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Current	CMB	measurements	are	astoundingly	precise	
and	gave	a	lot	of	insight	into	the	universe’s	underlying	
cosmology….

But	we	can	do	better!







CMB-S4

• Science	goals:	inflation,	
neutrino	masses	
hierarchy,	dark	energy,	
CMB	lensing,	…	many	
more!



Instrumentation



Detectors



TES	Bolometers • Pins	detector	T	and	R	a	constant	
value	in	transition
• Negative	electrothermal
feedback:	As	Popt increases,	R	
increases,	cutting	off	Pbias



3G	Detectors



Fabrication	of	TES	Bolometers



Reading	TESs

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	
resistance	is	0	for	T	<<	Tc	due	
to	Cooper	pairs	(paired	
electrons)
• photons	with	E	=	hv >	2Egap
or	heat	break	Cooper	pairs	->	
quasiparticles



The	KI	in	MKID

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





Multiplexing	Advantage
Most	KIDs	are	designed	to	resonate	at	1-10GHz	and	
with

Each	KID	will	occupy	a	bandwidth	of	around

Taking	account	of	frequency	shifts,	we	can	pack	them	
with	spacing	of

TES	bolometers



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)



Our	Design
Dual	polarization	twin	slot	antennas

Nb stripline

Al	KID

Designed	by	P.	Barry	&	E.	Mayer

Long	term	goal,	coupling	the	
sinuous	antenna	to	our	KIDs



Fabrication



A	Quick	Intro	into	Fab…

Deposit	material
Lithography
Etch
Repeat!



Fabrication



Rates	are	per	hour!!!

SPT	:	currently	cost	
~$3000/wafer,	turnaround	
~2weeks

KIDs:	~$1000/wafer,	
turnaround	<1	week,	less	
likely	to	fail	during	fabrication



Lens	Wafer	Development



Testing	set	up

V.	Baungally

Blackbody:
T	up	to	~40K
Filters	define	bandpass	~	90-
250GHz



Characterizing	

• Take	VNA	sweeps	of	different	
powers	and	temperatures
• Fit	the	transmission	gain	to		



Mattis Bardeen	Loss

• comes	from	excess	nqp from	
pair	breaking	/	T	change
• depends	on	Egap and	kinetic	
inductance



Our	KIDs



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

Fundamental	noise	for	KIDs

For	more	detail,	talk	to	Rito



Noise	Analysis



Photon	noise

1/f	noise

White	noise

Quasiparticle	
lifetime



Coming	soon!

• Measurements	of	optical	response	
• Noise	measurements	and	(hopefully)	demonstrated	noise	is	below	
photon	noise
• On	sky	performance	within	a	year


