resonator PRX_OUT  

The PRU  shal l  not d raw more  power than  speci fi ed  for i ts  category.  See  Table  2 .  

Table  2  – PRU  category 

PRU  
P
RX_OUT_MAX

’  

Watts  
Example  appl ications  

Category 1  For fu rther s tudy BT Headset 

Category 2  3 , 5  Featu re  Phone  

Category 3  6 , 5  Smart  Phone  

Category 4  1 3  Tablet,  Phabl et  

Category 5  25  Smal l  Form  Factor Laptop  

Category 6  37, 5  Regu lar Laptop  

Category 7  50   

 

NOTE  1  For P
RX_OUT

,  the  PRU  power i s  the  ou tpu t power of the  PRU  resonator.  

NOTE  2  6 , 5  W  i s  i n tended  to  a l l ow 5  W  at  the  charge  port  i f the  implementation  has  an  effi ciency greater than  
80  % .  

7 Power transfer specifications  

7. 1  System  equ ivalent  ci rcu i t  and  reference  parameters  

The equ ivalent ci rcu i t of the  PTU  resonator shal l  be  series-tuned ,  or series-shun t-tuned .  The  
equ ivalent  ci rcu i t of the  PRU  resonator shal l  be  series-tuned ,  shunt tuned ,  or series-shun t 
tuned .  F i gure  4  shows  the  i n terface  poin t where  the  reference  parameters  are  measured .  
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fi l ter
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Filter 
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ITX

 
IEC 

Figure  4 – Equ ivalent  ci rcu i t  and  system  parameters  
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7.2  General  system  requ i rements  

7.2. 1  Operating  frequency 

The resonator system  shal l  operate  at 6 , 78  MHz ±  1 5  kHz.  

7.2.2  ZTX_IN  relationship  to  RRECT  

The real  part  of ZTX_IN  sha l l  be  i nversel y re lated  to  the  load  res istance  of the  recti fier.  An  
i ncrease  i n  RRECT  shal l  cause  a  decrease  in  ZTX_IN .  A decrease  i n  RRECT  shal l  cause  an  
i ncrease  i n  ZTX_IN .  

7.2.3  Power stabi l i ty  

Under a l l  operational  cond i tions  ( transient/steady state)  i nvolving  two  or more  PRUs,  the  
change  i n  recti fied-ou tpu t power of a  fi rst  PRU  shou ld  be  no  more  than  1 0  %  i n  the  fol l owing  
two cond i ti ons.  

a)  A second  PRU  is  physical l y added  or removed  from  the  charge  area  i n  a  l ocation  that  
does  not  overlap  wi th  the  fi rst  PRU .  

b)  A second  PRU  wh ich  i s  a l ready i n  the  charge  area  makes  s tep  response  from  0  %  load  to  
1 00  %  l oad  in  less  than  1  ms.  

7.2.4  PTU  co-location  protection  

A PTU  shal l  protect i tsel f when  col located  wi th  a  PTU  resonator of Clause  1 0 ,  wh ich  i s  
conducting  up  to  ITX_ABS_MAX.  Th is  i ncludes  a l l  areas  outs ide  of the  keep-ou t volume,  i n  

add i ti on  to  the  charge  area.  

7.2.5  PRU  self-protection  (i nformative)  

PRUs can  experience  h igh  fi el d  s trengths  as  a  resu l t of ITX_ABS_MAX  ( from  any class  PTU)  

and  are  expected  to  protect  themselves  accord ing l y,  i ncl ud ing  the  s i tuation  of a  l i nk l oss  and  
fai l ed  to  reconnect to  PTU .  Th is  i ncludes  a l l  areas  outs ide  of the  keep-ou t  volume,  i n  add i ti on  
to  the  charge  Area.  

7.3  Resonator requ irements  

7.3. 1  Resonator coupl ing  efficiency (RCE)  

7.3. 1 . 1  General  

Resonator coupl ing  efficiency (RCE)  i s  defi ned  as  the  maximum  of the  ratio  of the  power 
del i vered  by the  PRU  coi l  to  a  l oad ,  d ivi ded  by the  power de l i vered  to  the  PTU  coi l ,  a t  
6 , 78  MHz.  RCE  is  a lso  equal  to  the  maximum  va lue  of | S21 |

2  between  one  PTU  and  one  PRU ,  
occurring  wi th  perfectl y-matched  port  impedance  cond i tions,  mean ing  S 1 1  and  S22  are  zero,  
when  the  reference  port impedances  are  as  speci fied  in  7 . 3 . 1 . 2  and  7. 3. 1 . 3.  See  i n formative  
Annex D,  for RCE ca lcu lations.  

The  calcu lated  va lue  of RCE shal l  be  equal  to  or h igher than  the  m in imum  va lues  g i ven  i n  
Table  3 ,  when  the  PRU  i s  wi th in  the  charge  area  speci fied  i n  Clause  1 0.  

NOTE  1  The  actual  measu rements  of S
1 1
,  S

22
,  S

21
,  and  S

1 2
 can  be  made  wi th  nom inal  50  Ω  reference  port  

cond i ti ons  and  the  resu l ts  converted  to  meet th i s  RCE  defi n i ti on  as  wel l  as  fi n d ing  the  match ing  sou rce  and  l oad ,  
defi ned  i n  7 . 3. 1 . 2  and  7. 3. 1 . 3 .  A s tep-by-step  procedu re  to  determ ine  the  maximum  RCE  and  match ing  impedances  
i s  i ncl uded  i n  Annex D.  

NOTE  2  Assessment for a  new PRU  i s  performed  on  a l l  approved  PTUs  before  that  PRU  i s  determ ined  to  be  
compl ian t  wi th  the  speci fi cation .  
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Table  3  – M in imum  RCE  (percent and  dB)  between  PRU  and  PTU  

 Category 
1  

Category 
2  

Category 
3  

Category 
4  

Category 
5  

Category 
6  

Category 
7  

Class  1  N/A N /A N /A N /A N /A N /A N /A 

Class  2  N/A 74  ( -1 , 3)  74  ( -1 , 3)  N /A N /A N /A N /A 

Class  3  N/A 74  ( -1 , 3)  74  ( -1 , 3)  76  ( -1 , 2 )  N /A N /A N /A 

Class  4  N/A 50  ( -3)  65  ( -1 , 9)  73  ( -1 , 4 )  76  ( -1 , 2 )  N /A N /A 

Class  5  N/A 40  ( -4 )  60  ( -2 , 2 )  63  ( -2 )  73  ( -1 , 4 )  76  ( -1 , 2 )  N /A 

Class  6  N/A 30  ( -5, 2 )  50  ( -3)  54  ( -2 , 7)  63  ( -2 )  73  ( -1 , 4 )  76  ( -1 , 2 )  

NOTE  The  RCE  i s  s tated  as  "%  (db)" .  

 

NOTE  3  When  mu l ti pl e  PRUs  are  used ,  the  coupl i ng  effi ciency wi l l  i ncrease.  

7.3. 1 .2  Reference  port impedance of PTU  resonator 

The reference port impedance of the  PTU  resonator to  measure  S21  i s  defined  as  ZTX_IN ,  and  

is  PTU  and  PRU  resonator design  dependent.  

7.3. 1 .3  Reference  port impedance of PRU  resonator 

The reference port impedance of the  PRU  resonator to  measure  S21  i s  defi ned  as  ZRX_IN ,  and  

is  PTU  and  PRU  resonator design  dependent.  

7.3.2  PTU  resonator requ irements  

7.3.2 . 1  Approved  PTU  resonator designs  

A PTU  being  tested  for compl iance  to  the  speci fication  shal l  use  an  accepted  PTU  resonator 
from  the  Ai rFuel  resonant accepted  PTU  resonator l i st,  prior to  the  completion  of compl iance  
testing .  

7.3.2 .2  Resonator current  

7.3.2 .2 . 1  Threshold  values  

The  fol lowing  are  PTU  resonator cu rren t threshold  va lue  requ irements .  

a)  The  PTU  resonator coi l  curren t shal l  not exceed  ITX_MAX during  e i ther the  l ong  beacon-on  
period  or the  short beacon-on  period .  

b)  The  PTU  shal l  conduct  a  curren t greater than  ITX_SHORT_BEACON_MIN  th rough  the  PTU  
resonator coi l  during  the  short beacon-on  period .  

c)  The  PTU  shal l  conduct a  current greater than  ITX_LONG_BEACON_MIN  th rough  the  PTU  

resonator coi l  during  the  l ong  beacon-on  period .  

d )  The  PTU  shal l  conduct  a  current  greater than  or equal  to  ITX_MIN  th rough  the  PTU  
resonator coi l  during  the  PTU  Power Transfer state,  un less  any PRU  is  reporti ng  a  VRECT  
over VRECT_HIGH  

e)  The  PTU  shal l  be  capable  of conducting  a  curren t  ITX_NOMINAL  th rough  the  PTU  resonator 
coi l  duri ng  the  PTU  Power Transfer s tate.  The  to lerance  of ITX_NOMINAL  sha l l  be  no  
greater than  5  %  exclud ing  measurement error.  ITX_NOMINAL  shal l  be  derated  at  h i gh  
values  of RTX_IN  based  on  the  value  of PTX_I N_MAX’  which  is  defi ned  accord ing  to  the  PTU  

class 2) .  The  equation  for the  derated  current  i s :  

___________ 

2)  Note  that  i n  implementation ,  the  provis ion  of ITX_NOM I NAL  to  a l l  l oads  i s  not  i n tended  to  cause  a  ri se  i n  the  
charg ing  area  temperatu re.  
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ITX_NOMINAL_DERATED  =  M IN  (ITX_NOMINAL ,  SQRT (PTX_IN_MAX’ /R I N_TX))  

f)  The  PTU  shal l  be  capable  of conducting  a  curren t ITX_MAX  th rough  the  PTU  resonator coi l .  
ITX_MAX  shal l  be  derated  at h igh  values  of RTX_IN  based  on  the  va lue  of PTX_I N_MAX’  which  

i s  defi ned  accord ing  to  the  PTU  Class.  The  equation  for the  derated  curren t i s :  

ITX_MAX_DERATED  =  M IN  (ITX_MAX, SQRT (PTX_I N_MAX’ /R I N_TX))  

g )  The  PTU  resonator coi l  shal l  not  conduct  more  than  ITX_ABS_MAX  i n  any transien t or 

steady s tate  cond i ti on .  

A PTU  may operate  between  ITX_MIN  and  ITX_ABS_MAX.  A PTU  shal l  operate  between  
ITX_NOMINAL  and  ITX_MAX  

7.3.2 .2 .2  Transi tions  

The  PTU  resonator coi l  sha l l  not  exceed  i ts  PTU  resonator des ign  maximum  s lew rate.  

7.3.2 .3  Resonator power supply characteristics  

The  PTU  resonator shal l  be  d ri ven  by a  suppl y that has  a  source  impedance  that i s  greater 
than  |ZPA_SOURCE_MIN |  of the  accepted  PTU  resonator used  in  the  PTU  (per i ts  Ai rFuel  
resonant PTU  resonator cl ass  n  d es ign  template).  A resonator's  |ZPA_SOURCE_MIN |  shal l  be  
se lected  such  that  PRUs do  not  experience  an  i ncreased  RRECT_MP  when  operati ng  on  the  

PTU  resonator.  

NOTE  1  |Z
PA_SOURCE_MI N

|  i s  speci fi ed  because  i t  affects  the  source  impedance  of PRUs.  

NOTE  2  |Z
PA_SOURCE_MI N

|  i s  speci fi ed  to  approximate  a  cu rren t source  behavior at  the  PTU  resonator i n terface.  

NOTE  3  The  test  i s  performed  wi th  a l l  resonator i n terface  test  (RI T)  d evices  that  are  appl i cable  to  the  PTU  class.  

7.3.2 .4  Charge  and  test area  

The boundaries  of the  PTU  charge  area  and  the  PRU  resonator area  shou ld  be  i denti fied  by 
the  PTU  and  PRU  vendors,  respective l y.  Vendor charge  area  i nd ication  shal l  be  equal  or 
smal l er than  test charge  area  (charge  area  i n  tests).  The  keep-ou t volume shal l  be  a  bounded  
volume,  and  the  PTU  resonator des igner shal l  provide  a  PTU  mechan ical  housing  des ign  to  
i nd icate  how the  mechan ica l  housing  shou ld  preven t the  PRU  from  being  p laced  i ns ide  th is  
keep-out volume.  

7.3.2 .5  Resonator power supply impedance range  

The PTU  shal l  be  capable  of conducting  current l evels  through  the  PTU  resonator coi l  that 
satisfy the  resonator cu rrent threshold  values  across  i ts  speci fi ed  range  of ZTX_I N  (see  

F igure  5) .  

RTX_IN_MIN   ≤   Re{  ZTX_IN }   ≤   RTX_IN_MAX 

XTX_IN_MIN   ≤   Im {  ZTX_I N }   ≤   XTX_IN_MAX  
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Figure 5  – PTU  resonator-load  considerations  

For a  speci fic  PTU  resonator,  the  a l lowed  induced  impedance  for each  PRU  category shal l  be  
selected  appropriatel y to  account  for the  number of PRUs  supported  i n  that category.  

7.3.2 .6  Resonator geometry 

The PTU  resonator geometry shal l  be  bu i l t  to  the  requ irements  of C lause  1 0.  

NOTE  The  above  PTU  resonator requ i rements  are  resonator des i gn  speci fi c,  and  numbers  for the  above  
parameters  are  speci fi ed  i n  C l ause  1 0 .  

7.3.2 .7  Resonator impedance sensi tivi ty  

The PTU  resonator control  ci rcu i try shal l  be  capable  of detecti ng  a  l oad  change  of 
ZTX_IN_LOAD_DETECT  i n  the  value  of ZTX_I N .  

ZTX_IN_LOAD_DETECT  shal l  be  at l east  30  %  l ess  than  both  the  real  (R)  and  imag inary (X)  
components  of the  ZTX_IN_LOAD_CHANGE  speci fi ed  for the  PTU  resonator used  i n  the  PTU  

resonator and  resonator i n terface  acceptance test.  

7.3.3  PRU  resonator requ irements  

7.3.3.1  PRU  operating  points  

7.3.3. 1 . 1  General  

VRECT can  be  derived  as  a  function  of the  Z  matrix between  the  PTU  and  PRU  coi l s  (see  
Annex D) ,  ITX,  recti fier characteristics  and  load .  The  relationsh ip  between  a l l  of the  
parameters  i s  dependent on  PRU  implementation .  I t  i s  the  responsibi l i ty of the  orig inal  
equ ipment manufacturer (OEM)  to  produce a  des ign  that  a l l ows  for conformance.  

NOTE  The  requ i rements  i n  7 . 3 . 3 . 1  appl y under a l l  va l i d  l oad  cond i ti ons  ( i . e. ,  P
RECT_MI N

 to  P
RECT_MAX

)  wi th i n  the  
charge  area  ( i ncl ud i ng  m in imum  and  maximum  coupl i ng),  un l ess  otherwise  noted .  

7.3.3. 1 .2  PRU  Low Vol tage sub-state  th reshold  

A PRU ’s  VRECT  shal l  exceed  i ts  VRECT_BOOT  wh i l e  consum ing  PRECT_BOOT,  when  ITX  i s  
g reater than  ITX_LONG_BEACON_MIN  or ITX_MIN  (wh ichever threshold  i s  l ower)  on  presentl y 

approved  PTU  resonators  (see  Clause  1 0).  

Th is  requ irement i s  for s tart-up  cond i tions,  and  a  PRU  l oad  is  not requ i red  (see  8. 3. 4. 1 ) .  

7.3.3.1 .3  PRU  Optimum  Voltage  sub-state  threshold  

With  a  PTU  resonator that supports  charg ing  on ly a  s ing le  device  of the  PRU 's  category,  the  
fol lowing  appl ies .  

a)  The  PRU 's  VRECT  shal l  exceed  i ts  VRECT_MIN  i f ITX  i s  g reater than  or equal  to  ITX_MAX.  
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a)  The  PRU 's  VRECT  shal l  not  exceed  i ts  VRECT_HIGH  i f ITX  i s  less  than  or equal  to  
ITX_NOMINAL .  

For a  PTU  resonator that supports  charg ing  mu l tip le  devices  of the  PRU ’s  category,  a  PRU  
shal l  be  i n  the  PRU  Optimum  Vol tage  sub-state  when  ITX i s  equal  to  ITX_NOMINAL  on  presentl y 

approved  PTU  resonators  (see  1 0. 3) .  

7.3.3.1 .4  PRU  set-point  l im it  

A PRU  shal l  not requ i re  ITX to  exceed  ITX_MAX to  reach  VRECT_SET  on  presentl y approved  

PTU  resonators  (see  1 0 . 3).  

7.3.3. 1 .5  PRU  over-vol tage threshold  

A PRU  in  normal  operation  shal l  not en ter the  PRU  System  Error s tate  i f ITX i s  l ess  than  or 
equal  to  ITX_MAX  on  presen tl y approved  PTU  resonators  (see  1 0 . 3).  

7.3.3. 1 .6  PRU  over-voltage protection  

A PRU  shal l  not  be  damaged  i f ITX i s  l ess  than  or equal  to  ITX_ABS_MAX  on  presentl y approved  
PTU  resonators  (see  1 0. 3)  for any period  of t ime.  Th is  i ncludes  a l l  areas  outs ide  of the  keep-
ou t volume,  i n  add i tion  to  the  charge  area.  

7.3.3.1 .7  Marg in  between  VRECT_HIGH  and  VRECT_MAX  

VRECT_MAX shal l  be  g reater than  1 , 1  x  VRECT_HIGH .  

7.3.3.2  PRU-induced  reactance  change  

A PRU  shal l  present XTX_IN  wh ich  i s  wi th in  the  XTX_I N  range  defined  i n  C lause  1 0 .  

7.3.3.3  PRU-induced  resistance change  

A PRU  shal l  present RTX_IN  wh ich  i s  wi th in  the  RTX_I N  range  defined  i n  C lause  1 0 .  

7.3.3.4  Short  beacon  PRU-induced  impedance  

On  or before  March  1 ,  201 5,  a  PRU  of Category 2  or g reater shou ld  create  a  change i n  
reactance  and/or res istance  of at  l east  ZTX_IN_LOAD_CHANGE  when  p laced  i n  charge  area  of a l l  

curren tl y approved  PTU  resonators.  

After March  1 ,  201 5,  a  PRU  of Category 2  or greater shal l  create  a  change  in  reactance 
and /or res istance  of at  l east  ZTX_IN_LOAD_CHANGE  when  p laced  in  charge  area  of a l l  currentl y 

approved  PTU  resonators.  

I f a  Category 1  PRU  does  not create  an  impedance  change of at l east ZTX_I N_LOAD_CHANGE  
when  p laced  i n  charge  area  of a l l  curren tl y approved  PTU  resonators,  then  i t  sha l l  advertise  
that  i t  does  not  create  an  impedance  sh i ft  i n  the  PRU  advertis i ng  payload  (see  9. 5. 2).  

7.4  Load  parameters  

7.4. 1  Load  parameters  in troduction  

PRUs wi th  non- in tegrated  loads  (e. g . ,  backpack phone chargers  that p lug  i n to  a  mobi le  phone)  
shal l  comply wi th  the  requ irements  i n  7 . 4 . 2  to  7 . 4 . 4  for any devices  wi th  wh ich  they m ight be  
connected .  Th is  can  requ i re  the  PRU  to  i nclude  mechan isms to  ensure  that  they are  compl iant  
when  connected  to  thei r i n tended  l oad  devices.  



 – 26  – I EC 63028: 201 7    I EC:201 7  

7.4.2  M in imum  load  resistance  

The m in imum  value  of RRECT shal l  be  greater than  the  maximum  power poin t res istance  
(RRECT_MP) .  The  maximum  power poin t  resistance,  RRECT_MP ,  i s  defi ned  as  the  l oad  

res istance  measured  after the  recti fi er at wh ich  maximum  power del i very is  ach ieved .  

NOTE  R
RECT_MP

 i s  a  function  of |Z
PA_SOURCE

, |  PTU  resonator design ,  and  PRU  resonator d esi gn .  

7.4.3  Maximum al lowable  dynamic load  

The l oad ,  measured  at the  ou tput of the  recti fi er,  sha l l  not change by more  than  650  mW/µs  or 
X/µs,  wh ichever i s  greater.  X sha l l  be  calcu lated  as  2  %  times  the  maximum  outpu t power of 

the  PRU  resonator i n  mW.  

7.4.4  Maximum load  capacitance  

The effecti ve  l oad  capaci tance  connected  after the  recti fi er shal l  be  no  greater than  the  
maximum  effecti ve  capaci tance  shown  in  Table  4 .  

Table  4 – Maximum load  capacitance  

Category Maximum  effective  capaci tance  

µF  

Category 1  For fu rther study 

Category 2  1 00  

Category 3  1 00  

Category 4  1 00  

Category 5  1 00  

Category 6  1 30  

Category 7  1 30  

 

8 Power control  speci fications  

8. 1  Control  objectives  

The con trol  speci fications  are  designed  to  

a)  protect PRU ’s  VRECT  from  over-vol tage  ( i . e . ,  VRECT  >  VRECT_MAX) ,  

b)  reduce  PRU ’s  VRECT such  that  VRECT  ≤  VRECT_HIGH  with in  5  s  after a  PRU  reports  i ts  
VRECT  >  VRECT_HIGH ,  

c)  ensure  that a l l  PRUs  are  provided  a  VRECT vol tage  greater than  VRECT_MIN  and  l ess  than  
VRECT_HIGH ,  i f objecti ves  a)  and  b)  are  satisfied ,  and  

d )  con trol  ITX,  i f obj ecti ves  a),  b)  and  c)  are  satisfied ,  to :  

1 )  optim ize the  VRECT of the  PRU  wi th  the  h i ghest percentage  u ti l i zation  of PRECT  power,  
or 

2)  maxim ize  the  tota l  system  efficiency.  

8.2  PTU  specifications  

8.2. 1  PTU  state  

The PTU  shal l  have  the  fol l owing  s tates:  PTU  Configuration ,  PTU  Power Save,  PTU  Low 
Power,  PTU  Power Transfer,  PTU  Local  Fau l t,  and  PTU  Latch ing  Fau l t.  See  F igure  6.  
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Figure 6  – PTU  state  model  

8.2.2  General  state  requ irements  

8.2.2 . 1  General  state  i n troduction  

8. 2. 2  defines  requ i rements  that are  not speci fic to  one  PTU  state.   

8.2.2 .2  New device  reg istration  

The PTU  shal l  a l l ow for reg istration  of new devices  after receiving  va l id  PRU  advertisements  
(see  9. 6. 3)  i n  the  PTU  Power Save,  PTU  Low Power and  PTU  Power Transfer states.  

8.2.2 .3  PTU  l ink supervision  timer 

The PTU  shal l  main tain  a  separate  l i nk supervis ion  timer for each  PRU  connection .  The  l i nk 
supervis ion  timer shal l  be  started  at zero  seconds  when  a  connection  is  establ ished .  The  l i nk 
supervis ion  timer shal l  reset immed iatel y after any BLE  message  i s  received  from  the  PRU .  
The  l ink supervis ion  timer shal l  expi re  i n  one  second .  

I f a  PTU  l ink supervis ion  timer expi res  wi th  l ess  than  2  W  of PTX_IN  variation  before  the  timer 

expires,  the  PTU  shal l  attempt the  l i nk loss  reconnection  procedure.  See  9 . 4. 5. 3. 3 .  I f the  
reconnection  procedure  i s  not  successfu l  wi th in  1 , 1  s  after the  PTU  l i nk expi ration ,  the  PRU  
shal l  be  removed  from  the  system  reg istry.  The  PTU  may cons ider that a  PRU  mal function  
has  occurred  and  en ter the  PTU  Latch ing  Fau l t  s tate.  

I f the  PTU  l i nk supervis ion  timer expi res  wi th  greater than  or equal  to  2  W  of PTX_IN  variation  

before  the  timer expi res,  then  the  PTU  shal l  remove  the  PRU  from  the  system  reg istry.  I f 
afterwards,  the  system  reg istry i s  empty,  the  PTU  shal l  en ter the  PTU  Power Save s tate.  

8.2.2 .4  Messaging  latency 

Latency i n troduced  by packet error rate  i s  not considered  as  part  of th is  document.  

