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CopepxaHune

¢ TpeboBaHUs K annapaTtypHOMY
KOMMEeKCY

¢ [IpyMepbl NOCTPOEHNA NPUEMHBIX
CUCTEM Ha KPYMHbIX MUNJIMMETPOBbIX
aHTeHHaX

¢ BapnaHTbl NOCTPOEHUA NPUEMHOro
KoMnnekca ana PT-70




TpeboBaHuAa kK annapaTypHOMY

KOMMJIeKcy

HayuyHble 3apgaum

TpeboBaHuA K cucreme

HabnwaeHnsa cnabbix
TOYEYHbIX NCTOYHUKOB
(NMOTOKWU, MTHOBEHHbIE
CNeKTpbl, Nonapusauuns)

Ma3sepbl
AVHUU Npu 6onbWNX Z

I'Ipe,u,eano BbICOKaA YyBCTBUTEJIbHOCTb MO MNMOTOKY

B0O3MO>XXHOCTb O4HOBPEMEHHbIX M3MepeHMl7I Ha
HECKOJIbKUX YaCTOTaX B ABYX NMondapm3aumnsax

ToOYHOCTb HaBeaeHunda nydwe HPBW/5
BbiCcOKkOe cnekTpasibHOe pa3peLllueHue
LLiInpokaa nonoca cnekTpaabHOro aHaamsa

NccnepoBaHus
NPOTSXXEHHbIX 06 BbEKTOB B
KOHTUHYYME U B NIMHUSAX

BbicOKasa 4yBCTBUTENbHOCTb N0 APKOCTHU
Hu3kunin yposeHb 60KOBbIX N1E€MECTKOB

MaTpuyHbie NPpUEMHUKU BONbLLION pa3MepHOCTM Ha
2 nonapusaummn

0O630pbI HeEBecHOM cdepbl

CnekTpanbHO-
NPOCTPAHCTBEHHbIE
dnykTyaumm CMBR

CM. nNpeabiayLwmn NyHKT
MHOro4acToTHblIE U3MEPEHUS

MaKCMManbHO WWMPOKAad Nosioca CNeKTpasabHOro
dHaJ1n3a




3aBUCMMOCTb aTMOCEpPHOU NMPO3pPaYvYHOCTH
OT coaep)XaHns BOAAHOro napa

Co0 Atmospheric Transmission

0.5 mm
Precipitable Water Vapor: 1.0 mm
2.0 rmam
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[TpemMHble cuCTEeMbI Ha KPYMHbIX
MUITTIMMETPOBbLIX aHTEHHaX

¢ 30-M paaunoTteneckon NHCTUTyTa
MUNIMMETPOBOU paanmoeacTtpoHoMum (IRAM)

¢ 45-M paamnoteneckon HaunoHasibHOU
paanoacTpoHOMMUYECKON obcepBaToOpUn

(AnoHuns)

¢ 50-M bonbLwion MUNINMETPOBbIN
paaunoteneckon (LMT) B Mekcuke

¢ 64-M paaunorteneckon Ha CapanHum (SRT,
NTannsa)




30-m pagunoteneckon IRAM

Gain Elevation Depencence
s ; =

c d
£
&
L.
<
wm
E
T
E
E.

20 3 40 0 6 7MW I W
Antenna Clevalion (deg )

0.87mm 1. 3mmr =— ZImm mm




Komnnekc npuemMHon annapaTypsl

IRAMN 30m Telescope receiver cabin schematic

From sabaefkchor
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Komnnekc npuemMHon annapaTypsl

+ KoMnnekc npueMHOW annapaTypbl BK/OUYAET B cebs
cneaywoulee:

e 4 napsbl (Ha ABe nongpusaLmn) ofHOyyYeBbIX

cynepretepoanHHbix CUC npueMHnKoB, paboTarowmx Ha
yactoTtax ot 72 I'Tu go 280 [Tu;

e MHorony4desou (2x9) CUC npnemMHuk HERA, paboTarowmm B
AnanasoHe 215-272 Tu;

e MaTpuuy 6osometpos MAMBO-II Anana3oHa ASIMH BOMH 1.2 MM
(117 saneMeHTOB).
¢ [lna cnekTpasibHOro aHanMsa uMeeTcs Habop PUNbLTPOBLIX

CNEeKTPOAHaIN3aTOPOB U aBTPOKOPPENALMOHHbIN
cnekTpoaHanunisatop VESPA.

