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Herschel/SPIRE	
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Credit:	
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Planck/HFI	
  

52	
  bolometers	
  



SCUBA	
  2	
  
superconducJng	
  bolometers	
  with	
  mulJplexed	
  SQUID	
  readout	
  

5120	
  pixels	
  per	
  band,	
  100	
  mK,	
  TES/SQUID	
  TDM	
  
NEP	
  ~	
  low	
  10-­‐16	
  W	
  Hz-­‐1/2	
  

Holland	
  et	
  al.	
  2013	
  

no	
  horns	
  



1999	
  –	
  present:	
  (M)KID	
  
(Microwave)	
  KineJc	
  Inductance	
  Detectors	
  



KIDS:	
  basic	
  concept	
  



Microlens	
  array	
  KID	
  array	
   NEP	
  distribuJon	
  

Photon	
  noise	
  







MAKO	
  



MAKO	
  –	
  484	
  TiN	
  KIDs	
  @	
  350	
  µm	
  

ZSPEC	
  –	
  160	
  bolometers	
  



DR21	
  @	
  850	
  µm	
  



Atmospheric	
  noise	
  



COSMONANOSCIENCE GROUP
superconductivity and photonsCOSMONANOSCIENCE GROUP

superconductivity and photons

KID imaging Array

Resonators$have$different$length$
Different$resonance$frequencies

IdenIcal$antenna’s

1$readout$line$connecIng$all$pixels

Flies$eye$lens$array,$1$lens/pixel

800 µm

Credit:	
  J.	
  Baselmans,	
  SRON	
  

Lens/antenna	
  coupling	
  
GHz	
  readout	
  



COSMONANOSCIENCE GROUP
superconductivity and photonsCOSMONANOSCIENCE GROUP

superconductivity and photons

Large area Chips

pdflfk 

Philips Lighting Uden 

850 GHz!
5 IF lines!
62.5 x 62.5 mm !
5400 pixels!
Si lens array 0.8 mm

350 GHz!
1 IF line!
62.5 x 62.5 mm !
880 pixels!
Al2O3 lens array 2 mm

IF#
1#
#

IF#
2#
#

IF#3# IF#4# IF#5#

Arrays for A-MKID
4	
  x	
  880	
  =	
  3520	
  pixels	
  @	
  350	
  GHz	
  
4	
  x	
  5400	
  =	
  21600	
  pixels	
  @	
  850	
  GHz	
  
Total	
  =	
  25120	
  pixels	
  

Credit:	
  J.	
  Baselmans,	
  SRON	
  



COSMONANOSCIENCE GROUP
superconductivity and photonsCOSMONANOSCIENCE GROUP

superconductivity and photons

Array Performance 77K load
>90% yield!
~82% NEP within factor 2

2e-15

4e-15
NEP [W/√Hz]

Credit:	
  J.	
  Baselmans,	
  SRON	
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c)#b)#

Photon1noise$limited$sensi,vity$in$MKIDs$at$250$μm$

Feedhorn1coupled$
MKID$concept$

dual1polariza,on$sensi,vity$
within$one$spa,al$pixel$

Experimental$package$

Sensi,vity$to$variable$temperature$thermal$load$

photon$noise$
limited$

above$1pW$

in'development'for'BLAST6TNG,'a'balloon6borne'polarimeter'

Hubmayr$et$al.$2014$

detector$development$is$a$collabora,on$between$NIST,$UPENN,$ASU$and$Stanford$

feedhorn$array$

detector$chip$

photon$noise$$
predic,on$

Hubmayr	
  et	
  al.	
  2014	
  



Superspec	
   lens	
  
footprint	
  

293K	
  loading	
  

92K	
  loading	
  

Credit:	
  S.	
  Hailey-­‐Dunsheath	
  



Dell/SRON	
  



Horn-­‐coupled	
  KIDs	
  for	
  CMB	
  polarizaJon	
  
McKarrick	
  et	
  al.,	
  Rev.	
  Sci.	
  Instrum.	
  2015	
  

seven	
  modules	
  =	
  2317	
  single-­‐polarizaJon	
  detectors	
  

Prototype	
  150	
  GHz	
  Module	
  

4.8 mm aperture

inductor IDCprobe probe

backshort

conical flare

conical
horn

cylindrical
waveguide

aluminum
detector
package

fused silica
silicon

capacitively
coupled
probe tone

horn exit
aperture

IDC

inductor/absorber

2 mm

Credit:	
  B.	
  Johnson,	
  Columbia	
  U.	
  

