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DARE	
  Science	
  Objec4ve	
  

Determine the nature of 
and epoch of 
formation for the first 
luminous sources in 
the Universe	
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Science	
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  Matrix	
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Heritage	
  

Ground	
   Space	
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Science	
  Instrument	
  

•  Broadband	
  RF	
  
spectrometer	
  

•  Important	
  to	
  design	
  as	
  
integrated	
  whole,	
  but	
  …	
  

•  Illustrate	
  RF	
  signal	
  flow	
  by	
  
considering	
  sub-­‐systems	
  
–  Antenna	
  
–  Receiver	
  
–  Digital	
  Spectrometer	
  

National Aeronautics and Space 
Administration!
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Science	
  Instrument	
  
Antenna	
  

•  Tapered	
  biconcial	
  dipole	
  topology	
  
–  Low-­‐mass,	
  compact	
  design	
  to	
  cover	
  the	
  frequency	
  
range	
  

–  Other	
  topologies	
  would	
  be	
  large,	
  probably	
  requiring	
  
deployment	
  
E.g.,	
  log-­‐periodic	
  

–  Constructed	
  from	
  an	
  internal	
  wire	
  frame	
  covered	
  with	
  
kniQed	
  gold-­‐plated	
  wire	
  mesh	
  used	
  on	
  deployable	
  
communicaRon	
  antennas	
  	
  

–  Dielectric	
  support	
  structure	
  is	
  an	
  Astroquartz/Kevlar	
  
fiber	
  and	
  cyanate	
  ester	
  resin	
  composite	
  
•  good	
  thermal	
  stability	
  
•  low	
  RF	
  loss	
  
•  coated	
  by	
  a	
  high	
  resisRvity	
  Ge	
  coaRng	
  to	
  bleed	
  off	
  any	
  
solar	
  wind	
  induced	
  charge	
  

•  Ground	
  radials	
  improve	
  forward	
  gain	
  
–  EffecRve	
  as	
  a	
  solid	
  ground	
  plane	
  
–  Far	
  easier	
  to	
  deploy,	
  with	
  demonstrated	
  history	
  
–  12	
  radial	
  extensions	
  formed	
  by	
  deployable	
  beryllium	
  
copper	
  antenna	
  elements	
  

tapered	
  biconical	
  dipole	
  

ground	
  radials	
  spacecraX	
  bus	
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Science	
  Instrument	
  
Receiver	
  	
  

Designs	
  considered	
  
•  Single-­‐ended	
  design,	
  with	
  cascaded	
  amplifiers	
  

Provides	
  a	
  poor	
  match	
  to	
  the	
  Science	
  Antenna	
  

•  Ferrite	
  isolator	
  
physically	
  large,	
  may	
  not	
  operate	
  over	
  the	
  enRre	
  
frequency	
  range	
  

•  Balanced	
  design	
  
Minimizes	
  the	
  reflecRon	
  to	
  the	
  Science	
  Antenna	
  

•  Balun	
  
–  Uses	
  acRve	
  elements	
  near	
  the	
  Science	
  Antenna	
  to	
  
match	
  its	
  impedance	
  variaRons	
  

–  considerable	
  ground	
  heritage,	
  but,	
  on	
  a	
  spacecraX,	
  
has	
  thermal	
  consideraRons	
  

•  AcRve	
  isolator	
  
Requires	
  an	
  addiRonal	
  ±12	
  VDC	
  and	
  qualificaRon	
  of	
  a	
  
second	
  amplifier	
  

•  Current	
  Feedback	
  Amplifiers	
  
Requires	
  qualificaRon	
  of	
  a	
  second	
  amplifier	
  

Front-­‐end	
  	
   Rx	
  +	
  
backend	
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Science	
  Instrument	
  
Digital	
  Spectrometer	
  

•  40-­‐120	
  MHz	
  with	
  10	
  kHz	
  
spectral	
  resoluRon	
  8k	
  
point	
  spectrum	
  
Cf.	
  GUPPI	
  =	
  4k	
  spectrum	
  over	
  800	
  

MHz	
  
•  Basic	
  design	
  =	
  ADC	
  +	
  
polyphase	
  spectrometer	
  
–  Several	
  rad-­‐hard	
  ADCs	
  available	
  
–  Rad-­‐hard	
  Xilinx	
  and	
  Actel	
  
FPGAs	
  available	
  

•  Data	
  compression	
  not	
  an	
  
opRon	
  
•  High	
  bit	
  depth	
  not	
  needed	
  
•  LimiRng	
  factor	
  is	
  downlink	
  
data	
  rate	
  

ν	
  =	
  45	
  MHz	
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Calibra4on	
  

•  Based	
  on	
  proven	
  ground-­‐
based	
  techniques,	
  viz.	
  EDGES	
  
• Absolute	
  calibraRon	
  less	
  
important	
  than	
  relaRve	
  
spectral	
  calibraRon	
  
•  3-­‐input	
  switching	
  allows	
  
power	
  from	
  antenna	
  to	
  be	
  
determined	
  
•  VariaRon	
  of	
  sky	
  temperature	
  
also	
  allows	
  antenna	
  to	
  be	
  
calibrated	
  

ν	
  =	
  45	
  MHz	
  

3-­‐input	
  
system	
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Summary:	
  Science	
  Instrument	
  

•  Science	
  requirement	
  
dictates	
  broadband	
  RF	
  
spectrometer	
  

•  Design	
  draws	
  on	
  long	
  
ground-­‐	
  and	
  space-­‐
heritage	
  

•  ImplementaRon	
  at	
  high	
  
TRL	
  

•  Ready	
  to	
  begin	
  building!	
  


