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Abstract 

Trapped residual magnetic flux is responsible of residu-
al surface resistance degradation on superconducting 
materials used in SRF technologies. To characterize this 
effect on superconducting samples, compact sensors are 
required to mount on sample characterization devices. In 
this paper, we present results on AMR sensors supplied 
from different manufacturers in the temperature range 
from 4.2 K up to 300 K. 

INTRODUCTION 

The trapped magnetic flux during normal conducting to 
superconducting transition is a part of the increase of 
residual resistance. Several sensors could be used at heli-
um liquid temperature. The requirement of these sensors 
is to be compact to work in confined environment, relia-
ble at liquid helium temperature and to have high sensitiv-
ity to measure magnetic field in the range 0.1 – 100 mG. 
Last work of HZB laboratory [1] has shown that AMR 
sensors could be adapted to measure the magnetic field 
map in the vicinity of SRF cavities. Although tested AMR 
sensors present good overall performances, compact tri-
axis devices are required to monitor directly the magnetic 
field on superconducting samples which are tested in RF 
regime [2-6]. We present here preliminary results with 
AMR sensors coming from Honeywell to compare with 
results on Sensitec components [1]. 

DESCRIPTION OF THE APPARATUS 

The main objective of the characterization setup is to 
identify AMR sensors which can operate at super fluid 
helium temperature down to 1.6 K and measure residual 
magnetic field as low as 0.5 mG. To provide this envi-
ronment, Helmholtz cell has been built with ABS support 
from 3D printer to control the 3 components X, Y and Z 
of the magnetic field. The coils are made of 10 turns cop-
per wires and mounted as it is shown in Figure 1. 

 

Figure 1: Helmholtz cell formed by 3 paired coils (⊘ 
110 mm / 96 mm / 76 mm). Left: sketch of the ABS sup-
ports. Right: Picture of the assembled coils. 

The apparatus is mounted into a cryostat as shown in 
Figure 2. The cryostat is shielded from magnetic fields 
with 2 mm thick mu-metal cylinder closed on the bottom. 
It allows finely controlling magnetic field in each direc-
tion. The size of the coils and the number of turns has 
been calculated to reach the earth magnetic field with a 
current in the range of 100 mA – 200 mA. 

 

Figure 2: Drawing of the cryostat equipped with Helm-
holtz cell. 

Five magnetic sensors are mounted in the Helmholtz 
cell. Figure 3 shows the AMR sensors which are mounted 
on their PCB. The first one is a fluxgate sensor provided 
by Stefan Mayer®. This sensor will be the reference 
measurement of the magnetic field. It has been success-
fully tested in superfluid helium at 1.65 K with home-
made conditioning and has the required specifications for 
this test. The four others are AMR sensors. The first one 
is a Sensitec AFF755B which has been successfully tested 
and integrated by HZB laboratory to monitor magnetic 
map in the environment of superconducting cavity [1]. 
The three others have been supplied from Honeywell. The 
HMC1001 is one axis high sensitivity sensor. The 
HMC1021S is one axis sensor and the HMC1053 is a 
three axis sensor. Table 1 gives datasheet overview of 
tested magnetic sensors. These specifications are extract-
ed from manufacturers and are established for operations 
at room temperature. 
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Figure 3: AMR sensors mounted on their PCB. 

Table 1: Specifications of Stefan Mayer Fluxgate and 
Tested AMR 

Parameters 
(unit) 

FLC100
-ext 

AFF-

755B 

HMC-

1001 

HMC-

1021 

HMC-

1053 

Range 
(mG) ±1000 ±500 ±2000 ±6000 ±6000 

Accuracy 
(mG) ±2%±3 2.0±0.02 2±0.03 0.5±0.1 1.0±0.1 

Bandwidth 
(Hz) 0-1000 1 106

 5 106
 5 106

 5 106
 

Supply 
Voltage (V) 5 1.2-9.0 <12 2-25 1.8-20 

Sensitivity 
(mV/G) 2500 1.4-10.8 5-36 1.6-25 1.8-20 

# axis 1 1 1 1 3 

To operate with best accuracy, the application note 
AN213 from Honeywell gives useful tips to manage cor-
rectly the set/reset signals. The main reason to use this 
function in our case is to avoid variation of the offset 
under changing temperature conditions. Another reason is 
to decrease self-noise coming from thermal energy over 
time especially for low field measurements in sub-

milligauss range. As recommended, electronic circuits has 
been adapted to perform the set/reset function for each 
AMR sensor as shown on Figure 4. 

 

Figure 4: Simulation of the Set/Reset device. The capaci-
tances must be adapted to S/R coil impedance R2. 

