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____________ 

 
UN IVERSAL SERIAL BUS INTERFACES  

FOR DATA AND POWER –  
 

Part 1 -1 :  Common  components  –  
USB Battery Charging  Speci fication,  Revision  1 .2  

 
FOREWORD 

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

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

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

4)  I n  order to  promote  i n ternational  u n i form i ty,  I EC National  Comm i ttees  undertake  to  app ly I EC Pub l i cations  
transparentl y to  the  maximum  extent  poss ible  i n  the i r national  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC Pub l i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  shal l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC i tsel f d oes  not  provi de  any attestation  of conform i ty.  I n dependent  certi fi cati on  bod ies  provi de  conform i ty 
assessment  services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  responsi ble  for any 
services  carri ed  ou t  by i ndependent certi fi cation  bod i es .  

6)  Al l  u sers  shou ld  ensure  that  they have  the  l atest  ed i ti on  of th i s  publ i cati on .  

7)  No  l i abi l i ty shal l  attach  to  I EC  or i ts  d i rectors,  employees,  servants  or agen ts  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  comm i ttees  and  I EC  Nati onal  Commi ttees  for any personal  i n j u ry,  property  damage  or 
other damage  of any natu re  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or re l i ance  upon ,  th i s  I EC Publ i cati on  or any other I EC  
Publ i cations.   

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

9)  Atten tion  i s  d rawn  to  the  poss ib i l i ty that  some of the  e l ements  of th i s  I EC Publ i cation  may be  the  subject  of 
paten t ri gh ts.  I EC shal l  not  be  hel d  respons ibl e  for i denti fyi ng  any or a l l  such  paten t ri gh ts .  

I n ternational  Standard  I EC 62680-1 -1  has  been  prepared  by techn ical  area  1 4 :  I n terfaces  and  
methods  of measurement for personal  computing  equ ipment,  of I EC  techn ica l  committee  1 00 :  
Aud io,  video and  mu l timed ia  systems and  equ ipment.  

The  text of th is  s tandard  i s  based  on  documents  prepared  by the  USB  Implementers  Forum  
(USB-IF) .  The  s tructure  and  ed i toria l  ru les  used  i n  th is  publ ication  reflect  the  practice  of the  
organ ization  wh ich  subm i tted  i t.  
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The  text of th is  s tandard  i s  based  on  the  fol lowing  documents:  

CDV Report  on  voti ng  

1 00/2330/CDV 1 00/2433/RVC 

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

A l i st of a l l  the  parts  i n  the  I EC 62680  series,  publ i shed  under the  general  ti tl e  Universal serial 
bus interfaces for data  and power can  be  found  on  the  I EC  websi te.  

The  committee  has  decided  that the  con ten ts  of th is  publ ication  wi l l  remain  unchanged  un ti l  
the  stabi l i ty date  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  publ ication .  At  th is  date,  the  publ ication  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'  l ogo  on  the  cover page  of th is  publ ication  i nd icates  
that i t  contains  colours  which  are  considered  to  be  usefu l  for the  correct  
understand ing  of i ts  contents.  Users  shou ld  therefore print  th is  document  using  a  
colour printer.  
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INTRODUCTION  

The I EC  62680  series  i s  based  on  a  series  of speci fications  that were  ori g ina l l y developed  by 
the  USB Implementers  Forum  (USB-IF).  These  speci fications  were  subm i tted  to  the  I EC  under 
the  auspices  of a  specia l  agreement between  the  I EC  and  the  USB-IF.  

The  USB  Implementers  Forum ,  I nc. (USB-IF)  i s  a  non-profi t  corporation  founded  by the  group 
of compan ies  that  developed  the  Un iversal  Seria l  Bus  speci fication .  The  USB-IF  was  formed  
to  provide  a  support organ ization  and  forum  for the  advancement and  adoption  of Un iversal  
Seria l  Bus  technology.  The  Forum  faci l i tates  the  development of h igh-qual i ty compatible  USB  
peripherals  (devices),  and  promotes  the  benefi ts  of USB  and  the  qual i ty of products  that  have  
passed  compl iance  testi ng .  

ANY USB SPECIFICATIONS ARE  PROVIDED  TO YOU  "AS  IS,  "WITH  NO WARRANTIES 
WHATSOEVER,  INCLUDING  ANY WARRANTY OF  MERCHANTABILITY,  NON-
INFRINGEMENT,  OR FITNESS  FOR ANY PARTICULAR PURPOSE.  THE  USB  
IMPLEMENTERS FORUM  AND THE  AUTHORS OF  ANY USB  SPECIFICATIONS DISCLAIM  
ALL LIABILITY,  INCLUDING  LIABILITY FOR INFRINGEMENT OF  ANY PROPRIETARY 
RIGHTS,  RELATING  TO USE OR IMPLEMENTATION  OR INFORMATION  IN  TH IS  
SPECIFICAITON.   

THE PROVISION  OF  ANY USB SPECIFICATIONS TO YOU  DOES  NOT PROVIDE  YOU  
WITH  ANY LICENSE,  EXPRESS OR IMPLIED,  BY ESTOPPEL OR OTHERWISE,  TO  ANY 
INTELLECTUAL PROPERTY RIGHTS.   

Entering  i n to  USB  Adopters  Agreements  may,  however,  a l low a  s i gn ing  company to  
participate  i n  a  reciprocal ,  royal ty-free  l i cens ing  arrangement for compl iant products .  For more  
i n formation ,  pl ease  see:  

h ttp: //www. usb.org /developers/docs/  

h ttp: //www. usb.org /developers/devclass_docs#approved  

IEC  DOES  NOT TAKE  ANY POSITION  AS  TO  WHETHER I T  I S  ADVISABLE FOR YOU  TO 
ENTER INTO ANY USB  ADOPTERS AGREEMENTS OR TO  PARTICIPATE IN  THE  USB 
IMPLEMENTERS FORUM. ”   

Th is  series  covers  the  Un iversal  Series  Bus  i n terfaces  for data  and  power and  cons ists  of the  
fol l owing  parts:  

I EC 62680-1 -1 ,  Universal Serial Bus interfaces for data  and power – Part 1 -1 :  Common 
components – USB Battery Charging Specification,  Revision 1 . 2 

IEC 62680-2-1 ,  Universal Serial Bus interfaces for data and power – Part 2-1 :  Universal 
Serial Bus Specification,  Revision 2. 0 

IEC 62680-2-2 ,  Universal Serial Bus interfaces for data and power – Part 2-2: USB Micro-
USB Cables and Connectors Specification,  Revision 1 . 01  

I EC 62680-2-3,  Universal Serial Bus interfaces for data and power – Part 2-3: Universal 
Serial Bus Cables and Connectors Class Document Revision 2. 0 

This  part  of the  I EC 62680  series  consists  of several  d istinct  parts :  

•  the  main  body of the  text,  wh ich  cons ists  of the  orig inal  speci fication  and  a l l  ECN  and  
Errata  developed  by the  USB-IF .  
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3 .   I nd icate  that  I CDP  max and  I DCP  max l im i ts  of 
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UNIVERSAL SERIAL BUS INTERFACES  
FOR DATA AND POWER –  

 
Part 1 -1 :  Common  components  –  

USB Battery Charging  Speci fication,  Revision  1 .2  
 
 
 

1  Introduction  

1 . 1  Scope  

The Battery Charg ing  Working  Group i s  chartered  wi th  creating  speci fications  that define  
l im i ts  as  wel l  as  detection ,  control  and  reporti ng  mechan isms to  perm i t devices  to  d raw 
curren t  i n  excess  of the  USB  2. 0  speci fication  for charg ing  and /or powering  up  from  ded icated  
chargers,  hosts ,  hubs  and  charg ing  downstream  ports.  These  mechan isms  are  backward  
compatib le  wi th  USB  2 . 0  compl ian t hosts  and  peripherals.   

1 .2  Background  

The USB  ports  on  personal  computers  are  conven ient p l aces  for Portable  Devices  (PDs)  to  
d raw cu rrent for charg ing  the ir batteries .  Th is  conven ience  has  l ed  to  the  creation  of USB  
Chargers  that s impl y expose  a  USB  standard-A receptacle.  Th is  a l l ows  PDs  to  use  the  same  
USB  cable  to  charge  from  ei ther a  PC or from  a  USB  Charger.  

I f a  PD  i s  a ttached  to  a  USB  host  or hub,  then  the  USB  2. 0  speci fication  requ ires  that after 
connecting ,  a  PD  must d raw less  than :  

•  2 . 5  mA average i f the  bus  i s  suspended  

•  1 00  mA i f bus  is  not suspended  and  not  configured  

•  500  mA i f bus  is  not suspended  and  configured  for 500  mA 

I f a  PD  i s  attached  to  a  Charg ing  Port,  ( i . e .  CDP,  DCP,  ACA-Dock or ACA),  then  i t  i s  a l l owed  
to  d raw IDEV_CHG  wi thout  having  to  be  configured  or fo l l ow the  ru les  of suspend .  

I n  order for a  PD  to  determ ine  how much  current  i t  i s  a l l owed  to  d raw from  an  upstream  USB 
port,  there  need  to  be  mechan isms that a l l ow the  PD  to  d isti ngu ish  between  a  Standard  
Downstream  Port and  a  Charg ing  Port.  Th is  speci fication  defines  j ust such  mechan isms.   

S ince  PDs  can  be  attached  to  USB  chargers  from  various  manufacturers ,  i t  i s  importan t that 
a l l  provide  an  acceptable  user experience.  Th is  speci fication  defines  the  requ i rements  for a  
compl ian t USB  charger,  wh ich  is  referred  to  i n  th i s  spec as  a  USB  Charger.  

I f a  PD  has  a  Dead  or Weak Battery,  then  the  Connect Tim ing  Eng ineering  Change  Notice  
(ECN)  issued  by the  USB-I F  on  the  USB  2 . 0  spec a l l ows  that device  to  d raw up  to  IUNIT  wh i l e  
attached  but  not connected .  The  cond i ti ons  associated  wi th  th is  ECN  are  con tained  i n  Section  
2  of th is  speci fication ,  and  are  referred  to  as  the  Dead  Battery Provis ion  (DBP).  

1 .3  Reference  Documents  

The  fol lowing  speci fications  con tain  i n formation  re levant  to  the  Battery Charg ing  Speci fication .  

•  OTG  and  Embedded  Host Supplement,  Revis ion  2 . 0  

•  USB  2. 0  Speci fication  

•  USB  3. 0  Speci fication  
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1 .4  Defin i tions  of Terms  

This  section  contains  defin i ti ons  for some of the  terms  used  in  th is  speci fication .  

1 .4. 1  Accessory Charger Adaptor 

An  Accessory Charger Adaptor (ACA)  is  an  adaptor wh ich  al l ows  a  s ing le  USB  port to  be  
attached  to  both  a  charger and  another device  at the  same time.   

The  fo l l owing  term inology i s  used  when  referri ng  to  an  ACA:  

•  ACA-A An  ACA wi th  I D  res istance  of R I D_A  

•  ACA-B  An  ACA wi th  I D  res istance  of RI D_B  

•  ACA-C  An  ACA wi th  I D  res istance  of RI D_C  

See  Section  6  for deta i l s  on  an  ACA.  

1 .4.2  ACA-Dock 

An  ACA-Dock i s  a  docking  s tation  that  has  one  upstream  port,  and  zero  or more  downstream  
ports.  The  upstream  port  can  be  attached  to  a  PD,  and  i s  capable  of sourcing  ICDP  to  the  PD.  
An  ACA-Dock s i gnals  i t  i s  an  ACA-Dock to  the  PD  by enabl i ng  VDM_SRC  during  USB  id le,  and  
by pu l l i ng  I D  to  g round  th rough  a  res istance  of RI D_A.  See  Section  3 . 2. 4. 4  for more  detai l s .  

1 .4.3  Attach  versus  Connect  

This  speci fication  makes  a  d isti nction  between  the  words  “attach”  and  “connect” .  A 
downstream  device  i s  cons idered  to  be  attached  to  an  upstream  port when  there  i s  a  physica l  
cable  between  the  two.  

A downstream  device  is  cons idered  to  be  connected  to  an  upstream  port  when  i t  i s  attached  

to  the  upstream  port,  and  when  the  downstream  device  has  pu l l ed  e i ther the  D+  or D-  data  

l ine  h igh  through  a  1 . 5  kΩ  res istor,  i n  order to  enter Low-Speed ,  Fu l l -Speed  or H igh-Speed  
s i gnal ing .  

1 .4.4  Charg ing  Downstream  Port  

A Charg ing  Downstream  Port (CDP)  is  a  downstream  port  on  a  device  that compl ies  wi th  the  
USB  2. 0  defin i ti on  of a  host or a  hub,  except that i t  shal l  support the  Charg ing  Downstream  
Port features  speci fi ed  herein .  

A CDP shal l  ou tput a  vol tage  of VDM_SRC  on  i ts  D-  l i ne  when  i t  senses  a  vol tage  greater than  

VDAT_REF  bu t  l ess  than  VLGC  on  i ts  D+  l i ne  when  not connected  to  a  peripheral .  A CDP shal l  
not ou tpu t a  vol tage  of VDM_SRC  on  i ts  D-  l ine  from  the  time that the  peripheral  i s  connected ,  
to  the  time that the  peripheral  i s  d isconnected .  

1 .4.5  Charg ing  Port  

A Charg ing  Port i s  a  DCP,  CDP,  ACA-Dock or ACA.  

1 .4.6  Dead  Battery Threshold  

The Dead  Battery Threshold  i s  defined  as  the  maximum  charge  level  of a  battery such  that  
below th is  threshold ,  a  device  is  assured  of not be ing  able  to  power up  successfu l l y.  

A Dead  Battery i s  defined  as  one  that i s  below the  Dead  Battery Threshold .  
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1 .4.7  Ded icated  Charg ing  Port 

A Ded icated  Charg ing  Port (DCP)  i s  a  downstream  port on  a  device  that ou tputs  power 
through  a  USB  connector,  bu t  i s  not capable  of enumerating  a  downstream  device.  A DCP 
shal l  source  IDCP  at  an  average  vol tage  of VCHG .  

A DCP shal l  short  the  D+  l i ne  to  the  D-  l i ne.  

1 .4.8  Downstream  Port  

I n  th is  speci fication ,  a  Downstream  Port  refers  to  e i ther a  Standard  Downstream  Port  or a  
Charg ing  Downstream  Port.  

1 .4.9  M icro  ACA 

A M icro  ACA is  an  ACA wi th  a  M icro-AB  receptacle  on  the  Accessory Port.  

