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Abstract: High-sensitivity superconducting transition edge sensor (TES) detectors have significant appli-
cation prospects in the detection of the B-mode polarization of cosmic microwave background (CMB). In
this study, we developed a 220 GHz antenna-coupled titanium (Ti) superconducting TES detector array
(8X8) using a leg supporting structure. Before the supporting legs were fabricated, we measured the ther-
mal conductance and the noise equivalent power (NEP ) of the Ti superconducting TES detector. The

measurement results show that the thermal conductance of the Ti superconducting TES detector, pri-
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marily determined by the electron-phonon interaction in the superconducting Ti microbridge, is approxi-

mately 485.4 pW/K. Moreover, the NEP of the Ti superconducting TES detector is approximate-

ly 5X 107" W/Hz"®. In principle, the thermal conductance of the Ti superconducting TES detector can be

further reduced after its supporting legs are fabricated, which is approximately 38 pW /K. Meanwhile, the

thermal fluctuation noise of the detector after its supporting legs are fabricated is approximately 9. 2X 10 *

W /Hz0. 5. Thus, the noise performance can be further improved.

Key words: high sensitivity; superconducting TES detector; thermal conductance; Noise Equivalent

Power(NEP)

1 3 =

J ) 51 g e SR T AR BN R A
SR S s e R R 1 N R W B A 723 D T 1
WO AR T PR T s el AR A
T E AT BT 5] ) A5 R AR W P ) A B
it o FRT R0 SR 51 s f b O U0 T
M B 5 5 4 (Cosmic Microwave Background,
CMB) fii 4% 52 5, BRER I CMB BB f5 510 &
M, CMB B A5 S s T 1K T 7753
Z—) R0 CMB B #1755 7 % & 2 8% 3k
AR R 2%

B A AR 11 2 BRI #% (Transition Edge Sen-
sor, TES)"/J& — it 3L T 18 S i J5E e BEL -3 8 % 7
R R RO AR A TR & . S TES 80
RS FEEAE BB SR, TR
SHBREZE M — DR EXE . 721
Tk B DX Th) 5 el JE ) s BEL R A AR v 0 L R
BE AR R R RO TR S o R AL R AR AL
BB U (1S e G NE D G o e T 2 1
(Superconducting Quantum Interference Device,
SQUID) A2 1, DT 52 37 55 4 BR R0

HHEr, B 5 TESIRI & O 8 iz W T4 5k
E A i CMB R e e 30 B B . AR
T, B4 CMB i 41k 52 56 19 5 TES #8948 31k
# 4 T 7 22 K P AR B (A 90 GHz, 150 GHz
85, T AE CMB i 4f 52 56 b A S8 R A R AR
B0 Wi AR TR R AL 2 W BT R CMB
D i S 56 o A e, AR SCEEIT R T 220 GHz 4 B
T TES $80 f3 BORBETE , Bt Il 5 1 59 0O
KL G T TES IR #FFES) , H by 1 &
T % (leg-supported ) 45 #4 ' ZI| i HiT Bk 8 5 TES #4
0 45 B ARG IR A5 R R P AR O NG TR TR 4

4 20 1l 5 R R 52 TES #R0U 45 19 $C R

2 8X81E T4k # F TES K m %

&3t

2.1 $%BSTESKRM:EZMEEN

Hp, 85 TESTM e =G A EEA
SR A R U S W URE A M P R A
MEHERLMAE " AR TBERE RLME
5=

Fl1(a) FE 1(b) 43 52 KRR A 1 8 X 814
JUERHE S TES #4028 F1 B ot 5k 5 TES 45
e XH B S TES %I #% £ 247 220 GHz
XU R 2% i 38 11 I 1 A SIN B 8 245 oy % ) o
()

