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CBepxnpoBOAHUKOBAA 3JIEKTPOHMUKA:
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[lpenoenbHaa 4YyBCTBUTENbHOCTb

YacToTHbIN gnanas3oH: OT aosnen ['u oo peHTreHa
CKBWbI n cuctembl Ha UX OCHOBE

[TIpneMHnKM TeparepuoBOro gnanasoHa 4yacTtoT
CBepxnpoBOAHNKOBbLIW UHTErpasribHbI NPUEMHUK
CBepxnpoBoAHNKOBbIE reHepaTopbl TIy agnana3oHa
OOHOOTOHHBLIE CBEPXMPOBOAHNKOBbLIE AETEKTOPDI
[leTekTOopbl And ynbTpaduorieta U peHTreHa
NHTepdencHble 1 UNpoBble YCTPOUCTBA
MHOroanemMeHTHble CTPYKTYpbl, CTaH4APTbl HANPSXXeHUS
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FIR-Survey

Cosmic Background
FIR Observatory
Cosmic Background

FIR-Chservatory

MNASA, ML, UK

NASA
ESA
MASA

MNASA

ASTRO-F
HERSCHEL
PLANCK
JWET

0.7
35
~1.8

6.0

FIR-Survey/Ohsery.

FIR-Observatory

Cosmic Background

NIR-, MIE-Observ.

ISAS (J)
ESA

ESA

NASA, ESA, CND

SAFIR

SPICA

DARWIN

TPF

SPIRIT

SPECS

FIR-, Submm-Ohsery.
FIR-Obsarvatory
MIR-Interferometer
MiIR-Interferometer 7
Interferometer

Interferometer

MNASA
ISAS (J)
ESA
MNASA
MASA

NS hplete

KpuoreHHble UK npueMHuUKn ona kocmoca
Cooled Infrared Space Telescopes

Courtesy: D. Lemke



MKl -cuctema coupmbl Elekta
Neuromag (LLBeuunsa-®Gununavaus) c
67 CKBUO-paTunkamm (pabotaet B

MarHUTO3KpPaHUPOBaHHOW
KOMHarTe)




MIrl-cuctema coupmbl Elekta Neuromag
(Wseumnsa-Ounnaugus) ¢ 306 CKBULO-paTumnkamm
(paboTaeT B MarHUTO3KpaHMPOBAHHON KOMHaTe)
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WHCTPYMEHTbI ANSi MarHMTO-Pe30HaHCHOM
ToMorpachuu B cBepxcnabbiX MarHMTHbIX NONSAX -

MPT CMI - u M3I' B Los Alamos National Lab (USA)

MepBas mHorokaHanbHas CKBUA-  repeas MPT CMI cuctema ansi onpepeneHus
cuctema ans MPT CMIM n MAr XWAKO B3pbIBYATKN B a3pONopTax

Ny
MpenonapusaymoHHoe none: 30 mTn MpenonapusaymoHHoe none: 50 mTn
WU3meputensHoe none: 46 mkTn (~2 kl'w) U3meputensHoe none: 70 MkTn (~3 kl'w)

The SQUID Team, Los Alamos National Laboratory



3D-n3o06paxeHunsa XMBOro Mo3ra 4YenoBeka

Bm = 46 4T
D =18 mm

Bo=15T

D =18 mm

Bm = 46 4T
D=18 mm

Bo=15T
D =18 mm
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X, cm X, cm X, em X, cm

The SQUID Team, Los Alamos National Laboratory

Y

mukpoTeciaa MPT ronossl yenoBeka B
CpaBHeHUHM co cTanaaprHon MPT:

- 3D-n300pakeHus roJ0BbI COOKY H
cinepenu npu MPT B yabTpaciadbix
MATHUTHBIX MOJAAX OBLIH MOJYYEHBbI PH
U3MepUTeIbHOM nojie Bm=46 nT ¢ npe-
noasipusanuei npu 30 mT.

- Pazpemienue B miockocTu 3 MM X 3 MM.
Kaxknoe nzo0paskenune npeacrasiasier
CJI0¥ TKAHM T'OJ10BbI TOJIIHHOMH 6 MM.

- D - rimyOnHa cpeaHeil MJIOCKOCTH
JAHHOT0 6 MM-CJ1051 110 OTHOLLICHHIO K
IJIOCKOCTH JTHA KPHOCTATA.