1 .4. 1 0  Portable  Device  

A PD  as  used  i n  th is  speci fication  is  a  device  wh ich  i s  compl iant  wi th  th is  speci fication  and  the  
USB  2. 0  speci fication ,  and  can  draw charg ing  curren t from  USB.   

1 .4. 1 1  Rated  Current  

The  Rated  Curren t of a  Charg ing  Port  i s  the  amount of current that a  Charg ing  Port can  ou tpu t 
and  s ti l l  main ta in  a  VBUS vol tage  of VCHG .  The  Rated  Curren t of a  DCP is  requ i red  to  be  
wi th in  IDCP ,  and  the  rated  curren t of a  CDP or ACA-Dock i s  requ i red  to  be  wi th in  ICDP .  

1 .4. 1 2  Standard  ACA 

A Standard  ACA is  an  ACA wi th  a  Standard-A receptacle  on  the  Accessory Port.  

1 .4. 1 3  Standard  Downstream  Port  

I n  th is  speci fication ,  a  S tandard  Downstream  Port (SDP)  refers  to  a  downstream  port  on  a  
device  that  compl ies  wi th  the  USB  2. 0  defin i ti on  of a  host  or hub.  An  SDP  expects  a  
downstream  device  wi th  a  good  battery to  d raw l ess  than  2 . 5  mA average  when  unconnected  
or suspended ,  up  to  1 00  mA maximum  when  connected  and  not configured  and  not 
suspended ,  and  up  to  500  mA maximum  i f so  configured  and  not suspended .  A downstream  
device  can  be  enumerated  when  i t  i s  connected  to  an  SDP.  

An  SDP pu l l s  the  D+  and  D-  l i nes  to  g round  through  two  1 5  kΩ  ( typical )  resistors .  

An  SDP may have  the  abi l i ty to  sense  when  a  PD  is  d ri ving  the  D+  l i ne  to  VDP_SRC ,  and  then  

manage  i ts  power s tates  accord ing l y.  PDs  are  requ i red  to  d ri ve  D+  to  VDP_SRC whenever they 
draw more  than  ISUSP  wh i l e  attached  bu t  not connected ,  as  described  in  the  Dead  Battery 
Provis ion .  

1 .4. 1 4  USB Charger 

A USB Charger is  a  device  wi th  a  DCP,  such  as  a  wal l  adapter or car power adapter.  

1 .4. 1 5  Weak Battery Threshold  

The Weak Battery Threshold  is  defi ned  as  the  m in imum  charge  level  of a  battery such  that 
above th is  th reshold ,  a  device  i s  assured  of be ing  able  to  power up  successfu l l y.  
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A Weak Battery is  defined  as  one  that i s  above  the  Dead  Battery Threshold  and  below the  
Weak Battery Threshold .  A device  wi th  a  Weak Battery may or may not be  able  to  power up  a  
device  successfu l l y.  

A Good  Battery i s  defined  as  one  that  i s  above  the  Weak Battery Threshold .  

1 .5  Parameter Values  

Parameter names  are  used  throughou t th is  speci fication  i nstead  of parameter va lues .  Al l  
parameter values  are  found  in  Section  5 .  

1 .6  OTG  Considerations  

A PD  wi th  a  Dead  Battery cannot d i fferentiate  between  a  PC and  an  OTG  A-device.  Thus,  a  
PD  wi l l  treat both  the  same.  

I f an  OTG  A-device  i s  connected  to  a  PD  wi th  a  dead  battery,  then  the  OTG  A-device  i s  under 
no  ob l igation  to  provide  any more  curren t than  i t  normal l y wou ld  to  any device  on  i ts  Targeted  
Peripheral  L is t (TPL) .  

An  OTG  A-device  i s  a l l owed  to  stop  dri ving  VBUS  after a  time  of TA_WAIT_BCON  (See  OTG  2. 0  
Supplement for value)  wh i l e  wai ti ng  for the  B-device  to  connect.  Thus,  a  PD  wi th  a  Dead  
Battery may not have  time for s ign i fican t charg ing  when  attached  to  an  OTG  A-device,  i f i t  
does  not  connect.  

1 .7  Super Speed  Considerations  

SuperSpeed  ports  defined  in  USB  3. 0  are  a l l owed  to  implement the  charger detection  
mechan isms  defined  i n  th is  spec.  When  a  PD  detects  i t  i s  attached  to  a  SuperSpeed  port,  
then  ICFG_MAX  changes  to  900  mA,  and  IUNIT  changes  to  1 50  mA.  

2  Dead  Battery Provision  

2. 1  Background  

The USB  2 . 0  speci fication  a l l ows  a  downstream  device  to  d raw a  suspend  cu rrent of up  to  
ISUSP  from  a  SDP when  the  device  i s  not connected  or when  the  bus  i s  suspended .  I f the  bus  
is  not suspended  and  the  device  i s  configured ,  then  USB  2. 0  a l l ows  a  device  to  d raw up  to  
ICFG_MAX,  depend ing  on  the  configuration  the  host  enables .    

Th is  l im i t of on l y ISUSP  when  not connected  can  be  problematic for PDs  wi th  a  Dead  Battery 
or a  Weak Battery.  Some PDs  requ i re  more  than  IUNIT  for several  seconds  j ust  to  power up.  
Thus,  PDs  wi th  Dead  Batteries  or Weak Batteries  may not  be  able  to  power up  when  attached  
to  an  SDP i f they can  on ly d raw ISUSP  when  not connected .  

USB  2 . 0  a l lows  a  PD  that  i s  a  compound  device  to  d raw ISUSP  for each  downstream  port wh i l e  
attached  bu t not  connected  or du ring  suspend .   

2.2  DBP – Unconfigured  C lause  

A PD  wi th  a  Dead  or Weak Battery i s  a l l owed  to  d raw IUNIT  from  a  Downstream  Port  us ing  the  
DBP  wh i le  not configured ,  provid ing  i t  behaves  as  fol l ows:  

•  Reduces  cu rrent to  ISUSP  after timeout 

– I f PD  i s  not  ready to  connect and  be  enumerated  wi th in  TSVLD_CON_WKB after attach ,  
then  i t  shal l  reduce  i ts  cu rrent  to  ISUSP  

•  Enables  VDP_SRC  when  attached  but  not connected  
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– PD  shal l  enable  VDP_SRC wi th in  TDBP_ATT_VDPSRC of attach  

– PD  shal l  connect wi th in  TDBP_VDPSRC_CON  of d isabl i ng  VDP_SRC  

•  Uses  current  to  power up  and  enumerate,  or reach  Weak Battery Threshold  and  
enumerate,  as  soon  as  poss ib le  

– PD  shal l  not  use  the  DBP  current to  perform  unrelated  tasks,  such  as:  

•  Charg ing  beyond  the  Weak Battery Threshold  

•  Making  a  phone ca l l  

•  P laying  a  song ,  vi deo  or game  

•  Establ ish ing  a  wi reless  connection  

– On l y devices  that  can  operate  stand -alone  from  i n ternal  battery power are  a l l owed  to  
use  the  DBP.   

•  Passes  inrush  test  

– PD  wi th  Dead  or Weak Battery shal l  pass  USB-IF  compl iance  i nrush  test  

The  unconfigured  state  i ncludes  the  time that  the  PD  is  attached  and  not  connected ,  and  the  
time that the  PD  is  connected  and  not  configured .  A PD  en ters  the  configured  s tate  by 
receiving  a  SET_CONFIGURATION  command  from  the  host.  

2.3  DBP – Configured  Clause  

A PD  wi th  a  Dead  or Weak Battery i s  a l l owed  to  d raw i ts  configured  curren t,  (wh ich  can  be  up  
to  ICFG_MAX) ,  from  a  Standard  Downstream  Port us ing  the  Dead  Battery Provision  (DBP)  wh i le  
configured ,  and  not have  to  pass  USBCV tests,  provid ing  i t  behaves  as  fo l l ows:  

•  Responds  to  received  tokens  

– PD  shal l  respond  to  any tokens  addressed  to  i t,  wi th  e i ther a  NAK or any other va l id  
USB  response  

•  Responds  to  USB  reset  

– Upon  receipt  of USB  reset,  a  PD  shal l  reduce  i ts  cu rrent to  IUNIT .  PD  i s  a l lowed  to  
d isconnect upon  receiving  a  reset.  Wh i le  d isconnected ,  PD  is  a l l owed  to  use  the  
DBP  – Unconfigured  Clause.  

•  Responds  to  USB  suspend  

– Upon  receipt  of USB suspend ,  PD  shal l  e i ther remain  connected ,  and  reduce  i ts  
curren t to  ISUSP ,  or i t  shal l  d isconnect.  Wh i l e  d isconnected ,  the  PD  i s  a l l owed  to  use  
the  DBP – Unconfigured  Clause.   

•  Provides  fu l l  USB  functional i ty after timeou t,  or d i sconnects  

– After a  t ime  of TDBP_FUL_FNCTN  from  attach ,  a  PD  shal l  e i ther remain  connected  and  be 
ab le  to  pass  USBCV,  or i t  shal l  d isconnect.  Wh i le  d isconnected ,  the  PD  i s  a l l owed  to  
use  the  DBP – Unconfigured  Clause.  

•  U ses  current to  reach  Weak Battery Threshold  and  provide  fu l l  USB  functional i ty as  soon  
as  possib le  

– PD  shal l  not  u se  the  DBP  current  to  perform  unre lated  tasks,  such  as:  

•  Charg ing  beyond  the  Weak Battery Threshold  

•  Making  a  phone cal l  

•  P laying  a  song ,  video  or game  

•  Establ ish ing  a  wireless  connection  

•  Provides  fu l l  USB  functional i ty upon  reach ing  Weak Battery Threshold  

– PD  shal l  provide  fu l l  USB  functional i ty upon  reach ing  Weak Battery Threshold  i f th is  
occurs  before  TDBP_FUL_FNCTN  after attach .  
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•  PD  i n forms  user wi th in  TDBP_INFORM  of attach  that i t  i s  charg ing  and  not avai lable  for other 
functions  

3 Charging  Port Detection  

3. 1  Overview 

Figu re  3-1  shows  several  examples  of a  PD  attached  to  an  SDP or Charg ing  Port.  

 

Figure 3-1  – System  Overview 

I n  the  fi rst example,  a  Std-A to  M icro-B  cable  i s  used  to  attach  a  PD  to  an  SDP,  CDP or DCP.  

I n  the  second  example,  a  DCP has  a  captive  cable .  Th is  cable  does  not have  wi res  for D+  or 

D-,  bu t  i nstead  shorts  the  D+  and  D-  p ins  at  the  M icro-B  p lug .  

I n  the  th i rd  example,  an  ACA is  requ ired  to  have  a  captive  cable  that  attaches  to  the  Portable  

Device,  and  th is  cable  is  requ i red  to  have  wi res  for D+ ,  D-  and  I D.  The  ACA is  a lso  requ ired  to  
have  a  port that  can  be  attached  to  a  DCP or CDP.  The  cabl i ng  for th is  port i s  described  i n  
Section  6 . 2 . 1 .  
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I n  the  fourth  example,  an  ACA-Dock does  not have  a  cable  at  a l l ,  bu t  i nstead  has  a  captive  
M icro-A p lug .  An  ACA-Dock receives  power from  a  Proprietary Charger,  that i s  attached  to  the  
ACA-Dock through  a  proprietary cable.  

3.2  Charger Detection  Hardware  

This  section  briefl y describes  the  hardware  used  to  do  charger detection .  The  fol lowing  
sections  provide  more  deta i l s  of i ts  operation .  

3.2. 1  Overview 

Figure  3-2  shows the  charger detection  hardware  for a  PD.  

 

Figure 3-2  – Charger Detection  Hardware  
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3.2.2  VBUS Detect  

Each  PD  shal l  have  a  session  va l i d  comparator that  detects  when  VBUS  is  greater than  i ts  
i n ternal  session  va l i d  threshold .  I ts  i n ternal  sess ion  val i d  threshold  shal l  be  wi th in  
VOTG_SESS_VLD .  

3.2.3  Data Contact Detect  

3. 2.3.1  Overview 

Data  Contact Detect (DCD)  uses  a  curren t sou rce,  IDP_SRC ,  to  detect when  the  data  p ins  have  
made  con tact during  an  attach  even t.  A PD  i s  not  requ i red  to  implement DCD.    I f a  PD  does  
not implement DCD,  then  i t  shal l  wai t  a  time of TDCD_TIMEOUT min  after the  attach  even t 
before  starti ng  Primary Detection .  

DCD  is  able  to  detect  data  p in  con tact  whenever a  PD  i s  a ttached  to  an  SDP  or CDP.  The  
primary benefi t  of DCD  i s  that i t  a l lows  a  PD  to  start Primary Detection  as  soon  as  the  data  
p ins  have  made con tact,  and  then  connect,  wi thou t having  to  wai t  for a  timer to  expire.  As  per 
the  USB  Connect Tim ing  ECN ,  a  powered  up  USB  device  i s  requ i red  to  connect  to  a  USB  host  
wi th in  TSVLD_CON_PWD of the  attach  even t.  

DCD is  a lso  able  to  detect data  p i n  con tact for most cases  of a  PD  attached  to  a  DCP or ACA.  
Cases  where  DCD  may not work i nclude:  

•  DCP wi th  too  much  l eakage  curren t  

•  ACA wi th  charger and  FS  or HS  B-device  on  Accessory Port  

•  ACA-Dock 

•  PS2  port that pu l l s  D+  h i gh  

•  Proprietary chargers  that  pu l l  D+  h igh  

S ince  DCD does  not work in  a l l  cases,  a  PD  is  requ ired  to  proceed  to  Primary Detection  wi th in  

TDCD_TIMEOUT  max after the  attach  even t i f p in  contact has  not been  detected  on  the  D+  or ID  
p ins .  See  Section  3 . 3. 2.  

3.2.3.2  Problem  Description  

USB  p lugs  and  receptacles  are  des igned  such  that when  the  p lug  is  i nserted  in to  the  
receptacle,  the  power p i ns  make contact before  the  data  p i ns  make con tact.  Th is  i s  i l l ustrated  
i n  F igu re  3-3.  

 

Figure 3-3  – Data  Pin  Offset  

As a  resu l t,  when  a  PD  i s  attached  to  an  upstream  port,  the  PD  wi l l  detect VBUS before  the  
data  p i ns  have  made  contact.  The  time between  power p i ns  and  data  p i ns  making  contact  
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depends  on  how fast the  p lug  i s  inserted  i n to  the  receptacle.  Delays  of more  than  two hundred  
m i l l i seconds  have  been  observed .  

