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Fig. 1. (a) Wafer of SQUIDs; (b) the wafer of pickup coils.
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FLEM 1st order gradiometer  — Table 2. Parameters for designing a pickup coil.

[SBURIS 20 pm F Ly 24 Hfy REEa

&5 84 pm Pickupili 7000 mm

g oo 56 pH R Pickupk 5 500 hm

InputZk & 2 pm PickupHi /i 19 nH

InputZk i 2 pm Pickupil 8000 mm

Input T4k 18x2 — FEEETT PickupZk 78 500 pan

InputH /& 36 nH PickupHi /& 45 nH
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Fig. 2. SQUID chip packaging: (a) The lead bonding; (b) the final SQUID packaging.
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Heating
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K3 MHKHEHER  (a) FVARRE V-0 R DI UHE [ (b) M A 4]

Fig. 3. Block diagrams of the test circuits: (a) Block diagram for I-V and V-& characteristic measurements; (b) block diagram for

noise measurement.
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(a) —— With magnetic shielding: MAG
Without magnetic shielding: MAG

105

104 L

103 b

102k

10t ¢

Magnetic field noise/(fT-Hz~1/2)

100

100 10t 102 103 10*
Frequency/Hz
107

(b) — With magnetic shielding: GRA1
6 --- Without magnetic shielding: GRA1
10 —— With magnetic shielding: GRA2
- - - Without magnetic shielding: GRA2

Magnetic field noise/(fT-Hz~1/2)

100 10! 102 103 10
Frequency/Hz

Bl 4 (a) BESRITHTEA R ERIE i 0 37 W s 15 (b) BT
T [F) B35 v () 0 7 W6 7 i

Fig. 4. (a) Magnetic field noise spectrum diagrams of MAG
in different environments; (b) magnetic field noise spec-

trum diagrams of GRA in different environments.
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BEMISH R, BORIAGE T, 2K, R T 167 4~
MR AR A TEE T, DA IESS SR A A0 R
M. T RESR AR B R B I A LAY 22 R
BATE P E T A TG AT
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0 i 1 1 1 1 1
—100 O 100 200 300 400 500 600
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200
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180 I, =18 pA
160
e
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o
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g
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>
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Coil current/pA

Bl 5 FITHERE SQUID it i IS HURR I (a) BESRIT
506 TG 5 g S R (b) BESRIT SRR -V
RPN (o) BEsR TS M0 BE T A9 5 K H R IR A i 2k
Fig. 5. Parametric characteristic curves of single MEG
SQUID chip: (a) Magnetic fields and flux noises of MAG
and GRA; (a) the LV characteristic curves of MAG and
GRA; (c) the maximum voltage swing characteristic curves
of MAG and GRA.
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93 pV, BRI I PR SIEME L] T 99 pV. H
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L5 AN TR) 2 P 5 ) 1 LR TS5 0P 2 Pl P A2
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Fig. 6. Distribution of I, under different external magnetic fields of MAG & GRA: (a) The I, scatter plot of MAG; (b) the MAG

histogram; (c) the I, scatter plot of GRA; (d) the GRA histogram.
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Abstract

Superconducting quantum interference device (SQUID) is one of the most sensitive flux sensors and is
critical in fields such as biomagnetism, low-field nuclear magnetic resonance (NMR), and geophysics. In this
paper, an integrated magnetoencephalography (MEG) SQUID chip is investigated in detail, which consists of a
magnetometer and two gradiometers. The SQUID and pick-up coils are fabricated on different-sized wafers. The
SQUID is fabricated on a commercial silicon substrate using micro- and nano-fabrication processes, including
thin-film growth, i-line stepper photolithography, and reactive ion etching (RIE). The sub-micron Josephson
junction technology is employed to achieve a junction size of 0.7 pmx0.7 pm with a junction capacitance of only
0.05 pF. The pick-up coil is designed as a single-turn coil for a magnetometer and a planar first-order gradient
coil for a gradient sensor. The MEG SQUID chips are tested in a well-shielded chamber with the helium-liquid
temperature (4.2 K). Customized low-voltage noise readout circuit and source measure units are used to
characterize the magnetic field white noise, current-voltage (I-V) characteristics, and voltage modulation
amplitude of 171 SQUID channels. The results show that 81% of the SQUID chips exhibit the lower magnetic
field noise (< 5 fT/+/HZ ), and the high modulation amplitudes (in a range of 80-120 pV) with the low working
currents of 15-20 pA, yielding a wafer yield rate of 78%. In summary, the SQUIDs show excellent performance
in terms of magnetic field white noises, modulation amplitudes, and working currents, which are suitable for the
very weak magnetic signal detection. One of future studies will focus on optimizing the SQUID chip fabrication
process to minimize performance variations between chips on the same wafer.
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