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  Serial	
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(USB)	
  



USB	
  ACRONYMS	
  
USB	
  –	
  “Universal	
  Serial	
  Bus”	
  
OTG	
  –	
  “On	
  The	
  Go”	
  –	
  similar	
  concept	
  to	
  “Plug	
  and	
  Play”	
  –	
  allows	
  a	
  
host	
  to	
  change	
  roles	
  and	
  act	
  as	
  a	
  device	
  
LS-­‐	
  -­‐	
  “Low	
  Speed”	
  –	
  1.5MB/s	
  (v1.0)	
  –	
  (eg.	
  joysJck)	
  –	
  Low	
  BW	
  
FS	
  –	
  “Full	
  Speed”	
  –	
  12	
  Mb/s	
  (v1.0)	
  –	
  (eg.	
  disk	
  drive)	
  –	
  Full	
  BW	
  
HS	
  –	
  “High	
  Speed”	
  -­‐	
  	
  480	
  Mb/s	
  (v2.0)	
  
SS	
  –	
  “Super	
  Speed”	
  –	
  5Gb/s	
  (v3.0)	
  
USB-­‐IF	
  –	
  USB	
  Implementers	
  Forum	
  (dev.	
  2.0	
  spec	
  –	
  HP,	
  Intel,	
  Lucent,	
  	
  
NEC,	
  Philips)	
  
UTMI	
  –	
  USB	
  2.0	
  Transceiver	
  Macrocell	
  Interface	
  –	
  standard	
  
developed	
  by	
  Intel	
  
UTMI+	
  -­‐	
  extension	
  to	
  UTMI	
  incl	
  support	
  for	
  OTG	
  
ULPI	
  –	
  (UTMI+	
  Low	
  Pin	
  Interface)	
  –	
  standard	
  developed	
  for	
  low-­‐pin	
  
count	
  (12)	
  discrete	
  USB	
  chip	
  using	
  the	
  UTMI+	
  interface	
  	
  
–	
  complete	
  i/f	
  also	
  requires	
  front-­‐end	
  PHY	
  circuit	
  



USB	
  System	
  
•  Network	
  of	
  A>achments	
  in	
  Logical	
  Star-­‐like	
  
Structure	
  and	
  Physical	
  Tree-­‐like	
  Structure	
  with	
  
the	
  Host	
  at	
  the	
  Center/Root	
  

h>p://www.geoLnagge.com/uni/elec101/essay.shtml	
  



USB	
  Terms	
  in	
  Standard	
  
•  A"achments	
  are	
  Func-ons	
  or	
  Hubs	
  
•  Func-ons	
  –	
  Peripheral	
  devices	
  like	
  SS	
  disk,	
  
mice,	
  keyboards	
  

•  Hubs	
  –	
  Converts	
  one	
  Port	
  to	
  Several	
  Ports	
  
•  Hubs	
  and	
  FuncSons	
  are	
  both	
  called	
  Devices	
  

h>p://www.bhphotovideo.com/bnh/controller/home?sku=403654&Q=&O=&is=REG&A=details	
  

Photo	
  of	
  a	
  DLink	
  USB	
  Hub	
  



USB	
  FuncSon	
  
•  Logically	
  CommunicaSon	
  between	
  Device	
  and	
  
Host	
  Appears	
  to	
  be	
  Traffic	
  over	
  a	
  Single	
  Bus	
  

•  A	
  Bus	
  is	
  a	
  Single	
  Set	
  of	
  Wires	
  InterconnecSng	
  
a	
  “Talking”	
  Device	
  and	
  a	
  “Listening”	
  Device	
  

•  Later	
  Versions	
  of	
  USB	
  (2.0+)	
  Enable	
  Host	
  to	
  
Keep	
  Track	
  of	
  Which	
  A>achments	
  are	
  Present	
  
by	
  Sensing	
  When	
  they	
  are	
  Plugged-­‐in	
  to	
  a	
  USB	
  
Socket	
  (plug-­‐and-­‐play)	
  



USB	
  Host	
  
•  Host	
  is	
  the	
  Center	
  of	
  the	
  Star	
  and	
  Contains	
  a	
  
Hub	
  embedded	
  within	
  it	
  –	
  the	
  Root	
  Hub	
  
– Example	
  is	
  a	
  Notebook	
  PC	
  that	
  serves	
  as	
  a	
  USB	
  
host/root	
  hub	
  

– Notebook	
  PC	
  Root	
  Hub	
  has	
  ConnecSons	
  to	
  
External	
  USB	
  Connectors	
  (sockets)	
  and	
  possibly	
  
Dedicated	
  Internal	
  Devices	
  

•  Host	
  keeps	
  Track	
  of	
  A>ached	
  Devices	
  by	
  
Giving	
  them	
  Unique	
  Numbers	
  (called	
  an	
  
Address)	
  	
  when	
  it	
  Detects	
  them	
  as	
  A>ached	
  



USB	
  Host	
  (cont)	
  