The  way that a  PD  d isti ngu ishes  between  a  Charg ing  Port  and  an  SDP  is  to  l ook at the  data  
l ines.  I f the  PD  does  Primary Detection  before  the  data  p i ns  have  made  contact,  then  the  
Primary Detection  protocol  i s  such  that the  PD  wi l l  determ ine  that i t  i s  attached  to  an  SDP.  

I f a  PD  i s  a ttached  to  a  DCP,  and  i ncorrectl y determ ines  that i t  i s  attached  to  an  SDP,  then  
the  PD  wou ld  d raw I SUSP wh i le  wai ting  to  be  enumerated .  S ince  a  DCP wi l l  not  enumerate  
the  PD,  the  PD  wi l l  not  be  able  to  charge.   

3.2.3.3  Data Contact Detect,  Not Attached  

Figure  3-4  shows the  case  where  the  PD  i s  not attached  to  a  remote  device.   

 

Figure 3-4 – Data  Contact Detect,  Not Attached  
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The  protocol  for Data  Contact Detect i s  as  fo l lows:  

•  PD  detects  VBUS asserted  

•  PD  turns  on  IDP_SRC  and  the  D-  pu l l -down  res istor 

•  PD  wai ts  for D+  l i ne  to  be  l ow for a  time of TDCD_DBNC  

•  PD  turns  off IDP_SRC  and  D-  pu l l -down  resistor 

When  noth ing  i s  a ttached  to  the  PD,  the  D+  l i ne  stays  h i gh .  The  m in imum  va lue  of IDP_SRC i s  

such  that  i t  i s  able  to  hold  D+  at  VLGC_HI  for worst case  leakages  i n  the  PD  due  to  RDAT_LKG  

and  VDAT_LKG .  

3.2.3.4  Data Contact Detect,  Standard  Downstream  Port  

Figure  3-5  shows  the  case  where  the  PD  i s  attached  to  an  SDP.  

 

Figure 3-5 – Data  Contact Detect,  Standard  Downstream  Port  
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When  the  PD  i s  attached  to  an  SDP,  the  D+  l i ne  is  pu l l ed  l ow by RDP_DWN  in  the  SDP.  The  

maximum  value  of IDP_SRC i s  such  that  RDP_DWN  pu l ls  D+  to  VLGC_LOW  for worst  va lues  of 
RDAT_LKG ,   VDAT_LKG  and  RDP_DWN .  

3.2.4  Primary Detection  

Primary Detection  i s  used  to  d isti ngu ish  between  an  SDP and  d i fferen t types  of Charg ing  
Ports .  A PD  i s  requ i red  to  implement Primary Detection .  

3.2.4.1  Primary Detection ,  DCP 

Figu re  3-6  shows  how Primary Detection  works  when  a  PD  i s  attached  to  a  DCP.  

 

Figure 3-6  – Primary Detection ,  DCP  
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During  Primary Detection  the  PD  shal l  tu rn  on  VDP_SRC  and  IDM_SINK.  S ince  a  DCP is  requ i red  

to  short D+  to  D-  through  a  res istance  of RDCP_DAT,  the  PD  wi l l  detect a  vo l tage  on  D-  that i s  
close  to  VDP_SRC .  

A PD  shal l  compare  the  vol tage  on  D-  wi th  VDAT_REF .  I f D-  i s  greater than  VDAT_REF ,  then  the  
PD  is  a l l owed  to  detect that i t  i s  attached  to  ei ther a  DCP or CDP.  A PD  i s  optional l y a l l owed  
to  compare  D-  wi th  VLGC  as  wel l ,  and  on l y determ ine  that i t  i s  attached  to  a  DCP or CDP i f D -  
i s  greater than  VDAT_REF ,  bu t  less  than  VLGC .  The  reason  for th is  option  i s  as  fo l l ows.  

PS2  ports  pu l l  D+/-  h i gh .  I f a  PD  is  a ttached  to  a  PS2  port,  and  the  PD  on l y checks  for D-  
greater than  VDAT_REF ,  then  a  PD  attached  to  a  PS2  port  wou ld  determ ine  that i t  i s  attached  
to  a  DCP or CDP and  proceed  to  d raw IDEV_CHG .  Th is  much  curren t cou ld  potential l y damage  
a  PS2  port.  By on l y determ in ing  i t  i s  attached  to  DCP or CDP i f D-  i s  l ess  than  VLGC ,  the  PD  
can  avoid  causing  damage to  a  PS2  port.  

On  the  other hand ,  some proprietary chargers  a lso  pu l l  D+/-  h i gh .  I f a  PD  i s  attached  to  one  of 
these  chargers,  and  i t  determ ined  i t  was  not attached  to  a  charger because  D-  was  greater 
than  VLGC ,  then  the  PD  wou ld  determ ine  that i t  was  attached  to  an  SDP,  and  on l y be  able  to  
d raw ISUSP .  

The  choice  of whether or not  to  compare  D-  to  VLGC  d epends  on  whether the  PD  i s  more  l ikel y 
to  be  attached  to  a  PS2  port,  or to  a  proprietary charger.  

3.2.4.2  Primary Detection ,  CDP  

Figure  3-7  shows  how Primary Detection  works  when  a  PD  is  attached  to  a  CDP.  
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Figure 3-7  – Primary Detection ,  CDP  

A CDP is  requ i red  to  behave  i n  e i ther one  of two ways  when  a  remote  device  is  not connected  
to  i t.  The  fi rst  way that  a  CDP is  a l l owed  to  behave  is  to  enable  VDM_SRC  wi th in  TCP_VDM_EN  
of a  d isconnect,  and  then  d isable  VDM_SRC wi th in  TCP_VDM_DIS  of a  connect.  When  us ing  th is  

option ,  a  CDP is  not requ i red  to  enable  IDP_SINK,  or to  compare  D+  to  VDAT_REF .  

The  second  way a  CDP is  a l l owed  to  behave is  to  compare  D+  wi th  VDAT_REF  and  VLGC .  

When  D+  i s  g reater than  VDAT_REF  and  l ess  than  VLGC ,  the  CDP shal l  enable  VDM_SRC .  When  

D+  i s  l ess  than  VDAT_REF  or greater than  VLGC ,  the  CDP shal l  d isable  VDM_SRC .  Note  that  a  

CDP is  requ ired  to  compare  D+  to  VLGC ,  i n  order to  d isable  VDM_SRC when  the  PD  connects.  
See  Section  3 . 4 . 2  for t im ing .  

During  Primary Detection  the  PD  shal l  tu rn  on  VDP_SRC  and  IDM_SINK.  A PD  shal l  compare  the  
vol tage  on  D-  wi th  VDAT_REF .  I f D-  i s  greater than  VDAT_REF ,  then  the  PD  i s  a l lowed  to  
determ ine  that i t  i s  attached  to  e i ther a  DCP or CDP.  A PD  is  optional l y a l l owed  to  compare  
D-  wi th  VLGC  as  wel l ,  and  on l y determ ine  that i t  i s  attached  to  a  DCP or CDP i f D -  i s  greater 
than  VDAT_REF ,  bu t l ess  than  VLGC .  See  Section  3. 2 . 4. 1  for more  detai ls .  

IEC  

Copyright International  Electrotechnical  Commission  



 – 26  – I EC 62680-1 -1 : 201 5  © I EC 201 5  
© USB-IF  201 4  

3.2.4.3  Primary Detection ,  SDP  

Figure  3-8  shows how Primary Detection  works  when  a  PD  is  attached  to  an  SDP.  

 

Figure 3-8  – Primary Detection ,  SDP  

During  Primary Detection  the  PD  shal l  tu rn  on  VDP_SRC  and  IDM_SINK.  When  a  vol tage  of 

VDP_SRC i s  appl i ed  to  D+ ,  an  SDP  wi l l  conti nue  pu l l i ng  D-  l ow through  RDM_DWN .  

A PD  shal l  compare  the  vol tage  on  D-  wi th  VDAT_REF .  I f D-  i s  l ess  than  VDAT_REF ,  then  the  PD  
is  a l lowed  to  determ ine  that i t  i s  attached  to  an  SDP.  A PD  is  optional l y a l l owed  to  compare  
D-  wi th  VLGC  as  wel l ,  and  determ ine  that  i t  i s  attached  to  an  SDP i f D-  i s  greater than  VLGC .  
See  Section  3 . 2 . 4. 1  for more  detai ls .  

3.2.4.4  Primary Detection ,  ACA-Dock 

Figu re  3-9  shows  how Primary Detection  works  when  a  PD  that  supports  ACA Detection  i s  
attached  to  an  ACA-Dock.  
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Figure  3-9  – Primary Detection ,  ACA-Dock 

An  ACA-Dock i s  a  docking  s tation  that  has  one  upstream  port,  and  zero  or more  downstream  
ports.  The  upstream  port  can  be  attached  to  a  PD,  and  is  capable  of sourcing  ICDP  to  the  PD.  

When  an  ACA-Dock is  powered ,  bu t  noth ing  is  attached  to  i ts  upstream  port,  i t  i s  requ i red  to  
b ias  the  p ins  on  i ts  upstream  port as  fo l lows:  

•  VBUS  VCHG  

•  D+  VDP_UP  

•  D-  VDM_SRC  

•  I D  RI D_A  

•  GND  GND  

The  VBUS  pin  i s  at  VCHG  because  the  ACA-Dock i s  ready to  provide  power to  a  PD .  The  

ACA_Dock is  requ i red  to  pu l l  D+  to  VDP_UP  through  RDP_UP  because  the  VBUS pin  i s  g reater 
than  VOTG_SESS_VLD .  

IEC  

Copyright International  Electrotechnical  Commission  



 – 28  – I EC 62680-1 -1 : 201 5  © I EC 201 5  
© USB-IF  201 4  

An  ACA-Dock i s  requ i red  to  enable  VDM_SRC whenever D+/-  have  been  i nacti ve  (at  i d le  J  s tate)  
for a  time of TCP_VDM_EN .  An  ACA-Dock i s  requ i red  to  d isable  VDM_SRC wi th in  TCP_VDM_DIS  of 

any activi ty on  D+/-.  

An  ACA-Dock i s  requ i red  to  present an  impedance to  g round  on  I D  of R I D_A whenever i t  i s  
powered .  I t  i s  requ ired  to  present  an  impedance  to  ground  on  ID  of R I D_FLOAT when  i t  i s  not 
powered .  

When  a  PD  that supports  ACA detects  the  fol l owing  cond i ti ons,  i t  shal l  determ ine  that i t  i s  
attached  to  an  ACA-Dock:  

•  VBUS   >   VOTG_SESS_VLD  

•  D+  at  VLGC_HI  

•  VDAT_REF   <   D-   <   VLGC  

•  I D  at RI D_A  

Note  that a  PD  attached  to  an  ACA-Dock is  requ ired  to  compare  D-  wi th  VLGC .  I f a  PD  were  
attached  to  an  ACA that had  a  LS  peripheral  on  i ts  Accessory Port,  then  the  I D  p in  of the  PD  
wou ld  be  pu l led  to  g round  th rough  R I D_A,  and  the  D-  p in  wou ld  be  at VLGC_HI  i nstead  of 
VDM_SRC .  I n  order to  d is ti ngu ish  between  an  ACA wi th  a  LS  device  and  an  ACA-Dock,  the  PD  
is  requ ired  to  detect i f D-  i s  above or below VLGC .  

The  VDP_SRC in  the  PD  shal l  be  such  that D+  remains  at a  l og ic  h igh  wh i le  the  ACA-Dock is  

pu l l i ng  D+  to  VDP_UP  through  RDP_UP .  The  reason  for th is  i s  so  that the  ACA-Dock does  not 

detect acti vi ty on  D+ ,  wh ich  cou ld  cause  i t  to  turn  off i ts  VDM_SRC before  the  PD  completes  i ts  
Primary Detection .  

3.2.4.5  Primary Detection ,  M icro  ACA 

Figure  3-1 0  shows  how Primary Detection  works  when  a  PD  that supports  ACA Detection  i s  
attached  to  a  M icro  ACA.  
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Figure 3-1 0  – Primary Detection ,  ACA 

A PD  that supports  ACA Detection  i s  requ i red  to  mon i tor the  res istance  on  the  I D  pi n  
whenever VBUS  is  g reater than  VOTG_SESS_VLD .  I f the  ID  res istance  i s  R I D_B  or R I D_C ,  then  
the  PD  knows  that i t  i s  attached  to  an  ACA.  I f the  I D  res istance  is  RI D_A,  then  the  PD  cou ld  be  
attached  to  e i ther an  ACA wi th  a  B-device  on  i ts  Accessory Port,  or to  an  ACA-Dock.  

I n  order to  d is ti ngu ish  between  an  ACA wi th  an  B-device,  and  an  ACA-Dock,  the  PD  shal l  
compare  the  vol tage  on  D-  wi th  VDAT_REF  and  VLGC  to  detect what i t  i s  attached  to  as  fol l ows:  

•  D-   <   VDAT_REF  ACA wi th  FS  B-device  on  Accessory Port  

•  VDAT_REF   <   D-   <   VLGC  ACA-Dock 

•  VLGC   <   D-  ACA wi th  LS  B-device  on  Accessory Port  

The  PD  shal l  do  the  above detection  on  D-  after attach ,  and  before  connect,  as  shown  i n  the  
Good  Battery Algori thm .  

After doing  Primary Detection ,  a  PD  that supports  ACA Detection  shal l  con tinue  to  mon i tor the  
ID  l i ne.  I f th is  res istance  changes,  the  PD  shal l  respond  accord ing  to  the  state  mach ine  
defined  i n  Section  6. 2. 7 .  
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An  ACA is  requ ired  to  do  a  form  of Primary Detection  over the  DP_CHG  and  DN_CHG  l ines  to  
detect i f a  Charg ing  Port  i s  attached  to  the  ACA Charger Port.  Th is  detection  is  done  wi th  the  
l ines  h i gh l i ghted  in  yel l ow,  and  is  described  i n  Section  6 . 2 . 6 .  

3.2.5  Secondary Detection  

Secondary Detection  can  be  used  to  d is ti ngu ish  between  a  DCP and  a  CDP.  PDs  that are  not 
ready to  be  enumerated  wi th in  TSVLD_CON_PWD of detecti ng  VBUS are  requ i red  to  implement 
Secondary Detection .  PDs  that are  ready to  be  enumerated  are  a l l owed  to  bypass  Secondary 
Detection .  See  Section  3 . 3 . 2  on  Good  Battery Algori thm .  

3.2.5. 1  Secondary Detection ,  DCP  

Figure  3-1 1  shows  how Secondary Detection  works  when  a  PD  i s  attached  to  a  DCP.  