8.2.2 .5  PTU  response  time for PRU  detection  

The PTU  shal l  be  capable  of detecti ng  a  PRU  placed  in  the  charge  area  and  en ter PTU  Power 
Transfer s tate  or i n form  the  PRU  of power den ia l  wi th in  the  time  as  speci fi ed  i n  Table  5 .  
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NOTE  1  The  PTU  i n forms  the  PRU  of power den ia l  th rough  wri ti ng  i n  the  perm ission  fi e l d  of the  PRU  con trol  
characteri sti c  as  described  i n  Table  20.  

Table  5  – Time requ irement  to  enter PTU  Power Transfer state  

Condi tion  Maximum  time  for i n i tiating  
charge of PRU  

s  

Category 1  PRU  3 , 5  

Unti l  March  01 ,  201 5:  PRU  creates  l ess  than  
Z
TX_I N_LOAD_CHANGE

 
7  

PRU  creates  Z
TX_IN_LOAD_CHANGE

 or g reater and  no  
extended  l ong  beacon  request  from  PRU  

1  

PTU  extends  l ong  beacon  3 , 5  

 

See  7 . 3. 3. 4,  for short beacon  PRU-induced  impedance,  ZTX_IN_LOAD_CHANGE .  

NOTE  2  For category 2-5  PRUs,  the  maximum  time  for i n i ti ati ng  charge  of a  PRU  i s  based  on  short  beacon  
operati on  (see  8. 2 . 3. 3)  as  wel l  as  the  PTU-PRU  ab i l i ty to  establ i sh  a  BLE  connection  and  complete  WPT 
reg i stration  (see  8 . 2 . 4 . 2).  

8.2.2 .6  PTU  Registration  Timer 

The PTU  shal l  start a  reg istration  timer when  a  va l i d  advertisement (see  9. 6. 3)  i s  received .  
The  timer shal l  be  s topped  when  the  PTU  wri tes  the  control  characteristi c to  the  PRU .  The  
reg istration  timer shal l  expi re  i n  500  ms.  I f the  reg istration  timer expires,  the  PTU  may provide  
an  i nd ication  to  the  user that a  PRU  connection  attempt has  fa i led .  

I f the  PTU  Reg istration  Timer expi res,  the  PTU  shal l  term inate  the  connection  wi th  the  PRU  
wh ich  fa i led  to  reg ister,  i f the  BLE  connection  was  a l ready establ ished  prior to  reg is tration  
timeou t.  

8.2.3  PTU  power save  state  

8.2.3.1  State  entry procedure  

8.2.3.1 . 1  Beacon  sequence start  

The  PTU  shal l  start the  beacon  sequence  wi th in  50  ms  of en tering  the  PTU  Power Save  state.  

8.2.3.1 .2  Device  registry 

The  PTU 's  device  reg istry shal l  be  cl eared ,  except for the  reg istry i n formation  of PRUs  i n  
charge  complete  connected  mode.  

8.2.3.2  Beacon  sequence  

During  the  PTU  Power Save  State,  the  PTU  shal l  

a)  period ica l l y appl y curren t to  the  PTU  resonator to  detect changes  of impedance  of the  
PTU  resonator,  and  

b)  period ica l l y appl y current to  the  PTU  resonator to  a l l ow communication  between  PTU  and  
PRU .  

The  beacon  sequence  is  comprised  of l ong  beacons  and  short beacons  as  shown  i n  F igure  7 .  

NOTE  1  Short  beacon  pu rpose  i s  to  detect changes  i n  PTU  impedance  caused  by the  p l acement of an  object  i n  
charge  area.  The  use  of short  beacon  reduces  standby power.  

NOTE  2  Long  beacon  pu rpose  i s  to  guaran tee  that  PRUs  have  suffi cien t  power to  boot and  respond .  
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See  9 . 6. 3  for add i ti onal  requ i rements .   
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Figure 7  – Beacon  sequences  

8.2.3.3  Short  beacon  

8.2.3.3.1  Short  beacon  timing  

The PTU  shal l  period ical l y appl y a  short  beacon  to  the  PTU  resonator to  detect changes  in  
impedance.  The  period ,  tCYCLE ,  sha l l  be  250  ms  ±  5  ms.  The  short  beacon-on-period  
(tSHORT_BEACON )  shal l  be  between  1 0  ms  and  30  ms.  

8.2.3.3.2  Short  beacon  current  

ITX_SHORT_BEACON_MIN  i s  defined  to  be  a  measureable  cu rrent greater than  
ITX_SHORT_BEACON_MIN  and  sufficien t to  enable  detection  of Category 2  and  l arger PRUs.  See  

a lso  7 . 3. 2. 2 . 1  for short  beacon  curren t requ i rements .  

8.2.3.3.3  Load  variation  detection  

With  the  short beacon,  the  PTU  shal l  be  capable  of sensing  the  reactance  and  resistance  
change of ZTX_I N_LOAD_DETECT .  ZTX_I N_LOAD_DETECT  i s  ca l led  ou t i n  1 0. 3.  See  F igure  8 .  See  

a lso  7 . 3. 3. 4  for short  beacon  PRU-induced  impedance.  

The  PTU  shal l  i n i ti ate  l ong  beacon  immed iatel y when  i t  detects  a  l oad  variation  during  short 
beacon .  
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Figure  8  – Load  variation  detection  

8.2.3.4  Long  beacon  

8.2.3.4.1  Long  beacon  timing  

The  PTU  shal l  period ical l y appl y curren t,  ITX_LONG_BEACON ,  to  the  PTU  resonator.  The  PTU  
shal l  appl y current ITX_LONG_BEACON ,  as  defined  i n  8. 2. 3 . 4 . 2 ,  wi th in  1 0  ms  of the  short  
beacon  end ing .  The  beacon-on-period  (tLONG_BEACON )  shal l  be  1 05  ms  ±  5  ms,  un less  exi ti ng  

PTU  Power Save state,  i n  wh ich  case  i t  may be  shorter.  The  beacon  period  
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(tLONG_BEACON_PERIOD)  shal l  be  l onger than  850  ms  and  shal l  not exceed  3  000  ms.  The  l ong  

beacon  shal l  be  concatenated  wi th  a  short beacon.  

I f the  PRU  requ i res  l ong  beacon  extens ion ,  i t  sha l l  generate  a  1 00  Hz ±  20  Hz l oad  variation  
wi th  a  45  %  – 55  %  du ty cycle  for at  least 22  ms  during  the  long  beacon  period .  The  PRU  load  
variation  shal l  be  between  0 , 5  W  and  1 , 1  W  at the  recti fier during  the  pos i ti ve  edge  of the  
clock s i gnal .  

The  PTU  shal l  extend  the  l ong  beacon  to  3  000  ms when  i t  detects  at  l east two  l oad  variations  
at  (1 00  ±  20)  Hz during  the  long  beacon.  

NOTE  1  The  pu rpose  of the  l ong  beacon  i s  to  i nduce  suffi ci en t  vol tage  i n  a  PRU  to  e l i ci t  a  response.  

NOTE  2  The  beacon -on-period  i s  defi ned  as  the  peri od  of time  duri ng  wh ich  the  I
TX 

i s  g reater than  
I
TX_LONG_BEACON_MIN

.  Ri se  and  fal l  t imes  are  not  i ncl uded .  

8.2.3.4.2  Long  beacon  current  

See  7 . 3. 2 . 2. 1  for l ong  beacon  current requ irements.  

8.2.3.4.3  Device d iscovery 

The PTU  shal l  scan  for WPT service  re lated  BLE  advertisements  during  the  l ong  beacon-on  
period .  See  F igure  9  and  9 . 4 . 5.  
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Figure 9  – Discovery 

8.2.4  PTU  Low Power state  

8.2.4. 1  State  entry procedure  

8.2.4.1 . 1  ITX  ad justment  

The  PTU  shal l  appl y a  curren t  rang ing  from  0, 8  x ITX_START  to  ITX_START  wi th in  1 00  ms  of 
en tering  the  PTU  Low Power state.  ITX  shal l  change  monoton ical l y between  i ts  previous  state  
and  a  l evel  between  0 , 8  x ITX_START  and  ITX_START .  The  PTU  shal l  then  maintain  the  current  
between  0 , 8  x  ITX_START  to  ITX_START  u n ti l  exi ting  the  PTU  Low Power s tate.  

NOTE  I
TX_START

 i s  su ffi cien t  to  wake  up  the  commun ication  ci rcu i t  of the  PRU .  

8.2.4. 1 .2  Other state  entry procedures  

None.  

8.2.4.2  WPT device  reg istration  

I n  the  PTU  Low Power state,  the  PTU  shal l  establ ish  a  BLE  connection  wi th  the  PRU  and  
complete  reg istration  accord ing  to  the  requ i rements  i n  9 . 4 . 5  and  9 . 3 . 7  
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8.2.5  PTU  Power Transfer state  

8.2.5.1  State  entry procedure  

8.2.5. 1 . 1  ITX  ad justment  

The PTU  shal l  appl y a  cu rrent rang ing  from  0 , 8  x ITX_NOMINAL to  ITX_NOMINAL  wi th in  500  ms  of 

en tering  the  PTU  Power Transfer state.  

8.2.5. 1 .2  Other state  entry procedures  

None.  

8.2.5.2  General  requ irements  

8.2.5.2 .1  PTU  Power Transfer state  ITX  

The  PTU  shal l  con tinuous l y appl y ITX.  The  PTU  shal l  ad j ust i ts  ITX  as  per the  a l gori thms 

speci fied  i n  8 . 2 . 5. 5. 1 .  

8.2.5.2 .2  ITX  ad justment tim ing  

The PTU  shal l  ad j ust ITX  a t  l east once  every 250  ms  i f an  ad justment i s  requ i red ,  and  i f ITX  

has  settl ed  (see  8 . 2. 5. 2. 4)  from  i ts  previous  ad justment,  and  i f a l l  connected  PRUs'  Dynam ic 
Parameter Characteristics  (see  9 . 5. 7)  are  received  wi th in  that i n terval .  Prior to  wri ti ng  a  PRU  
Control  Characteristic  wi th  Enable  PRU  output  =  "1 "  (see  9 . 5. 4),  the  PTU  may appl y 
ITX_NOMINAL  wi th  1 0  %  tolerance for expecting  a  VRECT drop on  the  PRU  due  to  add i ti onal  
l oad ing .  However,  i f any of these  three  cond i ti ons  are  not met,  then  ITX  sha l l  not  be  ad justed .  

8.2.5.2 .3  PTU  ITX  transi tion  response  

When  i ncreasing  or decreasing  ITX,  the  trans i ti on  shal l  not  be  under-damped .  See  F igure  1 0 .  

 

Figure  1 0  – PTU  ITX  transi tion  responses  

8.2.5.2 .4  PTU  Power Transfer state  ITX  settl ing  time  

ITX shal l  reach  steady state  (90  %  of the  del ta  between  the  s tart  and  end  curren t va lues)  

wi th in  250  ms  of any transi ti on .  
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8.2.5.3  Sub-state  defin i tions  and  transi tions  

The PTU  Power Transfer state  shal l  have  three  sub-states  wi th  the  cond i ti ons  for en tering  the  
sub-state  shown  i n  Table  6 .  

Table  6  – Sub-state  of PTU  Power Transfer 

Sub-state  Condi tion  for en tering  sub-state  

1  Al l  PRUs  are  i n  Optimum  Vol tage  sub-state  

0  system  error 

2  One  or more  PRUs  are  i n  Low Vol tage  sub-state  

0  device  are  i n  H i gh  Vol tage  sub-state  

0  system  error 

3  One  or more  PRUs  are  i n  H i gh  Vol tage  sub-state  

0  system  error 

 

8.2.5.4  PRU  reported  values  

The  sub-state  of a  PRU  i s  determ ined  by exam in ing  the  VRECT  reported  by the  PRU  i n  re lation  
to  the  VRECT_MIN_STATIC  and  VRECT_HIGH_STATIC  parameters  reported  in  the  PRU  Static 
Parameter Characteristic (see  9. 5. 6. 3) .  I f the  PRU  reports  VRECT_MIN_DYN  and  
VRECT_HIGH_DYN  parameters  i n  the  PRU  Dynam ic Parameter Characteristic  (see  9 . 5.7) ,  the  
PTU  shal l  use  the  most recentl y reported  values  i n  p l ace  of the  va lues  reported  i n  the  PRU  
Static  Parameter Characteristic.  

8.2.5.5  PTU  Power Transfer sub-state  1  

8. 2.5.5. 1  PTU  Power Transfer sub-state  1  algori thm  selection  

The  PTU  shal l  use  e i ther the  VRECT_MIN_ERROR or ηMAX  a lgori thm .  The  PTU  may swi tch  
between  a l gori thms.  However,  the  PTU  shal l  not make an  ad justment to  ITX that wi l l  cause  

any PRU  operation  to  move outs ide  of the  optimum  vol tage  reg ion .  

I t  i s  recommended  that the  PTU  se lect the  preferred  al gori thm  of the  dom inan t PRU .  

NOTE  For V
RECT 

X I
RECT

/P
RECT_MAX

,  P
RECT_MAX

 i s  reported  i n  the  PRU  Stati c  Parameter Characteri sti c  val ue.  

8.2.5.5.2  PTU  Power Transfer sub-state  1  VRECT_MIN_ERROR algori thm  

I f the  PTU  is  pai red  wi th  one  PRU,  the  PTU  shal l  m in im ize  the  value  of EVRECT  =  |VRECT  –  
VRECT_SET | .  

I f the  PTU  is  pai red  wi th  more  than  one  PRU ,  the  PTU  shal l  ad j ust ITX  to  m in im ize  the  EVRECT  

for the  PRU  wi th  the  h ighest percen tage  u ti l i zation  of i ts  rated  ou tpu t.  

The  percen tage  of the  rated  output shal l  be  calcu lated  as  PRECT /  PRECT_MAX.  PRECT_MAX i s  

the  maximum  ou tput power of a  PRU  des ign .  

NOTE  P
RECT

 =  I
RECT

 x V
RECT

.  

8.2.5.5.3  PTU  Power Transfer sub-state  1  ηMAX algori thm  

The PTU  shal l  ad just  ITX to  maxim ize  the  tota l  system  efficiency.  ηMAX i s  ca lcu lated  as  
Σ(PRX_REPORTED) /PI N .  
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8.2.5.5.4  PTU  Power Transfer sub-state  1  ITX  ad justment step  s ize  

ITX ad j ustments  shal l  have  a  step  s ize  no  greater than  5  %  of ITX_MAX  and  no  smal ler than  1  %  
of ITX_MAX wi th  the  fol lowing  exceptions .  

a)  I f any PRU ’s  VRECT i s  greater than  VRECT_HIGH  x  0 , 95,  the  pos i ti ve  ITX step  s ize  may be  
reduced .   

b)  I f any PRU ’s  VRECT i s  l ess  than  VRECT_MIN  x  1 , 05,  the  negative  ITX step  s i ze  may be  
reduced .  

c)  I f the  dom inan t PRU ’s  VRECT i s  between  VRECT_SET/1 , 05  and  VRECT_SET/0, 95,  the  pos i ti ve  
and  negative  ITX step  s i ze  may be  reduced .  

d )  I f ITX  i s  above ITX_MAX,  the  pos i ti ve  ITX  s tep  s ize  may be  reduced  to  avoid  exceed ing  
ITX_ABS_MAX.  

Wh i le  us ing  the  VRECT_MIN_ERROR  a l gori thm ,  the  PTU  shal l  be  able  to  d rive  ITX  to  get VRECT 
of a  PRU  wi th in  5  %  of VRECT_SET ,  u n less  doing  so  requ ires  the  ITX  to  exceed  ITX_MAX  or to  
fal l  be low ITX_NOMINAL .  See  7. 3. 2. 2 . 1  for operational  l im i ts  on  ITX.  

I f on l y Category 4  and  above PRUs  are  present,  ad justments  may be  made  at up  to  a  s tep  
s ize  of 1 0  %.  

8.2.5.6  PTU  Power Transfer sub-state  2  

8. 2.5.6. 1  PTU  Power Transfer sub-state  2  algori thm  

The PTU  shal l  i ncrease  ITX unti l  a l l  PRUs have  VRECT(N)  ≥  VRECT_MIN (N) ,  however the  PTU  
shou ld  not make  an  ad j ustmen t to  ITX that  causes  any PRU  to  move  i n to  the  H igh  Vol tage  

sub-state  or the  PRU  System  Error state  for an  over-vol tage.  

8.2.5.6.2  PTU  Power Transfer sub-state  2  ITX  ad justment step  s ize  

ITX ad j ustments  shal l  have  a  step  s ize  no  greater than  5  %  of ITX_MAX  and  no  smal ler than  1  %  
of ITX_MAX.  

8.2.5.7  PTU  Power Transfer sub-state  3  

8. 2.5.7 .1  PTU  Power Transfer sub-state  3  algori thm  

The PTU  shal l  decrease  ITX unti l  a l l  PRUs  report VRECT(N)  ≤  VRECT_HIGH(N) .  

8.2.5.7.2  PTU  Power Transfer sub-state  3  ITX  ad justment step  s ize  

ITX ad j ustments  shal l  have  a  step  s ize  no  greater than  5  %  of ITX_MAX  and  no  smal ler than  1  %  
of ITX_MAX.  

8.2.6  PTU  Configuration  state  

8.2.6. 1  State  entry procedure  

8.2.6.1 . 1  ITX  ad justment  

I f ITX  >  50  mArms  a t  the  state  entry,  the  PTU  shal l  decrease  ITX to  below 50  mArms  wi th in  

500  ms  of entering  the  PTU  Configuration  state.  

8.2.6.1 .2  PTU  Configuration  state  time l imi t  

The  PTU  shal l  exi t the  PTU  Configuration  state  wi th in  4  s  of entering  the  s tate.  
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8.2.6. 1 .3  Device registry 

The device  reg istry shal l  be  cleared .  

8.2.6.2  PTU  Configuration  state  functions  

The PTU  may perform  sel f and  system  checks  during  the  PTU  Configuration  s tate.  

8.2.6.3  PTU  Configuration  state  ITX  

ITX  shal l  remain  below 50  mArms .  

8.2.7  PTU  Local  Fau l t  state  

8.2.7. 1  General  

The  PTU  may exi t  any state  and  en ter the  PTU  Local  Fau l t  s tate  i f the  PTU  experiences  any 
l ocal  fau l t  cond i ti on  that requ i res  power to  be  shu t down.  Th is  may i nclude,  bu t  i s  not l im i ted  
to,  PTU  l ocal  over-temperature,  local  over-current,  l ocal  over-vol tage  or any l ocal  PTU  fa i l u re.  

Before  reach ing  a  PTU  over-temperature  cond i ti on ,  the  PTU  shal l  attempt to  l im i t  the  power 
a l l ocated  ( i . e. ,  d rawn)  by the  PRUs  being  charged .  For example,  the  PTU  may send  an  Ad just 
power command  to  a l l  PRUs  receiving  power that support  the  command,  to  reduce  to  a  lower 
percentage  of PRECT_MAX  (e . g . ,  66  %).  Other implementations  may i nclude  send ing  D isable  
PRU  ou tpu t,  swi tch ing  PTU  power transfer sub-state  a lgori thms,  swi tch ing  dom inant PRU ,  or 
any other power l im i ting  implementation .  

8.2.7.2  State  entry procedure  

8.2.7 .2 . 1  ITX  ad justment  

I f ITX  >  50  mArms  a t  the  state  entry,  the  PTU  shal l  decrease  ITX to  below 50  mArms  wi th in  

500  ms  of entering  the  Fau l t s tate.  

8.2.7 .2 .2  Device  registry 

The device  reg istry shal l  be  cleared .  

8.2.7 .3  PTU  Local  Fau l t  state  ITX  

ITX  shal l  remain  below 50  mArms .  

8.2.8  PTU  latch ing  fau l t  state  

8.2.8.1  General  

A PTU  enters  the  PTU  Latch ing  Fau l t  state  i n  response  to  at  l east  one  of the  triggers  l i sted  i n  
Table  7 .  

8.2.8 .2  State  entry procedure  

8.2.8.2 .1  ITX  ad justment  

I f ITX  >  50  mArms  a t  the  state  entry,  the  PTU  shal l  decrease  ITX to  below 50  mArms  wi th in  

500  ms  of entering  the  PTU  Latch ing  Fau l t  state.  

8.2.8 .2 .2  Device registry 

The  device  reg istry shal l  be  cleared .  
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8.2.8.3  Clearing  PTU  l atch ing  fau l t  

Un less  the  PTU  is  i n  the  PTU  Local  Fau l t s tate,  the  PTU  shal l  fi rst  attempt to  clear the  
l atch ing  fau l t.  I f the  PTU  is  unable  to  clear the  latch ing  fau l t,  the  PTU  remains  i n  the  l atch ing  
fau l t  pers isten tl y wh ich  requ ires  user i n teraction  for cl earing .  The  PTU  shal l  attempt up  to  
three  times  to  cl ear the  l atch ing  fau l t.  Each  PTU  attempt for clearing  the  l atch ing  fau l t  shal l  

take  between  1 , 1  s  and  30  s  from  the  s tart  of the  latch ing  fau l t.  The  PTU  shal l  cl ear the  

l atch ing  fau l t  up  to  three  times  i n  success ion  by trans i tion ing  back to  the  PTU  Power Save  
state,  thus  causing  a  system  restart.  I f there  are  more  than  three  successive  latch ing  fau l ts ,  
the  PTU  shal l  stay in  the  PTU  Latch ing  Fau l t s tate  pers isten tl y and  provide  an  i nd ication  to  
the  user to  cl ear the  l atch ing  fau l t.  The  user cl ears  pers isten t  l atch ing  fau l ts  by removing  a l l  
devices  from  the  PTU  (see  8. 2 .8 .4) .  

The  coun t of success ive  l atch ing  fau l ts ,  for the  purposes  of remain ing  i n  the  PTU  Latch ing  
Fau l t  state,  shal l  be  cl eared  after fi ve  m inutes  of con tinuous  operation  wi th  no  system  errors .  
The  coun t sha l l  a lso  be  cleared  when  the  user clears  a  pers istent  l atch ing  fau l t cond i ti on .  

8.2.8 .4  Load  variation  detection  

After 1  s  ±  0 , 1  s  from  en tering  the  PTU  Latch ing  Fau l t  state,  the  PTU  shal l  perform  the  short 
beacon  sequence  wi th  constan t ITX  described  in  8 . 2 . 3. 3.  The  PTU  shal l  transi tion  to  PTU  
Power Save  or PTU  Configuration  state  i f the  short beacons  detect a  load  variation  ind icati ng  
the  removal  of device  or devices  from  the  charge  area  (except for PTU  Local  Fau l t cond i tions) .  

8.2.9  PTU  state  transi tions  

8.2.9 .1  PTU  state  transi tions  in troduction  

The  PTU  shal l  not  make any s tate  trans i tions  un less  they are  defined  i n  8 . 2 . 9  as  requ i red  or 
optional .  

The  PTU  shal l  make a l l  trans i tions  des ignated  as  requ i red .  

8.2.9 .2  PTU  Power-up  

PTU  is  powered  up.  

Orig in  state  Destination  state  Requ i red  or 
optional  

Addi tional  requ i red  
condi tions  

Exceptions  

Nu l l  PTU  Configu rati on  Requ i red  None  None  

 

8.2.9.3  PTU  configuration  complete  

The PTU  completes  a  se l f-test.  

Orig in  state  Destination  state  Requ i red  or 
optional  

Addi tional  requ i red  
condi tions  

Exceptions  

PTU  Configu rati on  PTU  Power Save  Requ i red  None  At  l east  one  PTU  
Local  Fau l t  

 

8.2.9.4  Device detected  and  charge  start  from  PTU  Power Save  

The PTU  shal l  beg in  device  reg istration  when  one  of the  fol l owing  occurs .  

•  The  PTU  receives  a  val i d  advertisement (see  9 . 6. 3)  from  a  non-connected  PRU.  

•  The  PTU  reads  a  d ynam ic parameter or receives  an  a lert  from  a  connected  PRU  that 
i nd icates  charge  requ ired  (Charge  complete  =  0).  
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Orig in  state  Destination  state  Requ i red  or 
optional  

Addi tional  requ i red  
condi tions  

Exceptions  

PTU  Power Save  PTU  Low Power Requ i red  0  system  errors  or 
PTU  recei ves:  

– Adverti sement  or  

– Characteri sti c  
wi th   
Charge  
complete  =  0  

None  

 

8.2.9.5  PTU  l ink supervision  timer expi red  

The PTU  l i nk supervis ion  timer expi res  for one  or more  PRUs.  