- M300pakeHnsi COOTBETCTBYIOT EPBOMY
OTPAa’KEHHOMY CHTHAJIy CO BpeMeHeM
TE=63 mcek. Bpemsi npe-nosisipuzanuu
JJISI Ka)K10T0 M300pakeHHs1 COCTABJISIIO
1 cek.

- CuibHonosieBoe 3D-n300paxenune
T0JIOBBI TOTO e UCNBITYeMOro ObL10
nosay4deHo cranaatuo MPT npu B0=1.5
T ¢ TE=64 mcex. 1 TR=9000 mcek.
HN300paxenne ¢ paspemienneM 1 Mmm
MOJABEPrajaoch BPALCHUIO U
CYMMHPOBAHHUIO 0 ITyONHe BHYTpH 6
MM-CJI0€B, YTOOBI COBIIAATh IPUMEPHO C
Ka:KIbIM BTOPbIM H300pa:kenuem MPT B
yJabTpacjadom moJe.



KomnoHenTbl CKBUA-cuctem ana MPT CMI / M3IT, pa3paboTaHHble 1
usrotoeneHHole 000 «HMO KPUOTOH» ansa Los Alamos National Lab

CKBWUO-aneKkTpoHuKa
96 kaHanoB
MoxeT ObITb
MYNbTUNAULMPOBaHA
npakTuyecku 6e3
orpaHU4eHuu

Kpuocrar

- 06BLeM 32 nutpa

- MpoxogHon gauametp 300 mMm

- CKOpOCTb UCMapeHnA XUAKoro renus
<2,5 nlcytkm (!)

- YpoBeHb COOCTBEHHbIX LWYMOB
<1¢pTn/Mfu2(!)

192-kaHanbHas CKBU[-
anekTpoHuka ana Mr-
CUCTEMBI




Mariutokapguorpaduyeckue komnnekcbl « MAIM-CKAH»
npousBoactea 000 «HIMO KPUOTOH»

7- n 9-kaHanbHble MKI-komnnekcol cepun «MAIl-CKAH» pabortawot B
OObIYHbLIX KMMHUYECKMX YCroBUAX ©0e3 AOMONMHUTENIbHOW MarHUTHOM
akpaHupoBku (B 2009 rogy 3aperumctpupoBaHbl Poc3paBHapgsopom PO B
KayecTse U3genun MeauLMHCKON TEXHUKMK).
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BTCI CKBUObI ana marHutoaHuedanorpacgpum (MEG)

Elektra Neuromag
Low-T, DC SQUID sensors: High-T, DC SQUID sensors:
“He refill interval of about 7 days, | Nj refill interval of about 1 month,
21 mm x 21 mm sensors with ] 16 mm x 16 mm sensors with
white noise 3.5 fT/NHz@4.2K white noise 3.5 fT/NHz@77K

[MpenmyulecTBa: 3ameHa TpagmumoHHbIX gatdinkoB Ha BTCI1 nossonser
akoHomuTb Ao 100 000 EBpo B roa ana ogHon MEG cucrtemsl



Noise spectral density of the high-T. DC SQUIDs

Spectral density, fT/VHz

100 -

—
L=
M |

775K ac-bias

4 fT/NHz

10 100 1000
Frequency. Hz

Faley et al., Physics Procedia 36 ( 2012 ); ASC-2012



MEG c nomowbto BTCIT v HTCI1 aatuukoB
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MEG signals measured by
high-T; and low-T, sensors
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Contour plot of auditory evoked field
and arrangement of low-T; sensors
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HIFI Band 3
(de Lange et al.) nMPpUeMHUNKoOB
Waveguide + corrugated horn Quasi-optical antenna + lens
+ demonstrated performance « easier to fabricate
 good beam quality / alignment « state-of-the art lab sensitivities
» closed structure (EM shielding) « flexibility in choice of substrate

~ 10 mm

<



Herschel and Planck launched with Ariane-5, May 2009
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Water bullets in a low-mass protostar f

'I' L L L L Li Ll l
Abscrptiu?

cnntinm Broad
f »~ outflow

Molecular
bullets

L1448:
D ~ 250 pc
L'~11 Lg

# _100

0
Velocity (km/s)
H20 bullets in protostellar jet vs.
broad, shocked gas along outflow walls

Krist®hsen et al. in prep.