•  A	
  Given	
  Device	
  may	
  have	
  a	
  Different	
  Address	
  
assigned	
  to	
  it	
  each	
  Sme	
  it	
  is	
  A>ached	
  

•  Devices	
  Contain	
  Different	
  Internal	
  Sources/
DesSnaSons	
  for	
  Data	
  Called	
  Endpoints	
  

•  Endpoints	
  are	
  Either	
  Transmit	
  or	
  Receive	
  Data	
  
not	
  both	
  
–  EXAMPLE:	
  keyboard	
  keypad	
  has	
  output	
  endpoint	
  “1”	
  
and	
  caps	
  lock	
  light	
  has	
  receiving	
  endpoint	
  “1”	
  

–  Each	
  Device	
  has	
  16	
  Possible	
  Endpoints	
  
–  Endpoint	
  Zero	
  Reserved	
  for	
  Configure/control/auto-­‐
detect	
  



USB	
  Pipe	
  
•  CombinaSon	
  of	
  Address,	
  Endpoint	
  Number,	
  Data	
  
DirecSon	
  (rec	
  or	
  xmit)	
  Defines	
  a	
  Pipe	
  

•  Pipe	
  is	
  Data	
  Path	
  Between	
  Endpoint	
  and	
  Controlling	
  
Sonware	
  

•  Special	
  Pipe	
  Contains	
  Endpoint	
  0:	
  Default	
  Control	
  Pipe	
  

h>p://www.geoLnagge.com/uni/elec101/essay.shtml	
  



USB	
  Serial	
  Data	
  Transfer	
  
1)  Control	
  Transfer	
  –	
  intended	
  for	
  configuring,	
  

controlling,	
  checking	
  status	
  of	
  USB	
  device.	
  
Host	
  sends	
  status	
  request	
  to	
  device,	
  later	
  
device	
  sends	
  status	
  back	
  

2)  Isochronous	
  Transfers	
  –	
  Accuracy	
  not	
  criScal,	
  
but	
  Sming	
  is,	
  for	
  example	
  an	
  audio	
  stream	
  
where	
  one	
  garbled	
  frame	
  is	
  unnoSceable	
  
(1023	
  bytes	
  per	
  frame)	
  



USB	
  Serial	
  Data	
  Transfer	
  
3)  Interrupt	
  Transfer	
  –	
  small	
  infrequent	
  

transfers	
  that	
  require	
  priority	
  over	
  other	
  
requests	
  

4)  Bulk	
  Transfers	
  –	
  purpose	
  is	
  for	
  transmiong	
  
large	
  amounts	
  of	
  data	
  –	
  lowest	
  priority.	
  	
  
Useful	
  for	
  things	
  like	
  scanner	
  data	
  



USB	
  Serial	
  Data	
  Transfer	
  
•  Serial	
  Data	
  Transfer	
  Means	
  One	
  Bit	
  at	
  a	
  Time	
  

•  Data	
  Transfer	
  Occurs	
  Aner	
  Sonware	
  Sends	
  I/O	
  
Request	
  Packet	
  (IRP)	
  to	
  Appropriate	
  Pipe	
  

•  Data	
  Sent	
  in	
  Bundles	
  Called	
  Packets	
  

h>p://www.geoLnagge.com/uni/elec101/essay.shtml	
  



USB	
  Packets	
  
•  USB	
  Data	
  Packet	
  

•  Sync	
  –	
  Used	
  for	
  Timing	
  
•  PID	
  –	
  Type/format	
  of	
  data	
  
•  Address	
  –	
  address	
  of	
  funcSon	
  on	
  end	
  of	
  pipe	
  
•  Endpoint	
  –	
  endpoint	
  for	
  data	
  
•  Data	
  –	
  the	
  payload	
  of	
  the	
  packet	
  

h>p://www.geoLnagge.com/uni/elec101/essay.shtml	
  



USB	
  Connector/Signals	
  

h>p://en.wikipedia.org/wiki/Universal_Serial_Bus	
  



USB	
  Signals	
  

h>p://en.wikipedia.org/wiki/Universal_Serial_Bus	
  



NRZ-­‐Non-­‐Return	
  to	
  Zero	
  

h>p://en.wikipedia.org/wiki/Universal_Serial_Bus	
  

Serial	
  Data	
  at	
  Baseband	
  



NRZI-­‐Non-­‐Return	
  to	
  Zero	
  Inverted	
  

h>p://en.wikipedia.org/wiki/Universal_Serial_Bus	
  

TransiSons	
  are	
  1,	
  Constant	
  are	
  0	
  



DifferenSal	
  Signal	
  (Dual-­‐rail)	
  

