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Fig. 1. Schematic diagram of series SQUID array (SSA).
and [; represent the current through the input coil and feed-
back coil, respectively. V, is the output voltage of SSA

biased at the current I,.
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100 pm

&l 2 (a) SSAJGHIRL; (b) SSA Jkik K&
Fig. 2. (a) Microscope photograph of global and (b) partial
enlargement of SSA.
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Rl e B A AR ARSI, ST
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FH R E] 60 pH.

F 1 SSABRITSH
Table 1. Design parameters of SSA.
e s BE
PEFRBREEHA/ (wm x pm) A 3x3
IR A HL I /A I 9
LEIRHRE R /Q R, 1F14
HERF/(um x pm) 8 x 28
HANSQUIDHLE /pH L 100
iy A\ 2 e I i/ I — 2
i AZRBIZE 8 /um — 1
SQUID/ML N 200#1800

MR RBEE/(uA- D5 1) 1/M; 35

SSA 1y il £ = L T 5 A7 R AR IR S A K
Nb/Al-AlO,/Nb =2 T2, A W &1 Z ik

R ARSI AN T, K’ 34 M T SSA
T 28R E R, Hrh, 295 R ARk H T I

AR, RSN 2 pm. 2955 245 B HL R
FEK /48 (Ti/Pd) RUZRE, Hod SRR 40 nm, A]
SEELT R BHAE 2 Q/0. AR 4R )2 R 4 22
Wt Si0, RLBL. 7E SSA H, H5e/INER TE 45 44 M iy
AL, LIRS R 1 pm, LR A2 T
2 (i-line stepper) RSCEL. HHT, SSA Bl & T2
AT DAAE 4 9T hn sk R L S0 B, T2 W R 7E
80% VAL

| Substrate |
H 21/A0, Ti/Pd [l Nb SiO,
€3 SSA VI T A i & &

Fig. 3. Cross section of SSA fabrication process.
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Fig. 4. (a) Current-voltage characteristic of SSA; (b) voltage-

coil current (flux) characteristic at different bias currents of
SSA.
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Pl 4(b) ik T LU B, 16 & H 0 17 pA R,
SSA H KB BIMERE AT A R 4 mVAS, J HAEmAE
TAERSAL Ve 23R 36 mV /&,

T EA BRI Vo, v LIA SO0 IR A =
TR AR (MRS | K SSA 5132 HY H I AH 3
Kl 5 FTs IR AERE B 2 IS 2] 1Y SSA W8
MhES 2. o LR B, fEAREL (< 1 kHz), MRS bl
ECRPEANM T &, 2/ RN, o = 0.3, %M1
A B R 2ok [ AR M T, X
AREATFEXT SQUID 45 & F A4 A T DU i R i
XPHPFET AR BRRL. TR B (1 kHz D) 1), SSA
ARG ME S R 0.5 udo/VHz. X HL, ik
RS L R PR 2 1 nV/AVHz, 28550 7638 M 24
4 0.03 udo/vHz , BIIHAT AT IA N ok [ % i K A%
(R 75 DTRK P LA Z WA T, AF2, 32 D0k 3 e 7
ATYSREE T SCHRIRE A 2 . FRAT 307, % FE S
WA SQUID &A1 58 e B B A G, 22
Mg 7 e T RV TR A FH A5 ) %) i A R 3 R A
B, ATLATTEA SSA 4520 HL i M 75 4 18 pA/VHz.

10*
9 > 4r —~
~ 10°f £ 3
<
T 2 dew | 108 8
N = i ' HEE o
s 2ol v v ! N
=3 101k N . N N N a,
S 0 20 40 60 80 100 =
S Coil current/pA ~
< 8
© 3102 2
2 S
9]
& 109F =
£ c
[ 10! 3
O
101

o100 1 1oe  1o®
Frequency/Hz
P 5 SSA A I 7 2% A SRR I
Fig. 5. Flux noise curve and equivalent current noise of SSA.
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[ ORFE T —E W ksr M, A R ER P sl ise 1B i
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Fig. 6. (a) Normal resistance R, (square dot) and maxim-
um voltage swing V,,, (star dot) of SSA dependence on the
SQUID-element number, in which the solid and dashed line
are linear fittings, respectively (b) maximum flux-to-voltage
coefficient V5 dependence on the SQUID-element number,
where the dots are experimental data and the line is the

result of linear fitting.
4 % %
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Abstract

Superconducting quantum interference device (SQUID) has been used as an extremely sensitive flux sensor
up to now. Series SQUID array (SSA) is made up of several identical element-SQUIDs in series, in which each
element-SQUID is coupled with the same set of input coils by mutual inductance to realize the amplified output
of the input current. From the noise viewpoint, each element-SQUID in SSA is independent of each other,
resulting in the total voltage noise across the array rising linearly with the square root of the number of
element-SQUIDs. From the perspective of input signals, since the signals come from the same set of input coils,
the voltage output of the array is enlarged with the proportion of element-SQUID number, N. Taken together,
the signal-to-noise ratio of SSA is increased by v/N times, or the flux noise of SSA is reduced by 1/+v/N times
compared with that of an element-SQUID ideally. However, with the increase in the number of element-SQUIDs
in series, the chip design of SSA becomes more complicated, which puts forward higher requirements for the
consistency and stability of its fabrication process. Besides, there exists a certain flux coherence between
element-SQUIDs in SSA, whose normal operation depends on the working state of each element-SQUID in the
array. In this paper, the fabrication of series SQUID array is carried on the autonomous superconducting micro-
nano process platform, with a yield rate reaching over 80% on a 4-inch standard silicon wafer. Two kinds of
SSAs with 200 and 800 element-SQUIDs, respectively, are integrated in a meandering way on a chip in a
millimeter area. Home-made directly-coupled readout circuit is used to obtain the characteristics of SSA. The
experimental results reveal that the flux noise at best working point is as low as 0.5u®,/v/Hz and the current
sensitivity is about 35 pA/®, thus, the equivalent input current noise is achieved at a level of 18 pA/+/Hz.
Additionally, the dependence of relevant parameters in array on the number of element-SQUIDs is verified,
which is consistent with theoretical expectation basically. These show that the reliability of device design and
the consistency of fabrication process perform well, thus laying the technical foundation for developing the low-

noise SQUID amplifier and the multiplexed readout of low-impedance detectors.
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