[I[pMeMHUKN MOryT UCNONb30BATbCSA B Pa3/IMYHbIX
KOMbuHauusax (4o 4-x NpUeMHUKOB O4HOBPEMEHHO).

Bce npneMHUKM pas3MelleHbl HEMNOABMXKHO B H3CMUTOBCKOM
doKyce aHTEHHbI.




combinations

tuning |
Rx range T_rec

>N (GHz) | ()
60-80

' 60-85
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45-m paaunoteneckon NRO
(AnoHuns)

Wavelength vs. Aperture Efficiency
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Komnnekc npuemMHon annapaTypsl

Recelver

Freq. Range (GHz)

Bandwidth (MHz)

Tsys (K)

Remarks

H22

20.0-24.0

2000

100

HEMT

H28/30

26 - 30.2

2000

150

HEMT

H40

42 - 44

2000

250

HEMT

S40

35-50

600

150 - 300

SIS Mixer

S80

72 - 115

600

250 - 500

SIS Mixer

S100

77 -115

600

300 - 500

SIS Mixer

BEARS

82-116

600

200 - 400

SIS 25-BEam Array

NOBA

150

30 GHz

Bolometer Array




50-m bonbLion MUNIIMMETPOBbLIN
pagunoteneckon B Mekcuke

*

) 2

PagnoTteneckon pacnoJJioXeH
Ha BbicoTe 4600 M.

OXungaemas TOYHOCTb
MOBEPXHOCTU — /5 MKM.
[IpeaycMoTpeHa noacTponka
MNOBEPXHOCTMW.

OXxungaemast TOYHOCTb

cnexenusa — 1°.

PagunoTteneckon NOCTPOEeH No
cxeMme KaccerpeHa-HacmuTa.
[lpn MOMOLLN CUCTEMDI
3epKas NnpMHNMaemblin
CUrHan HanpaBnseTcs B
NpUueMHyto KabuHy, rae
byayT CTauMOHapHO
pacnosiaratbCs NPUEMHUKMN.




LMT's Initial Instruments

SEQUOIA (A3mm)
. 32 element heterodyne receiver array
. Inuse on UMass 14m Antenna

LMT Spectrometer (for use with heterodyne
receivers)

. 64-input Narrowband system in use on UMass 14m
Antenna

. 32-input Wideband system under development
. AZTEC (A2.1,A 1.4, or A 1.1mm)

. l44-element continuum array

. Observing Runs on James Clerk Maxwell
Telescope (JCMT) in 2005-2006.

UMassAmbherst




LMT's Initial Instruments

Redshift Receiver (A 3mm)

. Ultrawide band receiver for redshift searches

. Completion in 2006; testing at FCRAQO 14m;
seeking interim observing opportunities.

SPEED (A 2.1, A 1.4, A 1.1, and A 0.85mm)

. Multi-wavelength continuum system using
Frequency Selective Bolometers

. Completion expected in 2007; Engineering run on
HHT to be scheduled.

Dual Polarization Receiver (A 1mm)

. general purpose receiver for spectroscopy and
redshift searches

UMassAmbherst




Redshift Recelver

Antenna Temperature (K)
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T, (MK)

Redshift Recelver Results
from FCRAO 14m Telescope
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Sensitivity of Redshift

Recelver
10" e
i " ——LMT 1 hour :
Scuba Sources *y *x | Haystack 4 hours | .
4 v * -==-FCRAO 30 hours|

2
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Imaging the Interstellar
Medium with SEQUOIA

o 32-element focal plane
array for ASmm

o MMIC amplifiers
(] TReceivef ~60K

¥ o 15 GHz Instantaneous
Bandwidth

@ Allows multiple lines to be
observed

UMassAmbherst




System Description

 SEQUOIA is a cryogenic focal plane
T array designed for the 85-115.6 GHz
5 Mixers range.

o 32 pixels are arranged in a dual-
polarized 4x4 array.

e The system uses InP MMIC
preamplifiers with 35-40dB gain.

* The noise temperature ranges from
50-80K over most of the band.