 

Figure 3-1 1  – Secondary Detection ,  DCP  
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During  Secondary Detection ,  a  PD  shal l  ou tpu t VDM_SRC on  D-,  tu rn  on  IDP_SINK,  and  compare  

the  vol tage  on  D+  to  VDAT_REF .  S i nce  a  DCP is  requ i red  to  short D+  to  D-  through  a  

res istance  of RDCP_DAT,  the  vol tage  on  D+  wi l l  be  close  to  VDM_SRC ,  wh ich  i s  above  VDAT_REF .  

I f a  PD  detects  that D+  i s  g reater than  VDAT_REF ,  i t  knows  that i t  i s  attached  to  a  DCP.  I t  i s  

then  requ i red  to  enable  VDP_SRC or pu l l  D+  to  VDP_UP  through  RDP_UP ,  as  defi ned  i n  the  Good  
Battery Algori thm  i n  Section  3. 3. 2 .  

A PD  is  not requ ired  to  compare  D+  to  VLGC  d uring  Secondary Detection .  

3.2.5.2  Secondary Detection ,  CDP  

Figu re  3-1 2  shows  how Secondary Detection  works  when  a  PD  is  attached  to  a  CDP.  

 

Figure  3-1 2  – Secondary Detection ,  CDP  
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During  Secondary Detection ,  a  PD  shal l  ou tpu t VDM_SRC on  D-,  tu rn  on  IDP_SINK,  and  compare  

the  vol tage  on  D+  to  VDAT_REF .  S i nce  a  CDP does  not short D+  to  D-,  the  vol tage  on  D+  wi l l  
be  close  to  ground ,  wh ich  is  below VDAT_REF .  

I f a  PD  detects  that D+  i s  l ess  than  VDAT_REF ,  i t  knows  that i t  i s  attached  to  a  CDP.  I t  i s  then  
requ ired  to  tu rn  off VDP_SRC and  VDM_SRC ,  as  shown  i n  the  Good  Battery Algori thm  i n  Section  
3 . 3. 2 ,  and  is  a l l owed  to  d raw IDEV_CHG .  

A PD  is  not requ ired  to  compare  D+  to  VLGC  d uring  Secondary Detection .  

3.2.6  ACA Detection  

ACA Detection  a l l ows  a  PD  to  detect when  i t i s  a ttached  to  an  ACA,  and  to  detect what type  of 
device  i s  attached  to  the  ACA Accessory Port.  See  Section  6  for a  description  of the  ACA.  

A PD  is  not  requ i red  to  support  ACA Detection .  On l y PDs  that have  a  M icro-AB  receptacle  can  
support ACA Detection ,  s ince  the  ACA OTG  Port has  a  captive  cable  term inating  i n  a  M icro-A 
p lug .  

PDs  that  support ACA Detection  are  requ i red  to  implement the  Good  Battery Algori thm  
defined  i n  Section  3. 3. 2 .  

F i gu re  3-1 3  shows  how ACA Detection  works  when  a  PD  is  a ttached  to  a  M icro  ACA.  
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Figure 3-1 3  – ACA Detection  

A PD  detects  the  presence  of an  ACA by sensing  the  resistance  on  the  ID  p in .  There  are  fi ve  
d i fferent res istance  va lues  that sha l l  be  detected  during  ACA Detection ,  namely:  R I D_GND ,  
RI D_C ,  R I D_B ,  R I D_A  and  R I D_FLOAT .  PDs  that support ACA Detection  shal l  mon i tor the  I D  
res istance  during  the  en ti re  time that VBUS  is  asserted ,  and  respond  accord ing  to  the  PD  
State  Mach ine  i n  Section  6 . 2 . 7.  

Note:  I t  i s  important  that  des igners  take  in to  account the  fol l owing  factors  when  des ign ing  
ci rcu i try to  d isti ngu ish  these  I D  p i n  res istance  va lues:  

•  The resistance has to  be  correctly detected in  the presence of a  voltage drop in  the ACA 
cable  ground resulting from IDEV_CHG flowing through ROTG_ACA_GND,  causing the 
ACA  ground to be lower than  the OTG ground.  

•  The resistance has to  be  correctly detected in  the presence of a  voltage drop in  the  ACA 
cable ground resulting from ICFG_MAX flowing through ROTG_ACA_GND causing the 
ACA  ground to be higher than the OTG ground.  

•  Leakage currents (Table 5-3,  Note 2)  should be considered and their effects also taken 
into account.  
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3.3  Charger Detection  Algori thms  

3.3. 1  Weak Battery Algori thm  

Figure  3-1 4  shows  an  example  charger detection  a l gori thm  for a  PD  wi th  a  Weak Battery.  
Other a l gori thms  are  a l l owed ,  provid ing  they comply wi th  the  DBP.  

 

Figure 3-1 4 – Weak Battery Algori thm  

A PD  is  requ ired  to  have  i n ternal  vo l tage  thresholds  that l i e  wi th in  VOTG_SESS_VLD ,  VDAT_REF  

and  VLGC .  I n  the  above  a l gori thm ,  a  PD  compares  VBUS,  D+  and  D-  wi th  i ts  i n ternal  

thresholds.  I t  does  not  compare  VBUS,  D+  and  D-  wi th  the  m in  or max va lue  of 
VOTG_SESS_VLD ,  VDAT_REF  or VLGC .  
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I n  the  above  example,  a  PD  wi th  a  Weak Battery detects  VBUS greater than  VOTG_SESS_VLD ,  

and  appl i es  a  vol tage  of VDP_SRC  on  the  D+  p i n .  I f the  vol tage  on  D-  i s  greater than  i ts  
VDAT_REF ,  or i f the  ID  p i n  i s  not  fl oati ng ,  the  PD  is  a l l owed  to  d raw IDEV_CHG .  E lse  the  PD  is  
a l l owed  to  d raw IUNIT .  

The  VLGC  term  shown  i n  magenta  cou ld  be  added  to  prevent a  PD  from  charg ing  from  PS2  
ports  and  some proprietary chargers.   

3.3.2  Good  Battery Algori thm  

Figure  3-1 5  shows  the  charger detection  a lgori thm  that a  PD  wi th  a  Good  Battery i s  requ i red  
to  implement.  I t  may a l so  be  used  by a  PD  wi th  a  Weak Battery,  subj ect to  meeting  the  
requ irements  of the  Dead  Battery Provis ion .  

Thus  a  PD,  having  reached  the  bottom  of the  flow chart  may i n  a l l  cases,  wi th  the  exception  of 
the  DCP/CDP exi t,  de lay for up  to  TSVLD_CON_WKB  before  connecting  or appl ying  a  bus  reset  
as  appropriate.  

 

Figure 3-1 5  – Good  Battery Algori thm  
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A PD  shal l  implement the  Good  Battery Algori thm  when  attached  to  an  SDP  or Charg ing  Port.  
A PD  i s  a l l owed  to  i nclude  add i tional  branches  for detecting  devices  or ports  other than  an  

SDP  or Charg ing  Port.  Any such  branches  shal l  not cause  add i ti onal  acti vi ty on  D+/-  and /or I D  
that wou ld  i n terfere  or be  confused  wi th  the  next expected  event when  the  PD  is  attached  to  
an  SDP or Charg ing  Port.   Branches  are  a lso  a l l owed  after any final  s tep  in  detection ,  and  

these  branches  may i nclude  add i tional  activi ty on  D+/-  and/or I D,  except that when  a  PD  is  

attached  to  a  DCP,  i t  sha l l  main ta in  D+  g reater than  VDAT_REF  wh i le  VBUS  i s  asserted .  

Upon  detecti ng  VBUS greater than  i ts  VOTG_SESS_VLD  threshold ,  a  PD  shal l  start a  timer wi th  
a  t imeou t value  of TDCD_TIMEOUT.  A PD  that supports  DCD  is  a l l owed  to  enable  i ts  IDP_SRC  

and  mon i tor for D+  be ing  at  VLGC_LOW for TDCD_DBNC .  A PD  that supports  ACA Detection  is  

a l l owed  to  mon i tor for I D  not  fl oating  for TDCD_DBNC .  I f the  DCD timer expi res  before  the  D+  or 
I D  cond i tions  are  detected ,  the  PD  shal l  proceed  to  Primary Detection .  

I f a  PD  detects  that ID  i s  not  fl oating  for a  time  of TDCD_DBNC ,  then  i t  i s  a l l owed  to  proceed  
d i rectl y to  one  of the  ACA states,  wi thout  having  to  do  Primary Detection  and  wi thout having  
to  assert VDP_SRC .  

During  Primary Detection ,  a  PD  shal l  enable  VDP_SRC ,  and  compare  D-  wi th  VDAT_REF .  A PD  
may optional l y compare  D-  wi th  VLGC  to  avoid  damaging  a  PS2  port.  See  Section  3. 2 . 4 . 1 .  A 
PD  that supports  ACA Detection  is  requ i red  to  detect  the  res istance  on  the  ID  l i ne.  

I f a  PD  Detects  that i t  i s  attached  to  e i ther a  DCP or CDP during  Primary Detection ,  and  i t  i s  
ready to  be  enumerated ,  then  i t  i s  a l l owed  to  take  the  branch  where  i t  connects.  I f a  PD  i s  not 
ready to  be  enumerated ,  then  i t  i s  requ ired  to  do  Secondary Detection .  

During  Secondary Detection ,  the  PD  sha l l  d isable  VDP_SRC ,  enable  VDM_SRC  and  compare  D+  

wi th  VDAT_REF .  I f D+  i s  g reater than  VDAT_REF ,  then  the  PD  i s  attached  to  a  DCP.  The  PD  

shal l  d isable  VDM_SRC ,  and  ei ther enable  VDP_SRC  or pu l l  D+  to  VDP_UP  th rough  RDP_UP .  

I f D+  i s  l ess  than  VDAT_REF ,  then  the  PD  i s  attached  to  a  CDP.  The  PD  shal l  d isable  VDM_SRC ,  

and  l eave  both  D+  and  D-  l ow un ti l  i t  i s  ready to  connect  and  be  enumerated .  

A PD  that i s  attached  to  a  DCP shal l  e i ther enable  VDP_SRC  or pu l l  D+  h igh  wi th in  
TSVLD_CON_PWD of attach .  

A PD  that  supports  ACA Detection  is  requ i red  to  mon i tor the  res istance  on  the  I D  l ine .  I f a  
res istance  of RI D_A i s  detected ,  then  the  PD  shal l  compare  D-  wi th  both  VDAT_REF  and  VLGC ,  
to  determ ine  i f i t  i s  attached  to  an  ACA-Dock or an  ACA-A.  See  Section  3. 2. 4. 4  for more  
detai ls .  

3.4  Charger Detection  Timing  

3.4. 1  Data Contact Detect  Timing  

To i n i tiate  Data  Contact Detect,  the  PD  shal l  enable  IDP_SRC  and  e i ther IDM_SINK  or RDM_DWN .  

When  the  PD  detects  that  the  D+  l i ne  has  been  l ow for a  t ime of TDCD_DBNC ,  then  the  PD  
knows that the  data  p i ns  have  made  con tact.  

F i gure  3-1 6  shows the  tim ing  associated  wi th  Data  Contact Detect (DCD)  when  p ins  make 
con tact  after DCD starts .  
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Figure 3-1 6  – DCD  Tim ing ,  Contact After Start  

Figure  3-1 7  shows  the  tim ing  associated  wi th  Data  Contact Detect when  pins  have  made  
con tact before  DCD starts.  

 

Figure 3-1 7  – DCD  Timing,  Contact Before  Start  

Figu re  3-1 8  shows the  tim ing  associated  wi th  Data  Contact Detect when  con tact i s  not  
detected .   

IEC  
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Figure 3-1 8  – DCD  Timing,  No  Contact  

3.4.2  Detection  Tim ing ,  CDP  

Figure  3-1 9  shows  the  tim ing  associated  wi th  Primary and  Secondary Detection  when  a  PD  i s  

attached  to  a  CDP,  for the  case  where  the  CDP compares  D+  to  VDAT_REF  and  VLGC ,  and  
enables  VDM_SRC accord ing l y.  A CDP is  a lso  a l l owed  to  leave  VDM_SRC  enabled  wh i l e  a  
remote  device  is  not connected .  See  Section  3 . 2. 4. 2  for more  deta i l s .  

IEC  
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Figure 3-1 9  – Detection  Timing ,  CDP  

NOTE  1 )  The  tim ing  for a  LS  PD  i s  the  same  as  shown  above,  except  that  a  LS  PD  wi l l  pu l l  D-  h i gh ,  i nstead  of D+ .  

Figure  3-1 9  shows  the  Primary and  Secondary Detection  tim ing  for a  PD  attached  to  a  CDP.  
During  Primary Detection ,  the  PD  tu rns  on  VDP_SRC  and  IDM_SINK.  The  CDP is  requ i red  to  

have  VDM_SRC  on  D-  wi th in  a  t ime of TVDMSRC_EN  from  when  D+  i s  above VDAT_REF .  After a  
time  of TVDPSRC_ON ,  the  PD  is  a l l owed  to  check the  status  of the  D-  l i ne.  I f D-  i s  above  
VDAT_REF  (and  optional l y below VLGC ,  see  Section  3. 2 . 4 . 1 )  then  the  PD  is  attached  to  a  
Charg ing  Port,  and  is  a l lowed  to  d raw IDEV_CHG .  

I n  order to  do  Secondary Detection ,  the  PD  is  requ i red  to  d isable  VDP_SRC  and  IDM_SNK ,  and  
enable  VDM_SRC  and  IDP_SINK.  After a  time of TVDMSRC_ON ,  the  PD  i s  a l l owed  to  check the  

status  of the  D+  l i ne.  S ince  a  CDP does  not source  a  vol tage  on  D+ ,  D+  i s  be low VDAT_REF  
and  the  PD  is  attached  to  a  CDP.  

IEC  
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I f the  PD  was  powered  up  at the  time  VBUS  was  detected ,  then  i t  shal l  connect wi th in  a  time 
of TSVLD_CON_PWD .  The  CDP shal l  d isable  IDP_SINK  wi th in  TCON_IDPSNK_DIS  of detecting  the  
connect.  

3.5  Ground  Current and  Noise Margins  

As  shown  i n  F igure  7-47  of the  USB  2 . 0  speci fication ,  a  curren t  of 1 00  mA through  the  ground  
wire  of a  USB  cable  can  resu l t  i n  a  vol tage  d i fference  of 25  mV between  the  host ground  and  
the  device  ground .  Th is  ground  d i fference  has  the  effect of reducing  noise  marg ins  for both  
s ignal ing  and  charger detection .  

