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» RFID	  technologies	  for	  medium	  range	  
(0.1m-‐1m)	  applicaBons	  are	  needed	  
˃  ConvenBonal	  passive	  RFID	  for	  cm-‐range	  applicaBons	  
˃  AcBve	  RFID	  for	  >	  10m-‐range	  applicaBons	  

Why	  medium	  range	  RFID,	  WPT	  and	  IR-‐UWB	  

Assembly	  Line	  

Shipping Portals 

Handheld scanning 

Bill of Lading 
Material Tracking 

Wireless   
www.it.iitb.ac.in/~sri/talks/rfid-05.ppt 
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» Why	  WPT	  –	  ConvenBonal	  power	  soluBons	  are	  
unsuitable	  for	  medium	  range	  RFID	  
˃  MagneBc	  inducBon	  is	  only	  for	  a	  few	  cm	  
˃  RF	  power	  transfer	  suffers	  from	  low	  efficiency	  (significant	  path	  
loss)	  and	  stringent	  sensiBvity	  requirement	  	  

» Why	  IR-‐UWB	  –	  communicaBon	  technologies	  in	  
convenBonal	  RFID	  are	  unsuitable	  for	  baHery-‐
less	  	  medium	  range	  RFID	  
˃  InducBve	  coupling	  is	  only	  for	  cm-‐range	  data	  backscaHering	  	  
˃  Non-‐UWB	  long-‐range	  communicaBon	  circuits	  are	  usually	  power	  
consuming:	  requiring	  baHeries	  	  

Why	  medium	  range	  RFID,	  WPT	  and	  IR-‐UWB	  
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» MR	  WPT	  for	  reader-‐to-‐tag	  powering	  
»  IR-‐UWB	  for	  data	  backscaHering	  
»  Asymmetric	  coil:	  large	  reader	  coil	  for	  extended	  
range;	  small	  tag	  coil	  for	  compact	  size,	  resonance	  
tag	  coil	  is	  not	  mandatory	  

MR Power Transfer
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Fig. 1 UWB RFID based on magnetic resonance (MR) wireless power transfer

This work

IR-‐UWB	  with	  MR	  WPT	  for	  medium	  range	  
baOery-‐less	  	  RFID	  
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»  UWB	  is	  a	  technology	  for	  transmi_ng	  informaBon	  spread	  
over	  a	  large	  bandwidth	  that	  should	  be	  able	  to	  share	  
spectrum	  with	  other	  users	  

»  Absolute	  bandwidth	  larger	  than	  500	  MHz	  or	  a	  relaBve	  
bandwidth	  larger	  than	  20%	  [FCC,	  2002]	  

Low	  power	  IR-‐UWB	  front-‐end	  –	  What	  is	  UWB	  
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“World band” 

GPS 

Bluetooth 
3G 

GSM 

»  Power emission limits 
»  Frequency bands limits 
»  Interference mitigation limits 

BW = 1.4 GHz 
BWrel = 12.5% 

Low	  power	  IR-‐UWB	  front-‐end	  –	  What	  is	  UWB	  
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»  The	  Impulse-‐Radio	  UWB	  (IR-‐UWB)	  method	  
employs	  transmission	  by	  means	  of	  ultra	  short	  
duraBon	  pulses	  on	  the	  order	  of	  nanoseconds	  

	  

1/τ[sec]≈BW[Hz]	  	  

˃  Power	  efficient-‐low	  duty	  cycle	  	  

˃  Scalable	  data	  rates	  versus	  distance	  
˃  Precise	  localizaBon	  
˃  MulBpath	  signal	  can	  be	  exploited	  in	  a	  rake	  Rx	  

Low	  power	  IR-‐UWB	  front-‐end	  –	  What	  is	  UWB	  

8	  



»  High	  efficiency	  up	  to	  about	  95%	  
»  Power	  transfer	  range	  up	  to	  5	  meters1	  	  
»  Capable	  of	  powering	  mulBple	  devices	  simultaneously	  
»  “Uniform”	  energy	  field	  within	  the	  target	  space	  

1: http://www.eurekalert.org/pub_releases/2014-04/tkai-wpt041714.php 

Simulated E-field (animation) using 
Agilent EMPro of a magnetic 
resonance wireless power transfer 
setup. The area between the Tx 
and Rx is filled with energy, while 
the field strength drops remarkably 
outside the area.   

Magne=c	  resonance	  for	  medium	  range	  WPT	  
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Magne=c	  resonance	  for	  medium	  range	  WPT	  

SimulaBon	  setup	  	   Simulated	  |S21|	  	  
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»  Outer	  coil	  diameter	  
is	  60	  cm,	  inner	  coil	  
diameter	  is	  28	  cm	  

»  6.5	  MHz	  –	  8.5	  MHz	  
with	  Tx-‐to-‐Rx	  
distance	  from	  10	  cm	  
to	  50	  cm	  

»  Flexible	  coil	  posiBon	   An	  LED	  lamp	  bulb	  (full	  power	  3.8	  W)	  wirelessly	  
powered	   by	   an	   ordinary	   RF	   signal	   generator	  
with	  50	  Ohm	  source	  impedance.	  	  	  