ATTENUATION OF EM WAVES BY THE AIH;E:’:HERE
GHr 3 GHe

[MponyckaHue
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A single
Equy wee Oans MMTRON
_antenna

UHTepgepomMeTpuUn

CCAT
25 m, 10 ym rms
Cerro Chajnantor

Courtesy of
Thijs de Graau



CyOMM UCTOYHUKM reTepoauHa
Ana paagnoacTpoHOMUU

Need: Sufficient LO power at THz frequencies
Goal:  Compact solid state frequency chain

Power: 150mwW 40mW TmW  >40uW

(>0 2 - e e 12,

Synthesizer Power 1st 2nd  3rd output
+multiplier amplifier multiplier stages

HIFI multipliers, JPL

P curmo Ji1) a1 o d R4l

Photo
mixers,

Down

conversion

Harvard Smithsonian; 160-260 GHz
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MKOBbIN UHTErpasibHbIN
HIAK

n
J

NMPUEMHUNKOM

ABTOMaTM3NpPOBaHHanA
cuctema ynpasneHus

1
DAITY

CuHTe3aTop

Ycecunutens MY

Mukpocxema npuemHuka
cmegvlf'r%hb C Feneparop
nnaHapHoi retepoauHa
aHTEeHHOM (CIT)
250 -700 Ty
Mapmonunyeckun CUC-
cMmecuTenb Ans a3oBou
crabunuzauumn CIT
HEMT HEMT
K ycunurenb ycunutenb

BbixogHon
cnekTpomeTp
(undppoBon
KoppensaTop
mnu FFTS)

Ycunutens MY

Nb—AIOx—Nb unn Nb-AIN-NbN
[MNOTHOCTb KpUTMYEcKoro Toka: Jc = 3 — 8 kKA/cm?;

TonwuHa TyHHenbHoro bapbepa :

Mnowanb CUC nepexoga: ~ 1 um?
HOILI UPD PAH

12 nosibps 2012

~1 nm;

Mukpocxema
CUrn

23



+ B

OcHOBHbIe NapamMeTpbl CeKTpomMeTpa

BxogHon gnanas3oH 4acToT 450 -700TTu

LLlymoBas Temnepartypa 120 K
[wnana3soH Y 4-8 [Ty
LLlar retepogmHa no 4yacrtote <300 Ml'uy
CnekTpanbHoOe pa3pelleHne <1 My
Bblaensiemas MOLHOCTb < 30 mBT
Pabouyas Temnepartypa <45K

12 Hos16ps 2012 HOIl NP5 PAH 24



- S I
TELIS (Terahertz Limb Sounder)
MexxayHapogHbiit MPOEKT Mo paspaboTke TpexkaHarbHOro

adpOCTaTHOro CrekTpomMeTpa HaKNOHHOro 30HAMPOBaHUSA

Tpwn 3anyck aspocTara Ha nonuroHe Esrange, LLBeuuns;
Mapt 2009 r., AxuBapb 2010, MapTt 2011 r.

O6bem aspoctaTta: 400 000 m3; Bec nonesHon Harpy3ku: 1 200 kr




CneKprl, Nn3MepeHHbIe NMPU CKaHNPOBaAHUU TeJieCKorla

2RN T T T T I T T T T T

FFO Freq = 495 GHz
Orbit — 30 km; 200

Increment — 1.5 km,

150

Tangent: 10.5 — 30 km
45 degrees up

100

1 1 1 1
4.0 6.5

BbixogHast yactoTta, [Ty

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
5.0 5.5 6.0 8.5 7.0 26

BbixogHaa vyactota 4, [Ty

W



CneKkTpbl, noKka3sbiBawLwme poct KoHueHTpauum CIO n BrO

Intensity [K]

80

s
o

nocrie Bocxona conHua (FCIm =495 1Ty n 519,3 I'w).