Orig in  state  Destination  state  Requ i red  or 
optional  

Addi tional  requ i red  
condi tions  

Exceptions  

PTU  Power Transfer PTU  Power Save  Requ i red  0  system  errors  

Al l  connections  l ost  

At  l east  one  PTU  
Local  Fau l t  

PTU  Low Power 

PTU  Power Transfer PTU  Latch i ng  Fau l t  Optional  0  system  errors  

Any connection  l ost  
wi thou t power 
variati on  and  
unsuccessfu l  
reconnection  

None  

PTU  Low Power 

 

8.2.9.6  PTU-PRU  registration  complete  

The PTU  has  completed  the  reg istration  process  and  sen t a  PRU  Control  Characteristic to  the  
PRU .  

Orig in  state  Destination  state  Requ i red  or 
optional  

Addi tional  requ i red  
condi tions  

Exceptions  

PTU  Low Power PTU  Power Transfer Requ i red  0  system  errors  and  
b i t  fi e l d  for 

perm ission  equal  to  
"0000  0000"  

None  

PTU  Low Power PTU  Power Save  or 
PTU  Local  Fau l t  or 
PTU  Power Transfer 

Optional  0  system  errors  and  
bi t  fi e l d  for 

perm iss ion  not  equal  
to"0000  0000"  

None  

 

8.2.9.7  Charge  complete  

This  s tate  transi tion  ind icates  that a  PTU  has  received  a  charge  complete  noti fication  from  al l  
PRU  un i ts .  

Orig in  state  Destination  state  Requ i red  or 
optional  

Addi tional  requ i red  
condi tions  

Exceptions  

PTU  Power Transfer PTU  Power Save  Requ i red  0  system  errors  

Al l  PRU  un i ts  
i nd icate  charge  

complete  

At  l east  one  PTU  
Local  Fau l t  

 

8.2.9.8  PTU  local  fau l t  

The PTU  experiences  a  l ocal  fau l t  cond i tion .  
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Orig in  state  Destination  state  Requ i red  or 
optional  

Addi tional  requ i red  
condi tions  

Exceptions  

PTU  Power Save  PTU  Local  Fau l t  Optional  None  The  l oca l  fau l t  d oes  
not  cause  a  state  
transi ti on  i tsel f PTU  Low Power 

PTU  Power Transfer 

PTU  Configu rati on  

PTU  Latch i ng  Fau l t  

 

8.2.9.9  PTU  local  fau l t  cleared  

The PTU  determ ines  that  the  PTU  Local  fau l t  has  been  cleared .  

NOTE  The  PTU  Local  fau l t  i s  cl eared  when  the  cond i ti ons  that  caused  the  l ocal  fau l t  are  resolved .  

Orig in  state  Destination  state  Requ i red  or 
optional  

Addi tional  requ i red  
condi tions  

Exceptions  

PTU  Local  Fau l t  PTU  Configu rati on  Optional  None  State  preced i ng  the  
PTU  Local  Fau l t  was  

a  PTU  Latch i ng  
Fau l t.  

PTU  Local  Fau l t  PTU  Latch i ng  Fau l t  Optional  State  preced i ng  the  
PTU  Local  Fau l t  was  
a  PTU  Latch i ng  Fau l t  

None  

 

8.2.9. 1 0  PTU  Registration  Timer expired  

The PTU  Reg istration  T imer has  expi red .  

Orig in  state  Destination  state  Requ i red  or 
optional  

Addi tional  requ i red  
condi tions  

Exceptions  

PTU  Low Power PTU  Power Save  Requ i red  None  Enteri ng  PTU  
Latch ing  Fau l t  

 

8.2.9. 1 1  PTU  latch ing  fau l t  

The PTU  l atch ing  fau l ts  are  defined  i n  Table  7.  

Table  7  – PTU  latch ing  fau l ts  

PTU  latch ing  
fau l ts  

Latch ing  fau l t description  

1  Rogue  object  d etected  

2  System  error – PRU  over-vol tage,  over-cu rrent,  over temperature  

3  to  1 6  Reserved  

 

Orig in  state  Destination  state  Requ i red  or 
optional  

Addi tional  requ i red  
condi tions  

Exceptions  

PTU  Power Save   PTU  Latch i ng  Fau l t  Requ i red  None  None  

PTU  Low Power  

PTU  Power Transfer  
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8.2.9.1 2  User clears  PTU  l atch ing  fau l t  

Al l  l atch ing  fau l ts  are  cleared  by the  user i n terven tion .  

Orig in  state  Destination  state  Requ i red  or 
optional  

Addi tional  requ i red  
condi tions  

Exceptions  

PTU  Latch i ng  Fau l t  PTU  Power Save  or 
PTU  Configu rati on  

Requ i red  User i n terven tion  
occurs   

At  l east  one  PTU  
Local  Fau l t  

 

8.2. 1 0  PTU  Test Mode  

PTU  Test Mode  is  i n tended  to  operate  wi th  one  PRU  tester,  the  one  that  i s  requesting  the  
i n i tiation  of testing ,  connected  to  the  PTU.  For a  l i st of Tester Commands,  see  9. 5. 7. 1 4.  

Wh i le  in  PTU  Test Mode,  the  PTU  behavior sha l l  adhere  to  the  protocol  revision  to  wh ich  i t  
compl ies,  except as  speci fied  below.  

a)  The  PTU  shal l  en ter PTU  Test Mode  after read ing  a  PRU  Static  Parameter Characteristic  
flag  i n  the  PRU  I nformation  octet during  the  PRU 's  device  reg istration .  See  9 . 5. 6. 7  for 
detai l s  of the  PRU  Static Parameter Characteristic  I n formation  B i t  F ie ld .  

b)  The  PTU  shal l  en ter Test Mode on l y i f the  PRU  Static Characteristic Parameter message  
wi th  the  Test Mode  b i t  set i s  received  i n  l ess  than  1 5  s  after power is  appl i ed  to  the  PTU.  

c)  The  PTU  shal l  remain  i n  test  mode  unti l  the  PRU  s imu lator that  i n i ti ated  test mode  is  
d isconnected ,  or PTU  shut  down  (power cycle).  

d )  I f a  second  PRU  connects  wi th  the  PTU  i n  Test Mode,  the  PTU  shal l  trans i ti on  to  a  non-
operational  cond i tion ,  s im i lar to  a  hard  reset,  that  i s  recoverable  on l y by power cycle.   

NOTE  For the  pu rposes  of th i s  requ i rement,  connection  wi th  a  second  PRU  i s  defi ned  as  the  PTU  havi ng  
recei ved  the  PRU ’s  S tati c  Characteri sti c  message.  

e)  ITX  i n  Test Mode shal l  be  ad j ustable  i ncremental l y up  or down  as  commanded  by a  fi e ld  i n  
the  PRU  Dynam ic Parameter Characteristic  value  sen t from  the  PRU  that  i n i tiated  test 
mode.  See  9. 5. 7. 1 4  for detai ls  of the  PRU  Dynam ic Parameter Characteristic  Tester 
Command.  Commands  to  i ncrease  or decrease  ITX  sha l l  resu l t  i n  PTU  ITX  i ncreas ing  or 
decreasing  i n  i ncrements  of greater than  or equal  to  5  %  ITX_MAX.  

f)  When  in  Test  Mode,  cu rrent sha l l  not  be  con trol led  by the  external  (BLE)  feedback.  
I n ternal  feedback,  i nclud ing  tun ing  ad justment,  i f part  of PA in ternal  control ,  i s  acceptable.  

g )  After ad j usti ng  ITX  by PRU  s imu lator command  or after ad j usti ng  l oad  impedance,  ITX  
shal l  settl e  to  steady state  wi th in  250  ms,  after wh ich  no  further changes  i n  ITX  shou ld  be  

made  un ti l  the  next ad j ustment.  

h )  The  PTU  in  Test Mode  shal l  have  the  abi l i ty to  d rive  ITX  to  ITX_MAX  ±  5  %.  The  PTU  i n  
Test Mode  shal l  be  able  to  reach  wi th in  5  %  of ITX_MIN  or to  derated  cu rren t at  max R  l oad ,  

wh ichever i s  l ower.  

i )  ITX  shal l  not exceed  ITX_ABS_MAX  i n  Test Mode.  

8.3  PRU  specifications  

8.3. 1  PRU  general  requ i rements  

8.3. 1 . 1  Local  protections  

8.3. 1 . 1 . 1  Over-temperature  

The PRU  shal l  implement l ocal  over-temperature  protection 3  such  that  when  the  PRU  is  
operati ng  i n  the  Optimum  Vol tage  sub-state  and  the  ambien t temperature  is  wi th in  the  range  

___________ 

3 Local  over-temperature  protection  can  be  i n  the  form  of the  PRU  havi ng  a  heat d i ss ipati ng  s tructu re.  
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of 0  °C to  30  °C,  then  the  PRU  shal l  not reach  OTP l im i t.  I f the  OTP  l im i t  i s  reached ,  the  PRU  
shal l  report  the  over-temperature  cond i tion .  

8.3. 1 . 1 .2  Over-current  

The PRU  shal l  implement l ocal  over-curren t protection  and  th is  protection  shal l  occur at a  
curren t be low the  OCP a lert  l im i t.  I f the  OCP l im i t  i s  reached ,  the  PRU  shal l  report the  over-
curren t cond i tion .  

8.3. 1 . 1 .3  Over-voltage  

The PRU  shal l  implement l ocal  over-vol tage  protection .  The  PRU  may regu late  i ts  vol tage  by 
period ical l y clos ing  and  open ing  the  OVP swi tch  so  that  VRECT  s tays  wi th in  a  reg ion  that 
a l l ows  communications  wi th  the  PTU ,  and  ensures  that power d iss ipation  and  vol tage  levels  
are  wi th in  acceptable  l evels.  The  PRU  may report  the  over-vol tage  cond i ti on  (see  8 . 3 .6)  on l y 
after VRECT ≥  VRECT_MAX.  I f the  OVP swi tch  is  l ocated  prior to  the  recti fi er ou tpu t,  the  PRU  
shal l  report the  over-vol tage  cond i tion  after VRECT ≥  VRECT_MAX,  and  close  the  OVP swi tch  

wi th in  250  ms  of tri ggering  the  OVP swi tch .  

8.3. 1 .2  PRU  s ignal ing  

The PRU  shal l  be  able  to  communicate  i n  a l l  VRECT  operating  reg ions  (see  F igure  1 1 )  except 

the  Under Vol tage  reg ion .  

8.3. 1 .3  PRU  l i nk establ ishment  

The PRU  shal l  not attempt to  j o in  a  PTU  network un less  i t  i s  receiving  power from  a  PTU .  

8.3. 1 .4  PRU  l ink supervis ion  timer 

The PRU  shal l  main tain  a  separate  l i nk supervis ion  timer for connection  wi th  the  PTU.  The  
l i nk supervis ion  timer shal l  s tart  when  a  connection  i s  establ ished .  The  l i nk supervis ion  timer 
shal l  reset immed iatel y after an  expected  BLE  message  i s  received .  The  l i nk supervis ion  timer 
shal l  expire  i n  one  second .  

I f a  PRU  l i nk supervis ion  timer expires,  the  PRU  shal l  a ttempt the  l ink l oss  reconnection  
procedure.  The  PRU  shal l  main tain  use  of the  same device  address  used  prior to  l ink 
expiration  during  the  reconnection  procedure.  See  9. 4. 5 . 2 . 3 .  I f the  l i nk l oss  reconnection  
procedure  fa i l s,  then  the  PRU  shal l  d isable  i ts  charge  ou tpu t.  

8.3. 1 .5  PRU  l i nk termination  

When  a  PRU  capable  of provid ing  i ts  own  power has  an  establ ished  l i nk to  a  PTU  and  VRECT  
d rops  below VRECT_UVLO ,  the  PRU  shal l  i n i tiate  the  GAP Term inate  Connection  procedure  

wi th in  500  ms  as  described  in  9. 4. 5. 2 .4 ,  I d l e  connection .  

8.3. 1 .6  PRU  VRECT  set  value  

VRECT_SET  shal l  a lways  be  greater than  or equal  to  VRECT_MIN_STATIC ,  and  l ess  than  or equal  
to  VRECT_HIGH_STATIC  as  reported  i n  the  PRU  Static Parameter Characteristic (see  9 . 5. 6. 3) .  

L ikewise,  i f the  PRU  reports  updated  va lues  i n  the  PRU  Dynam ic Parameter message  (see  
9. 5. 7) ,  VRECT_SET_DYN  shal l  be  greater than  or equal  to  the  most  recentl y reported  
VRECT_MIN_DYN ,  and  less  than  or equal  to  VRECT_HIGH_DYN .  I f no  VRECT_SET_DYN  i s  reported ,  
VRECT_MIN_DYN  shal l  never be  greater than  VRECT_SET ,  and  VRECT_HIGH_DYN  shal l  never be  
l ess  than  VRECT_SET.  I f no  VRECT__MIN_DYN  or VRECT__H IGH_DYN  are  reported ,  then  
VRECT_SET_DYN  shal l  be  greater than  VRECT_MIN_STATIC  and  l ess  than  VRECT_HIGH_STATIC .  
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8.3. 1 .7  PRU  reported  parameters  

8.3. 1 .7.1  General  

The PRU  shal l  report  VRECT,  IRECT  and  PRU  a lert,  and  may report VOUT ,  IOUT ,  
VRECT_HIGH_DYN ,  VRECT_MIN_DYN ,  VRECT_SET_DYN  and  temperature  in  the  PRU  On  and  PRU  

Boot states.  

8.3. 1 .7.2  PRU  reporting  data  age  

At a  g i ven  reporti ng  i nstance,  the  va lue  of each  parameter shal l  be  measured  at  least once  
s i nce  the  l ast report.  IRECT  and  VRECT  va lues  g iven  i n  any report shou ld  be  made  wi th in  1  ms  

of each  other.  

NOTE  The  1  ms  tim ing  requ i rement  between  IRECT and  VRECT measurements  i s  h i gh ly d esi red  and  not  i n tended  
to  precl ude  implementations.  

8.3. 1 .7.3  Accuracy of reported  vol tage  

The va lue  of VRECT_REPORT  sha l l  be  reported  wi th  an  accuracy better than  ±  3  % ,  un less  the  

PRU  is  i n  the  PRU  System  Error state.  

The  vol tage  accuracy requ irement i s  necessary for system  con trol .  The  system  is  speci fi ed  
such  that mu l ti -device  PTUs can  keep a l l  combinations  of PRUs  i n  the  optimum  vol tage  reg ion .  
I f there  is  error i n  the  reported  va lue  of VRECT ,  the  system  m igh t be  unable  to  keep  a l l  PRUs  

i n  the  optimum  vol tage  reg ion .  

8.3. 1 .7.4  Accuracy of reported  current  

The value  of IRECT_REPORT  shal l  be  reported  wi th  accuracy better than  8  %  of PRECT_MAX  
d i vi ded  by VRECT_MIN .  PRECT_MAX  and  VRECT_MIN  are  those  reported  wi th in  the  PRU  Static  

Parameters.  See  a lso  Table  8 .  

ABS  (IRECT  –  IRECT_REPORT)  ≤  (8  %)  (PRECT_MAX  /  VRECT_MIN )  
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Table  8  – Example  of accuracy of reported  current  

Al lowable  I
RECT

 report del ta  for 8  %  error 

mi l l i amps  

 Pwr Current  Cat 1  Cat 2  Cat 3  Cat 4   Cat 5  

Max W    3 , 5  5    

V
RECT_MIN

    8  8    

 0  0 , 000   35, 00  50, 00    

 0 , 5  63   35, 00  50, 00    

 1  1 25   35, 00  50, 00    

 1 , 5  1 88   35, 00  50, 00    

 2  250   35, 00  50, 00    

 2 , 5  31 3   35, 00  50, 00    

 3  375   35, 00  50, 00    

 3 , 5  438   35, 00  50, 00    

 4  500    50, 00    

 4 , 5  563    50, 00    

 5  625    50, 00    

 5 , 5  688    50, 00    

 6  750    50, 00    

 6 , 5  81 3    50, 00    

 7  875       

 7 , 5  938       

 8  1  000       

 8 , 5  1  063       

 9  1  1 25       

 

8.3.2  PRU  state  model  

The PRU  can  be  in  one  of fi ve  states  i denti fied  in  F igure  1 1  and  fi ve  operati ng  reg ions  at  an y 
g iven  time.  The  operati ng  reg ion  shal l  be  determ ined  by the  value  of VRECT  (as  i denti fi ed  i n  

F igu re  1 2) .  
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System error
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Figure  1 1  – PRU  state  model  
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Figure 1 2  – VRECT  operating  reg ions  

8.3.3  Nu l l  state  

At s tart-up,  a  PRU  shal l  be  considered  to  be  i n  the  Nu l l  state  when  VRECT  <  VRECT_BOOT .  
After exi ting  the  Nu l l  state,  a  PRU  shal l  be  cons idered  to  re-en ter the  Nu l l  state  when  VRECT  
fa l l s  be low VRECT_UVLO .  

8.3.4  PRU  boot 

8.3.4.1  State  procedure  

The  PRU  shal l  d isable  i ts  ou tput  at s tart-up.  

I f the  PRU  is  not  i n  a  connection  wi th  the  PTU ,  the  fo l l owing  appl ies.  

•  I f Charge  Complete  =  0 ,  and  i f the  PRU  does  not generate  a  l ong  beacon  extens ion  
request s ignal ,  the  PRU  shal l  send  an  advertisement wi th in  1 00  ms  of ITX  exceed ing  
ITX_LONG_BEACON_MIN  or ITX_MIN  (wh ichever threshold  is  lower).  

•  I f Charge  Complete  =  0 ,  and  i f the  PRU  generates  a  l ong  beacon  extension  request  s ignal ,  
then  the  PRU  shal l  send  an  advertisement wi th in  3  s  of ITX  exceed ing  
ITX_LONG_BEACON_MIN  or ITX_MIN  (wh ichever threshold  is  lower).  

•  Otherwise,  i f ITX  con ti nuous l y exceeds  ITX_LONG_BEACON_MIN  or ITX_MIN  (wh ichever 

threshold  is  lower)  for a  period  of 600  ms,  the  PRU  shal l  send  an  advertisement wi th in  
800  ms  of ITX  exceed ing  that lower threshold .  

•  The  PRU  shal l  not consume more  than  PRECT_BOOT  d uring  the  PRU  Boot state.  
PRECT_BOOT  shal l  be  l ess  than  1 , 1  W.  

8.3.4.2  Other state  entry procedures  

None.  

8.3.5  PRU  On  state  

8.3.5. 1  PRU  On  state  general  requ irements  

8.3.5.1 . 1  Output enable/d isable  

The PRU  shal l  d raw less  than  1 , 1  W  (calcu lated  at  the  ou tput  of the  recti fier)  un less  a l l owed  
by the  PTU .  The PRU  shal l  reduce  i ts  ou tpu t to  l ess  than  1 , 1  W,  wi th in  1 , 1  s  i f Enable  PRU  
ou tpu t i s  set to  "0"  by the  PTU  (see  9 . 5. 4).  
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8.3.5. 1 .2  Other On  state  requ i rements  

None.  

8.3.5.2  Optimum  Vol tage sub-state  

A PRU  is  i n  the  Optimum  Vol tage  sub-state  when  VRECT_MIN  <  VRECT  <  VRECT_HIGH .  

8.3.5.3  Low Voltage  sub-state  

A PRU  is  i n  the  Low Vol tage  sub-state  when  VRECT_BOOT  ≤  VRECT  <  VRECT_MIN .  

8.3.5.4  H igh  Voltage  sub-state  

A PRU  is  i n  the  H igh  Vol tage  sub-state  when  VRECT_HIGH  <  VRECT  ≤  VRECT_MAX.  

NOTE  I n  the  H i gh  Vol tage  sub-state,  the  PRU  m igh t  not  be  capabl e  of con ti nuous  operation .  

8.3.5.4.1  H igh  vol tage  operation  time  

A PRU  shal l  not d isconnect i ts  ou tput i f VRECT_HIGH  <  VRECT  ≤  VRECT_MAX for a  period  of l ess  

than  fi ve  seconds.  Th is  time  shal l  be  measured  starting  from  the  moment that  the  PRU  
communicates  i n formation  i nd icating  that  i t  i s  wi th in  the  H igh  Vol tage  sub-state.  A PRU  may 
d isconnect the  ou tput after fi ve  seconds.  

8.3.5.4.2  H igh  vol tage  sustain  time  

The PRU  shal l  not be  damaged  i n  the  H igh  Vol tage  sub-state.  

8.3.5.5  PRU  Local  Fau l t  

PRU  Local  Fau l t  i s  any error cond i tion  that i s  not requ ired  to  be  reported  to  the  PTU  ( i . e. ,  any 
non-system  error) .  For system  errors ,  see  8 . 3 . 6.  PRU  Local  Fau l ts  then  by thei r nature  do  not 
requ i re  the  PTU  to  trans i ti on  to  the  PTU  Latch ing  Fau l t s tate  and  therefore  do  not need  to  be  
speci fical l y i den ti fied  i n  th is  document.  Wh i le  experiencing  a  PRU  Local  Fau l t,  the  PRU  shal l  
con tinue  communicati ng  wi th  the  PTU ,  and  shal l  not  i nd icate  a  system  error i f there  is  not  a  
system  error (see  8 . 3 . 6).  However,  the  PRU  may ad just or d isconnect i ts  ou tput.  

8.3.6  PRU  System  Error state  

8.3.6.1  General  

A PRU  shal l  be  considered  to  be  i n  the  PRU  System  Error s tate  when  

a)  over-vol tage  a lert i s  active  (VRECT  >  VRECT_MAX) ,  or 

b)  over-current  a l ert i s  acti ve,  or 

c)  over-temperature  a lert i s  acti ve.  

8.3.6.2  Charge  output 

The PRU  shal l  shu t down  output  charg ing  power i n  the  PRU  System  Error state  un ti l  the  error 
cond i tion  i s  removed ,  except for PRU  System  Error s tate  caused  by PRU  over-vol tage.  

8.3.6.3  PRU  alert  

The  PRU  shal l  send  one  or more  a lerts  to  the  PTU  when  i t  i s  i n  the  PRU  System  Error s tate  
wi th in  250  ms  of en tering  the  PRU  System  Error state.  See  9 . 5 . 8  and  9 . 5 . 7.  
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8.3.6.4  PRU  alert  messag ing  

The  PRU  shal l  be  capable  of send ing  noti fications  to  the  PTU  as  long  as  i t  i s  in  the  PRU  
System  Error state  and  the  PRU  is  receiving  power from  the  PTU.  

8.3.7  PRU  state  transi tions  

8.3.7 .1  General  

The PRU  shal l  not  make  any state  transi tions  un less  they are  defined  i n  8 . 3 . 7  as  requ i red  or 
optional .  

The  PTU  shal l  make a l l  trans i tions  des ignated  as  requ i red .  

8.3.7.2  Power appl ied  

Power i s  appl i ed .  The  PRU  is  i n  the  charge  area  and  VRECT  ≥  VRECT_BOOT.  

Orig in  state  Destination  state  Requ i red  or 
optional  

Addi tional  requ i red  
condi tions  

Exceptions  

PRU  Nu l l  PRU  Boot  Requ i red  None  None  

 

8.3.7.3  PRU  on  state  

The PRU  en ters  the  PRU  On  s tate  when  the  PRU  Control  i s  wri tten  during  device  reg istration  
by the  PTU .  

Orig in  state  Destination  state  Requ i red  or 
optional  

Addi tional  requ i red  
condi tions  

Exceptions  

PRU  Boot  PRU  On  Requ i red  None  None  

 

8.3.7.4  Charge  complete  

The PRU  is  d isconnected  or the  PRU  sets  i ts  Charge  Complete  b i t  to  "1 " .  

Orig in  state  Destination  state  Requ i red  or 
optional  

Addi tional  requ i red  
condi tions  

Exceptions  

PRU  On  PRU  Boot  Requ i red  None  None  

 

8.3.7.5  Power removed  

Power i s  removed  from  the  PRU .  Th is  can  be  re lated  to  PTU  shu tdown  (VRECT  <  VRECT_UVLO)  

or the  PRU  has  been  removed  from  the  charge  area.  