<\ '\\\\\W?’,' Bandpass
filter

@

A

i

i

NS

S \I//

Rl microstrip absorber

[I=[ K ge

_ ///M\\\\*_ © 00 TN Ci

BT (a) 220 GHz 8 X8 & JL kil & TES #M 4% 5 51 5

(b) HRITER T TES SR & 4519 B, 245 W

i IPNE- AN i R P e 7RI A

(400 pm X 200 pm) 5 (c) BXFF ZE45 M 3R 5T, 3
TAL T AulUs R AR S5k TES

Fig. 1 (a) 220 GHz 8X8 Ti superconducting TES de-

tector array; (b) Ti superconducting TES detec-
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tor, consisting of a twin slot antenna, a bandpass
filter, and a leg supporting unit with the size of
400 pm X200 pum; (c) Leg supporting unit, in-
cluding an Au microstrip absorber and a supercon-
ducting Ti TES
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Fig. 2 Schematic view of the twin slot antenna (a) and simulated S11 of the twin slot antenna (b) and beam Pattern of the

twin slot antenna (c¢)
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Fig. 3 Schematic diagram of the 220 GHz bandpass filter as well as its equivalent circuit (a), and simulated S, and S,,pa-

rameters of the bandpass filter (b)
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4 44HFTESIKM B L4 R R
DM

KK H T Oxford Triton 400 % B il % #L
XK TES 000 g8 47 IR 2 20, JF 0158 14K
5 TES #8 I % BB 52 25 0 2 b sy (R R
XeF, MR Z0 il St %) B AR R Rk . 181 752 8 X8
BOTER R 3 TES ZRN & 75 5 B8 1 ¥ AL 4 19 22 3¢
SEW LR TES $RIN % 4 2 3 T 1 B il v Bl
AR Y 2 (Mixing chamber ¥ 2% ) .

TRkl Hl

S lEl
Fig. 7 Photograph of the 8 X8 Ti superconducting TES

detector array inside the dilution cooler

e R SIM921 AC HE BHAF I, T 8 X 81%
JUEK T TES #8058t (4-4 1 8-3,
P 8 () Jir 7% ) A HL BHL - B 55 A5 ik . 181 8(Db) S
BRHES TES S0 5 A BE - TR B 7 242 e M 3k 45
Jeo PRI L R B0 5 TES 45 U 28 47 76

AN AR R 430 & 9 KR 210 mK, Hp 9 K
S A I R SR R T Nb BB, 210 mK # S 4 p
T Ok U T8 5k TES,

S Bk Y B R R — M 7E 380~410
mK 2] I AR SC 8 5k TES R AR Y
S5 AR R B S R T 28 Nb Ground il SiO 47 Jit
JERAT-REAE S, 5 A, AR OT R T TES
PR 85 v B - L 82 O A0 o v B AR 4 ) — Bk,
FE Nb HLAR B 5 7% A8 2w L BH 3 20 1 kQCH T
HL B 242 3 kQ) , Nb HL B 5 5% A8 2 )5 HL BH 24 4
6.5Q, T8 TES 8 5 7% 4 2 J5 H fH # ik
TE,

—4y
—33

—
— (=
(= (=3
(=] (=]

Resistance/QQ
=

(=]
HFT

0.1 1 10
Temperature/K

E8 8XMRIcE M T TES HM #% (a) A1 5E I w5 15 ot
BB T TES $R 0 &5 H BH -1 3 5% A2 R (b)

Fig.8 8X8 superconducting TES detector array (a) and
Measured resistance-temperature curves of two su-
perconducting TES detectors (No. 4-4 and 8-3)
(b)

