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Overview	
  

•  Review	
  of	
  sinuous	
  antenna	
  pixels	
  
– Why	
  is	
  this	
  a	
  candidate	
  technology	
  for	
  LiteBIRD?	
  

•  Achieving	
  LiteBIRD	
  specificaWons	
  
– Tailoring	
  for	
  a	
  space	
  environment	
  
– Accurately	
  tuning	
  bands	
  	
  

•  Current	
  status	
  of	
  LiteBIRD	
  prototype	
  detectors	
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UC	
  Berkeley:	
  FabricaWon	
  Heritage	
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ASTE	
  

EBEX	
   POLARBEAR-­‐1	
   POLARBEAR-­‐2	
  

SPT-­‐SZ	
  APEX-­‐SZ	
  



Lenslet	
  Coupled,	
  Sinuous	
  Antenna,	
  	
  
MulW-­‐choric,	
  TES	
  Bolometers	
  

Sinuous	
  Antenna	
  

Band	
  Defining	
  
Filters	
  

Bolometers	
  
(3	
  bands,	
  2	
  pols)	
  

Transmission	
  Line	
  

TES	
  

Lenslet	
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Crossover	
  



Technology	
  Overview	
  
•  Sinuous	
  Antenna	
  
– Self-­‐complimentary,	
  dual	
  polarizaWon,	
  broadband	
  
slot	
  antenna	
  design	
  CHAPTER 5. MULTI-CHROIC DETECTOR ARRAY DESIGN AND FABRICATION 65

Figure 5.4: Photograph of a sinuous antenna. This sinuous antenna has 11-cell, α = 45
◦
, δ = 22.5◦,

τ = 1.3 and R1 = 24 µm.

polarization application, N = 4 terminal is typically used. Equation that describes sinusoidal curve

of a sinuous antenna in polar coordinate is [32]

φ(r) = (−1)pαp sin

�
π

ln(r/Rp)

lnτp

�
±δp (5.3)

Where p is a cell number in integer value (p = 1,2,3 · · ·), αp is angular amplitude of sinusoidal

curve, Rp is inner radius of pth
cell, τp ≥ 1 is a logarithmic expansion factor, and δp is angular

width of each arm. A cell is a half-wavelength switchback of sinusoidal arm. Inner radius of

sinuous antenna expands as Rp+1 = τRp. Figure 5.4 shows 11-cell sinuous antenna with τ = 1.3,

α = 45
◦ δ = 22.5◦ and R1 = 24 µm.

We studied antenna’s fundamental property such as input impedance, beam shape and polariza-

tion axis orientation with the HFSS. We simulated a model with 16-cell slot sinuous antenna with

τ = 1.3, α = 45
◦ δ = 22.5◦ and R1 = 24 µm curved into perfect conductor. Lenslet is 5.346 mm

diameter silicon (εr = 11.7) hemisphere with extension length of 1.069 mm of silicon extension.

Two-layer anti-reflection coatings are two layers of quarter-wave (at 120 GHz) thick dielectric with

dielectric constant of εr = 5 for an inner layer and εr = 2 for an outer layer. Figure 4.5 shows the

simulated model. The model was simulated in frequency domain from 70 GHz to 170 GHz in steps

of 5 GHz.

!(r) = (!1)p" p sin[#
ln(r / Rp )
ln($ p )

]±%p
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•  RF	
  Filters	
  and	
  Bolometers	
  
–  Tunable	
  Chebyshev	
  RF	
  filters	
  (band	
  center/bandwidth)	
  
–  Tunable	
  TES	
  bolometers	
  (power	
  per	
  band	
  per	
  pol)	
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Technology	
  Overview	
  



Result:	
  Frequency	
  Tunable	
  Devices	
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OpWcal	
  Performance:	
  LB	
  Pixel	
  

Low	
  EllipWcity	
  Beams	
  	
  (<	
  1%)	
  

Excellent	
  Pol	
  Efficiency	
  in	
  Both	
  Pols	
  (>99%)	
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IntegraWon	
  into	
  Low	
  Frequency	
  Telescope	
  

Readout	
  LCs	
  

Device	
  	
  
Wafer	
  

MF	
  LF	
   LF	
  

Sky	
  Side	
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LB	
  Arrays	
  vs	
  Ground	
  Arrays	
  

•  PB-­‐2	
  Arrays	
  271	
  Pixels	
  compared	
  with	
  37	
  
(MF)	
  and	
  19	
  (LF)	
  arrays	
  

•  Ground	
  based	
  work	
  has	
  already	
  laid	
  the	
  
ground	
  work	
  for	
  LB	
  

•  Small	
  arrays	
  benefit	
  in	
  many	
  ways	
  from	
  a	
  
fabricaWon	
  perspecWve	
  

	
  

