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Some	Submm	Telescopes		

Herschel	
Spitzer	

ASTHROS	
Blast,	STO,	Gusto	

SOFIA	

ALMA	CSO,	JCMT,	SMA	 AtLAST	

Origins	

Future	
Past	



Receivers	for	Sub-mm	telescopes	
1.  Incoherent	Receivers	
– Bolometer	detector	
arrays	

– Transi/on	Edge	Sensors	
(TES)	

– MKIDs	(Microwave	
Kine/c	Inductance	
Detectors)	

2.  Coherent	Receivers	
– Heterodyne	
	

SPIRE,	Herschel	
250	–	500	microns	

Hailey-Dunsheath,	
et	al.	2021,		

HIFI,	Herschel	
480	–	640	GHz,	
Paris	Observatory	

TES,	SRON	



Submm/THz	Receivers	
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Superconduc/ng	Mixer	
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Plot	by	E.	Tong	



Superconduc/ng	Mixer	

30	

300	

0.5	 5	

N
oi
se
	T
em

pe
ra
tu
re
	(K

)	

Frequency	(THz)	

Herschel	

CHAMP+	

ALMA	

SOFIA	

STO2	

2hf/k	

4hf/k	

HERO	SIS	Mixers	

HEB	Mixers	

Plot	by	E.	Tong	



SIS	Mixers	

•  Superconduc/ng	Isola/ng	Superconduc/ng	
Mixers	
–  Tmixer	30	to	250K		(2	–	5	hν/k)	
–  100	to	1280	GHz,	max.	50%	BW	
–  IF	BW	typical	4	to	8	GHz	
–  	5K,	beaer	at	lower	T	
–  Required	LO	power	1µW	
–  Total	Power	Allan	/me	~	10	sec	
–  Spectral	Allan	/me	over	1	GHz	200	sec	
– DSB,	SSB,	or	2SB	
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Wideband	SIS	Mixers	
3-	11	GHz	DSB	@	220	GHz,	CfA,	Blundell	et	al	2013	
4-21	GHz	@210	to	350	GHz	(Kojima	et	al.	2020,	A&A)	
2	–	20	GHz,	Groningen,	Baryshev,	priv.	com.	

Masui	et	al.	2021,	PASJ...73.1100M			



HEB	Mixers	

•  Hot	Electron	Bolometer	Mixers	
– Tmixer	300	to	3000K	(5	–	10	hν/k)	
–  	any	GHz	
–  IF	BW	typical	2	to	4	GHz	
–  	<	6K	
– Required	LO	power	1µW	
– Total	Power	Allan	/me	~	1	sec	
– Spectral	Allan	/me	over	1	GHz	20	sec	
– DSB	
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HEB	Mixers,	IF	Bandwidth	

•  NbN/GaN	HEB	with	5.5	GHz	3dB	BW	(Krause	
et	al.	2018)		



Schoaky	Mixers	

•  Schoaky	Mixers	
– Tmixer	1000K	to	100000K	
–  	any	GHz	
–  	IF	BW		
–  	0	–	400	K		
– Required	LO	power	1mW	
– Fundamental,	SH,	4th	Harm.	
	

Maestrini,	Treuael,	Ga/lova	et	al.,	
JUICE	Mixer,	LERMA,	Paris	
Observatory	and	C2N	



Maestrini,	Treuael	et	al.	



LERMA’s	Mixer	at	1.2	THz	
LERMA	1200	GHz	SchoHky	Receiver	



Submm/THz	Receivers	



Local	Oscillator	

•  Amplifier	Mul/plier	Chain	
•  Quantum	Cascade	Laser	
•  Photomixer	

QCL	with	its	cooler	by	H-W	Huebers	et	al.	



Local	Oscillator	

•  Amplifier	Mul/plier	Chain	
•  Quantum	Cascade	Laser	
•  Photomixer	

QCL	with	its	cooler	by	HW	Huebers	et	al.	

All	LO	in	phase	



	Local	Oscillator	–	Amplifier	Mul/plier	Chain	

11/03/22	

CharacterisLc	 AMC	

Tunability	 30%	

TRL	 7	–	9	

Opera/ng	
Temp	

50	-	350	

Power	output	 10	mW	@	300	
GHz	

Few	µW	@	2	THz	

Power	cons.	 2W/pixel	

Reliability	 excellent	 Schoaky	Mul/plier	Development	
at	LERMA,	Paris	Observatory	



Amplifier	Mul/plier	Chains	

By	J.	Siles,	JPL	



Amplifier	Mul/plier	Chains	

Crowe	(VDI),	2022	ISSTT	Commercial	Suppliers:	
Virginia	Diodes	
Radiometer	Physics	
ACST		
RAL	etc	
	



Submm/THz	Receivers	



IF	Amplifiers	

•  InP	HEMTs	
	
•  SiGe	amplifiers		
	
•  Parametric	amplifiers		

R.I.	Amils	et	al	2016	
JINST	11	P10018	



IF	Amplifiers	

•  InP	HEMTs	
– Lowest	noise,	TRL	8/9	

•  SiGe	amplifiers		
– Low	dissipa/on,	<	0.5mW	

•  Parametric	amplifiers		
– Lowest	dissipa/on,	TRL	low	

R.I.	Amils	et	al	2016	
JINST	11	P10018	



IF	Amplifiers	

•  InP	HEMTs	

R.I.	Amils	et	al	2016	JINST	11	P10018	
Yebes	



IF	Amplifier	

haps://lownoisefactory.com/	



Example:	Origins	as	Event	Horizon	
Telescope	Antenna,	study	by	Pesce	et	al.	
•  EHT	to	operate	at	85,	345	and	690	GHz		
•  Baseline:	Earth	–	L2	
à  106	BH	shadows	
à  Resolving	photon	ring	

	

29	
Black	Hole	in	M87,	EHT	collabora/on		



Example:	Origins	as	Event	Horizon	
Telescope	Antenna,	study	by	Pesce	et	al.	
Challenges:	Sensi/vity	
1.  the	geometric	mean	of	the	system	equivalent	flux	

densi/es	of	the	individual	telescopes	
2.  averaged	bandwidth	
3.  coherent	integra/on	/me	

a.  Phase	perturba/ons	
b.  Clocks	or	phase	referencing	

	
30	

Pesce	et	al.		APC	white	papers,	no.	176;	Bulle/n	
of	the	American	Astronomical	Society,	Vol.	51,	
Issue	7,	id.	176	(2019)	
	

Origins	Space	Telescope:			
haps://asd.gsfc.nasa.gov/firs/	



Example:	SPICE	by	Leisawitz	

haps://asd.gsfc.nasa.gov/spice/	

Study	for	IR-	Probe	
•  25	to	400	microns	
•  1	baseline,	2	mirros	on	bar	

structure	
•  Beam	combiner	MKID	

detectors	
•  Challenges:	stray	light	

Science:	
•  Galaxy	Evolu/on	
•  Planet	Forma/on	
•  Planetary	System	Architecture	

	



Conclusion	for	submm	space	
interferometry	

•  Front	end	components	exist	at	TRL	8/9	
•  Front	end	improvements:		
– bandwidth	of	mixer,	amplifier	for	increased	
sensi/vity	

– HEB	mixer	noise	and	IF	bandwidth	



Thank	you	



Pesce	et	al.		APC	white	papers,	no.	176;	Bulle/n	of	the	American	Astronomical	Society,	
Vol.	51,	Issue	7,	id.	176	(2019)	
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