Orig in  state  Destination  state  Requ i red  or 
optional  

Addi tional  requ i red  
condi tions  

Exceptions  

PRU  Boot  Nu l l  S tate  Requ i red  None  None  

PRU  On  

PRU  System  Error 
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8.3.7.6  PRU  system  error 

The PRU  shal l  trans i ti on  to  the  PRU  System  Error s tate  on l y i f the  PRU  is  unable  to  hand le  
the  cond i ti on  l ocal l y wi thou t shutting  down  PTU  power ( i . e . ,  moving  to  PTU  Latch ing  Fau l t) .  
See  8 . 3. 1 . 1 .  The  PRU  system  errors  are  defined  i n  Table  9 .  

Table  9  – PRU  system  errors  

System  error System  error description  

1  PRU  over-vol tage  

2  PRU  over temperature  

3  PRU  over-cu rren t  

4  A PRU  determ ines  i t  i s  recei ving  power from  a  fi rst  PTU ,  bu t  i s  
connected  to  the  network of a  second  PTU .  

5  to  1 6  Reserved  

 

Orig in  state  Destination  state  Requ i red  or 
optional  

Addi tional  requ i red  
condi tions  

Exceptions  

PRU  Boot  PRU  System  Error Requ i red  None  None  

PRU  On  

 

9  Signal ing  speci fications  

9. 1  Arch i tecture  and  state  d iagrams  

9. 1 . 1  Arch i tecture  

The  WPT network i s  a  s tar topology (see  F igure  1 3).  The  PTU  exchanges  i n formation  wi th  the  
PRUs,  and  make operating  poin t decis ions,  and  resource  a l l ocations,  i f appl icable.  Each  PRU  
transm i ts  i ts  i n formation  and  receives  network management i n formation  from  the  PTU  
operating  as  a  network coord inator.  

PTU 

PRU 

PRU

PRU

PRU

PRU

. .
.

Power

Comm.
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Figure 1 3  – Basic  arch i tecture  of WPT system  
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The  PTU  shal l  create  and  main tain  the  WPT network.  

I n  PTU  Power Transfer state,  the  PTU  configures  tim ing  and  sequence  of PRUs.  

The  PTU  shal l  manage and  update  the  device  con trol  table  (wh ich  has  a  role  of manag ing  and  
checking  s tatus  of PRUs  i n  i ts  own  network)  and  maintain  i ts  network wi th  i ts  time  sync clock.  
I t  manages  the  tim ing  and  sequence  of PRU  commun ication .  

9. 1 .2  Overal l  charge process  

The  wire less  power transfer process  beg ins  wi th  the  PTU  i n  the  PTU  Power Save  state  
appl ying  short  and  l ong  beacons  to  the  PTU  resonator as  requ ired  for l oad  variation  detection  
and  e l ici ting  a  PRU  response  (see  8 . 2) .  Upon  device  detection ,  the  PTU  trans i ti ons  to  PTU  
Low Power s tate,  establ i shes  a  communication  l i nk wi th  the  PRU ,  and  exchanges  in formation  
necessary for wi reless  power transfer.  See  a lso  F igure  1 4.  
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Figure 1 4 – Basic  state  procedure ( informative)  
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No  PTU  power transm iss ion  except beacon  power takes  p lace  unti l  the  PTU  receives  a  PRU  
advertisement.  The  PRU  repeated l y sends  advertisements  un ti l  i t  receives  a  PTU  Connection  
Request (see  9. 3 . 7) .  

Upon  receiving  the  PRU  advertisement,  the  PTU  en ters  PTU  Low Power s tate  i f i t  i s  i n  PTU  
Power Save state.  The PRU  stops  send ing  adverti sements  after i t  has  received  a  Connection  
Request from  the  PTU.  The  PRU  and  the  PTU  form  a  connection .  

The  PTU  fi rst reads  the  value  of the  PRU  Static  Parameter that describes  the  status  of the  
PRU .  The  PTU  then  wri tes  a  value  to  the  PTU  Static  Parameter that describes  the  capabi l i ti es  
of the  PTU .  

Once the  devices  have  exchanged  s tatic i n formation ,  the  PTU  reads  the  PRU  Dynam ic 
Parameter that provides  measured  parameters  from  the  PRU .  The  PTU  then  wri tes  a  va lue  to  
the  PRU  Control  i nclud ing  the  i n formation  such  as  enable/d isable  charge  and  perm ission .  The  
PTU  may wri te  to  the  PRU  Con trol  as  needed  and  the  PTU  period ical l y reads  the  PRU  
Dynam ic Parameter that con tains  values  such  as  vol tage,  curren t,  PRU  status,  and /or 
temperature.  

Charg ing  i s  i n i tiated  when  the  PTU  wri tes  a  value  to  the  PRU  Con trol  of the  PRU  that enables  
charg ing  and  i t  i s  de l i vered  when  the  PTU  has  enough  power to  charge  the  PRU .  I n  th is  state  
(PRU  On),  the  PRU  Dynam ic Parameter i s  read  by the  PTU  at  l east  every 250  ms.  

Based  on  the  power information  i n  the  PRU  Dynam ic Parameter,  the  PTU  updates  the  device  
con trol  tab le  i n  the  reg istry correspond ing  to  each  PRU  status.  

I f the  PRU  detects  a  system  error or completes  charg ing ,  the  PRU  sends  one  or more  PRU  
a lert noti fications  to  the  PTU .  The  PRU  Dynam ic Parameter i s  updated  to  i ncl ude  data  
describ ing  the  reason  for the  a lert before  send ing  to  the  PTU  (e. g . ,  over-cu rrent,  over-vol tage,  
over-temperature  and  se l f-protection  noti fications) .  

9.2  Charge  procedure  and  requ irements  

9.2. 1  Removing  PRU  from  WPT network 

A PRU  shal l  be  removed  from  the  network when  the  cond i tions  described  i n  8 . 2 . 2. 3  and  
8. 2. 9.5  are  met.  

9.2.2  Power Sharing  mode  

Power Sharing  mode  a l l ows  for power a l location  across  mu l tiple  devices  when  the  PTU  does  
not have  enough  power to  suppl y fu l l  PRECT_MAX  to  a l l  devices  requesting  power.  The  PTU  

shal l  support Power Sharing  mode.  

See  7 . 3. 2. 2. 1 ,  7 . 3. 3 . 1 . 2  and  7. 3. 3. 1 . 3  for the  PRU  VRECT  cond i tions.  

When  a  new PRU  ( i . e . ,  a  PRU  that  makes  a  new connection  to  i n i ti ate  power transfer) ,  
completes  device  reg istration ,  the  PTU  before  send ing  a  PRU  Control  characteristic  to  enable  
charg ing  shal l  determ ine  i f the  PRUs  currentl y receiving  power from  the  PTU  need  to  ad just  
thei r power d raw to  a  l ower value  to  a l low the  new PRU  to  d raw power.  I f power ad justmen ts  
are  necessary,  the  PTU  shal l  fi rst send  a  PRU  Control  Characteristic  to  the  new PRU  wi th  
Perm ission  set  to  "0000  0001 "  (see  Table  22) ,  determ ine  the  necessary ad j ustment needed  
from  al l  the  PRUs currentl y receiving  power and  then  send  PRU  Control  characteristics  wi th  
ad j ust power commands  to  the  PRUs  that support  the  command  (see  Table  33,  b i t  4  "Ad just 
power capabi l i ty").  

I f the  PTU  determ ines  that i t  needs  to  ad just power d raw from  the  PRUs  curren tl y receiving  
power to  provide  power to  the  new PRU ,  the  PTU  shal l  wai t  for a  response from  a l l  the  PRUs  
that support the  ad j ust  power command,  before:  
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a)  decid ing  whether or not  i t  can  provide  power to  the  new PRU,  

b)  enabl i ng  the  new PRU 's  charge  port  ou tpu t  by wri ti ng  the  PRU  Control  Characteristic  wi th  
the  b i t  fie ld  of Perm iss ion  set to  "0000  0000" ,  i f the  PTU  decides  to  provide  power to  the  
new PRU .  

I f the  PTU  cannot support  the  new device’s  fu l l  PRECT_MAX  requ i rement,  bu t the  new PRU  
supports  power ad justmen t,  and  an  ad j ust power command  wou ld  reduce PRECT  to  a  range  
that the  PTU  can  support,  then  the  PTU  shal l  send  an  appropriate  ad j ust power command .  
The  PTU  shal l  wai t  for the  "Ad j ust power response"  (see  9 . 5.7 . 1 3)  i n  the  PRU  Dynam ic 
Parameter from  the  new PRU.  The  new PRU  shal l  ad j ust power as  requested  by the  PTU  and  
set  the  "Ad j ust  power response"  b i t  to  "1 " .  I f the  PTU  reads  "Ad j ust power response" ,  the  PTU  
shal l  wri te  the  PRU  Control  Characteristic  wi th  b i t  fi el d  of Perm ission  set  to  "0000  0000",  on  
the  new PRU  and  in i ti ate  charge.  

9.3  Bluetooth  low energy requ irements  

9.3. 1  Bluetooth  low energy requ irements  in troduction  

9. 3  provides  basel ine  requ i rements  for the  B luetooth  Low Energy profi l e  to  control  a  WPT 
system  wh ich  operates  wi th  resonant coupl ing  between  two or more  devices.  

9.3.2  Bluetooth  low energy objectives  

The BLE  rad io  system  is  i n tended  to  provide  communication  between  one  PTU  and  the  PRU "s  
being  charged  by that PTU .  

9.3.3  PTU  hardware  requ i rement  

A PTU  Wireless  Power Transfer service  and  profi l e  shal l  be  implemented  us ing  a  L isted  
B luetooth  Qual i fied  Des ign  (QDL)  wi th  an  LE  Core  Configuration  or Basic Rate  and  Low 
Energy Combined  Core  Configuration  as  defined  i n  the  B luetooth  core  speci fication  v4. 0,  
Volume 0,  Part B ,  Section  3. 1 . .  

9.3.4  PRU  hardware requ irement 

A PRU  shal l  i ncorporate  a  compl ian t and  qual i fi ed  B luetooth  End  Product wi th  an  LE  Core  
Configuration  or Bas ic  Rate  and  Low Energy Combined  Core  Configu ration  as  defined  i n  the  
B luetooth  core  speci fication  v4. 0,  Volume 0 ,  Part B,  Section  3 . 1 . .  

9.3.5  Basic  network structure  

The BLE  network structu re  shal l  consist of one  centra l  device  in  the  PTU  and  up  to  e igh t PRU  
peripherals.  

9.3.6  RF  requ irements  

9.3.6.1  PTU  BLE transmit power 

The PTU  BLE  rad io  shal l  transm i t between  –6  dBm  and  +8, 5  dBm  measured  at  the  antenna  
connector.   

9.3.6.2  PTU  BLE sensi tivi ty  

The PTU  BLE  rad io  shal l  have  sens i ti vi ty of better than  –77  dBm  at the  antenna  connector.  

9.3.6.3  PTU  BLE saturation  

The PTU  BLE  rad io  shal l  support a  maximum  usable  i nput  level  of –1  dBm  at the  an tenna  
connector.  
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9.3.6.4  PRU  BLE  transmit  power 

The PRU  BLE  rad io  shal l  transm it between  –6  dBm  and  +8, 5  dBm  measured  at the  antenna  
connector.  

9.3.6.5  PRU  BLE  sensi tivi ty 

The PRU  BLE  rad io  shal l  have  sens i ti vi ty of better than  –77  dBm  at  the  an tenna  connector.  

9.3.6.6  PRU  BLE  saturation  

The PRU  BLE  rad io  shal l  not  saturate  below –1  dBm  at  the  antenna  connector.  

9.3.6.7  In terference  ( informative)  

The system  shou ld  accept up  to  36  dB  of desense  from  other nearby 2 , 4  GHz rad ios.  

The  system  shou ld  accept up  to  35  dB  of path  l oss  due  to  variable  p lacements  on  the  pad .  

9.3.6.8  Link budget ( informative)  

Link budget data  is  provided  i n  Table  1 0.  

Table  1 0  – RF  budget ( informative)  

Stage  Worst case  l oss  

PTU  0  dBm  

F i l ter –3  dB  

An tenna  –5  dB  

Path  l oss  –35  dB  

Desense  –36  dB  

An tenna  –5  dB  

F i l ter –3  dB  

Resu l ti ng  s i gnal  at  PRU  –87  dBm  

 

9.3.7  Timing  and  sequencing  requ i rements  

I f a  BLE  connection  d i d  not a l ready exist,  the  fol l owing  appl ies.  

a)  The  PRU  shal l  present  an  advertisement to  the  PTU  wi th in  the  time a l l owed  by the  Power 
Transfer and  Control  requ i rements  (see  8 . 3. 4. 1 ) .  The  PRU  shal l  use  an  advertis ing  
i n terval  that  i s  no  greater than  20  ms.   

b)  The  PTU  shal l  i ssue  a  connection  request wi th in  50  ms  of the  received  advertisement on l y 
i f the  cond i ti ons  i n  9. 6 . 3  are  met.  I f the  PTU  does  not receive  response  from  the  PRU  after 
send ing  a  connection  request,  the  PTU  shal l  restart the  reg istration  timer and  retry the  
WPT device  reg istration  process  once  before  declaring  reg istration  timeou t.  

The  exact steps  for the  PTU ’s  access  of the  PRU ’s  WPT Service  during  the  reg istration  period  
shal l  be  the  fo l lowing :  

1 )  Read  PRU  Static Parameter Characteristic;  

2)  Wri te  PTU  Static  Parameter Characteri stic;  

3)  Read  PRU  Dynam ic Parameter Characteristic,  one  or more  times;  and  

4)  Wri te  PRU  Control  Characteristic  (a lways  mandatory) .  
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Steps  1 )  to  3)  are  optional  i f transi tion ing  from  Charge  Complete,  Connected  Mode  and  
mandatory,  otherwise.  

During  the  reg istration  period ,  

•  the  PRU  shal l  respond ,  wi th  a  Read  Response,  to  a  Read  Request wi th in  50  ms,  and  

•  the  PTU  shal l  on l y use  the  GATT Wri te  Wi thou t Response procedure  for wri ting  
characteristics  on  the  PRU .  

The  BLE  connection  i n terval  during  the  reg istration  period  ( tCI_REGISTRATION )  shal l  be  l ess  
than  or equal  to  50  ms.  Once  the  PRU  Control  Characteristic has  been  wri tten ,  the  BLE  
connection  i n terval  (tCI )  shal l  be  l ess  than  or equal  to  250  ms.  

The  PRU  Dynam ic Parameter Characteristic  shal l  be  read  by the  PTU  at l east  every 250  ms.  

The  PTU  shal l  not wri te  a  PRU  Control  Characteristic to  a  PRU ,  to  enable  charge  port ou tpu t,  
un ti l  i t  has  read  at l east one  PRU  Dynam ic Parameter Characteristic from  that PRU .  

I f the  PRU  is  a l l owed  to  be  charged ,  a  PRU  Control  characteristic  con ta in ing  the  Enable  PRU  
ou tpu t command  (see  9 . 5. 4 . 3)  shal l  be  wri tten  by the  PTU  wi th in  500  ms  of the  received  
advertisement.  

The  reg istration  tim ing  and  sequencing  described  i n  9. 3 . 7  i s  i l l ustrated  i n  F igure  1 5  and  tim ing  
constrain ts  are  i denti fied  i n  Table  1 1 .  

Upon  completing  the  device  reg istration ,  the  PTU  shal l  use  the  GATT Wri te  Request to  wri te  
the  Cl ien t Configu ration  Characteristic  Descriptor of the  PRU  Alert.  
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Figure 1 5 – Registration  period  timel ine   
example  ( informative)  

Table  1 1  – Timing  constraints  

Time constraint  Value  

mi l l i seconds  

Description  Reference  
clause  

t
SHORT_BEACON

  <  30  The  short  beacon -on-period  8. 2 . 3. 3. 1  

t
LONG_BEACON

 1 05  ±  5  The  l ong  beacon-on -peri od  8 . 2 . 3 . 4 . 1  

t
CYCLE

 250  ±  5  The  short  beacon  period  8 . 2 . 3 . 3 . 1  

t
LONG_BEACON_PERI O

D
 

>  850  
≤  3  000  

The  l ong  beacon  period  8 . 2 . 3 . 4 . 1  

t
ADVERTI SEMENT

 <  1 00  The  PRU  sends  an  adverti sement  wi th i n  1 00  ms  of V
RECT

 
exceed i ng  V

RECT_BOOT
 on  state  en try 

8. 3. 4. 1  

t
CONNECTION_REQUE

ST
 

<  50  The  PTU  i ssues  a  connection  request wi th i n  50  ms  of 
d i scovery of the  PRU  

9. 3. 7  

t
REGI STRATION

 <  500  The  PTU  wri tes  a  PRU  Control  Characteri sti c  contai n i ng  the  
PRU  enabl e  command  wi th i n  500  ms  of the  recei ved  
adverti sement.  

9 . 3 . 7  

t
DYNAMI C

 ≤  250  The  peri od  i n  wh ich  PRU  Dynam ic Parameter Characteri sti c  i s  
read  by the  PTU  

9. 1 . 2  

9 . 3 . 7  

t
CI _REGI STRATION

 <  50  The  BLE  connection  i n terval  d uri ng  t
REGI STRATION

 9 . 3 . 7  

t
CI
 <  250  The  BLE  connection  i n terval  9 . 3. 7  
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9.3.8  Profi le  structure  

The BLE cl ien t and  server shal l  support the  characteristics  i denti fied  i n  Table  1 2.  

Table  1 2  – BLE profi l e  characteristics  

Characteri stic  Data  d i rection  Properti es  Description  

PRU  Control  PTU    PRU  Wri te  and  Read  PRU  ON/OFF  con trol .  PTU  i n i ti ates  wri te  
when  command  needs  to  be  sen t  

PTU  Stati c  Parameter PTU    PRU  Wri te  and  Read  Contains  stati c  characteri sti cs  of the  PTU .  
PTU  i n i ti ates  wri te  when  new device  
connects .   

PRU  Alert  PTU    PRU  Noti fi cations  ( I nd ications  
cond i ti onal  upon  support  
for the  Mode  Transi ti on  

Procedure  i n  9 . 7)  

Noti fi es  the  PTU  of overvol tage,  over-
curren t,  over-temperatu re  and  sel f-
protection  cond i ti ons  of the  PRU .  

PRU  Stati c  Parameter PTU    PRU  Read  Contains  s tati c  characteri sti cs  of the  PRU .  
PTU  i n i ti ates  read  when  device  connects  
(can  be  more)  

PRU  Dynam ic Parameter PTU    PRU  Read  Contains  d ynam ic characteri sti cs  of the  
PRU .  PTU  i n i ti ates  read  from  each  device.  

 

9.4  BLE profi le  defin i tion  

9.4. 1  GATT sub-procedure  

9.4. 1 . 1  GATT sub-procedure  in troduction  

9. 4  conta ins  speci fic i n formation  needed  to  implement the  BLE  profi l e .  I t  i s  i n tended  to  a l low 
programmers  to  implement the  BLE  profi le  wi th in  the  GATT framework.  

9.4. 1 .2  GATT sub-procedure  requ irements  

Add i tional  GATT sub-procedures  requ irements  beyond  those  requ i red  by a l l  GATT cl ien ts  are  
i nd icated  i n  Table  1 3 .  

Table  1 3  – GATT sub-procedure  

GATT sub-procedure  Requ i rement  

Discover Al l  Characteri sti c  Descriptors  M  

Read  Characteri sti cs  Value  M  

Wri te  Wi th  Response   M  

Wri te  Wi thout  Response  M  

Noti fi cations  M  

 

9.4.2  Configuration  

9.4.2 .1  Roles  

The PRU  shal l  be  a  GATT Server for the  Wireless  Power Transfer (WPT)  Service.  

The  PTU  shal l  be  a  GATT Cl ien t for the  WPT Service.  See  F igure  1 6 .  
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Server - PRUClient - PTU

WPT Service
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Figure 1 6  – PTU/PRU  services/characteristics  communication  

NOTE  Standard  and  WPT services  and  associated  characteri sti cs  are  defi ned  i n  Tab le  1 7.  

9.4.2 .2  Concurrency l imi tations  and  restrictions  

There  are  no  concurrency l im i tations  or restrictions  for the  PRU  and  the  PTU  roles  imposed  
by th is  profi l e.  

9.4.2 .3  Topology l imi tations  and  restrictions  

The PRU  shal l  implement the  GAP Peripheral  ro le.   

The  PTU  shal l  implement the  GAP Cen tral .  

9.4.2 .4  Transport dependencies  

This  profi l e  shal l  operate  over a  B l uetooth  Low Energy transport on l y.  

9.4.2 .5  Error codes  

Th is  service  does  not  defi ne  any Attribute  Protocol  Appl ication  Error Codes.  

9.4.2 .6  Byte  transmission  order 

Al l  mu l ti -byte  data  fiel ds  used  wi th  th is  service  shal l  be  sen t wi th  the  least s ign i ficant octet  
fi rst ( i . e . ,  L i ttle  End ian).  Mu l ti -character s tring  values  shal l  be  sent as  i nd ividual  byte  fi e lds .  
Structures  such  as  GATT Characteristics  included  i n  th is  document  are  transm itted  i n  the  
order shown  where  they occur from  top  to  bottom  and  l eft  to  ri gh t.  

9.4.3  PRU  requ i rements  

9.4.3.1  PRU  requ irements  i n troduction  

The PRU  shal l  i nstan tiate  one  and  on l y one  WPT Service.  

The  WPT Service  shal l  be  i nstantiated  as  a  Primary Service.  

The  B luetooth  Device  I n formation  Service  does  not  pertain  to  th is  profi l e.  I n formation  that  i s  
speci fic to  the  WPT capabi l i ty of the  PRU  device,  i nclud ing  the  PRU  Static Parameter 
Characteristic  defi ned  i n  9. 5. 6 .3 ,  i s  i ndependent of any implementation  of the  B luetooth  
Device  I n formation  Service.  

9.4.3.2  Wri teable  GAP device  name characteristic  

The PRU  may support the  wri te  property for the  Device  Name characteristi c to  a l l ow the  PTU  
to  wri te  a  Device  Name to  the  PRU .  
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9.4.4  PTU  requ irements  

9.4.4.1  PTU  requ irements  in troduction  

The PTU  shal l  d iscover and  use  the  PRU ’s  WPT Service.  The  B luetooth  Device  I n formation  
Service  does  not perta in  to  th is  profi l e.  I n formation  that i s  speci fic to  the  WPT capabi l i ty of the  
PTU  device,  i nclud ing  hardware  and  fi rmware  vers ions,  are  con tained  i n  the  PTU  Static 
Parameter Characteristic  defined  i n  9 . 5. 5. 3  and  are  i ndependent of any implementation  of the  
B luetooth  Device  I n formation  Service.  

9.4.4.2  Discovery of services  and  characteristics  

The PTU  d iscovers  the  PRU ’s  WPT service  and  characteristics  us ing  the  WPT Service  Data  
wi th in  the  PRU  advertisement payload  wh ich  con ta ins  the  GATT Primary Service  Hand le.  The  
advertisement payload  i s  defined  i n  9 . 5. 2 .  The  GATT Primary Service  Hand le,  together wi th  
the  hand le  offsets  defined  i n  9 . 5 . 3. 3  i s  used  to  d i scover a l l  characteristics  and  descriptors  i n  
the  service.  

The  PTU  may perform  service  d iscovery us ing  the  GATT Discover All Primary Services  sub-
procedure  or the  GATT Discover Primary Services by Service  UUID  sub-procedure  and  
characteristic d iscovery us ing  the  GATT Discover Characteristics by UUID  sub-procedure  or 
the  Discover All Characteristics of a  Service  sub-procedure.  These  procedures  may be  used  
at  any time except during  reg istration .  The  procedures  may be  used  in  response to  Service  
Changed  i nd ication  or to  d iscover services  other than  the  WPT service  supported  by the  PRU .  

9.4.5  Connection  establ ishment 

9.4.5.1  Connection  establ ishment in troduction  

9. 4. 5  describes  the  PRU  d iscovery,  connection  establ ishment and  connection  term ination  
procedures  used  by a  PRU  and  PTU .  