* No mechanical or electrical tuning is

Squaa:é
Feed Homs |

InP MMIC |
Cold partil Amplifiers

(warm part) of horns Used .
* In each pixel, the preamplifier is
vetmiina AL ports within line ore ot 20 K followed by a subharmonic mixer

q H>f 1 ~>_ g s 5 with an IF band from 5-20GHz.

- e The entire signal band is covered with
i & 50 oz single sideband response using just
two LO's, at 40GHz and 60GHz.

UMassAmbherst




64-m pagunoteneckon Ha CapavHun
(SRT)

*

[lpyeMHunKM gna SRT npakTU4YeCcKu
MNOJIHOCTbIO (3@ HEKOTOPbIMU
UCKJIIOYEHUAMUN HA HU3KUX
YacToTax BcleacTeune
AHTPOMNOreHHbIX NomMex)
nepekpbiBatoT AnanasoH oT — 0.3
A0 — 100 'y,

Hn3Ko4YacToTHbIE NPUEMHUKN ByAyT
pa3MeLllaTbCs B NEPBUYHOM
dokyce, 6o51ee BbICOKOYACTOTHbIE
— B pokyce BWG, a NnpneMHUKun
BbICOKOYACTOTHbIX AMAaNa30HOB— B
dokyce 'peropmn.

Bce npueMHunKn paccumTtaHbl Ha
ABE nonsgpusaumnm n CTposaTcs no
OAHOTUMHOWM cxeMe C obuwnm
OMOPHbIM CUrHaNOM ANg pa3oBoOM
ctabnnmsaumm retepoanHoOB.

[lpyeMHuK Ha 23 I'Tu —
7-UNny4yeBoMn.




Receiver
N°

Receiver's band
(MHZz)

Noise
temperature

)

Configuration

1P

2X110

30

Coaxial 1.5 GHz

1P

2X40

25

1P

2X600

2P

2X500

Coaxial 0.3 GHz

2P

2X160

Coaxial 8 GHz

3P

2X860

3P

2X1080

1B

2X1500

2B

2X2000

Monofeed

2P

2X800

Coaxial 2 GHz

L
L
S
S
S
C
C
X
X

1G

2X2000

2G

2X2000

3G

2X2000

4G

2X2000

Multifeed
(7 elements)

5G

2X2000

6G

2X2000

7G

2X2000

8G

2X2000



http://www.ca.astro.it/srt/project-book/English/Rec 0.3.htm
http://www.ca.astro.it/srt/project-book/English/Rec 0.3.htm
http://www.ca.astro.it/srt/project-book/English/Rec 7.htm
http://www.ca.astro.it/srt/project-book/English/Rec 23.htm

Planck recelvers

LFI PERFORMANCE GOALS?

CENTER FREQUENCY [GHz|

INSTRUMENT CHARACTERISTIC 30 44 70

InP HEMT Detector technology MIC MMIC
Detector temperature 20K
Cooling system H2 Sorption Cooler
Number of feeds : 3

Angular resolution [areminutes FWHM]

Effective bandwidth [GHz]

Sensitivity [mK Hz—1/2]

System temperature [K]

Noise per 30’ reference pixel [ K]

AT/T Intensity * [107° uK/K]

(AT/T) Polarisation (Q and U) ® [uK/K]

Maximum systematic error per pixel [uK]

% All subsystems are designed to reach or exceed the performances of this table.

b Average 1o sensitivity per pixel (a square whose side is the FWHM extent of the beam), in
thermodynamic temperature units, achievable after 2 full sky surveys (14 months).




Planck recelvers

HFI PERFORMANCE GOALS?

INSTRUMENT CHARACTERISTIC

CENTER FREQUENCY [GHz|

100 143 217 353 545

Speetral resolution o f A v v sovsavevpe Suvaaiis
Detector technology

Detector temperature

Coaling system

Number of spider-web bolometers . ...............
Number of polarisation-sensitive bolometers . .. ... ..
Angular resolution [FWHM arcminutes]

Detector Noise-Equivalent Temperature [uKs%®] . . ..
AT /T Intensity ? [10-8uK/K

AT /T Polarisation (U and Q)