NET	
  ~	
  30	
  µK	
  sec1/2	
  



NEP	
  <	
  10-­‐17	
  W	
  Hz-­‐1/2	
  



Small-­‐volume	
  AL	
  KIDs	
  

P.	
  Day,	
  B.	
  H.	
  Eom,	
  H.	
  G.	
  Leduc,	
  C.	
  McKenney,	
  C.	
  Dowell,	
  J.	
  Zmudizinas	
  

predicJons	
  



MulJchannel	
  Digital	
  Readout	
  
•  FPGA	
  implements	
  digital	
  channelizer	
  for	
  readout	
  tone	
  separaJon	
  
•  Microwave	
  (GHz)	
  readout	
  requires	
  up/down	
  frequency	
  conversion	
  
•  RF	
  readout	
  (<	
  500	
  MHz)	
  allows	
  ``direct	
  drive’’	
  with	
  ADC/DAC	
  

–  Reduces	
  readout	
  bandwidth,	
  complexity,	
  and	
  cost	
  

M
ic
ro
w
av
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L.	
  Swenson,	
  LTD-­‐15	
  2013	
  

A-­‐MKID,	
  etc	
  

MAKO,	
  
SuperSpec,	
  
McKarrick	
  et	
  al	
  



MAKO	
  Readout	
  Electronics	
  

10	
  MHz	
  rubidium	
  standard	
  	
  &	
  1	
  PPS	
  Signal	
  
(from	
  GPS	
  antenna)	
   Amp	
  

Bias	
  

Roach	
  Clock	
  
(500	
  MSPS)	
  

ROACH	
  

10	
  MHz	
  standard,	
  Clock,	
  and	
  Amp	
  bias	
  can	
  be	
  shared	
  by	
  mulJple	
  ROACH	
  readouts	
  
1	
  ROACH	
  can	
  handle	
  2	
  readout	
  lines,	
  up	
  to	
  4000	
  detectors	
  
MAKO/ROACH	
  firmware	
  developed	
  by	
  Ryan	
  Monroe,	
  CIT/JPL	
  









Credit:	
  J.	
  Gao	
  



Credit:	
  J.	
  Gao	
  





The	
  Quantum	
  Capacitance	
  Detector	
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Credit:	
  P.	
  Echternach	
  /	
  JPL	
  



Sky	
  background	
  

Credit:	
  J.	
  Glenn	
  



The	
  landscape	
  in	
  2015	
  

SPACEKIDS/FP7	
  
Small-­‐volume	
  Al	
  ?	
  
Suspended	
  devices?	
  

INTERFEROMETER	
  



What	
  will	
  it	
  take?	
  
•  Lower	
  NEP	
  

–  Reduce	
  acJve	
  volume	
  
•  Antenna	
  vs	
  absorber	
  coupling	
  ?	
  

–  Use	
  suspended	
  devices	
  to	
  slow	
  down	
  energy	
  loss	
  
•  Detector	
  Jme	
  constant	
  ?	
  

•  Larger	
  arrays	
  
–  Simplify	
  as	
  much	
  as	
  possible	
  

•  KIDs	
  vs	
  TES	
  vs	
  QCD	
  ?	
  
–  Reduce	
  readout	
  frequencies	
  

•  Tradeoff	
  vs	
  acJve	
  volume	
  ?	
  
•  Lower	
  power	
  readout	
  (e.g.,	
  ASIC	
  spectrometer	
  chip)	
  
•  OpportuniJes	
  for	
  full-­‐system	
  tesJng	
  
•  Significant	
  commitment	
  /	
  investment	
  

–  Current	
  levels	
  will	
  not	
  get	
  us	
  to	
  CALISTO	
  



A.	
  Poglitsch,	
  2010	
  
•  With	
  the	
  PACS	
  instrument,	
  we	
  have	
  –	
  for	
  the	
  first	
  
Jme	
  –	
  introduced	
  large,	
  filled	
  focal	
  plane	
  arrays	
  
…	
  in	
  the	
  far	
  infrared.	
  Without	
  any	
  prior	
  
demonstraJon,	
  several	
  major,	
  technological	
  
developments	
  have	
  found	
  their	
  first	
  applicaJon	
  
with	
  PACS	
  in	
  space.	
  	
  

•  The	
  success	
  of	
  this	
  path	
  …	
  should	
  encourage	
  our	
  
community	
  to	
  defend	
  this	
  more	
  “pioneering”	
  
approach	
  against	
  trends	
  towards	
  an	
  
“industrial”	
  (i.e.,	
  minimal-­‐risk)	
  approach,	
  which	
  
will	
  not	
  allow	
  us	
  to	
  take	
  advantage	
  of	
  the	
  latest,	
  
experimental	
  developments,	
  on	
  which	
  our	
  
scienJfic	
  progress	
  olen	
  depends.	
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