9.4.5.2  PRU  connection  establ ishment 

9.4.5.2 . 1  Connection  procedure for unbonded  devices  

Th is  procedure  is  used  for connection  establ ishment when  the  PTU  connects  to  a  PRU  wh ich  
i t  i s  not  bonded .  Th is  procedure  is  au tomatic and  not i n i tiated  by user i n teraction .  

The  PRU  shal l  en ter the  GAP Limited Discoverable Mode  us ing  Und i rected  Adverti s i ng  
(ADV_IND)  packets  for d iscovery and  connection .  PRU  D iscovery i s  used  to  i den ti fy a  PRU  
device  to  the  PTU  and  for receiving  WPT Service  speci fic Advertis ing  data.  

PRU  Advertis i ng  Data  shal l  con tain  an  advertis ing  payload  as  defined  i n  9 . 5. 2.  

The  PRU  shal l  use  Securi ty Mode 1  l evel  1  when  connecting  to  an  unbonded  device.  I f a  
connection  is  not establ i shed  wi th in  a  t ime l im i t defined  by the  PRU ,  the  PRU  may exi t  the  
GAP connectable  mode and  wai t  for the  next beacon  s ignal .  

9.4.5.2 .2  PRU  connection  procedure for bonded  devices  

Th is  procedure  is  appl icable  after the  PRU  has  bonded  wi th  the  PTU  us ing  the  connection  
procedure  defined  i n  9. 3. 7.  

The  PRU  shou ld  use  the  recommended  advertis ing  i n terval  va lue  shown  i n  9. 3. 7 .  

Once  connected ,  the  PRU  may request  to  change  to  the  preferred  connection  parameters  that  
best su i ts  i ts  use  case.  



 – 56  – I EC 63028: 201 7    I EC:201 7  

I f the  PTU  ind icates  during  pai ri ng  that  on l y securi ty l evel  2  can  be  ach ieved ,  the  PRU  shal l  
not request any securi ty l evel  h i gher than  level  2  i n  respond ing  to  PTU ’s  service  request.  

I f a  connection  i s  not establ i shed  wi th in  a  time l im i t  defi ned  by the  PRU ,  the  PRU  may exi t  the  
GAP connectable  mode and  wai t  for the  next beacon  s ignal .  

9.4.5.2 .3  Link loss  reconnection  procedure  

When  a  connection  is  term inated ,  a  PRU ,  i f powered  by the  PTU ,  shal l  attempt to  reconnect to  
the  PTU  by entering  a  GAP connectable  mode us ing  the  recommended  advertis i ng  i n terval  
va lue  shown  i n  9 . 3 . 7.  Note  that  i f the  PRU  does  not  reconnect,  i t  can  appear to  the  PTU  as  a  
rogue  object.  

9.4.5.2 .4  Id le  connection  

The PRU  shal l  perform  the  GAP Terminate Connection  procedure  i f power is  removed  from  
the  PRU .  The  PRU  shal l  not  i n i tiate  a  term inate  connection  to  a  BLE  host at any time i f the  
PRU  is  powered  from  a  PTU .  

9.4.5.3  PTU  connection  establ ishment  

9.4.5.3.1  Connection  procedure for unbonded  devices  

This  procedure  is  used  for connection  establ ishment when  the  PTU  connects  to  a  PRU  to  
wh ich  i t  i s  not  bonded .  Th is  procedure  may be  i n i tiated  e i ther th rough  user i n teraction  or 
au tonomousl y when  a  PTU  requ ires  data  from  a  PRU .  

The  PTU  shal l  scan  us ing  the  GAP Limited Discovery procedure  and  perform  acti ve  scann ing .  

A PTU  shal l  use  the  GAP General Connection  Establishment procedure.  The  PTU  may use  
th is  procedure  when  i t  requ ires  data  from  one  or more  PRU(s) .  Th is  procedure  a l lows  a  PTU  
to  connect to  a  PRU  d iscovered  during  a  scan  wi thou t us ing  the  Whi te  List.  

I f a  connection  i s  not establ ished  wi th in  a  time  l im i t  defi ned  by the  Power Con trol  
requ i rements  (see  Clause  8) ,  the  PTU  may trans i tion  s tate  and  cease  scann ing  for new 
devices.  

9.4.5.3.2  PTU  connection  procedure  for bonded  devices  

Th is  procedure  i s  appl icable  after the  PTU  has  bonded  wi th  the  PRU  us ing  the  au tonomous  
connection  procedure  in  9 . 4. 5. 3 . 1 .  

A PTU  may use  one  of the  fo l lowing  GAP connection  procedures  based  on  i ts  connectivi ty 
requ i rements .  

a)  General  Connection  Establ ishment Procedure.  The  PTU  may use  th is  procedure  when  i t  
requ i res  d ynam ic parameters  or noti fications  from  one  or more  PRUs.  Th is  procedure  
a l l ows  a  PTU  to  connect  to  a  PRU  d iscovered  du ring  a  scan  wi thout us ing  the  Whi te  L ist.  

b)  Selecti ve  Connection  Establ ishment Procedure.  The  PTU  may use  th is  procedure  when  i t  
requ ires  d ynam ic parameters  or noti fications  from  one  or more  PRUs.  Th is  procedure  
a l l ows  a  PTU  to  connect to  a  PRU  d iscovered  du ring  a  scan  wh i le  us ing  the  Whi te  L ist.  

c)  D i rect Connection  Establ ishment Procedure.  The  PTU  may use  th is  procedure  when  i t  
requ ires  data  from  a  s ing le  (or speci fic)  PRU.  The  PTU  may a lso  use  th is  procedure  for 
l ink loss  reconnection  described  i n  9 . 4 . 5. 3. 3.  

d )  Auto  Connection  Establ i shment Procedure.  The  PTU  may use  th is  procedure  when  i t  
requ ires  d ynam ic parameters  or noti fications  from  one  or more  PRUs.  Th is  procedure  wi l l  
au tomatical l y i n i ti ate  connection  to  a  PRU  in  the  Wh i te  L ist.  
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When  i n i tiati ng  a  connection  wh i le  i n  PTU  Low Power state,  the  PTU  shou ld  use  the  
con tinuous  scan  window/scan  i n terval  pai r to  attempt fast connection .  When  i n i ti ati ng  a  
connection  wh i l e  i n  PTU  Power Transfer state,  the  PTU  shou ld  use  an  implementation  speci fic 
scan  window/scan  i n terval  to  attempt a  fast connection .  

Notwi thstand ing  the  above,  the  PTU  shou ld  use  a  scan  window and  scan  i n terval  su i table  to  
i ts  power and  connection  time  requ i rements.  I ncreas ing  the  scan  window i ncreases  the  power 
consumption ,  bu t  decreases  the  connection  time.  

The  PTU  shou ld  wri te  the  address  of the  target PRU  in  i ts  Whi te  List and  set i ts  control l er 
advertis i ng  fi l ter pol icy to  "process  scan  and  connection  requests  on l y from  devices  in  the  
Whi te  L ist" .  

The  PTU  shal l  support  LE  securi ty mode 1 ,  l evel  1  and  l evel  2  as  speci fied  i n  the  B luetooth  
core  speci fication  v4. 0 .  

9.4.5.3.3  Link loss  reconnection  procedure  

When  a  connection  i s  term inated  due  to  l ink l oss,  a  PTU  shal l  attempt to  reconnect to  the  
PRU  by making  a  connection  request  after detecting  a  PRU  advertisement shown  i n  9. 4. 5 . 2 . 1 .  

9.4.5.3.4  Id le  connection  

I f a  connection  is  i d le ,  the  PTU  may perform  the  GAP Terminate Connection  procedure.  An  
I d l e  Connection  shal l  be  determ ined  i f the  PRU  does  not respond  to  Read  Requests  from  the  
PTU  and  the  PRU  does  not send  a lerts  for greater than  one  second .  

9.4.5.3.5  Fast connection  in terval  

The  PTU  shal l  implement a  connection  i n terval  that supports  rapid  service  d iscovery,  rapid  
encryption  setup  and  the  abi l i ty to  receive  a  PRU  Dynam ic Parameter Characteristic from  a l l  
PRUs  wi th in  250  ms.  

9.4.6  Securi ty considerations  

9.4.6.1  Securi ty considerations  in troduction  

9. 4. 6  describes  the  securi ty procedures  used  by a  PRU  and  PTU .  

9.4.6.2  PRU  securi ty considerations  

Al l  supported  characteristics  speci fied  by the  WPT Service  shal l  be  set to  Securi ty Mode 1  
and  shou ld  be  set  to  Securi ty Level  1  (No Securi ty)  or 2  (Unau then ticated  pai ri ng  wi th  
encryption).  

The  PRU  shal l  use  the  SM Slave Security Request procedure  to  i n form  the  PTU  of i ts  securi ty 
requ i rements.  

9.4.6.3  PTU  securi ty considerations  

The  PTU  may bond  wi th  the  PRU .   

The  PTU  shal l  accept any request  by the  PRU  for LE  Securi ty Mode  1  and  Securi ty Level  1  or 
2 .  

9.4.7  Charge  completion  

PTU  support of the  Charge  Complete,  D isconnected  Mode i s  mandatory.  L ikewise,  PRU  
support of the  Charge  Complete,  D isconnected  Mode i s  mandatory.  A PTU  may support 
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Charge  Complete,  Connected  Mode.  A PRU  may a lso  i nd icate  support  for the  Charge 
Complete,  Connected  Mode  in  the  PRU  Static  Parameter Characteristic.  

PRUs  shal l  i nd icate  Charge  Complete  =  1  i f they do  not requ i re  charg ing  from  the  PTU.  When  
a l l  PRUs  on  a  PTU  i nd icate  Charge  Complete  =  1 ,  the  PTU  shal l  transi tion  to  the  PTU  Power 
Save  state  accord ing  to  8. 2. 9.7 .  

Prior to  transi ti on ing  to  PTU  Power Save s tate,   

•  the  PTU  shal l  i nstruct  the  PRU  to  d isable  i ts  charge  output by setting  the  Enable  PRU  
ou tpu t b i t  i n  the  Enables  fie l d  to  0  in  the  PRU  Con trol ,  

•  the  PTU  shal l  perform  the  GAP Term inate  Connection  procedure  wi th  a l l  PRUs  that do  not 
support Charge  Complete,  Connected  Mode,  and  

•  the  PTU  may main ta in  a  BLE  connection  wi th  PRUs  supporti ng  Charge  Complete,  
Connected  Mode.  Once  in  the  PTU  Power Save  state,  the  PTU  may i ncrease  the  
connection  i n terval  to  further conserve  power.  

After ind icati ng  Charge  Complete  =  1 ,  the  PRU  shal l  trans i tion  to  PRU  Boot state  as  
described  in  8. 3. 7. 4 .  

9.5  WPT service  characteristics  

9.5. 1  WPT service  characteristics  in troduction  

The PRU  shal l  support the  wri ti ng  of the  PRU  Control  and  PTU  Static  Parameter 
characteristics  by the  PTU  and  the  configuration  of the  PTU  Alert  characteristic  by the  PTU  
for noti fications  and  optional l y i nd ications  (cond i tional  upon  support for Mode Transi ti on) .  

The  PTU  shal l  support read ing  the  PRU  Static  Parameter and  PRU  Dynam ic Parameter 
characteristics  and  shal l  a lso  support the  configuration  of the  PRU  Alert characteristic  for 
noti fications  and  optional l y i nd ications  (cond i tional  upon  support for Mode  Trans i tion) .  

As  described  e lsewhere  i n  th is  document,  the  PRU  and  PTU  are  requ ired  to  determ ine  the  
con ten ts  of the  characteristics  based  on  the  conten ts  of the  Optional  F ie l ds  Val id i ty fie lds  i n  
most characteristics.  

Al l  characteristic Reserved  for Further Use  (RFU)  b i ts  and  fi e lds  shal l  be  set to  zero  by the  
send ing  enti ty and  i gnored  by the  receiving  enti ty.  I f the  PTU  or PRU  receives  a  characteristic  
that  i ncl udes  add i tional  octets  that are  not recogn ized  by the  implementation ,  the  receiving  
en ti ty sha l l  i gnore  those  b i ts  and  con tinue  to  process  the  characteristic  normal l y.  

9.5.2  PRU  advertising  payload  

9.5.2 . 1  PRU  advertising  payload  in troduction  

For the  purpose  of communicati ng  wi th  a  PTU ,  the  PRU  shal l  use  the  advertis i ng  packet 
payload  format defined  in  Table  1 4 .  

Table  1 4  – PRU  advertis ing  payload  

Flags  AD  Type  Service  Data  AD  Type  

Flags  WPT Service  1 6-
bi t  UU I D  

GATT Primary Service  
Hand le  

PRU  RSSI  
Parameters  

ADV F lags  

 

The F lags  fie l d  sha l l  use  the  B luetooth  Generic  Access  Profi l e,  F lags  Advertis ing  Data  type  
format and  i nd icate:  
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•  LE  L im i ted  D iscoverable  Mode  

The  Service  Data  AD  Type  i s  used  to  i nd icate  speci fic  WPT Service  in formation  and  shal l  use  
the  B luetooth  Generic Access  Profi l e,  Service  Data  AD  type  format.  The  fi rst 1 6-bi ts  (after the  
AD  type  l eng th  fie l d )  shal l  ho ld  the  1 6-bi t  B l uetooth  S IG  ass igned  Service  UU ID  va lue  as  
shown  i n  Table  1 6 .  

The  GATT Primary Service  Hand le  fie ld  i s  i ncl uded  i n  the  B luetooth  Generic Access  Profi le ,  
Service  Data  Advertis ing  Data  type  after the  1 6-bi t  Service  UU ID  fie ld  and  shal l  con tain  the  
PRU ’s  attribute  hand le  for the  WPT Primary Service  as  defined  i n  Table  1 7 .  Al l  l ocal  
characteristic hand le  values  for th is  service  shal l  be  ordered  sequentia l l y starting  from  the  
(GATT Primary Service  Hand le  +  1 )  i n  the  order of the  l i s ted  characteristics  as  represented  i n  
Table  1 7.  

The  PRU  RSSI  Parameters  fie ld  i s  i ncluded  i n  the  B luetooth  Generic  Access  Profi l e,  Service  
Data  Advertis ing  Data  type  after the  GATT Primary Service  Hand le  fi e l d  and  shal l  con tain  a  
PRU  ou tpu t power (PRU_Pwr)  i n  bi ts  7  to  3  and  PRU  an tenna  gain  (PRU_Gain)  i n  bi ts  2  to  0 ,  
i f known  by the  PRU  appl ication .  I f unknown  by the  PRU,  the  PRU  appl ication  shal l  ensure  
that  a l l  b i ts  i n  the  unknown  value  fi e l ds  are  set  to  " 1 " .  

7: 3  2: 0  

PRU_Pwr PRU_Gain  

 

PRU  output power shal l  be  encoded  as  fol lows:  

•  PRU_Pwr – 20  dBm  =  PRU  output  power in  dBm,  or 

•  PRU_Pwr =  1 1 1 1 1 b  i f ou tpu t power unknown  by PRU  

 

3  b i t  PRU  an tenna  gain  shal l  be  encoded  as  fol l ows:  

•  PRU_Gain  – 5  dB  =  PRU  antenna  gain  i n  dBi ,  or 

•  PRU_Gain  =  1 1 1 b  i f an tenna  ga in  unknown  by PRU  

 

The ADV Flags  fi e l d  i s  i ncluded  i n  the  B luetooth  Generic Access  Profi l e,  Service  Data  
Advertis ing  Data  type  after the  PRU  RSSI  Parameters  fi e ld  and  shal l  contain  AirFuel  
Resonant speci fic  i n formation  and  shal l  use  the  fo l lowing  b i t  format:  

7  6  5  4  3  2  1  0  

Impedance  
Sh i ft  B i t  2  

Impedance  
Sh i ft  B i t  1  

I mpedance  
Sh i ft  B i t  0  

Reboot  B i t  OVP  Status  
(opti onal )  

Time  Set  
Support  

RFU  RFU  

 

•  B i ts  5  to  7  – Impedance  Sh i ft  B i ts  

•  B i t  4  – Reboot B i t ( "0"  =  recent reset,  " 1 "  =  connection  d rop  wi th  no  reset)  

•  B i t  3  – OVP Status  (optional )  – set  to  "0"  i f not used  ( "0"  =  no  OVP,  "1 "  =  OVP)  

•  B i t  2  – Time Set Support ("0"  =  no  support,  "1 "  =  support)  

The  Impedance  Sh i ft  b i t  fi e ld  shal l  be  as  defined  i n  Table  1 5  (see  7. 3. 3 . 4  for Short  Beacon  
PRU-induced  Impedance).  
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Table  1 5  – Impedance  sh ift  bi t  

Impedance sh i ft  b i ts  Defin i tion  

000  Can  never create  an  impedance  sh i ft  

001  Cat 1  PRU  

01 0  Cat 2  PRU  

01 1  Cat 3  PRU  

1 00  Cat 4  PRU  

1 01  Cat 5  PRU  

1 1 0  Reserved  

1 1 1  Reserved  

 

9.5.2 .2  Sample  data  

The  fol lowing  shows sample  data  for PRU  Advertis ing  payload  con ten ts  reflecting  the  
fol lowing  settings.  

F lags  AD  Type:  

•  L im i ted  D iscoverable  Mode  is  set;  

•  a l l  other b i ts  set to  zero.  

Service  Data  AD  Type:  

•  1 6-bi t  UU ID  is  set to  0xFFFE;  

•  GATT Primary Service  Hand le  i s  set to  0x01 01 ;  

•  PRU  RSSI  Parameters  i s  set to  0xFF;  

•  ADV F lags  are  set to:  

– CAT3  PRU;  

– Reboot b i t  i s  set  to  zero;  

– OVP i nd icator i s  set  to  zero.  

Sample  Data:  0000:  0201 01 071 6FEFF01 01 FF60  

9.5.3  WPT service  

9.5.3. 1  WPT service  i n troduction  

The  WPT Service  exposes  re lated  control  and  status  data  for proper coord ination  between  a  
PRU  and  a  PTU .  

9.5.3.2  WPT service  UUID  

Table  1 6  shows  the  mandatory UU ID  defin i tions  for the  WPT Service.  

Table  1 6  – WPT service  UU ID  

UUID  Value  Defin i tion  

WPT_CHARACTERISTIC_
BASE_UUID  

0x6455e670-a1 46-1 1 e2-9e96-
0800200c9a67  

1 28-bi t  Ai rFue l  Resonant WPT 
Characteri sti c  Base  UU I D.  

WPT_SERVICE_UUID  0xFFFE  1 6-bi t  B l uetooth  S IG  assigned  WPT Service  
UU ID.  
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9.5.3.3  WPT service  defin i tion  

The mandatory service  defin i ti on  for the  WPT Service  is  shown  i n  Table  1 7 .  

Table  1 7  – WPT service  

Type (1 6  bi t)  Defau l t  value  Attribute  
permissions  

Notes  Mandatory 
handle  value  

0x2800  

GATT_PRIMARY_SERVI
CE_UUID  

WPT_SERVICE_UUID  
(1 6-bi t)  

GATT_PERMIT_READ  Start  of WPT 
Service  

(GATT Primary 
Service  Hand l e)  

0x2803  

GATT_CHARACTERISTI
C_UUID  

Properti es  =  
read /wri te  

UU ID  =  
WPT_CHARACTERIS

TIC_BASE_UUID  

GATT_PERMIT_READ  PRU  Control  
Characteri sti c  
declaration  

GATT Primary 
Service  Hand l e)  

+  1  

WPT_CHARGING_PRU_
CONTROL_UUID  

00000  

(5  Octets)  

GATT_PERMIT_READ 
|  

GATT_PERMIT_WRIT
E  

PRU  Control  
Characteri sti c  

val ue  

GATT Primary 
Service  Hand l e)  

+  2  

0x2803  

GATT_CHARACTERISTI
C_UUID  

Properti es  =  
read /wri te  

UU ID  =  WPT_ 
CHARACTERISTIC_B

ASE  _UU ID+1  

GATT_PERMIT_READ  PTU  Stati c  
Parameter 

Characteri sti c  
declaration  

GATT Primary 
Service  Hand l e)  

+  3  

WPT_CHARGING_PTU_
STATIC_UUID  

00000000000000000  

(1 7  Octets)  

GATT_PERMIT_READ 
|  

GATT_PERMIT_WRIT
E  

PTU  Stati c  
Parameter 

Characteri sti c  
val ue  

GATT Primary 
Service  Hand l e)  

+  4  

0x2803  

GATT_CHARACTERISTI
C_UUID  

Properti es  =  
read/noti fy  

UU ID  =  WPT_ 
CHARACTERISTIC_B

ASE  _UU ID+2  

GATT_PERMIT_READ  PRU  Alert  
Parameter 

Characteri sti c  
declaration  

GATT Primary 
Service  Hand l e)  

+  5  

WPT_CHARGING_PRU_
ALERT_UUID  

0  

(1  Octet)  

GATT_PERMIT_READ 
|  

GATT 
PERMIT_NOTIFY 

PRU  Alert  
Parameter 

Characteri sti c  
val ue  

GATT Primary 
Service  Hand l e)  

+  6  

0x2902  

CLI ENT_CHARACTERIS
TIC_CONFIGUARATION
_UUID  

0  

(1  Octet)  

GATT_PERMIT_READ 
|  

GATT_PERMIT_WRIT
E  

Cl i en t  
Characteri sti c  
Confi gu ration  
UU ID  for PRU  

Alert  

GATT Primary 
Service  Hand l e)  

+  7  

0x2803  

GATT_CHARACTERISTI
C_UUID  

Properti es  =  read  

UU ID  =  WPT_ 
CHARACTERISTIC_B

ASE  _UU ID+3  

GATT_PERMIT_READ  PRU  Stati c  
Parameter 

Characteri sti c  
declaration  

GATT Primary 
Service  Hand l e)  

+  8  

WPT_CHARGING_PRU_
STATIC_UUID  

000000000000000000
0  

(20  Octets)  

GATT_PERMIT_READ  PRU  Stati c  
Parameter 

Characteri sti c  
val ue  

GATT Primary 
Service  Hand l e)  

+  9  

0x2803  

GATT_CHARACTERISTI
C_UUID  

Properti es  =  read  

UU ID  =  WPT_ 
CHARACTERISTIC_B

ASE  _UU ID+4  

GATT_PERMIT_READ  PRU  Dynam ic 
Parameter 

Characteri sti c  
declaration  

GATT Primary 
Service  Hand l e)  

+  1 0  

WPT_CHARGING_PRU_
DYNAMIC_UUID  

000000000000000000
00  

(20  Octets)  

GATT_PERMIT_READ  PRU  Dynam ic 
Parameter 

Characteri sti c  
val ue  

GATT Primary 
Service  Hand l e)  

+  1 1  
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The  defin i tion  for the  mandatory GAP Service  is  shown  i n  Table  1 8.  

Table  1 8  – GAP service  

Type (1 6  bi t)  Defau l t  value  Attribute  permissions  Notes  

0x2800  

GATT_PRIMARY_SERVICE_
UUID  

0x1 800  
(GAP_SERVICE_UUID)  

GATT_PERMIT_READ  Start  of GAP  
Service  

0x2803  

GATT_CHARACTERISTIC_U
U ID  

02  (properties:  read  on l y)  
00  2A (UU I D:  0x2A00)  

GATT_PERMIT_READ  Device  Name  
characteri sti c  
declaration  

0x2A00  

GAP_DEVICE_NAME_UUID  

"WPT PRU"  GATT_PERMIT_READ  Device  Name  
characteri sti c  val ue  

0x2803  

GATT_CHARACTERISTIC_U
U ID  

02  (properties:  read  on l y)  
01  2A (UU I D:  0x2A01 )  

GATT_PERMIT_READ  Appearance  
characteri sti c  
declaration  

0x2A01  

GAP_APPEARANCE_UUID  

0x0000  (unknown)  GATT_PERMIT_READ  Appearance  
characteri sti c  val ue  

0x2803  

GATT_CHARACTERISTIC_U
U ID  

02  (properties:  read  on l y)  
04  2A (UU I D:  0x2A04)  

GATT_PERMIT_READ  Peripheral  
Preferred  
Connection  
Parameters  
characteri sti c  
declaration  

0x2A04  

GAP_PERI_CONN_PARAM_U
UID  

50  00  (50  ms  preferred  m in  
connection  i n terval )  

A0  00  (250  ms  preferred  
max connection  i n terval )  
00  00  (0  preferred  s l ave  

l atency)  
E8  03  (1  000  ms  preferred  

supervis ion  t imeou t)  

GATT_PERMIT_READ  Peripheral  
Preferred  
Connection  
Parameters  

characteri sti c  val ue  

 

The  defin i ti on  for the  GATT Service,  shown  i n  Table  1 9 ,  i s  mandatory i f service  defin i ti ons  on  
the  PRU  can  be  added ,  changed ,  or removed ,  optional  otherwise.  

