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Figure 2. The SRD1000 sensor components and dimensions.

2.2. Mechanical and thermal connections

The sensor is installed in a dilution refrigerator by fixing the mounting
adapter to a thermal plate in the experimental region using a M3 bolt and

washer. Prior to mounting remove any oxidation on the thermal plate HDL
when necessary and clean both contacting surfaces thoroughly with for
example acetone / alcohol to reduce the thermal resistance of the press- contact dr. ir. W.A. Bosch
contact joint.

jor tel +31(0)5210672
In most cases the shielded signal leads are to be mechanically (and elec- fax +31(0)5236916
trically) fixed at the same thermal plate as to which the sensor is being address P.O. Box 691
attached. The shielding of the leads is made of phosphor-bronze mesh. 2300 AR Leiden
Each lead contains 2 superconductive conductors (@ 0.1 mm NbTi in a
Cu-matrix). The leads are thermally anchored to the sensor body inside e-mail HDLinfo@xs4all.nl

the shield. website www.xs4all.nl/~hdleiden/srd1000
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1. Introduction

The SRD1000 sensor contains an array of mutual inductance detectors,
consisting of integrated planar Nb micro-coils. Samples of various super-
conductive reference materials are attached to the detector array. The
assembly is thermally connected to a gold-plated mounting adapter at
the bottom of the sensor (see Figure 1, part [1]). To reduce ambient
magnetic fields near the samples the sensor is equipped with a cylindrical
(annealed Cryoperm / niobium) shield [2]. An optional compensation coil
inside the shield surrounding the detector assembly allows for additional
testing and suppression of magnetic fields in the sensor. The signal leads
of the sensor are shielded [3] and equipped with filters [4, 5, 6] to sup-
press electro-magnetic interferences. Figure 2 shows the sensor compo-
nents and dimensions.

| Figure 1.
i | SRD1000 cryogenic sensor

2. Mechanical properties

2.1. Handling the sensor

Generally handle the sensor with great care. Avoid mechanical stress to
the annealed Cryoperm shield as this may reduce its shielding perform-
ance. Do not try to open the sensor by removing the shield as you may
damage the internal circuitry. Do not immerse the sensor directly and
quickly from room temperature and atmospheric conditions into liquid N.
Always cool and warm it gradually and in a protected atmosphere, like in
the IVC of a dilution refrigerator. This will avoid severe internal stress to
the reference samples and the detection circuitry.

The electrical connections are not sensitive to electrostatic discharge.
The resistance of the circuitry may be measured using a standard digital
multi-meter at ranges equal and below 20 MQ.
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5. Procedure HDL calibration

The SRD1000 sensor is measured in the HDL calibration set-up with a
MIDS-20x type of detection electronics by observing the DC output
voltage V of the electronics versus sensor temperature 7. To determine
the parameters of each reference point the temperature is increased
from T<Tsc to T>Tnc by small steps. After each step sufficient time is
taken to obtain thermal equilibrium between all thermometers of the set-
up. The number of steps is such that the 80% region of the transition is
resolved in at least 5 data points.

The local temperature scale used in the set-up is based on the reference
points of SRD1000 device no. 008 and SRM768 device nr. 48, both
calibrated by PTB in Berlin (web site: www.ptb.de) against the PLTS-
2000 and ITS-90. During each run of the set-up two resistance
thermometers and a CMN thermometer are calibrated using the devices
as mentioned. Next the data points of the values of the thermometers
observed at the reference points are fitted to polynomial equations to
derive a local scale between about 10 mK and 2 K.

6. Using the calibrated reference points for thermometry

Some hints and tips for the practical realisation of the reference points in
a cryogenic set-up:

- demagnetise the Cryoperm shielding of the SRD1000 at room
temperature prior to each cool-down using the DCS-10.

mount the sensor onto a clean, polished surface of the thermal plate of
the set-up to ensure a low thermal resistance of the press-contact joint
and thus ensuring a low thermal relaxation time of the sensor.

connect the primary and secondary coil connectors and verify (at room
temperature) that they are not interchanged by measuring their
resistance value with the test box and a multimeter.

at least one (resistance) thermometer with related electronics is
required in the set-up for the measurement and control of the
temperature.

- during the cool-down of the fridge, record the output voltage V of the
MIDS-20x detection electronics versus temperature T (or time). Select
the filter setting ‘fast’ for fast tracking of signal changes. An example of
a V(T) curve is shown in Figure 5. The voltage level and sequence of the
steps eases linking the steps and their corresponding reference points.
next derive the Vi\c and Vsc level of each transition and calculate its
midpoint level Ve = 0.5 (Vnc + Vsc).

to reach the reference temperature Tc of a specific point, slowly
increase the temperature of the thermal plate until V = V¢ to reach T =
Tc. Set the MIDS-20x filter to ‘slow’ to optimise the signal-to-noise
ratio.

note that V is a steep function of T around T¢, with

dVv/dT = (Voo - Vo) / We = 0.8 (Wnc- Vsc) / We .