Magne=c	  resonance	  for	  medium	  range	  WPT	  
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» PotenBal	  for	  low	  power	  using	  simple	  CMOS	  
transmiHers	  
˃  Suitable	  for	  baHery	  or	  energy	  harvesBng	  based	  devices	  
˃  Low	  power	  is	  CMOS	  friendly	  
˃  ”Moore’s	  Law	  Radio”	  -‐	  Data	  rate	  scales	  with	  the	  shorter	  pulse	  
widths	  made	  possible	  with	  ever	  faster	  CMOS	  circuits	  

» PotenBal	  for	  low	  cost	  implementaBon	  
˃  Nearly	  “all-‐digital”	  radio	  
˃  IntegraBon	  of	  more	  components	  on	  a	  chip	  	  

» PotenBal	  for	  small	  size	  implementaBon	  
˃  Nearly	  “all-‐digital”	  radio	  

Low	  power	  IR-‐UWB	  front-‐end	  –	  IR-‐UWB’s	  
suitability	  for	  medium	  range	  RFID	  
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Low	  power	  IR-‐UWB	  front-‐end	  -‐	  low	  
instantaneous	  power	  pulse	  generator	  	  

»  The	  IR-‐UWB	  design	  has	  close	  Bes	  to	  energy	  
harvesBng	  

»  With	  low	  energy	  power	  sources,	  meeBng	  peak	  
power	  requirements	  is	  always	  challenging	  	  
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»  Running	  a	  slow-‐charge	  and	  
fast-‐discharge	  approach	  
miBgates	  (parts	  of)	  the	  
problem	  (one-‐pulse	  storage)	  

»  Data-‐rate	  depends	  on	  the	  
characterisBcs	  of	  the	  source	  	  

Low	  power	  IR-‐UWB	  front-‐end	  -‐	  low	  
instantaneous	  power	  pulse	  generator	  	  
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Low	  power	  IR-‐UWB	  front-‐end	  –	  power	  
management	  and	  measurements	  	  

Test	  PCB	  

Microphotograph	   of	   the	   IR-‐UWB	   Tx	  
with	  Power	  management	  	  

Measurement	  setup	  	  

System	  block	  diagram	  
(Vs	  is	  6.78MHz)	  	  	  
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» Measured	  PSD	  with	  a	  PRR	  of	  250	  Mpps	  

Low	  power	  IR-‐UWB	  front-‐end	  –	  power	  
management	  and	  measurements	  	  

Measured	  PSD	  of	  the	  UWB	  pulse	  signal	  	  	  

Measured	  total	  current	  
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»  Slow	  charge	  for	  energy	  
storage	  and	  fast	  discharge	  for	  
narrow	  pulse	  generaBon	  

»  Low	  instantaneous	  power	  
consumpBon	  (6-‐10.4mW)	  

»  Supports	  OOK	  modulaBon	  
»  Low	  average	  power	  

consumpBon	  (5-‐18pJ/pulse)	  
»  Average	  power	  

180µW@10Mbpb	  
»  Chip	  area	  0.16mm2	  

M.	  Shen,	  Y.-‐Z.	  Yin,	  H.	  Jiang,	  T.	  Tian,	  and	  J.	  Mikkelsen,	  “A	  3-‐10	  GHz	  
IR-‐UWB	  CMOS	  Pulse	  Generator	  With	  6	  mW	  Peak	  Power	  DissipaBon	  
Using	  A	  Slow-‐Charge	  Fast-‐Discharge	  Technique,”	  Microwave	  and	  
Wire-‐	  less	  Components	  LeHers,	  IEEE,	  vol.	  24,	  no.	  9,	  pp.	  634–636,	  
Sep.	  2014.	  

Low	  power	  IR-‐UWB	  front-‐end	  –	  power	  
management	  and	  measurements	  	  
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» MR	  WPT	  is	  a	  promising	  powering	  approach	  
for	  medium	  range	  RFID	  applicaBons	  

» MR	  WPT	  has	  the	  potenBal	  to	  power	  mulBple	  
tags	  in	  the	  targeted	  area	  

»  IR-‐UWB	  features	  microwaH	  power	  
consumpBon,	  and	  is	  suitable	  for	  medium	  
range	  RFID	  applicaBons	  

Conclusion	  
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»  Simultaneous	  wireless	  informaBon	  and	  power	  
transfer	  using	  dual	  coupling	  frequencies	  	  

»  Health	  issues	  in	  WPT	  and	  miBgaBon	  approaches:	  one	  
of	  the	  barriers	  for	  WPT	  

Other	  WIPT	  related	  ac=vi=es	  and	  future	  
ac=vi=es	  

SAR measurement setup at AAU Dual-frequency coupling  
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Thank	  you	  …	  ques=ons?	  

»  mish@es.aau.dk	  &	  jhm@es.aau.dk	  
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