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Uchaikin S.V., Hiep L.H. E13-92-72 
Ceramic HTSC-SQU ID Based Galvanometer 

A high sensitive galvanometer operating at liquid nitrogen temperature for 

direct and low-frequency current measurements was developed on the basis of 

a HTSC-SOUID. The direct current sensitivity of the galvanometer is approxi

mately 0.5 nA at an internal resistance of about 20 n. Its energy resolution 

in the white noise region is 'l · 1 o- 2 1 J/Hz. 

The investigation has been performed at the Laboratory of Neutron 

Physics, JINR. 
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1. INTRODUCTION. 

Low-temperature '·dc-SQUIDs operating at liq'uid _he Ii um 
temperature demonstrate the highest sensitivity to magnetic 
field. Their creation became possible due to iupercbnductive 
thin-film technology application. This technology permits one 
to build devices with Josephson contacts having the size of 
about the coherence length in a superconductor, i.e. about a 
thousand of Angstroms. . • · · 

The. situation is different with high-temperature 
sup~rconductors where the coherence length is of the order of 
10 Angstroms. It_is not easy to build reliable contacts of i 
size even using the best · accomplished thin fi Im. However, 
iritergrain contacts in HTSC ceramics have·· the size of .. the 
order of: the coherence length 111 which fact makes it an 
·easier task the preparation of high-temperature SQUIDs from. 
them 121. 

HTSC ceramic SQUIDs operating at liquid ·nitrogen 
temperature are the high sensitiv,e and reliable enough 
devi6es·. They are. actually used for high-sensitive magnetic. 

· measurements, for .instance, in taking, magnetic cardiograms 
. 13, 4 I. ~hin-film SQUIDs on· intergrain contacts have also been 
deveioped 151 but the problems _of their applications have not .. 
been resolved_yet. 

• The main .. problems one encounters with in ceramic 
HTSC-SQUIDs applications •. are the measured magnetic 
flux-to~SQUID transmission and 'the external. magnetic noise 
supp~es~ion. A conventional method for transmission and 
effective spa(ial filtering, employed .in l~~~te~perature .. 
SQUID-based devices consists in the use of a superconducting 
flux transformer with a gradiometer and requires a thin 
superconducting wire which would not introduce excess noises 
into the measurement system. No such HTSC wire has been 
produced yet. · Spatial filtration . attained through 
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gradi'om~tric connection of two.:·. RISC-magnetometers · 7a.s 
described 1ti-[41 demands hi~h quality electronics. t~ ~e used 
and, thus, can be implemented· only. in places· with; a low 

'! ' ; 

industrial' noise ·level. 
· At the same ·time ·some of • HTsc:...sQUIDs applications hav~ 

no· such problems.· In electric. measurements.· HTSC-SQUIDs '·can·. 
·help achieve an energy·resolutionof up·to 10-=-28J/Hz_[61, ,1if .. ·· 
they are-screened from external magnetic fields~atid a,signal 
to b~ me~sured goes via coils mad~~of usual wiri. Jhe preserit 
work·reports on the use of. an,HTSC-SQUID for·measuring direct 
and low-frequency alternating currents. induced· by:, externa_l 
sources;" 

2.SUPERCONDUCTIVE GALVANOMETERS 

, .. 
Low-temperature SQUID-based galvanometers have lring'been 

used- ·for· high sensitive , .measurements• l71. ·•Due .to '. high 
sensi ti vi ty and. small internal 1 ·resistance· these devi'.ces · wer.e 

. used for measurements, that were impo~sible to ·be done wi tli 
other methods. For example; in one"'of the pioneering works in 
the field the volt..:current .characteris'tics of SNS.:..contacts 
were· taken using· a SLUG having the .10-9 A/Hz112 sensitivity 
and· practically ,zero. internal resistance [81. · A matching 
.transformer for input cirquits optimization permits_ ineasurin~ 
currents at the· sensitivity ·level of. up to 8·10 15A/Hz11 

- [91.' ·". ' 

'_ Iii the ''white!' region-the 1·Hrsc..:sQUID noise is. comparabl'e · 
_with that' of low-temperature SQUIDs. Thus,· for • alternating, 

··· current measurements · in ~hi te, - -noise . regions · HTSC-SQUID 
galvanometers must.have characteristics comparable with thos~, 
of low_.;..temperature. , SQUID-based · systems -'without matching 
devices. • In· direct current nieasureinents 1 ·some sensttiVity-

. reduction-can be observed ~ue to a higher 1/f noise. 