CIO diurnal cycle BrO
30 times averaged
14 I I I T I
——T— — | | | | Day
— 9h20 i 1 |— Night
— 9h00
— 8h40 ol |
— 8h20
— 8h00 26 km
] g 10— —
=
- — N7 - N
C
8 28 km
= 8
M 30 km
° W 32 km
T I R T I R IR [
6 6.1 6.2 6.3 6.4 6.5 %.5 586 57 58 59 6
IF Frequency [GHZ] IF Frequency [GHz]
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1) IPM RAS
AQnial CKOQOIA NTIAATFHNOCT
' VH lH'll IwiINSw VW i H'lul Il NS I PWEIEIWWI

OCHOBHbIe A4OCTOMHCTBA
CUIN gna meanunHLI

doT0 nabopaTtopHOM YCTAaHOBKK

* Hn3kni (KkBaHTOBLIN) YPOBEHb ANA CNnekTparibHOro aHarnnaa
COBCTBEHHbIX LLUYMOB CMEKTPOMETpa BblblXaeMoro Bo3agyxa
=> BO3MOXHOCTb [ETEKTUPOBAHUS
cBepxXMarsbiX KOHLEHTpauun
BELLECTB — MapKepoB =>
AnarHoctuka 3aboneBaHuM Ha
PaHHUX CTagusix;

° OFIH()‘%HF]LIHO(‘TI-, I/II'IPHTI/I('hI/IKF]I 11N

BELLECTB - MapKepoB 6naro,u,ap;|
BbICOKOMY CrMeKTpanbHOMY
paspeweHuto ( < 1 Mly);

* LLiInpokas paboyasa nonoca 4yactoT
— peructpauus 0ornbLIoro Yncna
COeMHEHNI — MapKePOB O4HUM
npubopom.




(@)

[laccuBHan cucrema NnoCTpoeHus
TeparepLoBOro N3oopaxeHus

* One pixel receiver with mechanical scanning
(NETD ~ 13 mK; Spatial resolution ~ 2 mm)

* Next step: linear array of SIRs 29



<> KpnoreHHbin (pa3oBbIN AeTEeKTOp

NHTerpaunsa cuctemol PAIY ¢
KPMOreHHbIM reHepaTopoM retepoanHa
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) SKCnepuMeHT

g *x [l/n ®AMNY, A=14 Ml'y

5 404 = Kpno®AINY, A =25 MI'y

= A  Kpno®AINY, A > 40 My

g Pacuet: A.Pankratov, etc.

% 20 Regulat!on A,=10 My

C — — Regulation A =20 MI'y,

(&) —— Regulation A, =30 My
0 v v T T v LI i '**

1

WnpuHa aBToHOMHOM nuHum CI'T (MI'w)

BW (MI'y)

10

Ground-space
interferometer



(j— KorepeHTHOe uany4veHue n3 7000 o JULICH

 — axo3edcoHoBCKMX KOHTAaKTOB Nb-aSi-Nb
IPM RAS

Schottky Diode S

Hyper-hemispheric Lens " g

b b
TPX Lens '\\\\ #
p D DLR
. ‘|\ Parabolic Mirror

Chopper

Horn Antenna

Frequency (THz)

0.0 0.1 0.2 0.3
- P : : , ; . :
-8
______ == Oversize Waveguide 3
| He
<
Horn Antenna E.
T=4.2K E o 1,
Plane Mirror 2
0
M 2- 5 42
I . \ u i
O — r—‘!---w‘—-ff—*_'“!\;#ll ii'MLJ. A 0
F. Song et. al, APL 2011 -— .
A.Semenov et. al., IEEE EDL, 2010 0 1 2 3 4 5

Bias Voltage (V)

Radiation Power (uW)



Current (mA)

e HTS array of 620 bicrystal junctions in a -
fj —y hemispherical Fabry-Perot resonator o JULICH

FORSCHUMGSZENTRUM

 —
IPM RAS

Shunt (Au)

YBCO

T

Substrat
(YSZ)

vt

Grain boundary

T T
0.09930 0.09932 7

-0.1 0.0 0.1 0.2
Voltage (V)

A M. Klushin et al., Appl. Phys. Lett.,1996, 2002, 2006.
A.M. Klushin et al., J. Phys.: Conf. Ser., 2008
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CneKTpbl U3NYyYeHUna [EEsTassminnn
n3s BSCCO mesa, [ =
namepeHHble CUIM

Huabing Wang
Tsukuba, Japan
Nanjing, China

Linewidth: down to 25 MHz
Frequency range at 4.2 K: 584 ~ 736 GHz

Ui Agilent 16:46:25 Nov 17, 2611 R
Mkrl 7.475 GHz

Ref -10 dBm Atten 10 dB -46.41 dBm

Norm

Log

5

dB/

Wil “H'W\HM

HL S2 WW \Um

$3 FC \HIHHHMH‘HH
AR

£(F): |

FTun

Swp |-

L | A
Center 6.000 GHz Span 5 GHz
#*Res BH 1 MHz #VBN 30 kHz Sweep 130 ms (681 pts)