PB-­‐2	
  Array	
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LB	
  MF	
  
Array	
  

~6”	
   ~3”	
  



Achieving	
  the	
  LiteBIRD	
  Specs	
  

•  Robust,	
  high-­‐yield,	
  high-­‐uniformity	
  fabricaWon	
  	
  
•  FabricaWon	
  tolerance	
  directly	
  impacts	
  instrument	
  
sensiWvity	
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Achieving	
  LiteBIRD	
  SpecificaWons	
  

•  Frequency	
  Bands	
  
•  SensiWvity	
  and	
  FabricaWon	
  Requirements	
  
– Thermal	
  tuning	
  
– Yield/OpWcal	
  efficiency	
  
–  Intra-­‐pixel	
  uniformity	
  (e.g.	
  crossovers,	
  filters)	
  
– Pixel-­‐Pixel	
  and	
  Wafer-­‐Wafer	
  uniformity	
  (e.g.	
  
bandwith,	
  efficiency)	
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•  Tuning	
  the	
  bands	
  of	
  the	
  LF	
  and	
  MF	
  focal	
  planes	
  

LiteBIRD	
  Frequency	
  Bands	
  

• 12	
  bands	
  in	
  
4	
  pixel	
  types	
  
• CO	
  J10,	
  J21	
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LiteBIRD	
  Frequency	
  Bands:	
  
CO	
  Notch	
  Filters	
  

•  CO	
  lines	
  with	
  LB	
  bands	
  
•  Notch	
  filter(s)	
  to	
  take	
  CO	
  line(s)	
  out	
  
•  Only	
  2	
  bands	
  in	
  MF/LF	
  baseline	
  

configuraWon	
  for	
  LB	
  have	
  CO	
  lines	
  

•  Response	
  of	
  designed	
  
notch	
  filter	
  (Ari	
  Cukierman)	
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SensiWvity:	
  SaturaWon	
  Power	
  (NEP)	
  

•  Expected	
  OpWcal	
  Loading	
  	
  
•  LB	
  spec	
  is	
  ~0.7	
  pW	
  at	
  140	
  Ghz	
  
•  By	
  comparison	
  the	
  Psat	
  spec	
  for	
  PB-­‐2	
  is	
  ~10	
  pW	
  @	
  145	
  GHz	
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•  OpWcal	
  loading	
  sets	
  saturaWon	
  power	
  of	
  detectors	
  
•  We	
  have	
  3	
  knobs	
  to	
  turn	
  
– Materials,	
  Geometry,	
  and	
  Tc	
  

•  Assuming	
  PB-­‐2	
  Geometry	
  
and	
  Materials	
  and	
  a	
  Tc	
  of	
  
180	
  mK	
  we	
  get	
  Psat	
  with	
  the	
  	
  
specs	
  of	
  LB	
  (~0.7pW)	
  

SensiWvity:	
  SaturaWon	
  Power	
  (NEP)	
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•  Both	
  polarizaWon	
  channels	
  must	
  be	
  balanced	
  

SystemaWcs:	
  Pair	
  Differencing	
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•  Symmetric	
  
	
  microstrips	
  
(~0.05um	
  typical)	
  

•  Symmetric	
  	
  
crossovers	
  

•  Layer	
  to	
  layer	
  
alignment	
  
(~0.1um	
  typical)	
  
	
  

	
  



Current	
  Status	
  of	
  Development	
  

•  Co-­‐fabbing	
  a	
  180	
  mK	
  Tc	
  demonstraWon	
  bolo	
  w/	
  NIST	
  
– Wafer	
  mid-­‐way	
  through	
  fab	
  

•  Previously	
  characterized	
  test	
  chips	
  irradiated	
  at	
  
HIMAC	
  in	
  Japan	
  
– Will	
  be	
  re-­‐characterized	
  to	
  study	
  effects	
  of	
  radiaWon	
  on	
  
pixel	
  performance	
  

•  Work	
  to	
  begin	
  soon	
  on	
  single	
  LB	
  pixel	
  fab	
  
– Start	
  with	
  100,	
  145,	
  190	
  GHz	
  triplexer	
  in	
  early	
  2016	
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Conclusions	
  

•  Lenslet	
  coupled,	
  sinuous	
  antenna,	
  TES	
  
bolometers	
  are	
  excellent	
  candidates	
  for	
  the	
  
Low	
  and	
  Mid	
  Frequency	
  focal	
  planes	
  

•  We’ve	
  demonstrated	
  these	
  pixels	
  for	
  the	
  
frequency	
  bands	
  of	
  LiteBIRD	
  
– Work	
  will	
  leverage	
  the	
  strong	
  heritage	
  at	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
UC	
  Berkeley,	
  NIST,	
  and	
  Stanford	
  	
  	
  

•  Prototype	
  development	
  for	
  LiteBIRD	
  is	
  ongoing	
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