. ·, 
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3.SQUID FABRICATION 

The SQUID was made from a pellet of polycrystalline 
Y1Ba2cu3o7_x ceramics, synthesized .. following a· standard 
prociedure described in·c101. Its critical current is over 100 
A/cm2 -and ·as a consequence the 1/f noise level is relatively 
low. In the · 1x5x2. 5 mm3 pellet two 1mm diameter holes were· 
drilled-and a thin saw-cut was made between them. About the 

h 
middle of · the cut a bridge, of a few micrometers width was · ' ~? 
formed by a special knife using a microscope. The critical 1 

1 

·current of this bridge ~mounted to tens of microamperes and_ · 
so the miin parameter of the SQUID used in the galvanometer 
was 

~=2nLsis/4>0 Q!10, ( 1) 

w,here. Ls _is 'the tank circuit inductance, Ic, is the bridge 
critical current, 4>0 is the magnetic flux .quantum. 

4.SQUID SCREENING 

It is important to shield a SQUID-based galvanometer. 
' . . 

Double shielding is most convenient. First, external fields 
, I 

.are suppressed with the help of a ferromagnetic screen. Then, 
a superconductive screen is placed inside it to provide. for 
the optimum·r~gime of superconductive ·shield. cooling and to 
reduce the probability of magnetic flux capture by the shield · 
at, the. transition to,, the superconducting state .. For 
preliminary· shielding th~ four-layer permalloy magnetic , 
screen ~as· used, that decreased the eiternal magnetic field 
dowri to 10 nT. It is convenient_ to, have the superconducti ye · 
shield in the shape of cylinder with a bot tom, 150 nim of 
height, the inner diameter of 15 mm and about 3 mm thick· 
walls . Such a cylinder can be made from various types of 

4 

' \ ,,.~-: . 

-r 
i 

J 

Bmeas,Oe 2,oa 
·.,1· 

:~' 

1.20 

-~--

o.4o l . --l 8· t oe - ex , 

--,> " " ,· t' '•" 1 <<<,[,,,,I,,,;·,,<< f I<<''<<< <_I,•~ LU 
-20 -10 10 

-0.40 

--,> 

.. -1.20 .,.:. 'i 

-zoo 

Fig. 1. The dependence of the magnetic inductance inside the 
shield Bmeas versus the external magnetic field Be;t· 
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Fig.2. The system lay-out. 1.HTSC-SQUID; 2.sealed container; 
3~ffl'SC-shield; 4. ·tube-holder; 5 .. cryostat; 6. rf-connector; 
8. µ-metal shield. 
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superconductive ceramics but, Y1Ba2cu3o7_5 ceramics with 10¾ 
Ag addition seems to suit the best .. A screen from· this 
ceramics shields the external magnetic field of up to 10 
Oersted and allows complete ·suppression of the external 
rto~se. To prevent ceramics degradation the screen was covered 
with a thin layer of varnish protecting it from moisture. In 
fig.1 the example of the dependence of the field inside the 
screen versus the applied external field is s~own. The field 
measurements were carried out with a fluxgate •agnetometer.In 
this figure the initial part of the magnetization curve 
evidences. for the complete shielding of the external• field 
within experimental errors. No long-time drift of the field 
in this shield was observed £111. • 

5.SYSTEM DESIGN 

The system design is illustrated in fig.2. The SQUID (1) 
with . a 'measuring and a high-frequency coil in its holes is 
placed into a sealed container ( 2 >. The container protects 