h>p://en.wikipedia.org/wiki/Universal_Serial_Bus	
  

Common-­‐mode	
  Noise	
  RejecSon	
  
Be>er	
  for	
  High	
  BW	
  Transmissions	
  



USB	
  Signaling	
  
•  Based	
  on	
  NRZI	
  DifferenSal	
  Encoding	
  
•  Asynchronous	
  Transmission	
  uses	
  a	
  SYNC	
  
Frame	
  

•  Receiver	
  Detects	
  SYNC	
  Frame	
  and	
  Starts	
  Local	
  
CLK	
  
– Clock	
  Data	
  Recovery	
  (CDR)	
  Extracts	
  CLK	
  from	
  Data	
  
– Usually	
  a	
  PLL	
  or	
  DLL	
  



USB	
  Sync	
  Frame	
  

h>p://en.wikipedia.org/wiki/Universal_Serial_Bus	
  



USB	
  Line	
  States	
  

p.	
  12	
  UTMI	
  spec	
  

NRZI	
  Encoding:Non-­‐Return	
  to	
  Zero	
  Inverted	
  
J→K	
  AND	
  K→J	
  Indicates	
  a	
  Zero	
  
K→K	
  AND	
  J→J	
  Indicates	
  a	
  One	
  



CDR	
  

h>p://users.ece.gatech.edu/jskenney/L200-­‐CDR-­‐I(2UP).pdf	
  



CDR	
  Architecture	
  

h>p://users.ece.gatech.edu/jskenney/L200-­‐CDR-­‐I(2UP).pdf	
  



CDR	
  Edge	
  DetecSon	
  

h>p://users.ece.gatech.edu/jskenney/L200-­‐CDR-­‐I(2UP).pdf	
  



CDR	
  PLL-­‐Based	
  

h>p://users.ece.gatech.edu/jskenney/L200-­‐CDR-­‐I(2UP).pdf	
  



USB	
  Host-­‐A>achment	
  Clock	
  Data	
  
Recovery	
  

Source:	
  USB	
  3.0	
  CDR	
  Model	
  White	
  Paper,	
  Revision	
  0.5,	
  HP,	
  Intel,	
  Microson,	
  NEC,	
  ST-­‐NXP,	
  TI,	
  Jan.	
  15,	
  2009	
  	
  



USB	
  CDR	
  

Source:	
  USB	
  3.0	
  CDR	
  Model	
  White	
  Paper,	
  Revision	
  0.5,	
  HP,	
  Intel,	
  Microson,	
  NEC,	
  ST-­‐NXP,	
  TI,	
  Jan.	
  15,	
  2009	
  	
  



USB	
  2.0	
  Clocks	
  

Source:	
  USB	
  2.0	
  Standard	
  



USB	
  2.0	
  Clocks	
  

Source:	
  USB	
  2.0	
  Standard	
  



USB	
  2.0	
  Host	
  Interface	
  

Source:	
  USB	
  2.0	
  Standard	
  



USB	
  2.0	
  SIE	
  (SERDES)	
  

Source:	
  USB	
  2.0	
  Standard	
  



USB	
  Example	
  Interface	
  

Source:	
  h>p://docs.teguna.ro/CH375DS1.pdf,	
  Romainian	
  IC	
  Vendor	
  



USB	
  Example	
  Interface	
  

Source:	
  h>p://docs.teguna.ro/CH375DS1.pdf,	
  Romainian	
  IC	
  Vendor	
  



ULPI	
  Figure	
  

Source:	
  h>p://www.ulpi.org	
  	
  

PHY	
  –	
  Physical	
  Layer	
  porJon,	
  conversion	
  of	
  serial	
  USB	
  signals	
  to	
  logic	
  signals	
  appropriate	
  
for	
  processing	
  by	
  a	
  CPU	
  



UTMI	
  

Source:	
  p.	
  9,	
  Fig.	
  1,	
  USB	
  2.0	
  Transceiver	
  Macrocell	
  Interface	
  (UTMI)	
  SpecificaSon,	
  
v.	
  1.05,	
  29	
  Mar	
  2001,	
  Intel	
  Corp.	
  
h>p://www.intel.com/technology/usb/download/2_0_xcvr_macrocell_1_05.pdf	
  	
  



UTMI	
  

Source:	
  p.	
  11,	
  Fig.	
  1,	
  USB	
  2.0	
  Transceiver	
  Macrocell	
  Interface	
  (UTMI)	
  SpecificaSon,	
  
v.	
  1.05,	
  29	
  Mar	
  2001,	
  Intel	
  Corp.	
  
h>p://www.intel.com/technology/usb/download/2_0_xcvr_macrocell_1_05.pdf	
  	
  



UTMI	
  Blocks	
  

These	
  logic	
  blocks	
  require	
  CLK	
  signals	
  to	
  operate	
  	
  
can	
  use	
  same	
  or	
  a	
  derivaJve	
  of	
  same	
  SYS	
  