Sensitivity to unresolved sources [mJy]

ySZ per FOV [10~%

3 3 3 3 3
Spider-web anc polarisation-sensitive bolometers
01K
20K Sorption Cooler + 4K J-T 4 0.1 K Dilution
0 4 4 : 4 4
8 8 : 0 0
0.5 T 5.0 5.0 5.0 5.0
50 62 01 / 1998 91000
2.5 2.2 4.8 1.7 147 6700
1.0 1.2 0.8 8 S
12.0 10.2 14.3 43 49
1.6 21 615 6.5 26 605

& Goal sensitivities. All subsystems have been designed to reach or exceed the performances of this table, which
are expected to be achieved in orbit. Sensitivity requirements are & factor of two worse, and would still achieve

the core scientific objectives of the mission.

b Average 1o sensitivity per pixel (a square whose side is the FWHM extent of the beam), in thermodynamic
temperature units, achievable after 2 full sky surveys (14 months).




CnekTpoaHannasaTopbl

¢ B HacToslee BpeMS Ha ONMUCaHHbIX pagunoTeneckonax
NCMOb3YIOTCA pa3/indHbIE BUAbl CNEKTPOaHaIN3aToOpPOB:
(pUNbTPOBbIE, aKYCTOONTUYECKNE, aBTOKOPPENSALMOHHbIE.

B nocnepgHee BpeMa nosiBUANCL BbICTpOAENCTBYOLLIME
CMeKTpoaHanm3aTopbl Ha OCHOBE ObICTporo npeobpasoBaHus
Qypbe, KOTOpble MO CBOUM NapaMeTpaM NMpeBOCXOAAT BcCe
nepeyYncneHHble Bbiwe. Cenyac peannsoBaHbl Takne
CNEeKTpoaHaan3aTopbl C Nosocon aHanusa 1 'y u ymcnom
KaHanoB 32768. B bnuxaniiee BpeMs 3TU BeNnUYnNHbI byayT,
BMAMMO, YABOEHbI. MOXHO 0XMAaTb, UTO B 6avKanlen
nepcnekTmee 3To byaeTt oCHOBHOW BUA
CNEeKTpPOoaHaIn3aTopoB.

B TO Xe BpeMs cneayeT OTMETUTb M APYrME NEPCNEKTUBHbIE
pa3paboTku, HanpuMep, CBEPXLINPOKOMNOIOCHbIN
aHanorosbi aBToKoppendaTop (LMT), KOTOpPbIX MONHOCTbLIO
MNOKpPbIBAET NOJIOCY NpMeMa «npueMHuKa KpacHoro
cMeweHuna» Ha LMT (36 I'Tu) ¢ paspeweHmnem 31 Ml'y,.




advantages of FFT Spectrometers:

» FPGAs: Field-Programmable Gate Arrays

® ADC with 8 or 10 bit sampling (ACs: 2bit)
= higher sensitivity, no need for total power detectors

= Much higher dynamic range — Leveling much simpler = simplification of IF
module

* 100% mass production chips -» no custom made chips — much better
reacion to markets — take tull advantage of Moore’s law

« very high channel numbers:
» Today: 1 GHz/32768 channels
e Soon (1 — 2 yrs): 2 GHz/65536 channels

 Very high degree of integration: Integration of a complete spectrometer(digital
fiters, windows, K+ 1, power builder and accumulator) of one chip (AC’s
use cascaded chips —

e can be re-programmed

* much lower power consumption (more reliable)




/RQE./DAO/NRAO / _ http://www.acquiris.com/
hitp www.draosofrihia-tha. nrc-cnic.gc.ca/sgience/icmt correlator/ FETS

-
Y

Correlators

Data reduction : _
IF racks machine FFTS data reduction “machine”

32%-0.8 GHZ (32 x/1024 channels) 40-x/1 GHz (40 x 32768 channels)
Av =1 MHzZ ¢ Ay =/ 1kmis@300 GHz Av <30kHz <& Av = 0.03km/s@300 GHz



http://www.acquiris.com/
http://www.drao-ofr.hia-iha.nrc-cnrc.gc.ca/science/jcmt_correlator/

BbiBOAbI

AnnapaTtypHO-NpMUeMHbIe KOMMJIEKChI BKOYaOT B ceba Habop
pa3HO0bpa3HbIX MHCTPYMEHTOB, NepPeKpbIBALLNX LUMPOKNI Anana3oH
YyacToT (CaMbln WNPOKNUA — Ha SRT, oT 0.3 'y go 100 Mu).