· _the SQUID form therm_o-shocks and moisture intruding that are 
possible during device attenuation. The .. container is 
surrounded by the superconducting screen (3). and the SQUID 
is placed to be nearer to its bottom, where the shielding 
conditions are the best. The. container and the shield are 
fixed to the lower end of the stainless steel tube (4). 
Inside the tube there are a high frequency cable·and 
coni:iection wires. This lower end· of the tube. is submerged 
into a nitrogen fiberglass dewar (5) .. On the upper end of the 
tube there are electric connectors (6 and 7) .. The dewar is 
enveloped with the four-layer permalloy shield (8). 

6.FUNCTIONAL DIAGRAM OF THE SYSTEM 

The functional diagram of the system is shown in fig:3, 
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Fig. 3. The functional diagram of the system. 1 - 20 MHZ 
generator; 2 - rf-amplifier; 3,4 - low-frequency units; 
5 ~ ADC. 
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Fig.4. The spectral noise density of the galvanometer reduced 
to current units: 

a) without external signal: 
B> with external signal of lOHz frequency and 70 pA · 

amplitude. 
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The measured current passes to··. the ._input coil- Lin inductively 
coupled ··with·· the· two-hole SQUID. The_ SQUID is inductively 

. coupled' with' __ }~~ J~nk c __ ir,_cuit LKCK ·. t uneci"To .:the operating 
frequency . of 20. MHz. A ~ high-frequency bias current is 
generated by the rf-generator, C 1) .: Amplification of the rf
signal is performed.by·the rf-ainplifier (2). Unit (4) is 
designed for transformation, amplification and low
temperature filtration of the SQUID signal. Unit .. (3) 
ge~era'tes. a . low'.::frequency bias cu~rent: This current mfaed 
with the. backfeie'd sign.al through the re'sistor Rfb pass~s t.o . 
the LKCK: circuit. The input. unit (4) signal is transformed 
into a digital form by the ADC (5). 

7.THE MAIN CHARACTERISTICS OF THE GALVANOMETER 

The main characteristics of the galvanometer are 
determined by the parameters of the SQUID and the input coil 
and by., the electronic .units characteristics. The input coil 
is made by wrapping an insulated copper wire 0.02mm in 
diameter_ on a glass _0.3 mm diameter frame to have two 
sections of 810 and 420 wraps. The coil's active resistance 
at liq~id;nitrogen temperature was 16 Q and the inductance of 

.· about 90 µIL Two coil' s sections were inserted into two holes 
_in the SQUID and connected in series. Then the coefficient of 
transformation of the galvanometer is 30 nA/</>

0
, where </>0 = 

2 • lo-15wb Js:Jhe ~magnetic flux quantum. 
In ffg.4 the spectral noise density of the galvanometer 

reduced to current uni ts is shown. It can be seen that the 
. ' . 

spectral noise density in current uni ts in the white noise 
region is ~pproximately 10 pA/Hz112. Its sensitivity to lower 

:~re~uendies:and td)di~ect current is limited by a higher :1/f 
noise. In the direct current measurements for'lO seconds the 
sensitivity can be estimated to•beat the~level of 0.5 nA. 

:I;\" 
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Reported data allow one to estimate the galvanometer 
-energy sensitivity cg in the white noise region to be: 

cg=sf•RK = c10,10-12 >2•16~ 2,io-21J/Hz. (2) 

8.CONCLUSIONS 

One can expect a considerable improvemenf. of the 
galvanometer's sensitivity using a matching superconducting 
current transformer (91. Actually, until a low-noise HTSC

. ,wire .hasn't been created one could attempt to fabricate such 
a transformer using film technology. 

Authors'· thanks- are due to· B.V. Vasiliev for helpful 
advices and discussions and to A.V. Sermyagin for, his help in 
~arrying out superconductive shield investigati6ns. 
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