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Atacama CMB (Stage Il & lil)

ACT 6m

CLASS 1.5m x 4 AdvACTpol:
72 detectors at 38 GHz oy 88 detectors at 28 & 41 GHz
512 at 95 GHz S1ir9ns AArrzlY 1712 at 95 GHz
2000 at 147 and 217 GHz (FPolziro=:z1r 2.511) € 3) 2718 at 150 GHz
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90, 150, 220, 280 GHz

/ 1006 at 230 GHz
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South Pole CMB (Stage Il & IiI)

KECKJAYTIay.
2500 detectors

10miISouthiBolenielescope 150 & 220 GHz
SPT-3G: 16,400 detectors BICEP3 pending:
95, 150, 220 GHz 2560 detectors ~29,000 detectors

\ 95 GHz 35, 95, 150, 220, 270 GHz
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TES BO‘Omete I'S * Pins detector T and R a constant
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3G Detectors
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Fabrication of TES Bolometers

StepDescription Lithography Fabrication process Thickness
1 Define aligment marks on Stepper, PR: SPR 955Oxford ICP/RIE Etch, RF: 200 W, ICP: 1200—-140 nm
Si3Ny, Etch W, CHF3 (30 sccm), Ar (30 sccm), 30 mTorr
2 Deposition of Nb ground AJA Inc., dc magnetron sputtering, 250 W, 300 nm
plane 1.3 mTorr, Target: Nb (0.9995%)
3 Pattern antenna, filters, Stepper, PR: SPR 955Oxford, ICP/RIE Etch, RF: 100 W, ICP: 600 —300 nm
ground layer and W, CHF3 (20 sccm), SFe (25 scem), 12
bolometers slots. Etch mTorr,
4 Deposition of SiOx AJA Inc., RF magnetron reactive sputtering, 500 nm
dielectric 250 W, 1.3 mTorr, 250 °C, 37 W RF bias, Ar.
(27.6 sggm), Oz (2.4 sgem). Target: Si
(0.9995%)
5 Deposit Nb for microstrip AJA Inc., dc magnetron sputtering, 250 W, 300 nm
and leads 1.3 mTorr. Target: Nb (0.9995%)
6  Pattern microstrip, leads, Stepper + Optical, =~ Oxford, ICP/RIE Etch, RF: 100 W, ICP: 600 —300 nm
filter's top layer and PR: SPR 955 W, CHF3 (20 sccm), SFe (25 scem), 12
cross-overs bottom layer mTorr,
7 Pattern Ti/Au TES. Lift- Stepper, PR: LOR-  AJA Inc., dc magnetron sputtering, Target: 200 nm
off 3A/Ultra-i 123 Ti (0.9995), 260 W, 1.6 mTorr/Target: Au  (Ti)/20 nm
(0.9999%), 75 W, 3.2 mTorr, (Au)
8 Pattern Ti/Au Resistor. ~ Stepper, PR: LOR-  AJA Inc., dc magnetron sputtering, Target: 40 nm (Ti)/5
Lift-off 3A/Ultra-i 123 Ti (0.9995%), 260 W, 1.6 mTorr/Target: Au nm (Au)
(0.9999%), 75 W, 3.2
9 Remove SiOx from Stepper, PR: SPR 955 Oxford, ICP/RIE Etch, RF: 200 W, ICP: —500 nm
bolometers legs and open 1200 W, CHF3 (30 sccm), Ar (30 sccm), 30
Nb ground plane. Etch mTorr,
10 Remove LSN from Stepper, PR: SPR 955 Oxford, ICP/RIE Etch, RF: 200 W, ICP: —1000 nm
bolometers legs. Etch 1200 W, CHF3 (30 scem), Ar (30 sgem), 30
11 Pattern SiO; dielectric ~ Stepper, PR: LOR-  AJA Inc., RF magnetron sputtering, 100 W, 350 nm
spacer for cross-overs.  3A/Ultra-i 123 3.0 mTorr, 25 W RF bias. Target: SiO2
Lift-off (0.9995%)
12 Complete cross-overs Stepper, PR: LOR-  AJA Inc., dc magnetron sputtering, 250 W, 400 nm
with Nb top layer 3A/Ultra-i 123 1.3 mTorr, Target: Nb (0.9995%)
(bridges). Lift-off
13 Deposit Pd layer for Stepper, PR: LOR-  AJA Inc., dc magnetron sputtering, Target: 5 nm
extra-heat capacity. Lift- 3A/Ultra-i 123 Ti (0.9995%), 260 W, 1.6 mTorr/Target: Pd (Ti)/700 nm
off (0.9995%), 75 W, 3.0 mTorr, (d)
14 Dice wafer
15 Remove Si to define the Stepper, PR: SPR 955XeF; Si etch. 3 Torr, Cycle duration: 30 s,
detectors weak link. 165 cycles
Bolometers rglase. Etch
16 Remove photoresist SPR Oxford, ICP/RIE Etch, RF: 80 W, ICP: 800 —2000 nm
955. Etch W, O2 (50 sccm), 20 mTorr



Reading TESs
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Lots of electronics!