- 4) 0LICH
(@), J>KO3€(PCOHOBCKHME AETECKTOPBI U~ oo
criekrpoMeTpbl u3 BTCII

L lllllll L L illllll 1 L 1 L L llllll L L L llllll
- i 3 84 GHz 6 - 1.61 THz 2
10 5 K 'ao { 51GHz < 1.19 THz
54 =/ L E 2- P § 4 7 693 GHz
S 1J17GHz B SR i
< 1 78 K - o i I < 404 GHz
s | | ! o ; ! o
" & 1= = <
_5 8 @ ] 992 Gz s 2 e [
i /: - z -2 ] 693 GHZ i %-4 . Z L
i i é §j 225THz [
“104 I 3] 404GHz | 5] )
_1‘0 ) _l5 i 0 g ‘:5 i 1.0 % ll" 1 4 ..II 0 i U L) LN I IIII L) Ll LB lll'
- 0 1
HanpsxeHune (mB) 10 10 10 10
Voltage (mV) Voltage (mV)

Y. Divin, et al. Physica C 2002

« BTCI1 pxo3ehcCOHOBCKUE OETEKTOPbI B KPMOOXIaanUTEeNAX

 YacToTHbIN Agnana3oH: 5Ty -5 Ty,
« IMHaMU4yeckun amanasoH no MolHocTu: Ao 106

« NEP: po 8x10-15 Bt/l'y'2

0.4, TuBun, V. Ilonne, U.M. Korensuckuii, B.H. I'ybankos,
K. ¥p6an. Pagnorexnuka u Daekrponuka 2008




Kotel'nikov Institute of Radio-engineering
and Electronics of RAS

y #)0LICH
OnpeaeneHne >XUAKOCTEN C MOMOLLbHY ™ e

0>KO3€PCOHOBCKOW CMEKTPOCKOMUU

Relative Reflection

> 00
< 33%HNO,/H,0

A H,O (reference)
: HBHPE?XpoTMaTﬁ- 10/ I\R/ciéa\lfae E&ljgseolut
' ethano
€CKHUMU UCTOYHHUK . | B 30 100 pEthang
U3ITy4YCHUSI €quenc,, (GHy) 300
MakeT onpegennTtenst XXUaKocteun lNepBaa 6a3a gaHHbIX

Bpems uamepeHuun: 0,2 -5 cek.; TouHocTb uamepenHus: 0,3%
NMpumeHeHus: cepa 6€30NaCHOCTU, HAYKU O XKXU3HMU

Y. Divin, M. Lyatti, U. Poppe, K. Urban, V. Pavlovskiy. IEEE TAS 2011



LLlyMmoBas TeMmnepaTtypa Kak (oyHKLMA 4acTOTbl retepoanHa Ans
TeparepuoBbiX NpMeMHUKOB Ha ocHoBe HEB cmecutenen

The minimum noise temperature that a heterodyne receiver
may have is set by the quantum limit h{I/k.
Most of the HEB mixers studied today in various laboratories
are fabricated from NbN films deposited at MSPU

Fhonon cooled HbN NbTiN
DLRMSPU o CIA
CTH 0 KOSMA

L

[ ]
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® SRON/Def (spiral) A
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@
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Frequency [THz]
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E.M.Gershenzon, G.N.Gol‘tsman et al. Sov. Phys. Superconductivity 3, 1582, 1990

Herschel Space Observatory launched, May 2009
HEB mixers in Bands 6 and 7 of the HIFI instrument: 1.41 THz — 1.91 THz



INn situ TexHonormsa

NEW (in situ) process: For HEB lengths shorter than
Au and NbN are deposited in the same  iffysijon length diffusion cooling
bandwidth increases up to 6.5 GHz
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— low RF loss at the interface - low noise temperature
— additional diffusion cooling = gain bandwidth much greater than 6 GHz
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Receiver noise temperature at 2.5 THz. Measurements were performed
in air, and no correction for the atmospheric loss was made
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SAFARI top-level system requirements

FTS band (pm) Required NEP | Aimed NEP pixel size (Hpm)
(W/VHz) (W/VHz) Array size