For accurate measurements the temperature instabilities should be
smaller than 0.1 W¢ to limit fluctuations in V to less than about

0.08 (Wnc- Vsc).

allow sufficient time for all elements of the set-up to reach a thermal
equilibrium before the final data at the reference point are taken.

SRD1000 superconductive reference device 05

3. Electrical properties
3.1 Signal connections

The sensor contains a set of mutual inductors to detect the transitions of
the reference samples, as shown by the red and blue coils in Figure 3. An
(optional) compensation coil, depicted in green, allows reduction of resid-
ual magnetic fields near the samples.

SRD1000 coil system

3 { compensation

coil

e

detector coils with

reference samples /
\ 4

© Figure 3. The sensor circuitry and
connections.
°
EMI-filters
P S C

The coils are connected through shielded superconductive signal leads.

Each lead contains a twisted pair of inner signal conductors and is termi-
nated with a 2-way connector with integrated EMI filter ([4,5,6] in Figure
1). The pin spacing is 2.56 mm / 0.1” which fits into a standard type IC
socket (e.g. a SIL-socket connector).

The letters and colours at the connectors indicate the type and polarity of
the connection: P = primary coil (red = P+), S = secondary coil (blue =
S+), C = compensation coil (green = C+).

Table 1 overviews the connections and typical values of the electrical re-
sistance of the coils at 300 K, 77 Kand at T < 9 K.

The values for a specific sensor are listed on the label that can be found
on its storage box.

At room temperature, the resistance between the primary and secondary
circuitry should be higher than a few MQ. This also applies for the resis-
tance between the circuitries and the sensor housing.
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Table 1. Overview sensor connections with typical values for the electrical

resistance.
Connection Terminals Colour code + R @ 300 K R@77K R<9K
P (primary coil) P+, P- red . 70 - 180 kQ 35 - 90 kQ <10 Q
S (secondary coil) S+, S- blue . 250 - 700 kQ 125 - 350 kQ <10 Q
C (compensation coil) C+,C- green D 38Q 19Q 0Q

3.2. Signal parameters
The signal parameters of the sensor are:

(1) primary current: 50 pJA @ 976.5 Hz, producing a field of less than
0.4 uT near the reference samples;

(2) secondary voltage: 2 nV - 2 pV, depending on the temperature of
the sensor;

(3) compensation coil current: 0 - + 2 mA, producing a field of about
0 - £5 pT near the samples.

4. Parameters to characterise the reference points

The SRD1000 sensor contains samples of various superconductive
reference materials. Each sample shows a characteristic temperature
range Tsc to Tyc in which its electrical conductivity transfers from a
superconducting to a normal conducting state. When measured with the
MIDS-20x type of detection electronics, the sensor produces a DC output
voltage V at the electronics which changes from Vsc to V¢ during the
superconductive transition, as shown in Figure 4.

The reference or ‘transition’ temperature Tc of the sample is defined as
the temperature at which 50% of the transition is completed. At this
temperature V equals V¢ with

Vc = VSC + 05 (VNC' Vsc).

The width of the transition Wc equals the temperature interval Tio to Too
in which 80% of the transition is completed. In this interval V changes
from Vi to Voo with

Vio = Vsc + 0.1 (Wnc - Vsc)

Voo = Vsc + 0.9 (Ve - Visc).

Wc is one of the main parameters that determine the uncertainty Uc of
the realisation of a calibrated reference temperature:
UC = 0.2 Wc.

Finally the parameter Ucr is an estimate of the total uncertainty in a
calibrated reference temperature based on Uc and the uncertainty Ucs of
the realisation of the local temperature scale. Finally the relative
uncertainty Uct% equals 100 Ut/ Tc.

Table 2 summarises the parameters characterising a transition.
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Figure 4. Output voltage V of the detection electronics versus sensor
temperature T for a superconductive transition.

Table 2. Parameters to characterise a superconductive transition.

Parameter| Definition
T Temperature at which the sample is (sufficiently) in the
sc superconducting state
T Temperature at which the sample is (sufficiently) in the
Ne normal conducting state
"4 DC output voltage of the MIDS-20x detection electronics
Vsc VatT = Tsc
Ve VatT= Ty
Vio V after completing 10% of the transition: Vio = Vsc + 0.1 ( Vc- Visc)
Voo V after completing 90% of the transition: Voo = Vsc + 0.9 ( Vnc- Vsc)
Vc V after completing 50% of the transition: Vc = Vsc + 0.5 ( Ve - Vsc)
Tio T at which 10% of the transition is completed
Too T at which 90% of the transition is completed
T Reference or ‘transition’ temperature
c (50% of the transition is completed)
Wc Width of the transition: W¢ = Tgo- T1o
Ucr Estimate of the total uncertainty of the determination of T¢
Ucr% relative uncertainty 100 Ucr/ Tc
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Figure 5. MIDS-201 output voltage V versus sensor temperature T
showing 10 voltage steps at the reference temperatures.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