Challenges of TES

* Fabrication is difficult, especially suspended membranes. Need good
control over film

* SQUIDs are tricky: extremely expensive, difficult to multiplex and
readout

Let’s use KIDs!



Superconductivity for Astronomers

 superconductors: DC t
resistance is O for T << Tc due
to Cooper pairs (paired
electrons) hv

* photons with E=hv > 2E,., ,'____;. '

or heat break Cooper pairs ->
qguasiparticles




The Kl in MKID

e Cooper pairs has an inertial mass, in AC field they
decelerate/accelerate

* inertial mass resists acceleration -> inductance

* kinetic inductance changes with number of quasiparticles use a
resonance circuit to see resonance frequency change when photons
strike

e can see similar effect with varying temperature, power -> use this to
understand our resonators!
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Multiplexing Advantage

| , | Most KIDs are designed to resonate at 1-10GHz and
l I l ! with
SpsRy QL > 10°.

Each KID will occupy a bandwidth of around
Af = f1Qr ~10-100 kHz

-2

| | Taking account of frequency shifts, we can pack them
with spacing of
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Advantages over TES

* High Q -> very easy to do frequency multiplexing, can be read out
using a single cable/amplifier

* Devices very simple and easy to fabricate, very uniform results at low
cost



Lumped Element KIDs (LEKIDs)
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Our Design

Dual polarization twin slot antennas

Long term goal, coupling the
sinuous antenna to our KIDs

Nb stripline

Al KID

Designed by P. Barry & E. Mayer



Fabrication

~Yo) /(“ ’ﬂ\ rn

l\ “\ ‘1
WLV




A Quick Intro into Fab...

Deposit material
Lithography

Etch

Repeat!

(i) Clean and prime silicon
(i) Deposit photoresist
(iiij) Softbake
Photoresist
(i) Align photomask
(i) Expose to photon
hv
Photomask —M
(i) Postbake
(i) Development
(iii) Hardbake
l Positive resist Negative reslst
Post Ilthography processes
1 1
(a) Wet etching (b) Plasma etching (c) Electroplating (d) Lift-off (@) Micromolding
Strip photoresists * Strip photoresists * Release cast

--WW‘M



sssssm Niobium
s Aluminium




CLEANROOM ACCESS FEES

Internal Non-Profit Industrial
Cleanroom
Access/Hour - $35 $55 $90
8AM-5PM
Cleanroom
Access/Hour - $20 $32 $52 111
Y Rates are per hour!!!

EQUIPMENT FEES SPT : currently cost

Internal Non-Profit Industrial ~$3000/Wafe r’ tu rna round
Tier O Tools no fee no fee no fee ~Iweeks
Tier 1 Tools $10 $16 $26
Tier 2 Tools $15 $24 $39
Tier 3 Tools $35 $55 $90 KIDs: SlOOO/Wafe F)
| turnaround <1 week, less
Tier 4 Tools

(E-beamy 1O 8237 8387 likely to fail during fabrication






Testing set up

Blackbody:
Heet T up to ~40K

Straps

Filters define bandpass ~ 90-
250GHz

V. Baungally

[ oc block
_ Cryo attenuator

@ Thermometer




Characterizing

| * Take VNA sweeps of different
powers and temperatures
| * Fit the transmission gain to
;: 0.0020 {/ * TemEat;sre [mK]
§0.0015 : - ?20 . 1/Qz‘+2’i (117+(5f/fr)
; . 2100 = g, + 2
0.0005 : ‘3‘;)2 L = (V_fr)/fra ]Fr = fr+5f:

Freq. [GHz]



Mattis Bardeen Loss

* comes from excess n,, from
pair breaking / T change

* depends on Egap and kinetic
inductance

T eA/(kBT)
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KIDs Problems

* Al is easy to work with, but its Tc ~ 1K, sensitive to only >~100GHz
photons

* need very low Tc material to detect photons in 90GHz band, maybe AlMn or
TiN? Both are ongoing processes!

* On sky demonstration performance



Noise Analysis

Optical Recombination Noise Thermal Recombination Noise
2A | N,
NEP,, = \/4AP /N NEP,, = P
NMpb \| Tgp
NEPt20tal — NEP’? + NEP(%R + NEP’%‘LS + NEPanpliﬁer + NEPr2eadout

Fundamental noise for KIDs

For more detail, talk to Rito



Noise Analysis
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Coming soon!

* Measurements of optical response

* Noise measurements and (hopefully) demonstrated noise is below
photon noise

* On sky performance within a year