The  maximum  curren t  that a  PD  i s  a l l owed  to  d raw from  a  CDP is  IDEV_CHG .  A PD  that d raws  
more  than  ICFG_MAX  from  a  CDP is  requ ired  to  support LS,  FS,  HS  and  ch i rp  s ignal ing  when  
the  l ocal  ground  i s  VGND_OFFSET  max h igher than  the  remote  ground .  A host port  that g ran ts  
the  CDP handshake  is  requ i red  to  support  LS,  FS,  HS  and  ch i rp  s ignal i ng  when  the  l ocal  
ground  i s  VGND_OFFSET  max lower than  the  remote  ground .   

When  the  ground  offset i s  VGND_OFFSET  max,  the  PD  and  CDP are  requ ired  to  have  a  g reater 
common  mode range  than  what i s  ca l led  ou t  i n  USB  2 . 0 .  

4 Charging  Port and  Portable  Device Requirements  

This  section  describes  the  requ irements  for the  fol l owing :  

•  Charg ing  Downstream  Port  (CDP)  

•  ACA-Dock 

•  Ded icated  Charg ing  Port  (DCP)  

•  Accessory Charger Adapter (ACA)  

•  Portable  Device  (PD)  

4.1  Charg ing  Port Requ irements  

The fo l l owing  requ irements  appl y to  a l l  types  of Charg ing  Ports ,  i ncl ud ing  CDP,  ACA-Dock,  
DCP and  ACA.  

4.1 . 1  Overshoot 

The ou tpu t vol tage  of a  Charg ing  Port sha l l  not exceed  VCHG_OVRSHT for any s tep  change  in  
l oad  current,  nor when  the  Charg ing  Port i s  powered  on  or off.  

4.1 .2  Maximum Current  

The ou tpu t current of a  Charg ing  Port shal l  not exceed  ICDP  max under any cond i tion .  

4. 1 .3  Detection  Renegotiation  

A downstream  port i s  a l l owed  to  act  as  an  SDP,  CDP or DCP,  and  to  change between  these  
ro les .  I n  order to  force  an  attached  PD  to  repeat the  charg ing  detection  procedure,  a  
downstream  port i s  requ i red  to:  

•  s top  dri ving  VBUS  

•  a l l ow VBUS  to  d rop  to  l ess  than  VBUS_LKG  

•  wai t for a  time  of TVBUS_REAPP  

•  s tart d riving  VBUS  
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4. 1 .4  Shutdown  Operation  

I f the  curren t d rawn  by a  PD  causes  a  Charg ing  Port to  go  ou ts ide  of i ts  Requ ired  Operating  
Range,  then  the  Charg ing  Port  i s  a l l owed  to  shu t down .  Al l  types  of shu t down  are  al l owed  
ou ts ide  the  Requ i red  Operating  Range  of a  Charg ing  Port,  i ncl ud ing :  

•  Turn ing  off VBUS  

•  Constant current  l im i ting  

•  Foldback current  l im i ti ng  

4.1 .5  Fai lure  Vol tage  

The  ou tput vol tage  of a  Charg ing  Port shal l  remain  wi th in  VCHG_FAIL  for any s ing le  poin t  
fa i l u re  i n  the  Charg ing  Port.  

4. 1 .6  Mu l tiple  Ports  

For a  device  wi th  mu l tip le  Charg ing  Ports ,  each  Charg ing  Port shal l  s tay wi th in  i ts  Requ i red  
Operating  Range  regard less  of the  operation  of the  other Charg ing  Ports.  

4.2  Charg ing  Downstream  Port  

The fol lowing  requ i rements  apply to  a  CDP.  

4.2. 1  Requi red  Operating  Range  

A CDP shal l  ou tpu t a  vol tage  of VCHG  for a l l  curren ts  l ess  than  ICDP  m in .  The  vol tage  on  
VBUS is  averaged  over a  time  of TVBUS_AVG .  For l oad  curren ts  g reater than  ICDP  m in ,  a  CDP 
is  a l lowed  to  shut  down .  Once  i n  shu tdown ,  the  requ i rements  i n  Section  4 . 1 . 4  apply.  

F i gure  4-1  shows  several  example  load  curves  for a  CDP.  Load  curves  are  requ ired  to  cross  
the  l i ne  at ICDP  m in  wi th in  a  vol tage  range  of VCHG .  Load  curves  that cross  the  l ine  at VCHG  
m in  for currents  less  than  ICDP  m in  are  not a l lowed .  
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Figure 4-1  – CDP  Requ ired  Operating  Range  

4.2.2  Shutdown  Operation  

I f a  CDP goes  i n to  shutdown  during  a  curren t overload  cond i ti on ,  i t  shal l  recover and  output  a  
vo l tage  of VCHG  wi th in  a  time  of TSHTDWN_REC  when  the  curren t  overload  cond i tion  has  been  
removed .  

4.2.3  Undershoot 

The outpu t  vol tage  of a  CDP shal l  be  wi th in  VCHG_UNDSHT for any s tep  change i n  l oad  
curren ts  that are  less  than  ICDP  m in .  

4.2.4  Detection  Signal ing  

A CDP is  requ ired  to  behave  i n  e i ther one  of two  ways  when  a  remote  device  is  not connected  
to  i t.  The  fi rst  way that a  CDP is  a l l owed  to  behave i s  to  enable  VDM_SRC  wi th in  TCP_VDM_EN  
of a  d isconnect,  and  then  d isable  VDM_SRC wi th in  TCP_VDM_DIS  of a  connect.  When  us ing  th is  

option ,  a  CDP is  not requ i red  to  enable  IDP_SINK,  or to  compare  D+  to  VDAT_REF .  

The  second  way a  CDP is  a l l owed  to  behave is  to  compare  D+  wi th  VDAT_REF  and  VLGC .  

When  D+  i s  g reater than  VDAT_REF  and  l ess  than  VLGC ,  the  CDP shal l  enable  VDM_SRC .  When  

D+  i s  less  than  VDAT_REF  or greater than  VLGC ,  the  CDP shal l  d isable  VDM_SRC .  See  Section  
3. 4. 2  for tim ing .  
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4.2.5  Connector 

A CDP shal l  have  a  Standard -A receptacle .  

4.3  ACA-Dock 

The fol l owing  requ irements  appl y to  the  upstream  port of an  ACA-Dock.  

4.3. 1  Requi red  Operating  Range  

An  ACA-Dock shal l  have  the  same Requ i red  Operating  Range  as  a  CDP.  

4.3.2  Undershoot 

An  ACA-Dock shal l  comply wi th  the  same undershoot requ irements  as  a  CDP.  

4.3.3  Detection  Signal ing  

When  a  PD  i s  attached  to  an  ACA-Dock,  the  PD  acts  as  host  wh i le  d rawing  curren t from  
VBUS.  Th is  i s  s im i lar to  the  case  where  a  PD  is  attached  to  an  ACA wi th  a  peripheral  on  the  
Accessory Port.   

To  i n form  the  PD  that i t  shou ld  act as  host  and  draw curren t,  both  the  ACA-Dock and  the  ACA 
are  requ ired  to  pu l l  the  I D  p in  to  ground  through  a  res istance  of R I D_A.  

An  ACA-Dock is  requ i red  to  provide  ICDP  to  the  PD,  whereas  an  ACA is  requ ired  to  provide  
IDCP ,  and  th is  must be  shared  between  the  PD  and  whatever is  on  the  Accessory Port.  To  
i n form  the  PD  that  i t  i s  attached  to  an  ACA-Dock as  opposed  to  an  ACA,  the  ACA-Dock shal l  
ou tpu t a  vol tage  of VDM_SRC  on  D-  as  fol l ows:  

•  ACA-Dock shal l  start  ou tpu tti ng  VDM_SRC  i f D+/-  are  at  id l e  J  for a  t ime of TCP_VDM_EN   

•  ACA-Dock shal l  stop  ou tpu tting  VDM_SRC wi th in  TCP_VDM_DIS  of any USB  acti vi ty on  D+/-  

4.3.4  Connector  

An  ACA-Dock shal l  have  a  M icro-A p l ug  that can  be  mated  to  the  M icro-AB  receptacle  of a  PD.  

4.4  Ded icated  Charg ing  Port 

The  fo l l owing  requ i rements  appl y to  a  DCP.  

4.4. 1  Requi red  Operating  Range  

A DCP shal l  ou tpu t a  vo l tage  of VCHG  for a l l  curren ts  l ess  than  IDCP  m in .  The  vol tage  on  
VBUS  is  averaged  over a  time  of TVBUS_AVG .  

A DCP shal l  not shut down  i f the  l oad  cu rren t i s  l ess  than  IDEV_CHG  and  the  load  vol tage  is  
greater than  VDCP_SHTDOWN .  A DCP is  a l l owed  to  shu t down  for l oad  cu rrents  greater than  
IDEV_CHG  max,  or for l oad  vol tages  less  than  VDCP_SHTDWN .  Once  in  shutdown,  the  
requ i rements  i n  Section  4 . 1 . 4  appl y.  

F i gu re  4-2  shows  several  example  load  curves.  DCP load  curves  are  requ i red  to  cross  the  
constan t curren t l i ne  at IDEV_CHG  max,  or the  constant  vol tage  l i ne  at VDCP_SHTDWN .  A DCP is  
not a l lowed  to  shut  down  i n  the  Requ i red  Operating  Range.  
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Figure 4-2  – DCP  Requ ired  Operating  Range  

4.4.2  Undershoot 

For step  changes  in  l oad  curren t from  IDCP_LOW to  IDCP_MID ,  or from  IDCP_MID  to  IDCP_HI ,  the  
undershoot vol tage  of a  DCP shal l  be  VCHG_UNDSHT.  DCPs  are  requ i red  to  meet th is  
requ i rement for l oad  s teps  from  m id  to  h i  that occur TDCP_LD_STP  after the  trans i ti on  from  l ow 
to  m id .  The  duration  of the  undershoot sha l l  be  TDCP_UNDSHT .  

For s tep  changes  i n  l oad  cu rrent from  IDCP_LOW  to  IDCP_HI ,  the  ou tpu t vol tage  of a  DCP is  
a l l owed  to  d rop  to  the  load  vol tage  of the  attached  PD  for a  t ime of TDCP_UNDSHT.  After th is  
time,  the  ou tpu t vol tage  of a  DCP shal l  be  at  VCHG  for l oad  currents  less  than  IDCP  m in .  

4.4.3  Detection  Signal ing  

A DCP shal l  have  an  impedance  between  D+  and  D-  of RDCP_DAT .  

The  l eakage  curren t on  the  D+/-  p ins  of a  DCP shal l  be  l ess  than  or equal  to  the  leakage  
curren t that  wou ld  occur from  two res istances  of RDAT_LKG  t i ed  to  a  vol tage  of VDAT_LKG .  See  
F igu re  3-6.  

The  capaci tance  between  the  D+/-  p ins  and  ground  of a  DCP shal l  be  CDCP_PWR.  

4.4.4  Connector 

A DCP shal l  have  a  Standard-A receptacle,  or a  captive  cable  term inated  wi th  a  M icro-B  p lug .  
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4.5  Accessory Charger Adapter 

The fol lowing  requ i rements  apply to  an  ACA wi th  a  DCP or CDP on  i ts  Charger Port.  

4.5. 1  Requi red  Operating  Range  

The Requ i red  Operating  Range  for the  OTG  Port of an  ACA is  affected  by the  fo l lowing  
factors :  

•  Device  on  Charger Port  (DCP or CDP)  

•  Current d rawn  from  Accessory Port  

•  RACA_CHG_OTG  

•  VACA_OPR  

The  curren t  avai lable  on  the  OTG  Port i s  determ ined  by how much  curren t i s  suppl ied  to  the  
Charger Port,  and  how much  curren t i s  being  d rawn  from  the  Accessory Port.  The  vol tage  
avai l able  on  the  OTG  Port i s  determ ined  by the  vol tage  at  the  Charger Port,  the  current being  
d rawn  from  the  OTG  and  Accessory Ports ,  and  RACA_CHG_OTG .  ACA operation  is  on l y 
requ i red  i f for Charger Port  vo l tages  i n  the  range  of VACA_OPR.  

4.5.2  Undershoot 

An  ACA wi th  a  DCP or CDP on  i ts  Charger Port  shal l  comply wi th  the  same undershoot 
requ i rements  as  a  DCP.  

4.5.3  Detection  Signal ing  

An  ACA shal l  pu l l  the  ID  p in  of the  OTG  port to  g round  through  one  of the  fol lowing  
res istances,  as  speci fied  i n  Section  6 :  

•  R I D_GND ,  R I D_C ,  R I D_B ,  R I D_A,  R I D_FLOAT  

An  ACA shal l  connect  the  data  p ins  of the  OTG  Port  d i rectl y to  the  data  p ins  of the  Accessory 
Port.  

4.5.4  Connector 

An  ACA shal l  have  a  captive  cable  term inated  wi th  a  M icro-A p lug  on  i ts  OTG  Port.  

4.6  Portable  Device  

The fol l owing  requ irements  appl y to  a  PD.  

4.6. 1  Al lowed  Operating  Range  

A PD  shal l  not d raw more  than  IDEV_CHG  max from  a  Charg ing  Port.  A PD  shal l  not  pu l l  the  
ou tpu t vol tage  of a  Charg ing  Port below VDCP_SHTDWN  max.  F i gure  4-3  shows  the  Al lowed  
Operating  Range for a  PD.  
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Figure 4-3  – Portable  Device  Al lowed  Operating  Range  

NOTE  1 )  As  per USB  2 . 0  section  7 . 2 . 2 ,  the  vol tage  on  VBUS  can  d rop  from  4. 75  V at  the  upstream  port  down  to  
4 . 5  V at  the  downstream  port,  due  to  res i sti ve  l osses  i n  the  cable  and  connectors.  

4.6.2  Detection  Signal ing  

Al l  PDs  shal l  implement the  fol lowing  detection  features:  

•  DCD  timer (TDCD_TIMEOUT)  

•  Primary Detection  

– To  detect  between  DCP,  CDP and  SDP  

– Compare  D-  to  VDAT_REF  during  Primary Detection  

PDs  are  al l owed ,  bu t not requ ired ,  to  implement the  fol l owing  detection  features:  

•  DCD,  us ing  IDP_SRC  

•  Compare  D-  to  VLGC  d uri ng  Primary Detection  

•  Secondary Detection  

•  ACA Detection  

4.6.3  Detection  Renegotiation  

To restart  the  charger detection  procedure,  a  downstream  port  i s  a l lowed  to  remove  and  then  
re-assert  power on  VBUS.  See  Section  4 . 1 . 3.  I n  order to  detect th is  d rop  i n  VBUS,  a  PD  shal l  
d ischarge  VBUS  to  l ess  than  VBUS_LKG  wi th in  TVLD_VLKG  whenever VBUS  i s  removed .  
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A PD  is  a l l owed  to  d isconnect and  repeat the  charger detection  process  mu l tip le  times  wh i l e  
attached .  The  PD  is  requ ired  to  wai t  for a  time of at  l east TCP_VDM_EN  max between  
d isconnecting  and  restarti ng  the  charger detection  process.  