S-band: 30 - 60 4.5 x 10-1° 2 x 10-1° 480, 64 x 64=4096

M-band: 60 —-110 3.6 x 1010 2 x 10-1° 840, 38 x 38=1444

L-band: 110 -210 3.5 x 1010 2 x 10-1° 1600, 20 x 20= 400

eNEP: direct detector sensitivity, optical
(reflected the minimum detectable power per square root bandwidth)

eDetector speed : 20 - 100 Hz ( 1.6- 8 msec) determined by FTS max
scanning speed and FDM readout

eDynamic range (saturation power) : 1000 (or better)

e T. — 100 mK because T, >50 mK

Courtesy of
Gert de Lange
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IlepBoe nadmonenue SSPD orkiuka u uaest PU3NKM YCTPOMCTBA

(Quantum detection by current carrying superconducting film
APPLIED PHYSICS LETTERS ~ VOLUME 79, NUMBER 6 6 AUGUST 2001 Physica C 351 (2001) 349-356

. L , Alex . Semenov ™', Gregory N. Goltsman, Alexander A, Korneey
Picosecond suparconducting single-photon optical detactor
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Fig. 1. Concentration of nonequilibrium quasiparticles across
the width of the film at different moments after the photon has
been absorbed. Time delays are 0.8, 2.0 and 50 measured in
units of the thermalization time. Distance from the absorption

F.IG. 1 Schemauc.:s of the supercurrent-assmtfed hotfspot formation mecha- site i shown in units of the thermalization length, Inset ills-
nism in an ultrathin and narrow superconducting strip, kept at temperature trates redistribution of supercurrent in the superconducting film
far below T are shown. The arrows indicate direction of the supercurrent with the normal spot — the basis of quantum detection. [t shows

the cross-section of the film drawn through the point where

flow.
photon has been absorbed.



U3rotoneHune SSPD

Fabrication:
- DC magnetron sputtering of NbN film
on sapphire (Al,O,) substrate
- E-beam lithography with reactive ion etching

Present day challenges:
- increase filling factor (presently about 60%)
- to reduce strip width from 100 nm to 50 nm or even less

Korneev A. et al, Appl. Phys. Lett. 84 (2004) 5338



SSPD ¢ paspemienuem yuciaa ¢poronoB (PNR-SSPD)
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A. Divochiy, F. Marsili, D. Bitauld, A. Gaggero, R. Leoni, F. Mattioli, A. Korneev, V. Seleznev, N.
Kaurova, O. Minaeva, G. Goltsman, K. G. Lagoudakis, M. Benkhaoul, F. Levy, and A. Fiore,

Nature Photonics, vol. 2, pp 302-306, 2008
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Fig. 3. Spectral sensitivity of the parallel-wire SSPD (open symbols) with 55-

Fig. 1. SEM image of parallel-wire SSPD. Black is NbN film, white is the nm-wide Srips, and 104-nm-wide meander-shapm‘ad SSPD (Sorllq S}'mbolsj
etched areas. We manage to produce 56-nm-wide strip retaining high measured at 3 K temperature. At 3.5 pm parallel-wire SSPD exhibits an order
superconducting properties. of magnitude better QF than meander-shaped SSPD.

Reduction of the superconducting strip width improves quantum efficiency at longer wavelength.

SSPD with 56-nm-wide strips connected in parallel exhibits an order of magnitude better
quantum efficiency at 3.5 pm wavelength compared to usual SSPD with 104-nm wide meander
shaped strip.

Y. Korneeva, 1. Florya, A. Semenov, A. Korneev, and G. Goltsman
IEEE Trans on Appl Supercond, vol. 21, issue 3, pp 323-326, 2011;



JleTekTUpPOBAHUE HEUTPAJIBHBIX MOJIEKYJI:
_ amino acid tryptophan, polypeptide gramicidin, insulin,
myoglobin and hemoglobin.
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Sclafani, P. Haslinger, H. Ulbricht, Arrival ime [ms} Arval time ms]
A Korneev. A. Semenov. G a) Arrival time distribution of tryptophan and gramicidin. (b)
Gol'tsmar’l and M Amét Arrival time distribution of myoglobin, insulin and hemoglobin.
Nanotechnology, 2009 20 455501 All molecules were detected using the 20 yum x 20 yum SSPD

chip. Light-weight molecules such as He are not detected.
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RSFQ cxembl cuutbiBaHusa ana SSPD
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Bepxuuit