9 J2& K H SQUID H 3t it K 4 52 AN [7] B
B Ak T TES #8028 (8-3) AR & kit . 7T
PVE B 5 TES SR 88 76 = T 210 mK 5 &
B SRHESA RS, MXERA 630,
BRHE TES #4800 5 F B - B2 0l 25 21 (an &1 8
(b) i) —2,
AT JE T, S TES #8900 28 47 76 40 F A &2 5%
%ﬁ;‘é/\:lfﬂz
Poe=K(Te"— Ty, (1)
Hodr. Py St 28 5 TES #0048 59 B2 %
T 2T TES Hl #5837 AR, T, 2 85
T B, KO G B R B CHL T b R g 3
RSE) om0 B R B (e T #Sas L) ™ R
0 A ) P05 0 B R S BK EE 5 TES #8300 28 4K &2
FeveMh e, T IS K, T n 340240, |10
R[] PR BE I T S0 Ak 5 TES #4900 #5819 1A
TP (B 3 TES BRI 28 B R 0. 5% IE 8 2&



5 4 0 AR AR 2 T 1 CMB (R AE 5230 10 220 GHz B0 5 TES % 3845 A B 147
8 T T T IJJ$,EILJ%%%J:
m— 80 mK . .
oy — 100 mK NEP( /)= it/ ), (2)
ol | 120 mK R,(/)
140 N
<sb TAmE S i )R LT MR R R ()R
£, i VORI . KA/ B S TES K2t
S 5l —220mK 1K R, AT LA R
1 Ro
2f R = (3)
] Foop LR R, 425 4 S TES #5030 58 14 3% i il
00> 2 6 & 10 12 14 16 18 20 F A B . 18 R B, S TES R0 88 5 i

Voltage/uV
B9 AN[RIFREE R SR 3 TES #5000 2% i i-r F i 2k

Fig.9 Measured current-voltage curves of the Ti super-
conducting TES detector (8-3) at different bath

temperatures

F BEL A B9 B DR, I8 10 [l 25 8 T8 = (D)
GBS R LR AR S TES %0 2% 19 4
&S890 8 K=1.2X10° pW/K", T.=207
mK,7n=5.6. W Tl T TES %I &% B R4
4 221 ol iy A a2 AL S B L S A AR BLA
n R RS 17T A S REAY A 5
AhL Bk TES IR A Al LR R K G=
aKT:" ' Nk SRR 5 TES #0045 H 75 A B AE
HE SR F 20 485.4 pW/K,

G TES 00 2% 7 805 — i FH e 75 4 30 0)
REBPORFIR . X TH R i B BB S TES %M
i, 385 R E AR T A Dy o I R S R AR K

oaf T T
Y Measurement

21 = Calculation

18

15

Power/pW
o

0 005 01 015 02 025
Temperature/K

P10 IR PRET IR T Bl 5 TES 280 #% B 2 3
Fig. 10 Measured DC power of the Ti superconducting
TES detector at different bath temperatures

HBH R, — i K FHREmMHE R . Wik, # S
TES #8100 5 /8 3w i 22 A a4k —1/V,. Kl 11
JE LR T TES 4800 25 #7013 I vp 20
S TES £ #5 i & HL K8 5.3 pV, TAEAR R
JEH 80 mK). A LLFE i, 7E 1 kHz 8k & TES
PR % H M A 2R 8.5 pA/HZ T AR IR A R (2)
A B ] i M 7 AR R ) A NEP 2 4.5X10 "W/
Hz"°. Rl TES #RI &5 1Y M 75 = R J5 T 34
R IR R P BROE A L K SQUID 52 H M 7 450
XHRIEEOE S TES IR #5451 ah 8 T
PR M 7 25 AR I FENEP e = 4k T PG (250
3.4X10° " W/Hz"") , AR B 5 TES #R I 2 1
R E SRR

100 f
§
N
T
<
S
2
g 10k
5
=
=
Q
Measured
l '} '} ! '}
10° 10! 10? 10° 10 10°
Frequencey/Hz

B 11 REHEEN 5. 3 pV IS TES BRI 45 H 7 M 1%
Fig. 11 Measured current noise spectrum of the supercon-

ducting TES detector at the bias voltage of 5. 3 uV

T34k BRHE = TES BRI 4% B8 22 454 %) ih
Je, BRE  TES $R0 f #1202 R 450t
T, A AR N



148 e KA

31 %

s
G= K’;@ , (4)