4.6.4  Connector 

A PD  that mates  wi th  an  ACA-Dock or ACA shal l  have  a  M icro-AB  receptacle.  

5 Parameter Values  

This  section  l i sts  the  values  of parameters  defined  i n  th is  speci fication .  

Table  5-1  – Vol tages  

Parameter Symbol  Condi tions  M in  Max Un i ts  Ref 

ACA operati ng  vol tage  VACA_OPR  4 . 1  6 . 0  V 6 . 2 . 6  

VBUS  Leakage   Vol tage  VBUS_LKG    0 . 7  V 4 . 1 . 3  

Charg i ng  Port  Ou tpu t Vol tage  VCHG   4 . 75  5. 25  V 4  

Charg i ng  Port  Fai l u re  Vol tage  VCHG_FAIL   -0 . 3  9 . 0  V 4 . 1 . 5  

Charg i ng  Port  Overshoot Vol tage  VCHG_OVRSHT   6 . 0  V 4 . 1 . 1  

Charg i ng  Port  Undershoot Vol tage  VCHG_UNDSHT  4 . 1   V  4 . 2 . 2  

Data  L i ne  Leakage  Vol tage  VDAT_LKG   0  3 . 6  V 3 . 2 . 3  

Data  Detect Vol tage  VDAT_REF   0 . 25  0 . 4  V 3 . 2  

Data  S ink Vol tage  VDAT_SINK   0 . 1 5  V 3. 4. 2  

DCP  Shut  Down  Vol tage  VDCP_SHTDWN    2 . 0  V 4 . 4. 1  

D-  Sou rce  Vol tage  VDM_SRC 1 )  0 . 5  0 . 7  V 3 . 2  

D+  Source  Vol tage  VDP_SRC 2)  0 . 5  0 . 7  V 3 . 2  

D+  pu l l -up  Vol tage  VDP_UP   3 . 0  3 . 6  V 3 . 2 . 4. 4  

Ground  offset  vol tage  between  
Host and  PD  

VGND_OFFSET   375  mV 3 . 5  

Log ic Th reshold  VLGC  0 . 8  2 . 0  V 3 . 2 . 3  

Log ic H igh  VLGC_HI   2 . 0  3 . 6  V 3 . 2 . 3  

Log ic Low VLGC_LOW  0  0 . 8  V 3 . 2 . 3  

OTG  Session  Val i d  Vol tage  VOTG_SESS_VLD   0 . 8  4 . 0  V 3 . 1  

Notes  

1 )  VDM_SRC shal l  be  able  to  source  at  l east  250  µA when  D-  i s  between  0 . 5V and  0 . 7V.  VDM_SRC shal l  not  

pu l l  D -  below 2 . 2  V when  D-  i s  pu l l ed  to  VDP_UP  through  RDP_UP.  

2)  VDP_SRC shal l  be  abl e  to  sou rce  at  l east  250  µA when  D+  i s  between  0. 5V and  0 . 7V.  VDP_SRC shal l  n ot  

pu l l  D+  bel ow 2 . 2V when  D+  i s  pu l l ed  to  VDP_UP  th rough  RDP_UP.  
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Table  5-2  – Currents  

Parameter Symbol  Condi tions  M in  Max Un i ts  Ref 

Charg i ng  Downstream  Port  Rated  
Current  

ICDP  1 )  1 . 5  5 . 0  A 4 . 2  

Maximum  Configu red  Cu rren t 
when  connected  to  a  SDP  

ICFG_MAX 2)   500  mA 2 . 1  

Ded icated  Charg i ng  Port  Rated  
Current  

IDCP  1 )  0 . 5  5 . 0  A 4 . 4 . 1  

DCP  current,  l ow range  IDCP_LOW   30  mA 4 . 4 . 2  

DCP  current,  m idd le  range  IDCP_MID   30  1 00  mA 4 . 4 . 2  

DCP  current,  h i gh  range  IDCP_HI   1 00   mA 4 . 4 . 2  

Al l owed  PD  Current  Draw from  
Charg i ng  Port   

IDEV_CHG    1 . 5  A 4 . 6  

D-  S ink Curren t IDM_SINK 3)  25  1 75  µA 3. 2  

D+  S i nk Cu rrent  IDP_SINK 3)  25  1 75  µA 3. 2  

Data  Contact Detect  Cu rren t 
Source  

IDP_SRC  7  1 3  uA 3 . 2 . 3  

Leakage  cu rrent  on  I D_OTG  pi n  
from  con tam ination  

I I D_LKG_CONT  -1  1  µA 6. 2 . 6  

Suspend  curren t  ISUSP 
Averaged  over 
1 sec 

 2 . 5  mA 2 . 1  

Un i t  l oad  cu rren t  IUNIT  4)   1 00  mA 2 . 1  

Notes  

1 )  The  maximum  current  i s  for safety reasons,  as  per USB  2 . 0  section  7 . 2 . 1 . 2 . 1 .  

2)  I f a  PD  i s  attached  to  a  SuperSpeed  port,  then  ICFG_MAX i s  900mA.  

3)  For sou rce  curren ts  l ess  than  IDP_SINK m in ,  the  D+  cu rren t s i nk i s  requ i red  to  pu l l  the  D+  vol tage  to  

VDAT_SINK.  For D+  vol tages  l ess  than  VLGC max,  the  D+  cu rren t s i nk shal l  n ot  s i nk more  than  IDP_SINK 
max.  The  same requ i rements  appl y to  IDM_SINK and  D-.  

4)  I UN I T i s  averaged  over 250  ms.  I f a  PD  i s  attached  to  a  SuperSpeed  port,  the  I UN IT  i s  1 50  mA.  
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Table  5-3  – Resistances  

Parameter Symbol  Cond i tions  M in  Max Un i ts  Ref 

Charger to  Accessory port  RACA_CHG_ACC 1 )   400  mΩ  6 . 2 . 6  

OTG  to  Accessory port  RACA_OTG_ACC 1 )   200  mΩ  6 . 2 . 6  

OTG  to  Accessory port  (ADP-pass)  RADP_OTG_ACC 5)   25  Ω  6 . 2 . 6  

Charger to  OTG  port  RACA_CHG_OTG  1 )   200  mΩ  6 . 2 . 6  

Data  l i ne  l eakage  res i stance  RDAT_LKG   300   kΩ  4 . 4 . 3  

Ded icated  Charg i ng  Port  res i stance  

across  D+/-  
RDCP_DAT   200  Ω  4 . 4 . 3  

D-  Pu l l -down  res i stance  RDM_DWN   1 4 . 25  24. 8  kΩ  3 . 2  

D+  Pu l l -down  res i stance  RDP_DWN   1 4 . 25  24. 8  kΩ  3 . 2  

D+  Pu l l -up  res i stance  RDP_UP  1 ),  2 ) ,  4)  900  1 575  Ω  3 . 2 . 4 . 4  

ACA ID  pu l l -down,  OTG  device  as  A-
device  

R I D_A 1 ) ,  2 ) ,  4 )  1 22  1 26  kΩ  6 . 2 . 4  

ACA ID  pu l l -down,  OTG  device  as  B-
device,  can ’ t  connect  

R I D_B  1 ) ,  2 ) ,  4 )  67  69  kΩ  6 . 2 . 4  

ACA ID  pu l l -down,  OTG  device  as  B-
device,  can  connect  

R I D_C  1 ) ,  2 ) ,  4 )  36  37  kΩ  6 . 2 . 4  

ACA ID  pu l l -down  when  I D_OTG  pin  i s  
fl oati ng  

R I D_FLOAT 2),  3 )  220   kΩ  6 . 2 . 4  

ACA ID  pu l l -down  when  I D_OTG  pin  i s  
g rounded  

R I D_GND  2),  3 )   1  kΩ  6 . 2 . 4  

OTG  to  ACA ground  res i stance  ROTG_ACA_GND    1 00  mΩ  6 . 2 . 6  

Notes  

1 )  The  ACA shal l  meet th i s  parameter requ i rement  when  VBUS_CHG  i s  at  VACA_OPR.  

2)  The  ACA shal l  meet  th i s  parameter requ i rement  when  i ts  I D_OTG  pin  i s  at  VDAT_LKG.  When  detecti ng  

these  res i stances,  an  OTG  device  shal l  a l l ow for an  add i ti onal  l eakage  current of I I D_LKG_CONT due  to  

con tam ination .  

3)  The  ACA shal l  meet th i s  parameter requ i rement when  i ts  VBUS_CHG  pin  i s  at  VBUS_LKG.  

4)  Nom inal  val ues  for these  res i stors  are  R I D_A =  1 24  k,  R I D_B  =  68  k  and  R I D_C =  36. 5  k  

5)  The  ACA shal l  meet th i s  parameter requ i rement  when  VBUS_ACC and  VBUS_OTG  are  both  below 
VACA_OPR,  and  e i ther no  Charg i ng  Port  i s  detected  or VBUS_CHG  i s  below VACA_OPR.  

 

Table  5-4  – Capacitances  

Parameter Symbol  Condi tions  M in  Max Un i ts  Ref 

Ded icated  Charg i ng  Port  

capaci tance from  D+  or D -  to  
VBUS  or GND  

CDCP_PWR   1  nF  4 . 4. 3  

M icro  ACA Capaci tance  from  
VBUS  to  GND  

CMACA_VBUS   1 0  1 00  nF  6. 2 . 3  

S tandard  ACA Capaci tance  from  
VBUS  to  GND  

CSACA_VBUS   1 0  1 00  nF  6. 3. 2  
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Table  5-5  – Times  

Parameter Symbol  Condi tions  M in  Max Un i ts  Ref 

Connect to  D+  s i nk d i sable  TCON_IDPSNK_DIS    1 0  ms  3 . 4  

Time  for Charg i ng  Port  to  remove  
VDM_SRC on  D-  

TCP_VDM_DIS    1 0  ms  3 . 2 . 4 . 2  

Time  for Charg i ng  Port  to  assert  
VDM_SRC on  D-  

TCP_VDM_EN    200  ms  3 . 2 . 4 . 2  

Attach  to  VDP_SRC enable  du ri ng  
DBP  

TDBP_ATT_VDPSRC   1  sec 2 . 2  

Attach  to  fu l l  USB  functional i ty for 
confi gu red  PD  under DBP   

TDBP_FUL_FNCTN    1 5  m in  2 . 3  

Attach  to  PD  i n form ing  user i t  i s  
charg ing  

TDBP_INFORM    1  m in  2 . 3  

VDP_SRC d i sabl e  to  connect d u ri ng  
DBP  

TDBP_VDPSRC_CON    1  sec 2 . 2  

Data  contact detect  debounce  TDCD_DBNC  1 0   ms  3 . 4 . 1  

DCD  Timeout  TDCD_TIMEOUT  300  900  ms  3. 2 . 3. 1  

DCP  recovery t ime  between  l oad  
steps  

TDCP_LD_STP  20   ms  4 . 4 . 2  

DCP  undershoot  vol tage  time  TDCP_UNDSHT   1 0  ms  4 . 4 . 2  

Charger shu t  down  recover time  TSHTDWN_REC   2  m in  4 . 2 . 2  

Sess ion  va l i d  to  connect time  for 
powered  up  peri pheral  

TSVLD_CON_PWD   1  sec 3 . 2 . 3 . 1  

Sess ion  va l i d  to  connect for PD  wi th  
Dead  or Weak Battery 

TSVLD_CON_WKB   45  m in  2 . 2  

VBUS  vol tage  averag ing  t ime  TVBUS_AVG   250  ms  4 . 2 . 1  

Time  for VBUS  to  be  reappl i ed  TVBUS_REAPP 
VBUS  l ess  than  

VBUS_LKG  
1 00   ms  4 . 1 . 3  

D-  vol tage  source  d i sabl e  time  TVDMSRC_DIS    20  ms  3 . 4  

D-  vol tage  source  enable  t ime  TVDMSRC_EN    20  ms  3 . 4  

D+  vol tage  source  on  time  TVDPSRC_ON   40   ms  3 . 4  

D-  vol tage  source  on  t ime  TVDMSRC_ON   40   ms  3 . 4  

Time  for VBUS  to  decay to  
VBUS_LKG  TVLD_VLKG  

Time  from  
VBUS  not  
d ri ven  

 500  ms  4 . 6 . 3  

 

6 Accessory Charger Adapter 

6.1  In troduction  

As  PDs  get  smal l er,  i t  becomes  more  desi rable  for the  PD  to  on l y have  one  external  
connector.  I f the  on l y connector a  device  has  is  a  USB  connector,  then  a  problem  arises  when  
the  user wants  to  attach  the  device  to  a  charger at the  same  time as  i t  i s  a l ready attached  to  
someth ing  e lse.  

For example,  cons ider a  user i n  a  car wi th  a  cel l  phone  that i s  attached  to  a  headset.  I f the  
phone  battery goes  l ow,  the  user wou ld  l ike  to  charge  the  phone,  and  at  the  same time 
con tinue  to  ta lk  through  the  headset.  I f the  phone  has  on l y one  connector,  i t  i s  not possib le  to  
attach  both  a  headset and  a  charger to  the  phone  through  the  same connector.  
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Another example  wou ld  be  as  fol l ows.  Consider a  PD  that has  a  s ing le  connector,  wh ich  can  
a lso  act as  a  handheld  PC.  When  such  a  device  i s  pu t i n to  an  ACA-Dock,  i t  wou ld  act as  a  
host to  various  USB  peripherals,  such  as  a  hub,  keyboard ,  mouse,  prin ter,  e tc.  However,  
wh i le  i n  the  ACA-Dock,  the  device  shou ld  a lso  be  ab le  to  charge  at the  same time.  

The  purpose  of th is  section  i s  to  describe  a  method  that  a l l ows  a  s i ng le  USB  port  to  be  
attached  to  both  a  charger and  another device  at  the  same  time.  Th is  method  makes  use  of 
an  Accessory Charger Adapter (ACA),  as  shown  i n  F igure  6-1 .  

 

Figure  6-1  – Accessory Charger Adapter 

An  ACA has  the  fo l l owing  three  ports:  

•  OTG  Port  

•  Accessory Port  

•  Charger Port  

The  OTG  Port  sha l l  have  a  captive  cable  that term inates  wi th  a  M icro-A p lug .  On l y OTG  
devices  ( i . e .  those  wi th  a  M icro-AB receptacle)  can  be  attached  to  the  OTG  Port.  