PeHTreHOBCKMEe AEeTeKTopbI omexTpo X-rays
Ha 6a3e cBepxXnpoBOAALLUX
TYHHEeSNbHbIX Nepexoaos

Toxomonson
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(CTMN-peTeKkTOpLI) 2
o Huciawii TyHHENBHBIN
MHOrocriomHble anekTpoabl PICKTPOR Gapsep
1-ALO,

2 — Ti TonwmHa 30 nm

3 — Nb(1) TonwmHa 100 nm
4 — Al(1) TonwmHa ~ 8 nm
5 —AIO, TonuwuHa ~ 1 nm
6 — Al(2) TonwuHa 13 nm

7 — Nb(2) TonwmHa 150 nm
8 — NbN TonwumHa 30 nm

9 — nsongarop SiO,

10 — BepxHMN KOHTaKT 13 Nb
TonwmHon 350 nm

HUNAD MI'Y + UPO PAH



Ti/Nb/Al-AlOx/Al/Nb/NbN.

PeHTreHoBcKue CTI1 peTtekTopbl

CTrll-geTekTop ¢ nacCcMBHbIM 3JIEKTPOLAOM

Nb NbN

\ 4

30004 Ka-Mn ”
2000 4
- Ka-Ti
H())
5 1 esc.-Ka-Mn
Ka-Al :
10004 Ko-Ti
Kb-Mn
Ka-Si ] /
O 1 M 1 1 1 1 L'A 1
0 50 100 150 200 250 300
Q, a.u.

CneKTp peHTreHOBCKUX NIMHUN
Ka n KB Mn (5.9 kaB 1 6.5 kaB), Ka Ti (4.5 kaB),
Ka Si (1.76 k3aB) n Ka Al (1.46 kaB).
JHepreTnyeckoe paspelueHne nyduwe 90 aB.



NocnepoBaTenbHble LLENOYKU, XapaKTepuayrLwmuecs 6onbLnm
ANHAMU4YECKUM OUana3oHOM U C BbICOKOW JIMHEMHOCTLIO Npeobpa3oBaHusA
MarHUTHOIro CUrHasa B HanpshkeHue n Ansi Co3faHns BbICOKOYACTOTHbIX
YCUNUTENEN U aKTUBHbIX 3NEKTPUYECKN MarbiX aHTEHH

Flpe,u,no>|<eHb| ABa TMna 0a3oBbIX S4YEEK C BbICOKOSTMHEWUHBIM OTKITMKOM HaNnpA>XeHn4A.

(1) Bi-SQUID

bi-SQUID = rf SQUID + dc SQUID

Signal Transformation:
Nonlinear + Nonlinear =
Linear

(2) Ayenka, cocToswwan s aByX
anddepeHUManbHO BKITHOYEHHbIX
napannenbHbix SQI/F,

MNATIARAMNANA\IZLIN NANATNAALILL
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MarHUTHbIM NOTOKOM OO.
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AKTHBHAaA JNEKTPHICCKH MAJIasi aHTCHHA

Ha OCHOBE ABYX JU(depeHITMaTbHO BKIFOUEHHBIX TOCIEA0BATEIbHBIX Ienodek napamuieabHbix SQIF ¢
o0KM TpaHCc(HOPMATOPOM MarHUTHOTO MOTOKA

“MarauTHBIN TOK [y, 3a1a€T B3aUMHO-IIPOTUBONOI0KHOE MarHuTHoe cMmelenne nenodek SQIF. Ha
M
BCTaBKe NOKa3aHa MuUKpodoTorpadus pparmenta nenouxu SQIF

+I""1 JIMHEHHOCTB:
Pesynbrar 1ByXTOHOBOTO aHanM3a JIMHEUHOCTH
XapaKTEPUCTUKU MPOTOTUIIA AHTEHHBI HA
curHasibHOM yactote 300 k't

T p i e e
10,00 dBAOIY. D

 NARKER a__:
5195 Hz
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Koaddunment npeodpazoranus dV/dB coctapnser 750 yV/uT, JIuHEHHOCTH
nocturaet 70 nb