Horr s i, Ry 2 R AR I G T R BT XEFSIN
Ut , £=0.001 58 T"*Wm 'K ', 7¢ 4k # &
TES %R #5 rh, SIN BB B2 56 B2 AR BE 43 59 K
400 pm, 10 pm A1 1 pmo @A (4) 15 3 B E
4R 20 ik J5 BK L  TES #8100 45 #4525 38
pW/K, Bl /NFH M EMEH ERHHRT. W
U, 76 R AE ) Z) S B T TES 48 I 5 1
PRI R R A B — B R T R A L
NEP = /4, T 2G ] LUFR I T 1 30t 1 2
R FE TR 9. 210" W/HZ™,

SE WK

[1] STEVENSJR, GOECKNER-WALD N, KESKI-
TALO R, er al. Designs for next generation CMB
survey strategies from Chile [C]. SPIE, 2018,
10708: 698-712.

IRWIN K D, HILTON G C. Transition-edge sen-
sors [M]. Topics in Applied Physics. Berlin, Hei-
delberg: Springer Berlin Heidelberg, 2005: 63-150.

(2] # %, ® &%, /X, . STEP DENEE T

Tk Sk 2 P A R AR PRl R ik (T). e M
A2, 2010, 18(11): 2421-2429.
YANG Y, CAO X B, WANG S W, ez al. Test of
superconductivity of pick-up coils for STEP acceler-
ometer and their modification [J]. Opt. Precision
Eng. , 2010, 18(11): 2421-2429. (in Chinese)

[3] LIH, LISY, LIUY, et al. Probing primordial
gravitational waves: Ali CMB Polarization Tele-
scope [J]. National Science Review, 2019, 6(1) :
145-154.

[4] GALITZKI N, ALI A, K S "ARNOLD, et al.
The Simons observatory: instrument overview"
[EB/OL]J. 2018: arXiv: 1808. 04493. https://arx-
iv. org/abs/1808. 04493"

[5] BC, ADEP AR, R W "AIKIN, eral. BICEP2I:
detection of B-mode polarization at degree angular
scales" [EB/OL]J. 2014: 1403. 3985.
https: //arxiv. org/abs/1403. 3985"

[6] TRAINI A, TARTARI A, BORDIER G, er al.

arXiv:

Dual-color antenna-coupled LEKID for next-genera-
tion multi-chroic CMB focal planes [J]. Jowrnal of
Low Temperature Physics, 2018, 193(3): 170-175.

AT Il A5 T 220 GHz 4 Br 8 X 8
BOTRE REH I R &G B S TES #0 #%
SIS FAE TR A5 A 2l i Bk S TES 480
i ) ARG R PR AR R TR AR . AT LR I, B
PaER 2 AT A S TES M 2 T G 4o
485. 4 pW/K, 75 28 B 451 2| vh J5 5 TES 8
M Zs AT G A BN % 38 pW/K, P40, il
TES £ W #% (4 52 I B 75 %5 25 7)) %6 NEP 24 2}
4.5X10 " W/Hz"", SEE T b 1 1 S b BR A R
REE

(7] 2 #E, Kk, €20, ¥ ETR-SEBEETE

B BRABE M i R BB R G TIE 0 ) R AE[T]. e 5 A
% LA, 2020, 28(8): 1715-1724.
LIUM X, QIN Q, DONG X SH, et al. Character-
ization of thermal mismatch stress of micro-inertial
devices based on silicon-glass bonding process [J].
Opt. Precision Eng. , 2020, 28(8): 1715-1724. (in
Chinese)

[8] THORNTONRIJ, ADEP AR, AIOLA S, et al.
The Atacama cosmology telescope: the polarization-
sensitive actpol instrument [J]. The Astrophysical
Journal Letters Supplement Series, 2016, 227
(2):21.