Table  1 9  – GATT service  

Type (1 6  bi t)  Defau l t  value  Attribute  permissions  Notes  

0x2800  

GATT_PRIMARY_SERVICE_
UUID  

0x1 801  
(GATT_SERVICE_UUID)  

GATT_PERMIT_READ  Start  of GATT 
Service  

0x2803  

GATT_CHARACTERISTIC_U
U ID  

20  (properties :  i n d icate  
on l y)  

05  2A (UU I D:  0x2A05)  

GATT_PERMIT_READ  Service  Changed  
characteri sti c  
declaration  

0x2A05  

GATT_SERVICE_CHANGED_
UUID  

(nu l l  val ue)  (none)  Service  Changed  
characteri sti c  val ue  

 

9.5.4  PRU  control  

9.5.4.1  PRU  control  in troduction  

When  wri tten ,  th is  characteristic  i n i ti ates  PTU  commands  (e. g . ,  s tart  charge)  at  the  PRU .  The  
PTU  shal l  wri te  a  PRU  Control  Characteristic whenever i t  requ i res  a  s tatus  change i n  the  PRU .  
The  des ignated  PRU  shal l  change configuration  accord ing  to  the  PRU  Control  Characteristic.  
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9.5.4.2  PRU  Control  Characteristic behavior 

The PRU  Control  Characteristic  i s  wri tten  us ing  the  GATT Wri te  procedure.  The  PTU  wri tes  
th is  characteristic  to  send  commands  to  the  PRU.  

9.5.4.3  PRU  Control  Characteristic value  

The PRU  Con trol  Characteristic  va lue  fi e lds  are  described  in  Table  20.  The  length  of the  
characteristic value  is  5  octets .  

Table  20  – PRU  Control  Characteristic  

Field  Octet  Description  Use  Un i ts  

Enabl es  1  PTU  tu rn  on ,  PTU  

on  i n d ication  etc.  

Mandatory N /A 

Perm ission  1  PRU  i s  perm i tted  i n  
PTU .  

Mandatory N /A 

Time  Set 1  PTU  sets  up  t ime.  Mandatory ms  

RFU  2  Undefined  N /A N /A 

 

9.5.4.4  Enables  

The Enables  fi e l d  provides  PTU  i nstruction  for power con trol .  

Table  21  – Detai l :  bi t  fi eld  for enables  

7  6  5  4  3  2  1  0  

Enable  PRU  
ou tput  

Enabl e  PRU  
charge  
i nd icator 

Ad just  power command  RFU  RFU  RFU  RFU  

1  =  Enab le  

0  =  Di sable  

1  =  Enab le  

0  =  D i sable  

00  =  Maximum  power 

01  =  66  %  x P
RECT_MAX

 

1 0  =  33  %  x P
RECT_MAX

 

1 1  =  2 , 5  W  

RFU  RFU  RFU  RFU  

 

Enable  PRU  ou tput  a l l ows  the  PRU  to  provide  power to  the  load .  See  8 . 3. 5. 1 . 1  for PRU  power 
draw (PRECT)  requ irements  i n  the  PRU  On  state  based  on  the  Enable  PRU  ou tpu t b i t.  

Enable  PRU  charge  i nd icator,  when  set to  "1 "  a l l ows  the  PRU  to  ind icate  that  charg ing  may 
occur.  Otherwise  th is  b i t  i s  set to  "0" .  

I f the  ad just power command  is  supported  by the  PRU,  the  PRU  shal l  e i ther ad j ust i ts  power 
d raw to  l ess  than  or equal  to  the  percent of PRECT_MAX,  speci fi ed  in  the  b i ts  4  and  5,  i n  
Table  21 ,  or not change i ts  power d raw from  the  curren t l im i ts,  d ue  to  the  i nabi l i ty of the  PRU  
to  ad j ust  power to  a  l ower va lue,  at  the  t ime of receiving  the  ad just power command .   

I f the  PRU  ad j usts  i ts  power d raw,  i t  shal l  provide  a  response to  the  PTU  via  the  Ad just Power 
Response  PRU  a lert  b i t  fi e ld  speci fied  i n  Table  36 .  PTUs shal l  not  send  th is  command  to  
PRUs  that  do  not support the  ad j ust  power command.  A PTU  shal l  not send  more  than  one  
ad j ust  power command  to  a  PRU  in  a  two  second  period .  

9.5.4.5  Permission  

The Perm ission  fie ld  provides  power avai l abi l i ty (perm i tted /den ied)  reason  codes.  
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Table  22  – Detai l :  bi t  fi eld  for permission  

Value  (Bi t)  Description  

0000  0000   Perm i tted  wi thou t reason   

0000  0001  Perm i tted  wi th  wai ti ng  time  due  to  l im i ted  avai l able  power 

1 000  0000   Den i ed  due  to  cross  connecti on .  

1 000  0001  Den i ed  due  to  l im i ted  avai l able  power  

1 000  001 0  Den i ed  due  to  l im i ted  PTU  Number of Devices   

1 000  001 1  Den i ed  due  to  l im i ted  PTU  Class  support   

1 000  01 00  Den i ed  due  to  h i gh  temperature  at  PTU  

Al l  other val ues  RFU  

 

I f a  PTU  wri tes  "Perm i tted  wi th  wai ti ng  time due  to  l im i ted  avai l ab le  power",  once  the  PTU  has  
power avai lable,  i t  shal l  update  the  value  of the  Perm ission  fie l d  to  "Perm i tted  wi thout  reason"  
to  a l l ow the  PRU  to  beg in  charg ing .  

9.5.4.6  Time set  

The Time Set fi e ld  provides  the  time  in  wh ich  the  PRU  is  to  create  a  va l i d  l oad  variation .  

Table  23  – Detai l :  bi t  fi eld  for time  set  

Value  (Bi t)  PTU  setting  time  

mi l l i seconds  

0000  0000  Do  not  perform  Time  Set (see  9 . 6 . 6)  

0000  0001  1 0  

0000  001 0  20  

0000  001 1  30  

0000  01 00  40  

0000  01 01  50  

0000  01 1 0  60  

0000  01 1 1  70  

0000  1 000  80  

Al l  other val ues  RFU  

 

NOTE  Th is  fi e l d  i s  used  for cross  connection  check (see  9. 6 . 6).  

9.5.5  PTU  static parameter 

9.5.5. 1  PTU  static parameter in troduction  

The PTU  Static Parameter characteristic contains  data  wi th  constant  values  on  the  PTU .  

9.5.5.2  PTU  static parameter characteristic behavior 

The PTU  Static Parameter characteristic i s  wri tten  us ing  the  GATT Wri te  procedure.  

Th is  Characteristic  i s  i n tended  to  provide  s tatic PTU  parameters  to  a  PRU .  
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9.5.5.3  PTU  static parameter characteristic value  

The PTU  Static  Parameter characteristic  value  fie lds  are  described  i n  Table  24.  The  l eng th  of 
the  characteristic va lue  i s  1 7  octets.  

PTU  static parameter characteristic shal l  have  the  fo l l owing  fi e lds .  

Table  24 – PTU  reporting  static  values  to  PRU  

Field  Octets  Description  Use  Un i ts  

Optional  fi e l ds  va l i d i ty  1  Defi nes  wh ich  fi e l ds  are  val i d  Mandatory  

PTU  Power 1  Power of PTU  Mandatory  

PTU  Max Source  Impedance  1  Maximum  source  impedance  of 
the  PTU  

Optional   

PTU  Max Load  Resistance  1  Maximum  l oad  res i stance  of the  
PTU  

Optional   

RFU  2  Undefined  N /A  

PTU  class  1  PTU  class  Mandatory Class  1  – 5  

Hardware  rev 1  Revis ion  of the  PTU  HW Mandatory  

F i rmware  rev 1  Revis ion  of the  PTU  SW Mandatory  

Protocol  Revis ion  1  Ai rFue l  Resonant Supported  
Revis ion  

Mandatory  

PTU  Number of Devices  
Supported  

1  Max Number of Devices  Mandatory  

RFU  6  Undefined  N /A  

 

9.5.5.4  Optional  fields  val id i ty  

The Optional  F ie l ds  Val i d i ty fi e ld  (see  Table  25)  shal l  i denti fy wh ich  optional  fi e l ds  have  val id  
va lues.  Al l  optional  fi e l ds  not  i denti fi ed  as  val id  sha l l  be  set to  zero.  

Table  25  – Detai l :  bi t  fi eld  for optional  fields  val id i ty  

7  6  5  4  3  2  1  0  

Max 
Impedance  

Max 
Resistance  

RFU  RFU  RFU  RFU  RFU  RFU  

 

9.5.5.5  PTU  power 

The PTU  Power fiel d  sha l l  be  set equal  to  the  value  shown  in  Table  1  accord ing  to  the  PTU  
class.  The  e igh t b i ts  of the  PTU  Power fi el d  are  popu lated  per the  State  Defin i ti on  B i t fi e ld  
(shown  i n  decimal ).  Power values  ca l l ed  ou t i n  Table  26  are  i n  watts.  
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Table  26  – PTU  power 

7  6  5  4  3  2  1  0  

PTU  Power  

 

State  defin i tion  

Value  

decimal  

Pwr 

watt  

Value  

decimal  

Pwr 

watt  

Value  

decimal  

Pwr 

watt  

Value  

decimal  

Pwr 

watt  

Value  

decimal  

Pwr 

watt  

0  0  32  4 , 4  64  1 3, 6  96  28  1 28  50  

1  0 , 1  33  4 , 6  65  1 4  97  28, 5  1 29  51  

2  0 , 2  34  4 , 8  66  1 4, 4  98  29  1 30  52  

3  0 , 3  35  5  67  1 4, 8  99  29, 5  1 31  53  

4  0 , 4  36  5, 2  68  1 5, 2  1 00  30  1 32  54  

5  0 , 5  37  5, 4  69  1 5, 6  1 01  30, 6  1 33  55  

6  0 , 6  38  5, 6  70  1 6  1 02  31 , 2  1 34  56  

7  0 , 7  39  5, 8  71  1 6, 4  1 03  31 , 8  1 35  57  

8  0 , 8  40  6  72  1 6, 8  1 04  32 , 4  1 36  58  

9  0 , 9  41  6 , 3  73  1 7, 2  1 05  33  1 37  59  

1 0  1  42  6 , 6  74  1 7, 6  1 06  33, 6  1 38  60  

1 1  1 , 1  43  6 , 9  75  1 8  1 07  34, 2  1 39  61  

1 2  1 , 2  44  7 , 2  76  1 8, 4  1 08  34, 8  1 40  to  255  RFU  

1 3  1 , 3  45  7 , 5  77  1 8, 8  1 09  35, 4    

1 4  1 , 4  46  7 , 8  78  1 9, 2  1 1 0  36    

1 5  1 , 5  47  8, 1  79  1 9, 6  1 1 1  36, 6    

1 6  1 , 6  48  8, 4  80  20  1 1 2  37, 2    

1 7  1 , 7  49  8, 7  81  20, 5  1 1 3  37, 8    

1 8  1 , 8  50  9  82  21  1 1 4  38, 4    

1 9  1 , 9  51  9 , 3  83  21 , 5  1 1 5  39    

20  2  52  9 , 6  84  22  1 1 6  39, 6    

21  2 , 2  53  9, 9  85  22, 5  1 1 7  40, 2    

22  2 , 4  54  1 0, 2  86  23  1 1 8  40, 8    

23  2 , 6  55  1 0, 5  87  23, 5  1 1 9  41 , 4    

24  2 , 8  56  1 0, 8  88  24  1 20  42    

25  3  57  1 1 , 1  89  24, 5  1 21  43    

26  3 , 2  58  1 1 , 4  90  25  1 22  44    

27  3 , 4  59  1 1 , 7  91  25, 5  1 23  45    

28  3 , 6  60  1 2  92  26  1 24  46    

29  3 , 8  61  1 2 , 4  93  26, 5  1 25  47    

30  4  62  1 2 , 8  94  27  1 26  48    

31  4 , 2  63  1 3, 2  95  27, 5  1 27  49    
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9.5.5.6  PTU  max source impedance  

The PTU  Max Source  Impedance (see  Table  27),  i f i ncluded ,  shal l  des ignate  the  maximum  
ou tpu t impedance  of the  PA / fi l ter i n  the  PTU .  

Table  27  – Max source impedance  

7  6  5  4  3  2  1  0  

PTU  Max Source  Impedance  RFU  RFU  RFU  

 

State  defin i tion  

Value  

Decimal  

PTU  maximum  source impedance  

ohms 

0  50  

1  60  

2  70  

3  80  

4  90  

5  1 00  

6  1 1 0  

7  1 20  

8  1 30  

9  1 40  

1 0  1 50  

1 1  1 75  

1 2  200  

1 3  225  

1 4  250  

1 5  275  

1 6  300  

1 7  350  

1 8  375  

1 9  to  31  RFU  

 

9.5.5.7  PTU  max load  resistance  

This  fi el d ,  i f i ncl uded ,  defi nes  the  maximum  PTU  load  res istance  (see  Table  28)  as  seen  at  
the  i npu t to  the  PTU  resonator.  
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Table  28  – Max load  resistance  

7  6  5  4  3  2  1  0  

PTU  Max Load  Resistance  RFU  RFU  RFU  

 

State  defin i tion  

Value  

Decimal  

PTU  max load  resistance  

ohms 

0  5  

1  1 0  

2  1 5  

3  20  

4  25  

5  30  

6  35  

7  40  

8  45  

9  50  

1 0  55  

1 1  to  31  RFU  

 

9.5.5.8  PTU  class  

The PTU  class  fie l d  shal l  i den ti fy the  class  to  wh ich  the  PTU  is  ass igned  (see  also  6 . 1 ) .  

State  defin i tion  

00000000  =  Class  1  

00000001  =  Class  2  

0000001 0  =  Class  3  

0000001 1  =  Class  4  

000001 00  =  Class  5  

000001 01  to  1 1 1 1 1 1 1 1  =  reserved  

 

9.5.5.9  Hardware  revis ion  

The PTU  Hardware  Revis ion  is  vendor proprietary.  

9.5.5.1 0  Fi rmware  revision  

The PTU  F i rmware  revis ion  i s  vendor proprietary.  

9.5.5.1 1  Protocol  revision  

The PTU  Protocol  Revis ion  fie ld  sha l l  be  ass igned  a  number that maps  to  the  h ighest Ai rFuel  
Resonant speci fication  revis ion  to  wh ich  the  PTU  compl ies,  per Table  29.  
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Table  29  – Ai rFuel  protocol  revision  fi eld  

Protocol  revision  Ai rFuel  Resonant 
revision  description  

0  BSS  v1 . 2 . 1  

1  BSS  v1 . 3  

2  to  255  Reserved  

 

9.5.5. 1 2  PTU  number of devices  

This  fie l d  defines  the  number of devices  that  the  PTU  can  support.  See  Table  30.  

Table  30  – PTU  number of devices  

7  6  5  4  3  2  1  0  

RFU  RFU  RFU  RFU  PTU  Number of Devices  

 

State  defin i tion  

Value  

Decimal  

Number of devices  

0  1  

1  2  

2  3  

3  4  

4  5  

5  6  

6  7  

7  8  

8  to  255  RFU  

 

9.5.6  PRU  static  parameter characteristic  

9.5.6.1  PRU  static  parameter characteristic in troduction  

The PRU  Static Parameter Characteristic  con tains  data  wi th  constant  values  from  a  PRU .  

9.5.6.2  PRU  static  parameter characteristic behavior 

This  characteristic i s  i n tended  to  enable  a  PTU  to  read  the  static  in formation  from  the  PRU.  

9.5.6.3  PRU  static  parameter characteristic value  

The Charg ing  Parameters  characteristic  va lue  fie lds  are  described  i n  Table  31 .  The  l eng th  of 
the  characteristic value  i s  20  octets.  
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Table  31  – PRU  reporting  static  values  to  the  PTU  

Field  Octets  Description  Use  Un i ts  

Optional  fi e l ds  
val i d i ty  

1  Defi nes  wh ich  optional  fi e l ds  are  
popu lated  

Mandatory  

Protocol  Revis ion  1  Ai rFue l  Resonant Supported  Revis ion  Mandatory  

RFU  1  Undefined  N /A  

PRU  Category 1  Category of PRU  Mandatory  

PRU  I n formation  1  Capabi l i t i es  of PRU  (b i t  fi e l d )  Mandatory  

Hardware  rev 1  Revis ion  of the  PRU  HW Mandatory  

F i rmware  rev 1  Revis ion  of the  PRU  SW Mandatory  

P
RECT_MAX

 1  P
RECT_MAX

 of the  PRU  Mandatory mW x 1 00  

V
RECT_MIN_STATIC

 2  V
RECT_MIN

 (s tati c,  fi rst  estimate)  Mandatory mV 

V
RECT_H I GH_STATI C

 2  V
RECT_H I GH

 (s tati c,  fi rst  estimate)  Mandatory mV 

V
RECT_SET

 2  V
RECT_SET

 Mandatory mV 

Del ta  R1  val ue  2  Del ta  R1  caused  by PRU  Optional  0 , 01  ohms 

RFU  4  Undefined  N /A  

 

9.5.6.4  Optional  fields  val id i ty  

The Optional  F ie l ds  Val i d i ty fi e ld  (see  Table  32)  shal l  i denti fy wh ich  optional  fi e l ds  have  val id  
va lues.  Al l  optional  fi e l ds  not  i denti fi ed  as  val id  sha l l  be  set to  zero.  

Table  32  – Detai l :  bi t  fi eld  for optional  fields  val id i ty  

7  6  5  4  3  2  1  0  

Del ta  R1  RFU   RFU  RFU  RFU  RFU  RFU  RFU  

 

9.5.6.5  Protocol  revision  

The PRU  Protocol  Revis ion  fie ld  sha l l  be  ass igned  a  number that maps  to  the  h i ghest Ai rFuel  
Resonant speci fication  revis ion  to  wh ich  the  PRU  compl ies,  per Table  29.  

9.5.6.6  PRU  category 

The PRU  Category shal l  be  assigned  a  Category number.  

Bi t fi eld  Version  description  

0  Undefined  

1  Category 1  

2  Category 2  

3  Category 3  

4  Category 4  

5  Category 5  

6  to  255  Undefined  

 

9.5.6.7  PRU  information  

The PRU  I nformation  shal l  be  defined  by th is  fie l d .  Th is  fie ld  i s  used  to  i den ti fy PRU  optional  
operation  modes  or featu res  for fu ture  expansion .  
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Table  33  – Detai l :  bi t  fi eld  for PRU  information  

7  6  5  4  3  2  1  0  

NFC recei ver Separate  BTLE  
rad io  i n  PRU  

Power Control  
Al gori thm  
Preference  

Ad just  power 
capabi l i ty  

Charge  
Complete  
Connected  

Mode  

PTU  Test 
Mode  

RFU  RFU  

0  =  Not  
supported  

1  =  Supported  

0  =  Not  
supported  

1  =  Supported  

 0  =  
V
RECT_MIN_ERR

OR
 

1  =  Max 
System  

Effi ciency 

0  =  Not 
supported  

1  =  Supported  

0  =  Not  
supported  

1  =  Supported  

1  =  Yes  

0  =  No  

  

 

•  NFC  receiver 

Th is  b i t  i s  set  to  "1 "  i f an  NFC  receiver is  supported .  Otherwise,  th is  b i t  i s  set  to  "0".  

•  Separate  BTLE  rad io  

Th is  b i t  i s  set  to  "1 "  the  BTLE  rad io  i s  a  separate  en ti ty i n  the  PRU .  Otherwise,  th is  b i t  i s  
set  to  "0".  

•  Power Control  Algori thm  

Th is  b i t  i s  set  to  "1 "  i f the  preference  is  for Max System .  Otherwise,  th is  bi t  i s  set  to  "0"  for 
VRECT_MIN_ERROR  

•  Ad just power capabi l i ty 

Th is  b i t  i s  set to  "1 "  i f the  PRU  supports  the  Ad just power capabi l i ty.  Otherwise,  th is  b i t  i s  
set  to  "0".  

•  Charge  Complete  Connected  

Th is  b i t  i s  set to  "1 "  i f the  PRU  supports  Charge  Complete  Connected  Mode.  Otherwise,  
th is  b i t  i s  set to  "0" .  

•  PTU  Test Mode  

Th is  b i t  i s  set  to  "1 "  i f the  PRU  is  capable  of operati ng  as  a  PRU  s imu lator and  is  
requesting  that  the  PTU  en ter PTU  Test Mode.  Otherwise,  th is  b i t  i s  set to  "0".  

9.5.6.8  PRU  hardware revis ion  

The PRU  Hardware  Revis ion  i s  vendor proprietary.  

Bi t fi eld  Hardware revi sion  description  

 Defi ned  by OEM  

 

9.5.6.9  PRU  fi rmware revis ion  

The PRU  F irmware  Revis ion  i s  vendor proprietary.  

Bi t fi eld  F i rmware  revision  description  

 Defi ned  by OEM  
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9.5.6.1 0  PRECT_MAX  

The  PRU  shal l  report  i ts  maximum  rated  PRECT  power as  PRECT_MAX.  The  value  is  i n  

i ncrements  of 1 00  mW.  

Bi t fi eld  Power 

mW 

0  to  255  0  to  25  500  

 

9.5.6. 1 1  VRECT_M IN_STATIC  (static,  fi rst  estimate)  

The PRU  shal l  report i ts  m in imum  VRECT  vo l tage  as  VRECT_MIN_STATIC .  The  va lue  i s  i n  mV.  

Bi t fi eld  Vol tage  m in imum  

mV 

0  to  65  535  0  to  65  535  

 

9.5.6. 1 2  VRECT_HIGH_STATIC  (static,  fi rst estimate)  

The PRU  shal l  report i ts  maximum  VRECT  vo l tage  as  VRECT_HIGH_STATIC .  The  value  is  i n  mV.  

Bi t fi eld  Vol tage  maximum  

mV 

0  to  65  535  0  to  65  535  

 

9.5.6. 1 3  VRECT_SET  

The PRU  shal l  report i ts  desi red  VRECT  vo l tage  as  VRECT_SET .  The  va lue  i s  i n  mV.  

Bi t fi eld  V
RECT_SET  

mV 

0  to  65  535  0  to  65  535  

 

9.5.6. 1 4  Del ta  R1  caused  by PRU  

The PRU  may report  i ts  Del ta  R1 ,  i f i ncl uded ,  in  i ncrements  of 0 , 01  Ω .  

Bi t fi eld  Del ta  R1  

ohms 

0  to  65  535  0  to  655, 35  

 

9.5.7  PRU  dynamic parameter characteristic  

9.5.7.1  PRU  dynamic parameter in troduction  

The PRU  Dynam ic Parameter characteristic  contains  measurement data  wi th  values  that 
change  during  the  charg ing  process  on  the  PRU.  
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9.5.7.2  PRU  dynamic parameter characteristic  behavior 

The PRU  Characteristic  Behavior characteristic  returns  i ts  va lue  when  read  us ing  the  GATT 
Read  Characteristic Value  procedure.  The  PTU  shal l  read  th is  characteristic at  l east every 
250  ms.  

When  a  PTU  requ ires  a  connection  to  a  PRU  to  read  PRU  Dynam ic Parameter Characteristic 
values  i t  shal l  fo l low the  connection  procedures  described  i n  9 . 4 .5. 3 .  

Based  on  the  PRU  Dynam ic Parameter Characteristic,  the  PTU  shal l  update  the  device  
con trol  table  in  the  reg istry correspond ing  to  each  PRU  status.  

9.5.7.3  PRU  dynamic parameter characteristic  value  

The PRU  Dynam ic Parameter characteristic  value  fi el ds  are  described  i n  Table  34.  The  length  
of the  characteristic value  is  20  octets.  

When  read ,  th is  characteristic returns  d ynam ic variables  from  the  PRU  (e. g . ,  VRECT)  to  the  

PTU .  