B nipenenax ot 30% mo 80% pa3maxa OTKIMKA HAIIPSDKEHHS B 3aBUCHMOCTH OT BEJTHMYHHBI
B3aHMHO-TIPOTHBOIIOIOKHOE MarHUTHOE cMmelenne 1emnodek SQIF
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Bo3MOXHble NPUNoXeHUs
SFS ycTtpoucts

- Josephson SFS (MJJ) junction like
a novel memory element for
superconducting and other digital
electronics

Magnetic Josephson

Junction (MJJ) S
B

S

column bias

Read SFQ ﬂlh_} \ll

Nrite multiSFQ g4.0
JJ _A__’
\Rcaduut SFO

Decision-making pair

- Josephson SFS rn-junctions like
superconducting phase invertors
for superconducting digital and
quantum (qubit) logics

7T - RSFQ cell

‘__3|E L=>0
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Self-biased cell !

- FS-spin-valves and spin-switches

- Spin-polarized supercurrents for
spintronics
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Demonstration of SFS mr-shifters

(c) Silicom oxide
[ —)———— ] Copper-Nickel

| o
. Silicon

Z5 7 7

[
=]

complementary de-SQUID with SFS a-junction (a) |
M 1 M M " 1 M M M 1 M

-5 0 5
External magnetic field [mOe]
A.K. Feofanov, V.A. Oboznov, V.V. Bol’ginov, J. Lisenfeld, S. Poletto, V.V. Ryazanov,
A.N.Rossolenko, M. Khabipov, D. Balashov, A.B. Zorin, P.N. Dmitriev, V.P. Koshelets,
A.V.Ustinov, Nature Physics 6, 593 (2010).




Realization of the complementary cell-lI

/

Normal
RSFQ-cell

“<Voltage V.. (20pV/div) —»

Complementar

n-SFQ-cel | v b s so [l [ o,
Flux o Current £, (50pA/div) —> B cre > Ao .-

M. I. Khabipov, D.V. Balashov, F. Maibaum, A.B. Zorin, V.A. Oboznov, V.V. Bolginov, A.N.
Rossolenko and V.V. Ryazanov. Superconductor Science and Technology, 23, 045032 (2010).



n-SFQ —circuit with SFS =w-junction

combined Nb-AlO,-Nb, Nb-CuNi-Nb technology Nb-AlO-Nb: 4x4 pm’;
Jj=100 A/cm?

Nb-CuNi-Nb: 8x8 um %;
J.=500 A/cm?

T T T T T T T T T T
0 200 400 600 800 1000
time (ps)

In this cell, a large inductance required for the Wy R
fluxon storage is replaced by a w-junction operated B ""T”
as a passive phase shifter. Vi [0 T T T

20 pA/div

outl : i .

50 uv/div
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3akKkn4vyeHue

ichonb3oBaHWe MeTo4oB HAHOTEXHOOMMU N UHTErpauns oTaAesNbHbIX
95IeEMeHTOB Ha O4HOMN MUKPOCXeMe OTKPbIBalOT BO3MOXHOCTb CO34aHuA
KOMMNaKTHbIX YCTPOWCTB C npeaenbHON (KBAHTOBOW) YyBCTBUTENLHOCTLIO U
YHUKarbHbIM HADOPOM napameTpoB, KOTOPbIE HE MOTYT ObITb AOCTUMHYTbI
Ha OCHOBE TPaLULUMOHHbLIX TEXHOMOMNM.

CBepXxnNpoBOAHUKOBbLIE 3NIEMEHTbLI ONPeaensT YPOBEHb Pa3BUTUS
NpueMHbIX yCTpoucTB oT goneun ['epua oo peHtreHa (CKBAObl, CNC n
HEB cmecutenun, TI'u reHepaTopbl, 0OOHOOTOHHbLIE U TYHHESbHbIE
neTekTopbl, 6bonomMeTpbl, ULMAOPOBLIE N UHTEPIENCHLIE CXEMDI).

KpnoreHHoe obecneyeHne He aBnaeTca TeEXHMYecKkon npobnemon; B
KocMoce B TedeHne 3 — 4 net ycnewHo paboTatloT yCTponcTBa npu
Temnepatype 0.1 K.

BTCI1 ycTtponctea no3BOSIAOT CYLLECTBEHHO CHU3NTbL 3KCMNyaTauuoOHHbIe
pacxofbl U paclLUMpUTbL YaCcTOTHbLIN AManasoH.
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