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B Lynx X-ray Microcalorimeter detector (LXM) 8
LXM array baseline configuration Main array * Astro 2020 Decadal endorsed a (a) 25 averaged pulse shapes and individual groups are clearly separated (onset) = AUEr &
17 pixels (50 pm), 5’ FOV, 5x5 Lynx-like X-ray mission as a New (b) Simulated pulse shapes, showing good agreement with the measured data in (a), with a T TR Al “h)./dra ”
A Great Observatory that should be a difference of approximately 10% . . .
Up to 7 keV part of the mission and technology [W. Yoon et al., “Position-Sensitive Magnetic Calorimeters for Lynx”, J Low Temp Phys 199, 916-922 (2020)] * Bump-bonded three prototype superconducting 2D microwave resonator chips
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mgturatlon program development B Continuity test of all individual wirings using flying prober onto th.e MMC.detector using superconduc’qng iIndium B
.Enhggff?;{;aéfﬁ) oV i this decade * MMC signal will be read out by 2D yuMUX chip and amplified by KI-TWPA and HEMT
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AE=2 eV spectrometer called the Lynx X-ray S | \:“ r | - Indium bonding pads B 2D microwave multiplexing chip (NIST)
Up to 7 keV . . o Test points (blue dots) . ror-bu
12800 pixels Mlcrocalorlmeter (LXM) WhICh IS a r - - | 1 = o 2D‘uMUXWOOto;‘:chip(calibrat?dcables)VNA‘power=-40dle 4000 | | | |
. _ very large microcalorimeter array R W o ) ° o
Ultrf,’l-élﬁl;lI:T;:Lur:;)r; ’(l;g\F/{) array with > 100 kilo- pIX els %%%%%%%%%% | | = 5 7 x&m,.“ va,|,.|| | ||u,\ | ‘ ‘. ‘{‘ l H i '-,|."n|-| “ “ |’~' ‘ | zzzz; o5
AE=0.3eV  Magnetic Microcalorimeter (MMCQC) | * stripe patterns: conduction layer — —— miiin) el | Hill ] ‘ ‘ 1 osof g 00
Up to 0.8 keV : , : | * solid blue dots: test point layer ' 2 4 | | In g 5 o 0 g0 o °
3800 pixels is a leading technology option for | | Tl 0 o4 o0 % )
the detectors i} o 6 5 %% 0 op
i . . . sool @ © %o © o
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* The Main array and EA designed for 4 um thick Au absorbers while the UHR array is designed for 1 mgghanlcal planarization (CMP) process N\ e 77 resonances are observed, 68 resonances are identified as good single peaks
|.,|mth|CkAU absorbers -erlng done by our COllabOI‘ator, MIT-LL- e Resonance frequency range: 4 -8 GHz
. : : - The longest bias wiring length is approximately 70 m
In the past year, we have developed a process to fabricate these dual-thickness absorbers The total wiring length of the latest design is about 350 m ! uUMUX noise measurement, flux ramp modulation
B Principle of MMCs - A single broken wire has a substantialimpact on yield, budget, and timeline! with KI-TWPA (JPL)
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g * Three observed major problems: [ o e - MBA, Au:Er sensor partially
T t (1) shorts to GND and open wires, (2) critical dimension variations, and (3) over- ) deposited, 12/25 area
MMC advantages: polishing of the top wiring : // T - UHR, Demonstrated that the
* MMCs have potential for gregter energy resol.utlon thgn T.ESs | | = Resolved these issues and achieved 100 % buried wiring yield! multi-turn transformer is working
- Persistent current stored in superconducting Nb circuit for MMC bias, no Johnson noise g0 o
associated with readout. B Fabricated fully-wired MMC detector with two different absorber thicknesses e
* More straightforward calibration due to broad smooth responsivity.
* Thermal design is simpler as no heat dissipated in MMC pixels. cEEEEPEERERRRRRCEEREERERE s 4 pym thick MA absorber
* Uses microwave multiplexed SQUID readout similarto TESs. TEmmmae B Hotspot formation study in Nb meander coil
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B Thermal multiplexing: “Hydra” Loss of superconductivity in narrow regions
: : : : : : “Hotspot”
- Multiple absorbers thermally linked to a single sensor via paths with different thermal conductance 2 02 ( due tsthe)interplay between the applied current
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L. : For detailed hotspot threshold modeling, see® Hotspot formation in sub-micron
- o d-absorber hvd Sl * Developed a process for fabricating two different absorber , P _ , &, P ”
xample: 4-absorber hydra modeling hick H g . width Nb superconducting coils for MMC X-ray detectors”, 2EPo1A-01
* The paramagnetic sensor has a weak thermal coupling to the heat bath (G,,) thicknesses on the same detector:
* Gi~C/n - Main array and Enhanced main array: 4 ym thick Au absorber B Summary and Outlook
 Each absorberisthermally coupled to the sensor with a different thermal UHR array: 1 um thick AU absorber
conductance (G,s;) 005 . - . . . .
_If all G, are identical, the pulse height is maximized (yielding the best energy o  Successfully fabricated full-scale Lynx detector array with two different absorber
reso.lutlon), but p03|t|qn sensitivity is lost 2 | . Vari desi di f he Mai thicknesses
* Solving the heat equation reveals how the temperatures of the sensor and absorber 2 002 arious design concept studies 1or the Main array . . . .
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?gang:edaef;ienre?j22?22\2?52?8?223;23rbetween the minimum and maximum values (1) Superconductlng Nb meander coil + Au:Er sensor Obtalne.d g lOW NOISe .SpeCtrUI.'n with flux ramp mOdUlat!On and KI-TWPA
gy (2) “Sandwich”: Additional superconducting Nb plane above (1) * Innovative bipolar design and integrated transformers with MMCs work as expected
« - P(f), internal th d ic fluctuation, P(f)=4k,T?G . : : : . ' ' ' ' -
(1), Internal thermodynamic fluctuation, P(f)=4k, S (3) “Bipolar”: Superconducting Nb/Al integrated persistent current heat switches * Willtocus on measuring high energy resolution X-ray spectra shortly
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os connecting two Nb meander half-coils Optimizing the coupling of the MMC array, and the pMUX & KI-TWPA readout




	Slide 1


   C z     d T z  d t =   −  (   ∑  i = 1 n   G  a s , i +  G  b z )  T z +  ∑  i = 1 n   T i  G  a s ,   i +  P  b z +  ∑  i = 1 n   P  a z , i


   C i   d  T i  d t =  G  a s , i  T z −  (   G  a s , i +  G  a b , i )  T i +  E  p h o t o n +  P  a b ,   i −  P  a z , i


  𝛿 M =     𝜕 M  𝜕 T 𝛿 T =   𝜕 M  𝜕 T    E  x − ray   C  total


  𝜏 =  C G


  T −  T 0 =  E C


  KI − TWPA   off ,   1 . 9     μ   Phi 0 /    Hz  


  KI − TWPA   on ,   0 . 7     μ   Phi 0 /    Hz  


  Target <   0 . 2     μ   Phi 0 /    Hz  