Table  34 – PRU  dynamic parameter characteristic  

Field  Octets  Description  Use  Un i ts  

Optional  fi e l ds  
val i d i ty  

1  Defi nes  wh ich  optional  fi e l ds  are  
popu lated  

Mandatory  

V
RECT

 2  DC vol tage  at  the  ou tpu t  of the  
recti fi er.  

Mandatory mV 

I
RECT

 2  DC current  at  the  ou tpu t  of the  
recti fi er.  

Mandatory mA 

V
OUT

 2  Vol tage  at  charge/battery port  Optional  mV 

I
OUT

 2  Current  at  charge/battery port  Optional  mA 

Temperatu re  1  Temperatu re  of PRU  Optional  Degrees  Cels i us  

(from  –40  °C)  

V
RECT_MIN_DYN

 2  The  cu rren t d ynam ic m in imum  recti fi er 
vol tage  des i red  

Optional  mV 

V
RECT_SET_DYN

 2  Des i red  V
RECT

 (d ynam ic val ue)  Optional  mV 

V
RECT_H I GH_DYN

 2  The  cu rrent  d ynam ic maximum  
recti fi er vol tage  desi red  

Optional  mV 

PRU  al ert  1  Warn ings   Mandatory B i t  fi e l d  

Tester Command  1  PTU  Test Mode  Command  Optional  B i t  F ie l d  

RFU  2  Undefi ned    

 

9.5.7.4  Optional  fields  val id i ty  

The Optional  F ie l ds  Val i d i ty fi e ld  (see  Table  35)  shal l  i denti fy wh ich  optional  fi e l ds  have  val id  
va lues.  Al l  optional  fi e l ds  not  i denti fi ed  as  val id  sha l l  be  set to  zero.  

Table  35  – Detai l :  bi t  fi eld  for optional  fields  val id i ty  

7  6  5  4  3  2  1  0  

V
OUT

 I
OUT

 Temperatu re  V
RECT_MIN_D

YN
 

V
RECT_SET_D

YN
 

V
RECT_H I GH_

DYN
 

 

RFU  

RFU  

1  =  Yes  

0  =  No  

1  =  Yes  

0  =  No  

1  =  Yes  

0  =  No  

1  =  Yes  

0  =  No  

1  =  Yes  

0  =  No  

1  =  Yes  

0  =  No  

 

RFU  

RFU  
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9.5.7.5  VRECT  – vol tage  at d iode output  

The PRU  shal l  report the  vol tage  at  i ts  recti fier ou tpu t as  VRECT.  The  value  i s  i n  mV.  

Bi t fi eld  V
RECT  

mV 

0  to  65  535  0  to  65  535  

 

9.5.7.6  IRECT  – cu rrent at  d iode  output  

The PRU  shal l  report the  current  at i ts  recti fier ou tpu t as  IRECT .  The  va lue  i s  i n  mA.  

Bi t fi eld  I
RECT_SET  

mA 

0  to  65  535  0  to  65  535  

 

9.5.7.7  VOUT  – vol tage  at charge battery port  

The PRU  may report  i ts  charge  output vol tage  as  VOUT.  The  va lue  i s  i n  mV.  

Bi t fi eld  Charge battery port vol tage  

mV 

0  to  65  535  0  to  65  535  

 

9.5.7.8  IOUT  – current at  charge battery port  

The PRU  may report  i ts  charge  output current as  IOUT.  The  value  is  i n  mA.  

Bi t fi eld  Charge battery port cu rren t  

mA 

0  to  65  535  0  to  65  535  

 

9.5.7.9  PRU  temperature  

The PRU  may report i ts  temperature  in  th is  fie l d .  The  value  is  i n  degrees  Cels ius,  wi th  0  

correspond ing  to  –40  °C,  and  255  correspond ing  to  +21 5  °C.  

Bi t fi eld  Temperature  

°C 

0  to  255  –40  to  +21 5  

 

9.5.7. 1 0  VRECT_M IN_DYN  (dynamic value)  

The  PRU  may report i ts  d ynam ic m in imum  recti fi er vol tage  as  VRECT_MIN_DYN .  The  value  i s  in  

mV.  

Bi t fi eld  V
RECT

 d ynamic value  

mV 

0  to  65  535  0  to  65  535  
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9.5.7.1 1  VRECT_SET_DYN  (dynamic value)  

The  PRU  may report  the  des i red  vol tage  at  i ts  recti fi er ou tpu t as  VRECT_SET_DYN .  The  value  i s  

i n  mV.  

Bi t fi eld  V
RECT

 d ynamic value  

mV 

0  to  65  535  0  to  65  535  

 

9.5.7. 1 2  VRECT_HIGH_DYN  (dynamic  value)  

The  PRU  may report  i ts  d ynam ic maximum  recti fi er vol tage  as  VRECT_HIGH_DYN .  The  value  is  

i n  mV.  

Bi t fi eld  V
RECT

 d ynamic value  

mV 

0  to  65  535  0  to  65  535  

 

9.5.7. 1 3  PRU  alert  

PRU  Alert i s  i ncluded  in  both  the  PRU  Dynam ic Parameter Characteristic  and  the  PRU  Alert 
Characteristic  so  as  to  provide  for the  fastest  potentia l  de l i very and  response.  

Table  36  – Detai l :  bi t  fi eld  for PRU  alert  

7  6  5  4  3  2  1  0  

Over-vol tage  Over-cu rrent  Over-temp PRU  Sel f 
Protection  

Charge  
Complete  

Wi red  
Charger 
Detect  

PRU  Charge  
Port  

Ad just  
Power 

Response  

 

See  9 . 5. 8  for detai ls  on  the  fo l lowing  fi el ds .  

•  Over-vol tage  

•  Over-curren t  

•  Over-temp  

•  PRU  Sel f Protection  

•  Charge  Complete  

•  Wired  Charger Detect  

The  PRU  Charge  Port b i t  i s  set to  "1 "  to  i nd icate  that the  PRU  charge  port ou tpu t i s  activated .  
Otherwise  th is  b i t  i s  set  to  "0" .  

The  Ad just Power Response  b i t  i s  used  to  i nd icate  whether or not the  PRU  has  l im i ted  i ts  
power d raw i n  response  to  the  Ad j ust Power command.  I f the  PRU  does  l im i t i ts  power d raw 
accord ing  to  the  PTU  Ad just  Power command,  i t  shal l  set  the  "Ad just Power Response"  b i t  to  
"1 "  and  ad just power d raw wi th in  one  second  of receiving  the  command .  The  PRU  shal l  keep  
the  ad just power response  b i t  set  to  "1 "  un ti l  the  PRU  detects  that  the  PTU  has  read  the  
update  of the  Dynam ic Parameter Characteristic and  then  reset the  b i t  to  "0" .  I f the  PRU  does  
not  have  the  abi l i ty to  detect when  the  PTU  has  read  the  Dynam ic Parameter Characteristic,  
then  i t  shal l  keep  the  power response  b i t  set  to  "1 "  for one  second  and ,  then  reset  the  b i t  to  
"0".  
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I f the  PTU  does  not read  the  response  b i t  or detect the  change  i n  PRECT  from  the  PRU  wi th in  

two  seconds  of i ssu ing  the  ad j ust  power command ,  the  PTU  shal l  conclude  that  the  PRU  
cannot ad j ust  power and  shal l  not  wai t  any fu rther for a  response  from  the  PRU.  

9.5.7.1 4  Tester Command  

The Tester Command  fi e ld  (see  Table  37)  i s  optional  and  shal l  on l y be  used  by the  PRU  
s imu lator when  the  PTU  was  previous l y requested  by that  PRU  to  enter the  PTU  Test Mode  
during  device  reg istration  (see  9 . 5 . 6. 6).  Otherwise,  th is  fi el d  sha l l  remain  0x00.  I f not i n  Test 
Mode,  the  PTU  shal l  i gnore  th is  fi e ld .  

The  Tester Command  octet  i s  read  as  8-bi t b inary rather than  a  b i t-fie ld .  See  Table  38.  

NOTE  For test  operation ,  the  PTU  does  not  acknowledge  that  i t  i s  i n  PTU  Test  Mode.  

Table  37  – Detai l :  bi t  fi eld  for PRU  alert  

7  6  5  4  3  2  1  0  

Bi t  7  B i t  6  B i t  5  B i t  4  B i t  3  B i t  2  B i t  1  B i t  0  

 

Table  38  – Test mode commands  

Command  number Command  description  

0x00  Normal  operation  power contro l  

0x01  I ncrease  I
TX

 by one  step  

0x02  Decrease  I
TX

 by one  step  

0x03  I
TX

 cu rren t shal l  not  be  ad j usted  

0x04  – 0xFF  Reserved  

 

9.5.8  PRU  alert  characteristic  

9.5.8.1  PRU  alert  characteristic  in troduction  

The PRU  Alert characteri stic  enables  a  PTU  to  receive  noti fications  or i nd ications  of the  PRU  
Alert characteristic from  a  PRU  supporting  th is  feature  to  show a lerts  (e. g . ,  OVP,  OCP,  OTP  
and  PRU  Sel f Protection) .  

9.5.8.2  PRU  alert  characteristic  behavior 

The PRU  Alert  characteristic  enables  a  PTU  to  receive  noti fications  of the  OVP,  OCP,  OTP 
and  PRU  Sel f Protection ,  Charge  Complete  and  Wired  Charger Detect flags  from  a  PRU  
supporti ng  th is  feature.  

The  PRU  Alert  characteristic  a lso  enables  a  PRU  to  send  ind ications  to  the  PTU  regard ing  
Mode Trans i ti on  as  described  i n  9 . 7  via  the  Mode Transi ti on  B i ts.  

The  PTU  shal l  be  able  to  receive  mu l tip le  noti fications  and  i nd ications  of the  PRU  Alert  
characteristic from  the  PRU .  

9.5.8 .3  PRU  alert  characteristic  value  

The PRU  Alert  characteri stic  value  fi e lds  are  described  in  Table  39  and  Table  40.  The  length  
of the  characteristic  va lue  i s  1  or 7  octets  depend ing  on  the  presence  of the  optional  Device  
Address.  



I EC 63028: 201 7    I EC:201 7  – 77  –  

Table  39  – PRU  alert  fi elds  

Field  Octets  Description  Use  Un i ts  

PRU  Alert  1  Defi nes  the  Over-vol tage,  Over 
Curren t,  Over Temperatu re  and  Sel f 

Protection  Alerts  

Mandatory  

Device  Add ress  

(Opti ona l )  

6   B l uetooth  device  add ress  (48  b i ts)  
used  i n  mode  trans i ti on  reconnect  

Cond i ti onal  upon  
support  for the  Mode  
Trans i ti on  feature.  

 

 

Table  40  – Detai l :  bi t  fi eld  for PRU  alert noti fication  

7  6  5  4  3  2  1  0  

PRU  Over-
Vol tage  

PRU  Over-
Curren t  

PRU  Over-
Temperatu re  

PRU  Sel f 
Protection  

Charge  
Complete  

Wi red  
Charger 
Detect  

Mode  
Transi ti on  

B i t  1  

Mode  
Transi ti on  

B i t  0  

 

9.5.8.4  PRU  over-voltage  

This  b i t,  when  set  to  "1 " ,  i nd icates  that  VRECT  a t  the  PRU  has  exceeded  the  OVP l im i t.  See  

8. 2 . 9. 1 1  for PTU  Latch ing  Fau l t  requ i rements.  Otherwise,  th is  b i t  i s  set to  "0".  

9.5.8.5  PRU  over-current  

This  b i t,  when  set,  i nd icates  that IRECT  at  the  PRU  has  exceeded  the  PRU ’s  current  l im i t.  See  

8. 2. 9 . 1 1  for PTU  Latch ing  Fau l t  requ i rements.  

9.5.8 .6  PRU  over-temperature  

Th is  b i t,  when  set,  i nd icates  that measured  temperature  at the  PRU  has  exceeded  the  PRU ’s  
temperature  l im i t.  See  8. 2. 9. 1 1  for PTU  Latch ing  Fau l t requ irements.  

9.5.8 .7  PRU  Self-Protection  

This  b i t,  when  set,  i nd icates  that the  PRU  is  protecting  i tse l f by reducing  power to  i ts  l oad .  
The  PTU  does  not need  to  change states  as  a  resu l t.  The  PTU  may provide  feedback to  the  
user via  i ts  user in terface  that one  of the  PRU ’s  m igh t not be  charg ing  at fu l l  rate.  

9.5.8 .8  Charge  complete  

This  b i t,  when  set,  i nd icates  that the  PRU  does  not requ i re  charg ing .  

9.5.8.9  Wired  charger detect  

This  b i t,  when  set,  i nd icates  that the  PRU  is  powered  by external  wired  power.  When  set,  the  
PTU  and  the  PRU  shou ld  process  th is  b i t  the  same as  when  the  Charge  Complete  b i t  i s  set.  

9.5.8. 1 0  Mode transi tion  bi ts  

The Mode  Transi tion  bi ts  sha l l  be  set to  a  non-zero  value  to  i nd icate  to  the  PTU  the  duration  
of the  pend ing  Mode  Trans i tion  procedure  as  described  i n  9 . 7 .  The  b i ts  shal l  i nd icate  the  
Mode  Trans i ti on  duration  va lues  as  defined  i n  Table  41 .  
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Table  41  – Mode transi tion  

Value  (Bi t)  Mode transi tion  bi t  description  

00   No  Mode  Transi ti on  

01  2  s  Mode  Transi ti on  time  l im i t 

1 0  3  s  Mode  Transi ti on  time  l im i t 

1 1  6  s  Mode  Transi ti on  time  l im i t 

 

9.5.8. 1 1  Device  address  

The Device  Address  fiel d  sha l l  be  i ncluded  as  part  of the  PRU  Alert Noti fication  fi e ld  i f and  
on l y i f the  Mode Trans i tion  b i ts  are  set to  a  non-zero  value.  See  9. 7  for the  Mode  Trans i ti on  
procedure.  

9.6  Cross  connection  algori thm  

9.6. 1  Cross  connection  algori thm  in troduction  

The cross  connection  a l gori thm  is  a  set of functions  designed  to  prevent connection  between  
a  PTU  and  a  PRU  that i s  not i n  the  PTU ’s  charge  area.  

9.6.2  Defin i tions  

A d istan t PRU  is  defined  as  one  that i s  not wi th in  a  g i ven  PTU ’s  charge  area.  A local  PRU  is  
defined  as  one  that  i s  wi th in  a  g i ven  PTU ’s  charge  area.  A d is tant  l i s t i s  a  persisten t l i st of 
PRU  addresses  that are  assumed  to  not be  wi th in  a  g i ven  PTU ’s  charge  area.  

9.6.3  Acceptance  of advertisement  

During  a  l ong  beacon ,  the  BLE  cl ient (PTU)  shal l  i ssue  a  connection  request between  0  ms 
and  50  ms  of a  received  WPT Service  re lated  advertisement provided  that:  

a)  the  RSSI  of the  advertisement i s  greater than  ADV_PWR_MIN  as  measured  at the  receive  
an tenna,  AND   

b)  the  PTU  observes  an  impedance  sh i ft  cl ose  to  the  time of the  advertisement as  described  
i n  9. 6. 4 .  

The  ADV_PWR_MIN  recommended  va lue  i s  –60  dBm,  bu t  can  vary based  on  implementation .  

I f ne i ther of these  cond i ti ons  are  satisfied ,  the  PTU  shal l  i gnore  adverti sements  from  that 
device.  I f one  of these  cond i tions  i s  satisfied ,  then  once  the  1 1 th  advertisement i s  received ,  or 
more  than  1  700  ms  e lapses,  then  the  PTU  shal l  i ssue  a  connection  request.  

For i n formation  on  use  of the  D istan t L ist,  see  9. 6. 5.  

The  PTU  shal l  i gnore  any advertisements  i f they occur when  the  PTU ’s  resonator i s  
unpowered .  

The  PTU  cond i tions  for acceptance  of advertisement shal l  not  appl y for PRUs  in  mode 
transi ti on  (see  9. 7).  

9.6.4  Impedance  sh ift  sensing  

Each  PTU  des ign  con tains  a  table  of Short Beacon  PRU-induced  Impedance,  
ZTX_IN_LOAD_DETECT  that can  be  detected  by the  PTU .  See  1 0. 2 . 2 .  
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Upon  receipt of an  advertisement from  a  PRU  during  a  l ong  beacon,  the  PTU  shal l  l ook up  the  
ZTX_IN_LOAD_DETECT from  i ts  i n ternal  table .  From  the  time an  impedance sh i ft i s  detected ,  the  
PTU  shal l  l ook for an  advertisement during  the  next 1 1 0  ms.  (Note  that  i f th is  period  extends  
beyond  the  boundaries  of the  l ong  beacon ,  a  comparison  to  the  va lues  measured  during  the  
previous  beacon  m igh t need  to  be  made. )  

The  PTU  shal l  then  compare  the  impedance change to  the  ZTX_IN_LOAD_DETECT .  ( I f the  PTU  is  
capable  of measuring  on ly one  of reactance  or res istance  changes ,  then  on l y one  comparison  
is  made. )  I f e i ther the  res istance  or the  reactance  exceeds  the  values  from  the  tab le,  then  the  
PTU  is  to  consider the  PRU  to  have  an  associated  impedance  sh i ft.  I f the  PRU  reports  
Impedance  Sh i ft  b i ts  set  to  000  in  the  PRU  advertis i ng  payload  (see  7. 3. 3. 4  and  9 . 5. 2),  the  
PTU  is  to  consider the  PRU  to  have  an  associated  impedance sh i ft no  matter what the  
measured  va lue.  

9.6.5  Reboot bi t  hand l ing  

A PTU  may have  an  a l gori thm  that l ooks  for advertisements  during  periods  when  the  power 
ampl i fi er i s  off.  S ince  advertisements  are  not  a l lowed  when  the  PRU  i s  unpowered ,  any 
advertisement that occurs  during  th is  time  may be  cons idered  an  advertisement from  a  d is tan t 
PRU .  The  PTU  may reta in  the  address  of such  advertisements  and  p lace  them  on  a  "d istant"  
l i st,  to  be  i gnored  i n  the  fu ture.  Th is  prevents  fu ture  cross-connections  to  that  PRU.  

I f a  PTU  implements  such  a  system ,  i t  shal l  i gnore  the  "d istan t"  l i s t  whenever the  reboot b i t  i n  
the  PRU  advertisement i s  set  to  "0" .  I n  add i tion ,  i t  sha l l  cl ear that device  from  the  "d istan t"  l i st  
whenever the  reboot b i t  i n  the  PRU  advertisement i s  set  to  "0" .  The  reboot b i t  i nd icates  that  
the  PRU  has  recentl y had  power removed  and  re-appl ied ,  as  i t  wou ld  i f the  phone  were  moved  
from  one  pad  to  another;  th is  makes  any "d istan t"  l i s t i nval id .  Otherwise,  the  PTU  may i gnore  
th is  b i t.  

9.6.6  Time set handl ing  

The  Time Set va lue  shal l  be  set to  zero  i f the  PRU  does  not support Time  Set.  For the  PRU  
that supports  Time Set,  the  PTU  shal l  use  a  non-zero  va lue  at  l east once  before  us ing  a  Time 
Set  va lue  of zero.  

After the  PRU  Control  Characteristic  i s  wri tten  that i ncludes  a  non-zero  Time Set  value  and  
Enable  PRU  output set to  "1 " ,  the  category 2  or greater PRU  shal l  create  a  val i d  PRECT  
variation  of at  l east 0 , 5  W maintain  that load  cond i tion  for the  defined  time in  the  Time Set  
fie l d  (Table  23) ,  and  upon  completion ,  the  PRU  shal l  return  to  i ts  ori g i na l  l oad  cond i tion  and  
maintain  i t  for at l east 20  ms.  The  PRU  shal l  enable  the  output after checking  cross  
connection  by the  Time Set value.  Category 1  PRUs  are  for further study.  

I f present,  the  PTU  shal l  detect  a  PTX_IN  change of 0 , 5  W  or more  as  the  PRU  load  variation  

and  compare  the  measured  l oad  variation  period  to  the  defined  PTU  Time Set value  wi th  a  
to lerance  of ±  4  ms.  I f the  PRU  does  not create  the  expected  l oad  variation  for the  defined  
Time Set  value  wi th in  500  ms  and  the  PRU  supports  T ime Set (see  9. 5. 2  for Time Set  Support 
b i t) ,  the  PTU  cons iders  that the  PRU  m ight be  cross-connected ,  and  the  PTU  may wri te  a  
PRU  Con trol  Characteristic  wi th  perm iss ion  den ied  due  to  cross  connection  (see  9. 5.4 .5)  and  
term inate  the  connection  wi th  the  PRU .  

I f there  are  other PRUs  a l ready charg ing  on  the  PTU,  the  PTU  may fi rst  temporari l y d isable  
charg ing  of those  PRUs  to  perform  a  time set test on  the  new PRU.  

The  PTU  shou ld  not ad j ust ITX  d uring  the  Time Set procedure.  
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9.7  Mode transi tion  

9.7. 1  Mode transi tion  i n troduction  

A PRU ’s  BLE  con trol l er may re- in i ti a l i ze  during  an  acti ve  charg ing  sess ion  when  the  PRU  is  i n  
PRU  On  state  as  described  in  8. 3. 5  and  the  PTU  is  i n  the  PTU  Power Transfer state  as  
described  i n  8 . 2 . 5.  An  example  of when  th is  procedure  m ight be  necessary is  when  a  PRU  
in i tia l l y charg ing  from  a  complete l y dead  battery cond i ti on  reta ins  enough  battery charge  
where  i t  i s  then  poss ib le  to  energ ize  other subsystems  comprised  in  the  p latform  con tai n ing  
the  PRU .  

I f the  BLE  con trol ler re- i n i ti al i zation  procedure  requ i res  the  BLE  l i nk between  a  PRU  and  a  
PTU  to  term inate  and  then  re in i tia l i ze,  then  the  Mode  Transi ti on  procedure  described  in  9 . 7. 2  
shal l  be  fol l owed .  

9.7.2  Mode transi tion  procedure  

The PRU  shal l  noti fy the  PTU  of i ts  i n ten t to  term inate  the  BLE  l i nk prior to  executing  i ts  re-
in i tia l i zation  procedure  (of the  BLE  l i nk).  Th is  Mode  Trans i ti on  noti fi cation  is  a  GATT 
i nd ication  to  the  PTU  that the  PRU ’s  phys ica l  BLE  l i nk i s  about to  d rop  and  that the  PTU  and  
PRU  wi l l  take  the  fol lowing  actions.  I t  i s  mandatory for the  PTU  to  support  the  mode trans i tion  
procedures  defined  for both  zero  and  non -zero  Device  Address  fi e lds  in  the  Mode Transi tion  
i nd ication .  

Wh i le  i n  the  PRU  On  s tate,  i f the  PRU  needs  to  rein i tial i ze  the  BLE  l i nk wi th  the  PTU ,  the  PRU  
shal l  noti fy the  PTU  by i ssu ing  a  Mode Trans i ti on  a lert.  A Mode Trans i ti on  shal l  be  performed  
by the  PRU  send ing  an  Alert characteristic i nd ication  as  described  i n  9 . 5. 8.  The  PRU  shal l  
i ncl ude  the  fol l owing  i n formation  wi th in  the  Mode  Trans i ti on  a lert.  

a)  The  Mode  Trans i tion  B i ts  sha l l  be  set to  the  (non-zero)  time requ ired  for mode  trans i tion  
to  complete.  The  b i t  settings  shal l  i nd icate  the  duration  of the  Mode Transi ti on  us ing  the  
format described  i n  9 . 5 . 8. 1 0.  

b)  I f known ,  the  Device  Address  fie l d  sha l l  be  set to  the  BLE  device  address  to  be  used  when  
the  PRU ’s  advertises  and  reconnects  to  the  PTU  after BLE  device  re- in i tia l i zation .  I f th is  
device  address  is  unknown  at  the  time th is  i nd ication  is  sent,  then  the  PRU  shal l  set the  
Device  Address  fi e ld  to  a l l  zeros.  See  9 . 5. 8. 1 1 .  

I f the  Mode  Trans i ti on  B i ts  i nd icate  a  period  of l ess  than  or equal  to  three  seconds,  then  the  
PTU  shal l  main ta in  ITX re lati ve  to  the  PRU  for the  duration  of the  Mode Transi tion  period .  The  
PTU  shal l  exclude  the  PRU  from  being  class i fied  as  a  rogue  obj ect on l y during  the  Mode  
Trans i ti on  procedure.  