B 60/bLUMHCTBE CNy4YaeB NPUEMHUKN pa3MeLLatoTcs CTauMoHapHO B
dokyce HacmMuta. Takon BapuaHT obecnevymBaeT MakCMManbHoe
NPOCTPAHCTBO AJ1I9 UX YCTAaHOBKU N MaKEMManbHoe yao6CTBO B
obcny>XXnBaHum.

BoNbLWMHCTBO NPUEMHNKOB — O0AHONy4YeBble. B TO e BpeMs Ha Bcex
PaCCMOTPEHHbIX pagnoTesieckonax MMerTCcsa N MHOroslydeBble CUCTEMB,
Kak Ha ocHoBe 6osioMeTpoB Anls HabnaeHnn B KOHTUHYYMe, TaK U Ha
OCHOBE cynepreTepoanHHON TEXHUKW ANS cneKTpanbHbIX HabnwaeHUn.
Yncno anemMeHToB AocTturaeT 144 ana maTtpuy 6osoMeTpoB 1 32 Ans
MaTpuL reTepoaAuHHbIX NPUEMHUKOB. OXnaaeTca 3Ha4YnuTenbHoe
yBefIM4yeHne pasmMepoB MaTpuL, B Heganekom byayuwem.

Ha 4yacTtoTtax o — 100 [Ty HOBble NPUEMHUKUN CTPOATCA Ha OCHOBE
MMIC ycunnutenen (C MrHoBeHHou nosiocon Ao 36 Mu). Oxunpaercs, 4To
B 6iv>xanwime rogbl MaTpUdHbIE MPUEMHUKM HA OCHOBE 3TOW TEXHOI0MMKU
6yayT umetb nopsaka 100 n 6onee anemeHToB. Ha 60nee BbICOKUX
yacTtoTax noka mcnonbsytorca CUC cmecutenn.

Ha onuncaHHbIX pagmoTeneckonax NMCNob3YOTCA pa3/IMdHble BUAbI
CMeKTpoaHanmM3aTopoB: PUIbTPOBbIE, aKyCTOOMTNYECKHUE,
aBTOKOppensaunoHHble. OgHako B nocsiegHee BpeMd noaBuIncCh
O6bICTpOAENCTBYIOLLME CNEKTPOaHann3aTopbl Ha OCHOBE bbICTPOro
npeobpasoBaHnga Oypbe, KOTOpbl€ MO CBOUM NapaMeTpaM NpeBoOCXoasiT
BCE nepeyuncrieHHble Bbiwe. Cnegyet OTMEeTUTbL CBEPXLLIMPOKOMOSOCHbIN
aHanorosbi aBTokoppendaTop (LMT), KOTOpbI NOSIHOCTBLIO NOKpPbIBAeT
MONOCY NPpUeMa «NpUEMHUKA KPAaCHOro cMeweHunsa» Ha LMT (36 I'Tu).




CocTaB NpuemMHOoro Kommnnekca ans
PT-70 (Cydda)

¢ OpaHony4eBble NpUEMHUKN (KOHTUHYYM, PCAB, cnekTpanbHbie IMHUN):
?? A TMHHOBOIHOBbIE MPUEMHUKU (METPOBbLIN, AELUMMETPOBbIN) BO3MOXHO
22 [Ty (1,35 cm) (HEMT, 20 K, 2 nonapusauun)
37 I'Ty (8 MM) (HEMT, 20 K, 2 nonapusauyumn)
?275 Ty (4 MMm)
80-115 Ty (3 mMm) (HEMT, 20 K, 2 nongapusauunmn)
?150 I'Ty (2 MMm)
200-270 I'Tu (1,3 MM) (SIS, 4 K, 2 nondapusaunn, ?HEMT)
?350 Ty (0,8 MM) (SIS) (nouTtn 6e3HaAeXXHOo)

. ManVI‘-IHbIe NMPUEMHUKU:

e MaTtpuubl 6010MeTpoB Ha 1.3 MM 1 Ha 2 MM (0.3 K) C MakCMMasibHO BO3MOXHbIM
YMUCIOM 3J/IEMEHTOB

e MaTpuyHbIKN NpUeMHUK Ha 80-115 My (HEMT, 20 K, KOHTUHYYM, CneKTpasibHble
NNHUN) N/UNN MaAaTPUYHbIM reTePOAUHHBbIM NMpUueMHUK Ha 210-270 Iy (CUC, 4 K)