[9] NGUYEN H T, KOVAC J, ADE P, et al. BI-
CEP2/SPUD: searching for inflation with degree
scale polarimetry from the South Pole [C]. SPIE
Proceedings”, "Millimeter and Submillimeter Detec-
tors and Instrumentation for Astronomy IV. Mar-
seille, France. SPIE, 2008.

[10] POSADA CM, ADE P A R, ANDERSON A J,

et al. Large arrays of dual-polarized multichroic
TES detectors for CMB measurements with the
SPT-3G receiver[ C]. SPIE Proceedings”, "Milli-
meter, Submillimeter, and Far-Infrared Detectors
and Instrumentation for Astronomy VIII. Edin-
burgh, United Kingdom. SPIE, 2016: 290-300.
[11] 4Pmet. ar RERBES LR [(M]. &% §%
W F AR S AR, 1991
ZHONG SH SH. Theory and Application of Mi-
crostrip Antenna [M]. Xi'an: Xidian University
Press, 1991. (in Chinese)
[12] WANG Z, ZHANG W, MIAO W, e al. Elec-



43

WR M 4L TH ] CMB R 3R S50 19 220 GHz 8K T TES 30 28 £ R 5% 449

tron-beam evaporated superconducting titanium
thin films for antenna-coupled transition edge sen-
sors[J]. IEEE Transactions on Applied Supercon-
ductivity, 2018, 28(4): 1-4.

KARASIK B S, PEREVERZEV S V, OLAYA
D, et al. Development of the nano-HEB array for
low-background far-IR applications[ C]. SPIE Pro-
ceedings", "Millimeter, Submillimeter, and Far-
Infrared Detectors and Instrumentation for Astrono-
my V. San Diego, California, USA. SPIE,
2010: 355-364.

ZHANG W, ZHONG J Q, MIAO W, et al. Elec-
trical characteristics of superconducting Ti transi-
tion edge sensors[J]. Jowrnal of Low Temperature
Physics, 2016, 184(1): 11-16.

ZHANG W, MIAO W, WANG Z, et al. Charac-

terization of a free-standing membrane supported

FRIFE(1997— ), KR E N
A5 A, 2020 AF F M LR 2 AR AT 2
2L, 32 S R 2% 40 45 1) B
%% o E-mail: luogianghui@mail. ustc.

edu. cn

BIRIEE

2 #(1981—), 5 s A,
o, B 5 5L, 2010 4F T i [ B SR R
BN o R AR LA A, EEN
=R Y S ¥ RSl F = N )
5T . E-mail: weimiao@pmo. ac.

cn

superconducting Ti transition edge sensor [J].
IEEE Transactions on Applied Superconductivity,
2017, 27(4): 1-6.

AP RE . KM EARFAALT DGR ZHEFRT
[D]. dbat: PEBER RS, 2014,

ZHONG J Q. Study on Characteristics of Tera-
hertz Superconducting Phase Change Edge Detec-
tor[D]. Beijing: University of Chinese Academy
of Sciences, 2014. (in Chinese)

ZHONG J Q, ZHANG W, MIAO W, ¢z al. Fast-
response superconducting titanium bolometric de-
tectors [J]. IEEE Transactions on Applied Super-
conductivity, 2019, 29(5): 1-5.

LEIVOM M, PEKOLA J P. Thermal characteris-
tics of silicon nitride membranes at sub-Kelvin tem-
peratures [J]. Applied Physics Letters, 1998, 72
(11): 1305-1307.

BIHAES:

. SBEAEA(1965—), 5 LM A, h
[l b2 B B L BB R S0 K, 1996 4F

e o T HARLEA IR 2 B R 2 3R 1
- ESVASSSEL SRS S AIPN g

2 R Y. 2 A FA S 96 2 1

Lo
‘\\//. N T bR 2 S R
- AR#FT . E-mail: scshi@pmo. ac. cn



