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Fabrication of a HTS SQUID Magnetometer for Magnetocardiogram

In-Seon Kim', Sang-Kil Lee’, Jin-Mok Kim®, Hyukchan Kwon', Yong-Ho Lee",
Yon Ki Park’, and Jong-Chul Park’

o [<]3
£ =

YBaxCuwsOr ¢S wteto 2 © YA FF SQUID magnetometerS A A5t SrTiOs7 | B¢lol A &absd
g dE22Ye YW 85 mm, MEL 26 mmE HoH, 24& ¥ MEL 3 pm, SQUID J9E2E %0
pHE 39T A" 4ae JF A4 dig Hef wxAse A7 AM 65 pV, AFFSL 1 HeollA &
06 pT/V Hz oIt} o] SQUID magnetometerZ A3t 7144 oA HAE #3& 24so 714
#39e ¢ o ¢ 43F AT 3P 4L 5 Uk

Abstract

YBa:CuzO; single layer dc SQUID magnetometers, prepared on 1 em?® SrTiOs substrates, have been
fabricated and characterized. Based on the analytical description, a SQUID magnetometer design having
a 85 mm pickup coil with 2.6 mm linewidth, and a SQUID inductance Ls = 50 pH with 3 ¢m
Josephson junctions is presented. The devices showed a maximum modulation voltage depth of 65 ¢V
and a magnetic field noise of 0.6 pT/V Hz at 1 Hz. Clear traces of human magnetocardiogram could be
obtained with the SQUID magnetometer operating at 77 K.
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Fig. 1. Square washer dc SQUID design.
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Fig. 2. Calculated effective area as a function of
outer dimension and linewidth of pickup
coil(a). Calculated magnetic field noise as
a function of critical current and SQUID
inductance(b).

2
Se= Svl (35) @

g de Sye AaAgRAEes  Sy=16 kTR
2 vehd ¢ gen™ 3v/30 = flux-to-voltage
transfer functiong Uehisdl, o8 doz gaagh

kyT.

7,
AV _ T _SChN_(_ 357 5-") ©

96 xt 0,(1+H)

o714 Ic= SQUIDY FAHE z4& Ay o
ARF, Rnve 3 A4Hx Agore AgE e

W B=20cLs/0oE OJAHLE 1o J7t2 g 714
o @}, aV/d 0% I, Rnd 271 B Lso] #aol o
g 9& Fhste AeE Bath Y ()M g
AZRE By a7t He 99 EAged,
Fig2(b)el Wdetiisixel Ls=50-60 pH HH A A4
e Uehilz o] ¥d94& Hioud AFFEL A%
Z718H 8d B8 B8 Ls 2 I8 HE 3o 4
Atste] Bl 9ol oA 1 Y & e A
& dAAF 450 pA VY @ dYge ¢ F Yk
o9} o] AFZAEY SQUID magnetometerdll A o] =
AEEol A4t HEE st Wyoz HHAS o
Z dAvsE FE F 929 oF HHE wsE
Table 1.o] YeRRALE,

E 1. 342%9¥ SQUID magnetometers] A7
A
Table 1. Designed parameters for direct coupled
dc SQUID magnetometer.

{outer dimension of pickup coil) 85 mm
(linewidth of lpickup coil) 26 mm
(inductance of Ppickup coil) 54 nH

(inductance%sf SQUID) 50 pH
(:2Lsff/d)o) 1.2 (=451 A)
(effectivAgffarea) 024 mm’
linewidth of junction 3 um
width of slit 4 pum
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Fig. 3. Schematic view of a directly coupled dc
SQUID magnetometr integrated on the 1
cm’ substrate. An enlarged view of the
vicinity of the SQUID washer is shown
at the right-hand side.
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Fig. 4. Schematic diagram of SQUID control
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Fig. 5. I-V curve(a) and modulation voltage(b)
of the SQUID magnetometer.
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Fig. 6. Magnetic field noise of the SQUID

magnetometer measured at various
operating conditions.
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Fig. 7. 64 time-averaged human magnetocardiogram
measured inside the magnetically shielded
room
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