¢ TexHonormyeckme NpUEMHUKN:
e BcnomorartenbHble NPpUEMHUKN A8 paauoronorpadpum
e [IpyéMHUKM ana nccnenoBaHUsa acTpoksnMaTta




OXngaemble napamMeTpbl

NVELEE]];

22

37

85-115

200-270

TexHonorng

HEMT

SIS

Pab6. T-pa (K)

20

A

[Tonoca (I'Tw)

T (K)

AT (MK-Ty-1/2)

AS (MAH-TY1/2)




Pseudo-correlation radiometer

cold hybrid tee

phase-matched leg 1

\"ii3+ ”f) g

jammed phase switch

HEMT
amplifiers

toggled phase switch

square
law
detectors
2
V-'_‘s x'vl, in

VI, zif

warm hybrid tee




Bolometer arrays are getting ever larger:

SCUBA LABOCA SCUBA-2

SUBMILLIMETER

Y Y Y Y
YYY VY

Y OV oN Oy

T‘Ehi;t}f}s!\
YY1V Y Y X
TYY Y Y
YT vy

43SN-NOWWO2

BOLOMETER

37 bolometers 295 bolometers ~5120 bolometers

In addition: MAMBO-II, Bolocam, SHARC-II, ...




AKLI PUAH
«Co3aaHue npMeMHbIX annapaTtypHbIX
KOMIJIEKCOB A1 obecneyeHuns1 HOBbIX

POCCUUCKUX PaaANOaCTPOHOMUYECKUX
NMNPoOEKTOB>>

Hay4yHo-TexHn4yecknn cemmHap B UMN® PAH 13-15.06.07. H.HoBropoga.
CosewaHune B AKL, ® PAH 21.11.07

CosewaHune B UMMALL PAH (CI16)

CoBeweHune B AKLL ®N PAH 21.03.08 (MockBa)
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AnnapaTypHbIX KOMMNJIEKC
pagunoteneckona PT-70 cerogH4...

B pamkax noarotoBku T3 Ha annapaTypHbIn KoMMneKkc (KoHeu
2008 r) noarotoBJ/ieHa KOHUEeNUna CeKTopuasibHOro pasMelleHus
6ag;)|3b|x NPUEMHUKOB BO BTOPUYHOM (pokyce PT-70 (6 ceKToOpoOB Mo
60

CTapToBbIM MPUEMHUK — COBMeELEeHHbIN (0AUH KPUOCTAT) Ha O4AHOM
nyye ABYX4YaCTOTHbIN ABYXnondpunsaumoHHbln HEMT npueMHUK Ha
22 n 37 [Tu, oxnaxgaembln 4o 20K.

BTOopon npneMHuK rno Mmepe AoCTMXKEeHUS KavyecTBa NOBEpPXHOCTU —
COBMELLEHHbIN NMPUEeMHUK Ha AmMana3oHbl 3 1 1.3 mm (CUC,
oxnaxaeHue Ao 4 K). lNpuemMHuku paboTtatoT 04HOBPEMEHHO U B
ABYX KPYroBbIX Mosispusaumax, 4onoaHUTeNbHada onuus-
MeXaHNYeCKN nepeksiroyaeMbii BMECTO NMpUeMHNKa 1.3 MM
NPUEMHUK Ha BOJIHY 2 MM B TOM Xe KpuocTtaTe. [londpmnsaumnoHHble
KaHanbl 3 MM NMPUEMHUKOB CMELLEeHbl Mo YactoTte Ha 15 My (oanH
70-100 Ty, BTOpon 85-115 L)

[TnaHnpyeTca ncnonb3oBaHUE NMepBUYHOro ¢okyca ans
NPUEMHNKOB paauoronorpadumn n, BO3MOXHO, APYrnx NPpUEMHUKOB

CospaeTtcs M BecHoM 2009r niaHMpPYETCs K YCTaHOBKE
aTMOC(EPOMETPUYECKUN NMPUEMHUK AN MOHUTOPUHIa aTtMocdepsl




