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Objectives & Background: Approach:
Fundamental antenna element Bandpass filters/ 2-scale hierarchy design
Direct detection, superconducting, 450 nm Nb
spectrometers-on-a-chip ->cover very large 250 nm  a-Si:H
spectral bandwidths, map the universe over large _— == égg 22 :-'Si:H
redshift range in 0.1-2 THz regime and — 190 nm Nb
diffraction-limited. 370 nm Si (substrate)

Current spectrometers have single-size optical o
receiving element ' ' '
- limited in redshift range (v, Vimin = 1.65:1),

-optical efficiency varies >2 because diffraction
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through a silicon substrate and coherently
summed (like phased-array radar). Frequency-
selective summing of such antennas enables the
spectrometer pixel size to scale with wavelength
to match the diffraction spot size over a fractional
bandwidth much larger than 1.65:1. Our

objective was to demonstrate this summing. T ¥ Towards KIDs B0 e 10

Significance to JPL/NASA: The fundamental optical receiving element is a

Enables spectrometer-on-a-chip technology under phased array of slot dipoles in a Top) Bandpass filter design. Green squares: capacitor pads, red spirals:
development by JPL and NASA more generally (SuperSpec at superconducting ground plane illuminated inductors, green line entering from the right is the microstripline from the
JPL/Caltech, pSpec at GSFC) to cover potentially much broader through a silicon substrate and coherently antenna. The four bands connect to the junction at the center. The bands

are, clockwise from upper left: B4, B2, B5, and B3. (Middle) Mask for two-
scale antenna. Each sub-element is fundamental antenna element. BPFs are

bandwidths than possible without this innovation --- expanding

from 1.65:1 to 5.5:1 or perhaps even greater. With wide- summed (like phased-array radar). Frequency-

bandwidth AR structures for silicon under development selective summing of such antennas enables at the outer four corners of the summed antenna, and the four B2 lines
(Golwala silicon AR structure APRA) and microstriplines capable the spectrometer pixel size to scale with from eaChdSUP'emeent join 1:r5t at the left and right 'Sti:ljes and ’:jhehn at;he
f hing to 2 THz (Golwala 3-Si-H and C MoB2 : : : center and exit at the top. The KID capacitors are visible around the edges
ZPIrRe:SC);]?ZOS/-fiIIinZ (s ch':fozci) ilc foacnal |l;:re]2?§r fo nd- Wavelength_ to match th_e difiraction SpOt SiZ€ of the antenna. There are two each B3, B4, B5 KIDs at the bottom and the
&3P op P sround over a fractional bandwidth much larger than top, and the one remaining detector that is different is the B2 KID. (Bottom
F)ased tejlescopes and NASA missions that can map the universe 1.65:1. left) Photo of fabricated chip with four copies of the hierarchical antenna.
in 3D using CO, HCN, [ClI], [NII], [O1], and [OlII]. (Bottom right) Zoom-in picture on a single hierarchical antenna and its KIDs.

Band: 2, Resonance: 208.6852 MHz Band: 3, Resonance: 254.8347 MHz Band: 4, Resonance: 311.929 MHz Band: 5, Resonance: 374.1654 MHz

(First and second row, third row left) Beam maps in 2D Results:

and 1D. The third row plot compares the FWHM of the P e T e T e T L e
different bands and shows the B2 beam of the i N\ T il
hierarchically summed antenna has approximately the
same width as the fundamental antenna B4 beam, which
makes sense give the factor of 2 in frequency and the
factor of 2 in antenna size. (Third row, right) Hot/cold
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efficiency as a function of KID readout frequency. The : 0 | 0 — g AT ]
four mm-wave spectral bands are represented by the four g ™ / \\ = / \\ ™ — g / \\
colored ovals (B2-B5 left to right). Two of the B3 — T e ,,/ \M g T E A o
resonators have shifted away from their design readout : el 1 \:\ E” Anbry| m: j . Es e |\ /\
frequencies but are otherwise functional. One B2 T =EMuE —dy 2T g yE Tmen
resonator appears to have become disconnected from its NERY IR 'f:\\ S / aiz Rl AN BiEES
microstripline given that it displays very low optical T T’ T e T ot ” 0
efficiency. Three resonators near 400 MHz are designed 010 “’egr;e“] 0 20 g 0 gowed)anicmd el e ane s

to be “dark” — i.e., not connected to antennas — as a 0 jéf’" g i:j ] e =

test for direct absorption in the KIDs rather than via the = _. \ "5 5% 330 33%” 30 350 360 0

microstripline. (Bottom row) Measure bandpasses (thin:
individual KIDs; thick: average over each band) compared
to design bandpasses (thin dashed) and atmospheric
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transmission (magenta dashed). B5 will be corrected in N o 3gspe s and 4
the future to fit within the atmospheric transmission - N S I R T ey
window.
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