I f the  Mode  Trans i ti on  B i ts  are  set to  a  va lue  greater than  three  seconds,  then  prior to  the  
beg inn ing  of the  Mode Trans i ti on  procedure,  the  PRU  shal l  change i ts  i npu t impedance  
setting  to  support no  more  than  a  1 , 1  W  power draw and  shal l  restrict  any impedance change 
to  th is  l evel  during  the  en ti re  Mode  Trans i tion  procedure.  The  PTU  shal l  ad j ust  ITX  to  th is  
setting  and  shal l  main ta in  ITX relati ve  to  the  PRU  for the  duration  of the  Mode  Trans i tion  

procedure.  I f the  Mode Trans i ti on  device  address  i s  set  to  a  non-zero  value,  then  the  Mode  
Trans i ti on  expi ration  timer shal l  be  s topped  once  the  BLE  connection  is  re-establ ished .  
Otherwise  the  Mode  Trans i tion  expi ration  timer shal l  be  stopped  once  the  reg istration  
procedure  concludes  at  the  i ssu ing  of the  Control  Characteristic  con tain ing  the  Enable  PRU  
Charge  command  as  described  i n  9 . 5 . 3. 3.  

I f the  PRU  does  not  advertise  and  re-establ ish  the  BLE  connection  wi th in  the  speci fi ed  time 
frame i nd icated  by the  mode  transi tion  b i t  fi e ld ,  the  PTU  shal l  remove  the  PRU  from  the  
device  reg istry,  and  wai t  for the  PRU  to  advertise  again  to  reconnect.  



I EC 63028: 201 7    I EC:201 7  – 81  –  

9.7.3  BLE reconnection  procedure  

I f the  Device  Address  fie ld  wi th in  the  Mode  Trans i tion  a lert  i s  set to  a  non -zero  value,  then  the  
PRU  shal l  use  th is  device  address  as  i ts  own  i n  advertisements  i ssued  after re- in i tia l i zi ng .  
BLE  device  d iscovery shal l  not be  executed  by the  PTU ,  and  the  PTU  shal l  attempt to  
reconnect to  the  PRU  on  receipt of the  fi rst  advertisement from  the  PRU  as  wel l  as  any 
subsequent advertisements  due to  fa i l ed  connection  attempts .  Once reconnected ,  the  PTU  
shal l  be  able  to  immed iate l y support the  previous  charg ing  session  parameters  used  prior to  
re- in i tia l i zation ,  and  execution  of the  reg istration  procedure  shal l  not be  executed  and  the  
PRU  is  not subjected  to  the  acceptance  of advertisement checking  speci fi ed  i n  9 . 6 . 3.  
F i gu re  1 7  con ta ins  an  i l l ustrati ve  message  sequence  chart depicting  th is  procedure.  GATT 
responses  are  om i tted  i n  the  chart  for s impl ici ty.  
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Mode Transition  I
ndication  (PRU

 Alert)

(Non-zero Devi
ce Address)

Mode Transition Confirmation

Mode

Transition

Timer
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NOTE  Read  Requests  are  om i tted  for s impl i ci ty.  Read  Responses  are  shown  as  "Report  (PRU  Dynam ic)" .  

Figure 1 7  – PRU  mode  transi tion  – Device  Address  fi eld   
set  to  a  non-zero  value  

I f the  Device  Address  fi e l d  wi th in  the  Mode Trans i tion  a lert i s  set to  a l l  zeros,  then  the  PTU  
wi l l  not have  any i n formation  regard ing  the  address  used  by the  PRU  during  BLE  l i nk 
reconnection .  I n  th is  case,  the  PTU  shal l  red iscover the  PRU ’s  BLE  device  address  when  the  
PRU  once  again  beg ins  advertis i ng .  Subsequen tl y,  the  PTU  shal l  reconnect wi th  the  PRU  and  
execu te  the  en ti re  reg istration  procedure  wh ich  concludes  at the  i ssu ing  of the  Control  
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Characteristic  contain ing  Enable  PRU  Charge  command  as  described  i n  9. 5 . 4 . 3 .  F igure  1 8  
con tains  an  i l l ustrati ve  message  sequence  chart depicting  th is  procedure.  
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Figure  1 8  – PRU  mode  transi tion  – Device  Address   
field  set to  al l  zeros  
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1 0  PTU  resonators  

1 0. 1  PTU  resonators  in troduction  

The purpose  of C lause  1 0  is  to  defi ne  the  parameters  requ ired  for the  speci fication  of 
approved  PTU  resonators  as  wel l  as  to  i denti fy cu rrentl y approved  PTU  resonators.  

NOTE  Al l  resonator impedance  ranges  and  i n terfaces  are  speci fi ed  i n  a  manner wh ich  excl udes  the  i n fl uence  of 
any adapti ve  match ing  network.  

1 0.2  Class  n  design  template  

1 0 .2. 1  Class  n  design  template  in troduction  

1 0. 2. 2  and  1 0. 2 . 3  are  requ ired  to  be  completed  for every class  of PTU  resonator design .  See  
6. 1  for PTU  class i fications.   

1 0.2.2  Table  of specifications  

The Ai rFuel  Resonant accepted  PTU  Resonator Design  Template  con tains  PTU  resonator 
parameters.  I f a  parameter in  the  template  is  not appl icable  to  the  PTU  resonator des ign  (e. g . ,  
the  PTU  does  not support a  category of PRUs),  that parameter i s  to  be  identi fied  as  Not  
Appl icable  (N /A) .  See  6. 2  for PRU  categories.  

1 0.2.3  PTU  resonator structure  

The  PTU  resonator des ign  shal l  i nclude  a l l  cri teria  necessary to  bu i ld  the  PTU  coi l  to  the  
speci fication .  The  PTU  resonator s tructure  shal l  be  defined  i nclud ing ,  however not necessari l y 
l im i ted  to,  the  fo l l owing :  

•  resonator geometry (a  d imensioned  drawing  of the  fron t,  s i de,  and  top  views  shal l  be  
i ncluded) ;   

•  requ ired  resonator cl earances  (e. g . ,  to  charge  surface,  bottom  of enclosure,  enclosure  
edges);  

•  tu n ing ;   

•  sh ie ld ing ;  and  

•  match ing  network ( i f i ncluded  as  a  component of the  des ign ).  

1 0.3  Approved  PTU  resonators  

The PTU  resonator des igns  i ncorporated  i n to  the  Accepted  PTU  Resonator L ist comprise  the  
set  of approved  PTU  resonators  at  the  time  of publ ication  of th is  document.  Parties  to  
agreements  based  on  th is  document are  a lso  requ ired  to  i nvesti gate  the  poss ib i l i ty of 
add i ti onal  approved  PTU  resonators  at:  

h ttps: //members. ai rfuela l l i ance. org/wg/AirFuel /document/fo lder/1 22  

 

https://members.airfuelalliance.org/wg/AirFuel/document/folder/122
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Annex A 
(informative)  

 
Reference PRU  for PTU  acceptance testing  

NOTE  See  6. 2  for PRU  categori es.  

A.1  Category 1  

For further s tudy.  

A.2  Category 2  

See  the  RIT  3-2  des ign  i n  Ai rFuel  Resonant PTU  Resonator and  Resonator I n terface  
Acceptance Test.  

A.3  Category 3  

A.3. 1  PRU  design  3-1  

Table  A. 1  and  F igure  A. 1  provide  RIT  3-2  speci fic parameters  and  block d iagram .  

Table  A. 1  – PRU  table  of specifications  

Parameter Value  Un i ts  

V
RX_OC_BOOT

 5 , 8  Vol ts  

V
RX_OC_MI N

 8 , 9  Vol ts  

V
RX_OC_H IGH

 1 3 , 7  Vol ts  

V
RX_OC_MAX

 1 8  Vol ts  

R
RX_M IN

 1 2 , 5  Ohms  

M in imum  clearance  from  charger area  surface  0 , 5  m i l l imetres  

 

Candidate 

PTU

Resonator

Golden  PRU  

Resonator 

(N)

Z21

+

-

VRX_OC
Ci l ter and  

Rectifier
Load
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Figure  A. 1  – PRU  design  3  b lock d iagram  

A.3.2  Geometry 

Figu res  A. 2  th rough  A. 6  provide  RIT  3-2  speci fic  geometry.  
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Dimensions  i n  m i l l imetres  

 

Figure  A.2  – Front  view 

Dimensions  i n  m i l l imetres  

 

Figure A.3  – Back view 
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Dimensions  i n  m i l l imetres  

 

Figure  A.4  – S ide view 

Dimensions  i n  m i l l imetres  

  

NOTE  "3X EQ SP"  means  "Th ree  equal  spaces" .  

Figure  A.5  – Front  view,  coi l  on ly  

Dimensions  i n  m i l l imetres  

 

Figure A.6  – S ide view,  coi l  on ly  

IEC  

0
,2

 2
,4
1

 

0
,6
9

 

1
,4
1

 

IEC  

44, 01  

6
1
,0
1

 
3, 09  (3X EQ SP)  

IEC  

0, 51  

1 , 51  



I EC 63028: 201 7    I EC:201 7  – 87  –  

A.4  Category 4  

For further s tudy.  

A.5  Category 5  

For further s tudy.  
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Annex B  
(informative)  

 
Lost power 

B.1  Overview 

Annex B  provides  considerations  for the  development of l ost  power procedures  and  l ost power 
calcu lations.  

B.2  General  

Lost power is  defi ned  as  the  power that cannot be  accounted  for by the  system .  System  
power l osses  include:  

•  efficiency l osses  in  the  PTU  power section ;  

•  l osses  in  the  PTU  resonator;  

•  rad iated  l osses;  

•  l osses  in  the  PRU  resonator;  

•  efficiency l osses  in  the  PRU  power section ;  

•  l osses  caused  by i nduction  heating  of the  body of the  PRU ;  

•  l osses  caused  by i nduction  heating  of other obj ects  i n  the  vicin i ty.  

General l y,  the  PTU  wi l l  have  the  ab i l i ty to  measure  power i n  and  the  PRU  wi l l  have  the  abi l i ty 
to  measure  and  report  power ou t.  There  wi l l  a lways  be  a  d i fference  between  these  two  caused  
by the  l osses  l i s ted  above.  Some of the  l osses  (such  as  PTU  and  PRU  resonator losses,  and  
PRU  induction  heating  l osses)  can  be  estimated  and  accounted  for fa i rl y accuratel y.  Some of 
the  l osses  (such  as  i nduction  heating  of other objects)  are  unknowns.  

S ince  induction  heating  of other objects  i s  undesi rable,  PTU  designers  wi l l  often  wish  to  
estimate  the  amount of l ost power assignable  to  i nduction  heating  of other obj ects .  S imu lation  
and  empirical  testi ng  demonstrates  that th is  can  be  done  wi th  an  accuracy of a  few watts .  I f 
an  unaccountable  amount of l ost power i s  detected ,  PTU  designers  m igh t e lect to  shu t down  
the  PTU  to  prevent poten tia l  heating  of other objects.  

Annex B  l i sts  some of the  i ssues  surround ing  l ost  power detection .  

B.3  Cross  connection  issues  

When  a  device  is  cross-connected ,  i t  wi l l  be  reporting  i ts  power to  the  "wrong"  PTU  and  wi l l  
general l y cause  a  s i gn i fi can t  amoun t of l ost power error.  Th is  can  be  used  to  help  remedy 
cross  connection  issues,  s ince  a  shu tdown  wi l l  tend  to  reset a l l  BLE  l i nks  on  that PTU  and  
a l l ow the  cross-connected  device  to  " try again ".  

B.4 Handoff issues  

I n  some cases,  a  device  m ight  need  to  "hand  off",  i . e . ,  to  transfer con trol  from  one  BLE l i nk to  
another,  or from  one  BLE  rad io  to  another.  During  th is  t ime,  there  wi l l  often  be  a  trans ient  i n  
unreported  power,  and  PTU  designers  need  to  ensure  that  th is  does  not  cause  an  undes ired  
l ost  power detection  shutdown .  
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B.5 Power noise issues  

The "spectrum"  of power d raw of a  phone in  current l im i t  ( i . e . ,  d rawing  maximum  power during  
charge)  i s  relati ve l y qu iet s i nce  most phone  i npu ts  are  current-regu lated .  However,  once  fu l l y 
charged  or cl ose  to  fu l l y charged ,  the  power d rawn  becomes  very noisy and  thus  hard  to  
measure  accurate l y.  System  des igners  can  overcome th is  by implementing  fi l ters  wi th  a  time  
constan t much  l onger than  the  250  ms  sampl ing  i n terval  for PRU  power,  bu t  th is  i s  somewhat 
d i fficu l t  to  implement.  Thus,  measurement of l ost  power during  periods  other than  fu l l  power 
m ight  be  d i fficu l t  or impossible.  

B.6  PTU  lost power calculation  

B.6. 1  Lost  power detection  threshold  

The PTU  detects  when  PLOST  ≥  n  W  for at l east  s ix seconds,  where  n  i s  an  implementation  

speci fic value.  

B.6.2  Lost  power detection  speed  

I f l ost power exceeds,  and  then  stays  above  the  implementation  threshold ,  the  PTU  shal l  shu t 
down  wi th in  s ix seconds  measured  from  the  moment that the  implementation  threshold  was  
fi rst exceeded .  

B.6.3  PTU  lost power calcu lation  

The PTU  can  implement the  calcu lation  

PLOST  =  PTX_OUT – PACK  

where  

PTX_OUT  i s  the  power ou tpu t of the  PTU  resonator;  

PACK  i s  the  power consumption  acknowledged  by PRUs.  

PTX_OUT  =  PTX – PTX_RESONATOR_DISSIPATION  

where  

PTX_RESONATOR_DISSIPATION  i s  the  power d iss ipated  in  the  PTU  resonator 

PACK=  (PAC1  +  PRXCOIL1  +  PI NDUCTION1 )  +…+  (PAC_N  +  PRXCOIL_N  +  PI NDUCTION_N)  

where  

PAC1  i s  the  power in to  the  recti fier of PRU  1 ;  

PRXCOIL1  i s  the  power d iss ipated  in  the  coi l  of PRU  1 ;  

PI NDUCTION1  i s  the  power consumed  by the  induction  heating  of PRU  1 .  

B.6.4  PTU  power transmission  detection  accuracy 

The PTU  detects  the  amount of power transm itted  to  wi th in  n  W,  where  n  i s  an  implementation  

speci fic value.  

B.6.5  PRU  lost power reports  

NOTE  The  PRU  reports  are  used  to  calcu l ate  a  total  val ue  of power consumption  and  d i ss ipation  that  i s  
acknowl edged  by the  PRU  (PACK).  The  parameters  VRECT,  IRECT,  RRX_IN ,  ηRECT,  and  Del ta  R1  can  be  used  to  
compute  the  tota l  of power del i vered  to  the  l oad ,  power consumed  by any PRU  ci rcu i try,  power consumed  by the  
resonator,  and  power consumed  by any i n duction  heati ng  effects .  



 – 90  – I EC 63028: 201 7    I EC:201 7  

B.6.6  Accuracy of reported  power 

The tota l  error of the  power acknowledged  by each  PRU ,  (PACK) ,  i s  l ess  than  0, 75  W.  

B.6.7  Other PRU  lost  power reports  

None.  
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Annex C  
(normative)  

 
User experience requirements  

C.1  General  

Annex C  defines  the  requ i rements  that Ai rFuel  Resonant PTUs  and  PRUs shou ld  meet to  
ach ieve  a  satisfactory overal l  user experience.  

C.2  User indication  

A user i nd ication  i s  a  PTU  and /or PRU  capabi l i ty to  convey i n formation  to  the  user regard ing  
the  s tate  of wi re less  power transfer.  Use  case  and  form  factor may l im i t the  capabi l i ty of some 
devices  to  provide  a  user i nd ication .  See  9. 5. 4. 3  for add i tional  i n formation  on  PRU  charge  
perm ission .  

C.2. 1  PRU  user ind ication  

The PRU ,  i f i t  has  the  capabi l i ty as  declared  by the  PRU  vendor,  shal l  provide  the  fo l lowing  
user i nd ications  for wire less  power transfer.  

a)  The  PRU  is  charg ing  (for i n i ti a l  cond i tions,  th is  can  a lso  mean  preparing  or perm i tted  to  
charge).  

b)  The  PRU  is  not charg ing .  

1 )  The  PRU  is  den ied  charge.  

2)  The  PRU  is  wai ti ng  to  charge  ( i . e. ,  there  i s  l im i ted  charg ing  avai lable) .  

3)  An  error cond i tion  i s  preventing  the  PRU  from  charg ing .  

C.2.2  PTU  user ind ication  

The PTU ,  i f i t  has  the  capabi l i ty,  shal l  provide  the  fo l lowing  user ind ications  for wi reless  power 
transfer.  

a)  The  PTU  is  charg ing  one  or more  PRUs.  

b)  The  PTU  is  not charg ing  any PRUs.  

1 )  A PRU  is  den ied  charge.  

2)  Charg ing  i s  avai lable,  no  PRUs  are  charg ing  or presen t.  

3)  An  error cond i ti on  is  preven ting  one  or more  PRU  from  charg ing .  
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Annex D  
(informative)  

 
RCE calculations  

D.1  RCE calculation  (using  S-parameters)  

Delete  th is  test equation :  

211 2221 1)det( SSSSS −==∆
 

Optimum  resonator coupl i ng  efficiency can  be  determ ined  from  the  S-parameters.  Th is  
method  removes  the  effect of any match ing  network used  i n  the  measurement.  

Define  the  fol lowing  constants ,  wh ich  depend  on l y on  the  S-parameters:  

Δ = det(푆) = 푆11푆22 − 푆12푆21  퐵1 = 1 + |푆11 | 2 − |푆22 | 2 − |Δ| 2  퐵2 = 1 + |푆22 | 2 − |푆11 | 2 − |Δ| 2  퐶1 = 푆11 − Δ푆22∗  퐶2 = 푆22 − Δ푆11∗  
(D.1 ) 

The  reflection  coefficien ts  for the  generator and  l oad  at  optimal  efficiency are  then  g i ven  by:  

Γ퐺표표표 =
퐵1 − sign(퐵1 )�퐵12 − 4|퐶1 | 2  

2퐶1  

Γ퐿표표표 =
퐵2 − sign(퐵2 )�퐵22 − 4|퐶2 | 2  

2퐶2 .  

(D.2) 

The  express ion  for the  optimal  efficiency in  terms  of the  S-parameters  i s  obtained  by 

substi tu ti ng  i n  the  values  for Γ퐿표표표and  Γ푖푖표표표 = (Γ퐺표표표)∗  i n  Equation  (D. 2)  i n to:  
푅퐶푅 =

1

1 − �Γ푖푖표표표 � 2 |푆21 | 2
1 − �Γ퐿표표표 � 2��1 − 푆22Γ퐿표표표 � �2  

 

(D.3) 

The  optimal  loads  can  be  found  us ing  the  fol l owing  express ions,  where  Z_0 =  50  Ω is  the  port  

impedance used  in  the  S-parameter measurement:  

푍퐺 = 푍0 1 + Γ퐺
1 − Γ퐺  

푍퐿 = 푍0 1 + Γ퐿
1 − Γ퐿 .  

(D.4) 
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D.2  RCE calculation  (using  Z-parameters)  

Optimum  resonator coupl i ng  efficiency can  a lso  be  determ ined  from  the  Z  parameters.  

General  case:  G iven  the  2  x  2  matrix  of Z-parameters,  we  can  determ ine  the  impedances  
seen  at the  input  and  outpu t ports  of the  2-port  network wi th  l oad  impedance 푍퐿  and  generator 
impedance  푍퐺 :  

푍퐼퐼 = 푍11 − 푍12푍21푍22 + 푍퐿  (D.5) 

푍푂푂푂 = 푍22 − 푍12푍21푍11 + 푍퐺  (D.6) 

For perfect  con j ugate  match ing ,  we  wan t 푍퐼퐼 = 푍퐺∗  and  푍푂푂푂 = 푍퐿∗ .  Solving  these  two  equations  
for the  optimum  푍퐿and  푍퐺  we  find :  

푍퐿 ,표표표 =  −푗푋22 + 푗 퐼퐼[푍12푍21 ]
2푅11 + 푅22��1 + 푗 퐼퐼[푍12푍21 ]

2푅11푅22 �2 − 푍12푍21푅11푅22  

            =  −푗푋22 + 푗 퐼퐼[푍12푍21 ]
2푅11 + 푅22�1 − �퐼퐼[푍12푍21 ]

2푅11푅22 �2 − 푅푅[푍12푍21 ]푅11푅22  

(D.7) 

)  

푍퐺 ,표표표 =  −푗푋11 + 푗 퐼퐼[푍12푍21 ]
2푅22 + 푅11��1 + 푗 퐼퐼[푍12푍21 ]

2푅11푅22 �2 − 푍12푍21푅11푅22  

            =  −푗푋11 + 푗 퐼퐼[푍12푍21 ]
2푅22 + 푅11�1 − �퐼퐼[푍12푍21 ]

2푅11푅22 �2 − 푅푅[푍12푍21 ]푅11푅22  

(D.8) 

where  푅11 = 푅푅[푍11 ] ,  푅22 = 푅푅[푍22 ] ,  푋11 = 퐼퐼[푍11 ]  and  푋22 = 퐼퐼[푍22 ] .  
We can  determ ine  the  optimum  efficiency us ing  

푅퐶푅 =
|푍21 | 2�푍22 + 푍퐿 ,표표표 � 2   푅퐿 ,표표표/푅퐼퐼     (D.9) 

where  푅퐿 ,표표표 = 푅푅[푍퐿 ,표표표 ]  and  푅퐼퐼 = 푅푅[푍퐼퐼 ]  evaluated  wi th  푍퐿 = 푍퐿 ,표표표 .  Under optimum  load ing  

cond i ti ons,  

푅퐿 ,표표표푅퐼퐼 =
푅푅�푍퐿 ,표표표 �푅푅�푍퐺 ,표표표 � =  

푅22푅11  
(D.1 0) 

and  푅퐶푅  can  be  expressed  as  
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푅퐶푅 =

|푍21 | 2푅11푅22
�1 + �1 − �퐼퐼[푍12푍21 ]

2푅11푅22 �2 − 푅푅[푍12푍21 ]푅11푅22 �
2
+ �퐼퐼[푍12푍21 ]

2푅11푅22 �2
 (D.1 1 )  

 

D.2. 1  Series  tuned  case  

I n  the  specia l  case  of coi l s  wi th  on l y series  match ing  elements,  푍21 = 푍12 = 푗푗퐼  and  then  

푍퐿 ,표표표 = −푗푋22 + 푅22�1 +
푗2퐼2푅11푅22  (D.1 2) 

and  

푍퐺 ,표표표 = −푗푋11 + 푅11�1 +
푗2퐼2푅11푅22  (D.1 3) 

푅퐶푅  s impl i fies  to:  

푅퐶푅 =
푄푀2�1 + �1 + 푄푀2 �2  (D.1 4) 

where  

푄푀 =
푗퐼�푅11푅22   (D.1 5) 

Note  that i n  th is  case  푅11 = 푅1  and  푅22 = 푅2 ,  where  푅1  and  푅2  are  the  resistances  of coi l s  1  and  
2  p lus  series  match ing  capaci tors ,  respective l y.  

D.2.2  Other RCE  calcu lations  

None.  

D.3  Conversion  between  S-parameters  and  Z-parameters  

S-parameters  can  be  converted  to  Z-parameters  and  vice-versa.   

푍0 = 50  
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S  to  Z  Parameters  Z  to  S  Parameters  

푍11 = �(1 + 푆11)(1 − 푆22 ) + 푆12푆21�∆푠 푍0  
푍12 = 2푆12∆푠 푍0  
푍21 = 2푆21∆푠 푍0  
푍22 = �(1 − 푆11 )(1 + 푆22 ) + 푆12푆21 �∆푠 푍0  

푆11 =
(푍11 − 푍0 )(푍22 + 푍0) − 푍12푍21∆푍  

푆12 =
2푍12푍0∆푍  

푆21 =
2푍21푍0∆푍  

푆22 =
(푍11 + 푍0)(푍22 − 푍0) − 푍12푍21∆푍  

∆푠= �(1 − 푆11 )(1 − 푆22 ) − 푆12푆21 �  ∆푍= (푍11 + 푍0)(푍22 + 푍0) − 푍12푍21  
 

___________ 
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