Accessories  attached  to  the  Accessory Port can  commun icate  wi th  the  OTG  device  using  
normal  USB  s ignal ing .  

The  Charger Port  a l l ows  the  ACA to  be  attached  to  a  Charg ing  Port.  Power from  the  Charger 
Port  i s  avai l ab le  to  both  the  OTG  device  and  the  accessory.  An  ACA is  requ i red  to  l abel  the  
Charger Port  as  Charger On l y.  The  reason  for th is  i s  that the  ACA does  not support USB  
communication  between  the  OTG  Port and  the  Charger Port.  The  Charger Port  i s  on l y used  
for power.  An  ACA is  a lso  requ i red  to  provide  an  i nd icator that shows when  the  Charger Port  
i s  able  to  provide  power to  the  OTG  and  Accessory Ports.  

There  are  two  types  of ACAs:  

•  M icro  ACA 

•  Standard  ACA 

A M icro  ACA has  a  M icro-AB  receptacle  on  the  Accessory Port,  and  can  be  attached  to  e i ther 
an  A-device  or B-device.  A Standard  ACA has  a  Standard-A receptacle  on  the  Accessory Port,  
and  can  on l y be  attached  to  a  B-device.  

IEC  
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6.2  M icro  ACA 

6.2. 1  M icro  ACA Ports  

Figure  6-2  shows the  ports  of a  M icro  ACA.  

 

Figure  6-2  – M icro  ACA Ports  

Various  cables  can  be  uses  to  attach  the  Accessory Port  of a  M icro  ACA to  an  accessory,  
i ncl ud ing :  

•  M icro-A to  M icro-B  

•  M icro-A to  captive  

•  M icro-B  to  Standard -A 

•  M icro-B  to  M icro-A 

A M icro  ACA shal l  have  one  of the  fol lowing  mechan ical  i n terfaces  for i ts  Charger Port:   

•  M icro-B  receptacle  

•  Captive  cable  term inati ng  i n  a  Standard -A p lug  

•  Captive  cable  term inati ng  i n  a  charger 

IEC  
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6.2.2  M icro  ACA Connectivi ty Options  

Table  6-1  shows  the  d i fferen t combinations  of devices  that  can  be  attached  to  each  M icro  
ACA port,  and  provides  comments  on  their operation .  

Table  6-1  – M icro  ACA Connectivi ty Options  

OTG  Port  Charger Port  
Accessory 

Port  
HNP  

Support  
SRP  

Support  
OTG  Dev Charges  

From  

Accessory 
Draws  Curren t 

From  

noth i ng  Charg i ng  Port  B -dev -  -  -  Charger Port  

noth i ng  Charg i ng  Port  A-dev -  -  -  -  

       

OTG  dev noth i ng  B-dev yes  yes  -  OTG  Port  

OTG  dev noth i ng  A-dev yes  yes  Accessory Port  -  

OTG  dev noth i ng  charger -  -  Accessory Port  -  

       

OTG  dev PC,  OTG  dev noth i ng  -  -  -  -  

OTG  dev PC,  OTG  dev B-dev yes  yes  -  OTG  Port  

OTG  dev PC,  OTG  dev A-dev yes  yes  Accessory Port  -  

OTG  dev PC,  OTG  dev charger -  -  Accessory Port  -  

       

OTG  dev Charg i ng  Port  noth i ng  -  -  Charger Port  -  

OTG  dev Charg i ng  Port  B -dev yes  no  Charger Port  Charger Port  

OTG  dev Charg i ng  Port  A-dev yes  yes  Charger Port  -  

OTG  dev Charg i ng  Port  charger -  -  Charger Port  -  

 

An  ACA does  not  a l l ow data  communication  th rough  the  Charger Port.  The  ACA on l y a l lows  
charg ing  from  the  Charger Port  when  a  Charg ing  Port  i s  attached .  I t  does  not  a l l ow charg ing  
from  the  Charger Port whenever an  SDP or an  OTG  device  is  attached .  

I n  the  case  where  both  an  OTG  device  and  a  B-device  are  charg ing  from  the  Charger Port,  i t  
i s  not necessary to  support SRP,  s i nce  VBUS  is  a l ready asserted  at both  the  OTG  Port and  
Accessory Port.  

The  OTG  device  i s  requ i red  to  l im i t the  current i t  d raws  from  the  ACA such  that VBUS_OTG  
remains  above VACA_OPR  m in .  

6.2.3  M icro  ACA Architecture  

Figure  6-3  shows the  arch i tecture  of a  M icro  ACA.  
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Figure 6-3  – M icro  ACA Arch itecture  

The Accessory Swi tch  a l l ows  current to  fl ow between  VBUS_OTG  and  VBUS_ACC.  The  
Charger Swi tch  a l lows  curren t to  fl ow from  VBUS_CHG and  VBUS_OTG.  The  Adapter 
Control l er performs  several  functions.  These  functions  include:  

•  sensing  the  s tate  of the  I D_ACC pin ,  (grounded  or fl oating)  

•  ou tpu tti ng  a  state  on to  the  ID_OTG  pin ,  (R I D_GND ,  R I D_A,  R I D_B ,  R I D_C  or R I D_FLOAT)  

•  us ing  the  DP_CHG  and  DN_CHG  pins  to  detect i f a  Charg ing  Port i s  attached  to  the  
Charger Port  

•  sensing  the  vol tage  on  the  VBUS_ACC pin  

•  sensing  the  vol tage  on  the  VBUS_OTG  pin  

•  con trol l i ng  the  Charger and  Accessory Swi tches  

6.2.4  M icro  ACA Modes  of Operation  

The operation  of the  M icro  ACA is  shown  i n  Table  6-2 ,  and  is  described  below.  The  table  
assumes  that an  OTG  device  is  a lways  attached  to  the  OTG  Port.  

IEC  
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Table  6-2  – M icro  ACA Modes  of Operation  

Row Charger 
Port  

Accessory 
Port  

VBUS_ 
ACC  

VBUS_ 
OTG  

ID_ 
ACC  

Charger 
Swi tch  1 )  

Access  
Swi tch  1 )  2 )  

ID_OTG  OTG  
Devi ce  

1  not  Ch rg  
Port  

noth i ng  l ow l ow fl oat  open  ADP-pass  R I D_FLOAT B-dev 

2a  not  Ch rg  
Port  

B-device  l ow l ow g round  open  ADP-pass  R I D_GND  A-dev 

2b  not  Ch rg  
Port  

B-device  d ri ven  3)  h i gh  g round  open  cl osed  R I D_GND  A-dev 

3  not  Ch rg  
Port  

A-dev off l ow l ow fl oat  open  ADP-pass  R I D_FLOAT B-dev 

4  not  Ch rg  
Port  

A-dev on  h i gh  d ri ven  4)  fl oat  open  cl osed  R I D_FLOAT B-dev 

          

5  Charg i ng  
Port  

noth i ng  l ow d ri ven  5)  fl oat  cl osed  open  R I D_B  B-dev 

6  Charg i ng  
Port  

B -device  d ri ven  6)  d ri ven  5)  g round  cl osed  cl osed  R I D_A A-dev 

7  Charg i ng  
Port  

A-dev off l ow d ri ven  5)  fl oat  cl osed  open  R I D_B  B-dev 

8  Charg i ng  
Port  

A-dev on  h i gh  d ri ven  5)  fl oat  cl osed  open  R I D_C  B-dev 

Notes  

1 )  Open  refers  to  the  h i gh  impedance  state  of the  swi tch .  Closed  refers  to  the  l ow impedance  s tate  of the  swi tch .  

2 )  ADP-pass  refers  to  an  impedance  s tate  of the  swi tch  su ffi cien tl y l ow to  transm i t ADP  probes  
(RADP_OTG_ACC).  

3)  Dri ven  vi a  Accessory Swi tch  from  VBUS_OTG.  

4)  Dri ven  vi a  Accessory Swi tch  from  VBUS_ACC.  

5)  Dri ven  vi a  Charger Swi tch  from  VBUS_CHG.  

6)  Dri ven  vi a  Charger Swi tch  and  Accessory Swi tch  from  VBUS_CHG.  

7)  I n  row 2a,  the  VBUS_OTG  l ow state  can  happen  after TA_WAIT_BCON  max of I D_OTG  goi ng  l ow,  i f the  OTG  
A-device  supports  sess ions.  (See  OTG  2 . 0  Supplement for val ue. )  

8)  Other trans i tory states  exi st  when  movi ng  between  the  des ign  s tates  shown  i n  the  rows  of the  table.  I t  i s  the  
respons ibi l i ty of the  M icro  ACA des igner to  take  these  i n to  account.  

 

I n  rows  5  and  7,  a  Charg ing  Port  i s  attached  to  the  M icro  ACA Charger Port,  and  e i ther 
noth ing  i s  attached  to  the  Accessory Port,  or an  A-device  that i s  not asserti ng  VBUS is  
attached  to  the  Accessory Port.  The  ID  res istance  of R I D_B  i n d icates  to  the  OTG  device  that i t  
i s  a l l owed  to  charge,  and  that i t  i s  a l lowed  to  i n i ti ate  SRP.  The  OTG  device  is  not a l lowed  to  
connect,  ( that  i s ,  l eave  DP_OTG  asserted) .  The  reason  for th is  i s  that i f an  A-device  i s  on  the  
Accessory Port  and  is  not asserting  VBUS,  then  the  USB  spec requ i res  the  data  l i nes  remain  
at  a  l og ic l ow.  

I n  row 8 ,  a  Charg ing  Port i s  attached  to  the  M icro  ACA Charger Port,  and  an  A-device  that i s  
asserting  VBUS is  attached  to  the  Accessory Port.  The  I D  res istance  of R I D_C  i n d icates  to  the  
OTG  device  that i t  i s  a l l owed  to  charge,  and  that i t  i s  a l l owed  to  connect.  However,  i t  i s  not  
a l l owed  to  do  SRP,  s i nce  the  A-device  i s  a l ready asserti ng  VBUS.  

I n  row 6,  a  Charg ing  Port  i s  a ttached  to  the  M icro  ACA Charger Port,  and  a  B-device  is  
attached  to  the  Accessory Port.  The  ID  res istance  of RI D_A  i n d icates  to  the  OTG  device  that i t  
i s  a l lowed  to  charge,  and  that i t  shou ld  defau l t  to  acting  as  host.  
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6.2.5  Impl ications  of not  Supporting  M icro  ACA Detection  

The  OTG  supplement on l y defines  the  fl oating  and  ground  s tates  on  the  I D  p i n .  The  fl oating  
state  i s  any impedance  greater than  1 M ,  and  the  ground  state  i s  any impedance  less  than  
1 0Ω .  S ince  the  R I D_A,  R I D_B  and  R I D_C res istances  are  between  the  fl oating  and  ground  
res istance  va lues,  an  OTG  device  that does  not support  ACA detection  cou ld  i n terpret  any of 
these  values  as  e i ther fl oati ng  or ground .  

I f an  OTG  device  in terpreted  the  R I D_A  res istance  as  floati ng ,  then :  

•  i t  wou ld  not be  aware  of the  opportun i ty to  d raw IDEV_CHG  from  VBUS  

•  i t  wou ld  defau l t  to  peripheral ,  when  i t  shou ld  defau l t  to  host  

I f an  OTG  device  in terpreted  the  RI D_B  res istance  as  grounded ,  then :  

•  i t  wou ld  try to  d ri ve  VBUS_OTG  at the  same time as  the  ACA was  dri ving  VBUS_OTG  

•  i t  wou ld  defau l t  to  host,  when  i t  shou ld  defau l t  to  peripheral  

I f an  OTG  device  in terpreted  the  RI D_B  res istance  as  floati ng ,  then :  

•  i t  wou ld  not be  aware  of the  opportun i ty to  d raw up  to  IDEV_CHG  from  VBUS  

•  i t  wou ld  not be  aware  of the  opportun i ty to  do  SRP  

•  i t  wou ld  be  requ ired  to  connect,  and  poten tia l l y vio late  the  USB  back-drive  vol tage  spec 

I f an  OTG  device  in terpreted  the  R I D_C res istance  as  grounded ,  then :  

•  i t  wou ld  try to  d ri ve  VBUS_OTG  at the  same time as  the  ACA was  driving  VBUS_OTG  

•  i t  wou ld  defau l t  to  host,  when  i t  shou ld  defau l t  to  peripheral  

I f an  OTG  device  in terpreted  the  RI D_C  res istance  as  floating ,  then :  

•  i t  wou ld  not be  aware  of the  opportun i ty to  d raw up  to  IDEV_CHG  from  VBUS  

6.2.6  M icro  ACA Requ irements  

A M icro  ACA Charger Port  shal l  d raw l ess  than  ISUSP  when  anyth ing  other than  a  Charg ing  
Port  i s  attached  to  i t.  

A M icro  ACA shal l  d raw less  than  ISUSP  when  a  Charg ing  Port i s  attached  to  the  ACA Charger 
Port  and  noth ing  i s  attached  to  the  OTG  Port or Accessory Port.  

The  res istance  between  the  VBUS_CHG  and  VBUS_OTG  pins  of an  ACA shal l  be  
RACA_CHG_OTG  when  the  Charger Swi tch  i s  cl osed  i n  rows  5-8  of Table  6-2 ,  and  the  vol tage  
on  VBUS_CHG is  at  VACA_OPR.  

The  res istance  between  the  VBUS_CHG  and  VBUS_ACC pins  of an  ACA shal l  be  
RACA_CHG_ACC  when  both  the  Charger Swi tch  and  the  Accessory Swi tch  are  closed  in  row 6  
of Table  6-2,  and  the  vol tage  on  VBUS_CHG  is  at VACA_OPR.  

The  res istance  between  the  VBUS_OTG  and  VBUS_ACC pins  of an  ACA shal l  be  
RACA_OTG_ACC  when  the  Charger Swi tch  i s  open  and  the  Accessory Swi tch  i s  cl osed  i n  rows  
2b  and  4  of Table  6-2  and  the  vol tage  on  e i ther VBUS_ACC or VBUS_OTG  is  at  VACA_OPR.  

The  res istance  between  the  VBUS_OTG  and  VBUS_ACC pins  of an  ACA shal l  be  
RADP_OTG_ACC  when  the  Accessory Swi tch  is  i n  cond i ti on  ADP-pass  i n  rows  1 ,  2a  or 3  of 
Table  6-2 .  
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The  res istance  between  the  in ternal  ground  of the  M icro  ACA and  the  ground  p in  of a  M icro-
AB  receptacle  attached  to  the  OTG  port  of an  ACA shal l  be  ROTG_ACA_GND .  Th is  requ irement 
l im i ts  the  d i fference between  OTG  and  ACA ground  under cond i ti ons  of h igh  charg in g  curren t.  
Th is  i n  turn  a l lows  the  OTG  device  to  re l iabl y detect the  ACA ID  res istance under cond i ti ons  
of h i gh  charg ing  curren t.  

