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We have developed a planar-type single layer second-order high-T, SQUID gradiometer, which can detect the d*B,/dxdy
of the second-order field gradient. This SQUID gradiometer consists of four-way ‘clover-leaf” pick-up loops and is coupled
directly to a 4-junction dc SQUID in such a way that the coupling polarity of the two diagonal loops is opposite to that of the
other two loops. The pickup loops are intrinsically balanced for both uniform field and the Ist-order field gradient. The
YBa,Cu;0- thin film was made by pulsed laser deposition method on SrTiOj; single crystal substrate and patterned by
photolithography with Ar ion milling technique. Response of this gradiometer was tested for both uniform field and the
2nd-order field gradient. Details of the design, fabrication, and results will be discusse d.
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Fig. 1. Schematic diagram of the &’B,/dxdy SQUID
gradiometer.

d = (ABI _ABz)M/L + (ABz —'AB4)MA2 (4)
: L L

1 2

Eq. Q)2 HE #d o] Ay 7H$-9
balancing =712 &3 o] £ 5 Qo)

4_4 (5)
Ll LZ

=, pick-up loop®] WA 4,3} 4,, L, L7} 2
L5 AAH Udvtd 7d zpgel 9% &3}
= &= o] balancingo] %A =t}

9, A2k A2y 2AFS QU B$ field
gradient®] 7]8}8HA Q) FZol HA Qo] AB=
AB;, AB,=AB,;} A W3tEE SQUIDY ZHal:
A&e 2AAH o2 go]

vl 789 pick-up loopS 7R &’Bjdxdy 3
Ble] SQUID olx wlE7)= ZzZ+e] pick-up
loope] WA AEHE 27} FUs7] W ol 7]
&9 AR ZFY olx vy g
balancingS 7Hd3t7] 918 Hxe] o] Ho

sith= o] Fxdoltth



Fabrication of single layer d°B,/dxdy second-order SQUID.... 111

n. 44 € A& 94y

APL ATy 2EXE ZAES o] &3t
x 10 mm =712 SrTiO; (100) @23 7]
& ol TEHAOZHIHS o] 8ty o=
o] & Azt o2 200nm Eo]o AT EAHE
A| 2}t A Tt
d&’BJdxdy SQUID °©|xt | &71& F 79 A
sto] WE=R d4d¥ 7]&9 SQUIDe €8 U
Mol H3te] 737 &Y F e WY F A=
AA= S gk wEkM, | A9 Ag ZAMEE
wd3A ARE7] fA o] gund 7|9
W Alo] zZbe 3pem Bhelow, 3 HZe o
2 FUTE] HEY &S FEA7I7] HE
A o]l Azt g THE Ald ZAEE 1050 T
b2 B97]6 A 1 AZHEer dA g v
A2 A 22 oF 60°= 2 o HA
ol ZFAHoZ W &% 810 T, A& #g
400 mTorr, d oA AR 1.2 Jem?e] ZHO=Z
YBa,Cu;0; WS- 180 nm B E FAIE 43
Z& B jpsitu® 500 C, 1 719 A E9]7]
ol Al 1 AlZFE EA s A7) thA
TEHLTIHIHE ALY Fig 29 2L &
o2 ulA sttt
SQUID o]z} vl &7]+= AA pick-up loop
B3} SQUID FEo 5 TAH Ut AA =

Fig. 2. Photograph of the &’B,/dxdy SQUID gradiometer.

Fig. 3. Optical micrograph of the SQUID area of the
gradiometer.

Table 1. Parameters of the ¢”B,/dxdy SQUID gradiometer.

Loop area : 4,, 4, 2.3 mm % 2.3 mm

Loop inductance : L 5.3 nH

SQUID : Hole size 3 um x 65 pm
Inductance L 47 pH
Junction width 3 um
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Fig. 4. I-V characteristics of the &’B/dxdy SQUID
gradiometer.
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Fig. 5. SQUID modulation signal for the flux distribution
corresponding to the uniform field.
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Fig. 6. Modulation signal for the flux distribution
corresponding to the second-order field gradient.
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