When  a  M icro  ACA detects  VBUS_CHG  asserted ,  i t  shal l  ou tpu t VDP_SRC  on  DP_CHG.  I f the  
ACA detects  DN_CHG  g reater than  VDAT_REF ,  then  i t  i s  a l l owed  to  close  i ts  Charger Swi tch  
for as  l ong  as  VBUS_CHG remains  above  VOTG_SESS_VLD .  Note  that th i s  cou ld  resu l t i n  the  
ACA drawing  more  than  ICFG_MAX  from  a  PS2  port.  

I f the  Charger Port  was  attached  to  a  CDP,  then  i t's  possib le  that DN_CHG  may go  be low 
VDAT_REF  of the  ACA due  to  charg ing  curren ts  caus ing  the  CDP ground  to  be  lower than  the  
ACA ground .  I t’ s  a lso  possible  that the  CDP cou ld  i ssue  a  USB  reset.  The  ACA shal l  i gnore  
e i ther of these  effects ,  and  con tinue  to  l eave  i ts  Charger Swi tch  closed .  When  VBUS_CHG  
goes  be low VOTG_SESS_VLD ,  then  the  ACA is  requ i red  to  again  check for VDN_CHG  being  
greater than  VDAT_REF ,  before  open ing  the  Charger Swi tch .  

The  M icro  ACA is  requ i red  to  have  a  capaci tance  of CMACA_VBUS  on  both  the  VBUS_OTG  and  
VBUS_ACC pins.  The  reason  for th is  i s  so  that attached  devices  wh ich  support the  Attach  
Detection  Protocol  (ADP)  defined  in  OTG  2 . 0  can  detect  when  they are  attached  to  an  ACA.  

6.2.7  Portable  Device  State  D iagram  

Figure  6-4  shows  the  state  d iagram  for a  PD  attached  to  an  SDP,  CDP,  DCP,  M icro  ACA,  
ACA-Dock or B-device.  
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Figure 6-4 – Portable  Device  State  D iagram  

Each  bubble  represen ts  a  state  of the  PD.  The  fi rst row in  each  bubble  i s  the  state  number.  

The  fi rst term  in  the  second  row ind icates  whether the  attached  device  i s  acti ng  l ike  a  
Charg ing  Port.  The  second  term  i n  the  second  row i nd icates  what wou ld  be  attached  to  the  
Accessory Port  of the  ACA,  i f the  PD  i s  a ttached  to  an  ACA.  The  th i rd  row i nd icates  whether 
or not the  attached  device  i s  d rivi ng  the  PD  VBUS  pin .  The  fourth  row ind icates  what 
res istance  the  attached  device  is  appl ying  to  the  PD  I D  p in .  I n  state  2 ,  the  fi fth  row ind icates  
that the  ACA-Dock i s  ou tpu tti ng  a  vol tage  of VDM_SRC  to  the  D-  p i n  of the  PD.  

I n  state  1 ,  the  PD  detects  that i t  i s  not attached  to  anyth ing ,  or that  i t  i s  attached  to  someth ing  
that  i s  not d ri vi ng  VBUS  or pu l l i ng  ID  l ow.  

I n  state  2 ,  the  PD  is  attached  to  an  ACA-Dock that i s  d ri vi ng  VBUS.  I f the  PD  i s  removed  from  
the  ACA-Dock,  or i f the  ACA-Dock stops  provid ing  VBUS,  the  PD  transi ti ons  to  state  1 .  An  
ACA-Dock i s  requ ired  to  l et  i ts  I D  p i n  fl oat  i f i t  i s  not d ri ving  VBUS.  I f the  ACA-Dock were  to  
ground  the  ID  p i n  wh i l e  i t  was  not  d ri vi ng  VBUS,  then  the  PD  wou ld  i ncorrectl y trans i tion  to  
state  7 ,  where  i t  wou ld  attempt to  d rive  VBUS  in to  the  ACA-Dock.  

IEC  
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I n  state  3,  the  PD  i s  attached  d i rectl y to  an  A-device,  or to  an  ACA that has  an  A-device  on  i ts  
Accessory Port.  I n  e i ther case,  the  PD  is  d rawing  cu rrent  from  the  A-device,  and  not from  the  
ACA Charger Port.  Th is  i s  why the  second  row has  the  term  ! Chg .  I f the  A-device  presents  
i tsel f to  the  PD  as  a  CDP,  then  the  PD  can  draw IDEV_CHG  from  the  A-device.  

I n  state  4 ,  the  PD  i s  attached  to  an  ACA that has  a  charger on  i ts  Charger Port,  and  an  A-
device  on  i ts  Accessory Port.  Detach ing  the  PD  from  the  ACA causes  the  PD  to  transi tion  to  
state  1 .  

I n  s tate  5 ,  the  PD  i s  attached  to  an  ACA that has  a  charger on  i ts  Charger Port,  and  does  not 
have  an  accessory on  i ts  Accessory Port.  

I n  s tate  6 ,  the  PD  i s  attached  to  an  ACA that has  a  charger on  i ts  Charger Port,  and  a  B-
device  on  i ts  Accessory Port.  Detach ing  the  PD  from  the  ACA causes  the  PD  to  transi tion  to  
state  1 .  

I n  state  7,  the  PD  is  attached  to  a  B-device,  or to  an  ACA that has  a  B-device  on  i ts  
Accessory Port.  Th is  i s  the  on l y s tate  i n  wh ich  the  PD  is  requ ired  to  ou tpu t power on  VBUS.  I n  
states  2  to  6 ,  the  PD  i s  ab le  to  d raw power from  VBUS.  

6.3  Standard  ACA 

6.3. 1  Standard  ACA Ports  

Figure  6-5  shows  the  ports  of a  Standard  ACA.  

 

Figure 6-5 – Standard  ACA Ports  

Various  cables  can  be  uses  to  attach  the  Accessory Port of a  Standard  ACA to  an  accessory,  
i nclud ing :  

•  Standard-A to  M icro-B  

•  Standard-A to  Standard-B  

•  Standard-A to  captive  

A Standard  ACA shal l  have  one  of the  fo l lowing  mechan ical  i n terfaces  for i ts  Charger Port:   

IEC  
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•  M icro-B  receptacle  

•  Captive  cable  term inati ng  i n  a  Standard -A p l ug  

•  Captive  cable  term inati ng  i n  a  charger 

Table  6-3  – Standard  ACA Connectivi ty Options  

OTG  Port  Charger Port  Accessory 
Port  

HNP  
Support  

SRP  
Support  

OTG  Dev Charges  
From  

Accessory 
Draws  Curren t 

From  

noth i ng  Charg i ng  Port  B-dev – – – Charger Port  

       

OTG  dev noth i ng  B-dev yes  yes  – OTG  Port  

     –   

OTG  dev PC,  OTG  dev noth i ng  – – – – 

OTG  dev PC,  OTG  dev B-dev yes  yes  – OTG  Port  

       

OTG  dev Charg i ng  Port  noth i ng  – – Charger Port  – 

OTG  dev Charg i ng  Port  B-dev yes  no  Charger Port  Charger Port  

 

An  ACA does  not  a l l ow data  communication  th rough  the  Charger Port.  The  ACA on l y a l lows  
charg ing  from  the  Charger Port  when  a  Charg ing  Port  i s  attached .  I t  does  not  a l l ow charg ing  
from  the  Charger Port whenever an  SDP or an  OTG  device  is  a ttached .  

I n  the  case  where  both  an  OTG  device  and  a  B-device  are  charg ing  from  the  Charger Port,  i t  
i s  not necessary to  support SRP,  s i nce  VBUS  is  a l ready asserted  at both  the  OTG  Port and  
Accessory Port.  

The  OTG  device  i s  requ i red  to  l im i t the  current i t  d raws  from  the  ACA such  that VBUS_OTG  
remains  above VACA_OPR  m in .  

6.3.2  Standard  ACA Archi tecture  

Figure  6-6  shows the  arch i tecture  of a  Standard  ACA.  
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Figure 6-6  – Standard  ACA Archi tecture  

The  Charger Swi tch  a l l ows  current to  flow from  VBUS_CHG  and  VBUS_OTG.  Note  that un l ike  
the  M icro  ACA,  the  Standard  ACA does  not  have  an  Accessory Swi tch .  

The  Standard  ACA is  requ ired  to  have  a  capaci tance  of CSACA_VBUS  on  the  VBUS_OTG  or 
VBUS_ACC pins.  The  reason  for th is  i s  as  fo l lows.  

The  Accessory Port  does  not  have  an  I D  p in ,  s i nce  i t  uses  a  Standard-A receptacle .  Thus,  the  
Standard  ACA cannot detect  when  a  p l ug  has  been  inserted  in to  the  Accessory Port,  and  
therefore  i t  cannot  in form  the  OTG  Device  of such  an  attach  event.  I f a  Charg ing  Port were  
attached  to  the  ACA Charger Port,  then  the  accessory wou ld  connect,  and  the  OTG  device  
cou ld  detect the  connect  even t.  I f a  Charg ing  Port  were  not attached  to  the  ACA Charger Port,  
then  the  OTG  Device  wou ld  e i ther have  to  l eave  VBUS asserted ,  or i t  wou ld  have  to  do  ADP.  
I n  order to  a l l ow ADP to  work,  the  combined  capaci tance  on  the  VBUS_OTG  and  VBUS_ACC 
pins  needs  to  be  CSACA_VBUS .  

The  Adapter Control ler performs several  functions .  These  functions  include:  

•  ou tpu tti ng  a  state  on to  the  ID_OTG  pin ,  (R I D_GND ,  R I D_A)  

•  us ing  the  DP_CHG  and  DN_CHG  pins  to  detect i f a  Charg ing  Port i s  attached  to  the  
Charger Port  

•  con trol l i ng  the  Charger Swi tch  
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6.3.3  Standard  ACA Modes  of Operation  

The  operation  of the  Standard  ACA is  shown  i n  Table  6-4,  and  i s  described  below.  The  tab le  
assumes  that an  OTG  device  i s  a lways  attached  to  the  OTG  Port.  

Table  6-4  – Standard  ACA Modes  of Operation  

Row Charger 
Port  

Accessory Port  Charger 
Swi tch  

Note  1  

ID_OTG  OTG  Device  

1  non -charger noth i ng  open  R I D_GND  A-dev 

2  non -charger B-device  open  R I D_GND  A-dev 

3  charger noth i ng  cl osed  R I D_A A-dev 

4  charger B-device  cl osed  R I D_A A-dev 

NOTE  1  Open  refers  to  the  h i gh  impedance  s tate  of the  swi tch .  Closed  refers  to  the  l ow impedance  s tate  of the  
swi tch .  

 

When  a  PD  i s  attached  to  a  Standard  ACA,  the  I D_OTG  pin  i s  e i ther at  R I D_GND  or at  R I D_A,  
and  the  PD  is  a lways  acti ng  as  an  A-device.  

6.3.4  Impl ications  of not  Supporting  Standard  ACA Detection  

The  OTG  supplement on l y defines  the  fl oating  and  ground  s tates  on  the  I D  p i n .  The  fl oating  
state  i s  any impedance  greater than  1  M ,  and  the  ground  state  i s  any impedance l ess  than  
1 0  Ω .  S ince  the  R I D_A  i s  between  the  fl oating  and  ground  res istance  values,  an  OTG  device  
that does  not  support ACA detection  cou ld  i n tepret th is  va lue  as  e i ther fl oati ng  or ground .  

I f an  OTG  device  in terpreted  the  R I D_A  res istance  as  floati ng ,  then :  

•  i t  wou ld  not be  aware  of the  opportun i ty to  d raw IDEV_CHG  from  VBUS,  

•  i t  wou ld  defau l t  to  peripheral ,  when  i t  shou ld  defau l t  to  host.  

6.3.5  Standard  ACA Requ irements  

A Standard  ACA Charger Port shal l  d raw l ess  than  ISUSP  when  anyth ing  other than  a  
Charg ing  Port i s  attached  to  i t.  

A Standard  ACA Accessory Port  shal l  d raw l ess  than  ISUSP  when  a  Charg ing  Port  i s  attached  
to  the  ACA Charger Port and  noth ing  i s  attached  to  the  OTG  Port or Accessory Port.  

The  res istance  between  VBUS_CHG,  and  e i ther VBUS_OTG  or VBUS_ACC of a  Standard  
ACA shal l  be  RACA_CHG_OTG  when  the  Charger Swi tch  is  closed  i n  Table  6-1 ,  and  the  vol tage  
on  VBUS_CHG is  at VACA_OPR.  

The  res istance  between  the  i n ternal  ground  of the  Standard  ACA and  the  ground  p in  of a  
M icro-AB  receptacle  attached  to  the  OTG  port  of an  ACA shal l  be  ROTG_ACA_GND .  Th is  
requ irement l im i ts  the  d i fference  between  OTG  and  ACA ground  under cond i ti ons  of h i gh  
charg ing  curren t.  Th is  i n  turn  al l ows  the  OTG  device  to  re l i abl y detect the  ACA ID  res istance  
under cond i tions  of h igh  charg ing  curren t.  

When  a  Standard  ACA detects  VBUS_CHG  asserted ,  i t  shal l  ou tput VDP_SRC  on  DP_CHG.  I f 
the  ACA detects  DN_CHG  greater than  VDAT_REF ,  then  i t  sha l l  close  i ts  Charger Swi tch  for as  
l ong  as  VBUS_CHG  remains  above  VOTG_SESS_VLD .  Note  that th is  cou ld  resu l t i n  the  ACA 
drawing  more  than  ICFG_MAX  from  a  PS2  port.  
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I f the  Charger Port  was  attached  to  a  CDP,  then  i t's  poss ib le  that  DN_CHG  may go  below 
VDAT_REF  of the  ACA due  to  charg ing  curren ts  caus ing  the  CDP ground  to  be  lower than  the  
ACA ground .  I t ’s  a lso  possible  that the  CDP cou ld  i ssue  a  USB  reset.  The  ACA shal l  i gnore  
e i ther of these  effects ,  and  con tinue  to  l eave  i ts  Charger Swi tch  closed .  When  VBUS_CHG  
goes  be low VOTG_SESS_VLD ,  then  the  ACA is  requ i red  to  again  check for VDN_CHG  being  
greater than  VDAT_REF ,  before  open ing  the  Charger Swi tch .  

 

_____________ 
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