To drive the set/reset function, a DC generator is con-
nected to provide Vcc and charge the capacitor C1. A 
pulse generator Tektronix AFG3000 commands the 

mosfet transistors of each circuit to discharge the capaci-
tance C1 in the set/reset coils of the AMR which is simu-
lated by R2 in the Figure 4. By this way, a few microsec-
ond width current pulse signal is generated. The ampli-
tude of the signal is tuned with VCC and the capacitance 
C3 to satisfy requirements of each AMR sensor. 

Because of the AMR effect, sensors are mounted in 
Wheatstone bridge to maximize AMR effect and stay in 
linear sensitivity. The structure is similar to strain gages 
which are mounted in bridge. A well suited device to 
perform acquisition of these sensors is the NI-9237 mod-
ule from National Instrument. Indeed, it has been devel-
oped for measurement of bridge-based sensors (strain 
gage) with input range ±25 mV/V on 24-bits full scale 
(noise 1 µV/V). Then, the external trigger of pulse gen-
erator is connected to the NI-9237 module for synchroni-
zation. The supplying voltage of the AMR is set at 5 V. To 
simplify acquisition, we have not performed the offset 
subtraction as it has been done at HZB [1]. 

EXPERIMENTAL RESULTS 

The five sensors have been placed in the center of the 
Helmholtz coils. The cryostat is then filled with liquid 
helium at atmospheric pressure. The sensors are oriented 
on Z-axis and the magnetic field is controlled by applying 
current step into the Z-coils. Figure 5 shows results with 
the fluxgate at 300 K and at 4.2 K. A part of the variation 
of the slope is attributed to the positioning of the fluxgate 
because of the bad stability of the sensors handler. It is 
possible that the fluxgate has moved because of thermal 
strain on materials. 

 

Figure 5: Output signal for fluxgate at T = 295 K and 
T = 4.2 K. 

Figures 6 and 7 show measurements of AMR for vari-
ous steps of magnetic fields at respectively 4.2 K and 
295 K. We can see on both figures the good linearity of 
the sensors. The slope of these lines gives directly the 
sensitivity of the sensors. We have performed these meas-
urements during the warm up of the apparatus. Then, we 
obtain the dependence of the sensitivity in the tempera-
ture range from 4.2 K up to 295 K which is presented on 
Figure 8. 
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Figure 6: Results in the magnetic field range of 0-650 mG 
at 4.2 K. Black circle: HMC1001. Red triangle: 
AFF755B. 

 

Figure 7: Results in the magnetic field range of 0-650 mG 
at 295 K. Black circle: HMC1001. Red triangle: 
AFF755B. 

 

Figure 8: measured sensitivity for Sensitec AFF755 and 
Honeywell sensors from 4.2 K up to 295 K. 

Results for HMC1021 and HMC1053 show low sensi-
tivity with the temperature. After verifications, it has been 
attributed to a bad connection with the set/reset circuit. 

This confirms that a good set/reset function must be per-
formed. For these sensors, there are no results and the 
experiment must be done again. 

For Sensitec AFF755B and Honeywell HMC1001, the 
set/reset signal worked as expected. Sensitivity at 300 K 
is in agreement with datasheets in Table 1. For AFF755 
sensor, the sensitivity over the temperature range in mon-
otone whereas it is not for the HMC1001. Indeed, we can 
observe that the sensitivity is decreasing in the tempera-
ture range from 50 K down to 4.2 K. As a main result, the 
sensitivity of tested AMR sensors is increasing at low 
temperature which is more convenient for low field 
measurements.  

CONCLUSION  
First test of AMR sensors shows the efficiency of these 

components. HMC1001 and AFF755B have presented no 
issues during the test form 295 K down to 4.2 K. The 
sensitivity makes them suitable for low magnetic field 
measurement. This experiment was the opportunity to test 
the behavior of electronic devices and different compo-
nents in cryogenic conditions. Despite the lake of result 
with HMC1021 and HMC1053, overall results are very 
promising to find a compact 3-axis sensor to measure 
residual magnetic field on small superconducting sam-
ples. Next step will be to do the experiment again for all 
sensors. The offset of sensors will be measured by chang-
ing set/reset sequence in acquisition and sensitivity will 
be measured in superfluid helium. 

ACKNOWLEDGEMENTS 

I would like to acknowledge S. Berthelot and J.F. 
Yaniche for their valuable support to mount electronic 
chips on PCB, R. Fossé for his involvement in this work 
and N. Gandolfo for providing NI acquisition system. 

Some details have been sent by J. Knobloch who I 
would like to acknowledge for his disposable and for 
providing useful informations. 

REFERENCES 

[1] B. Schmitz et al., "Magnetometric mapping of 

superconducting RF cavities", Review of Scientific 

Instruments, 89, 054706, 2018. 

[2] R. Kleindienst, A. Burrill, S. Keckert, J. Knobloch, and O. 

Kugeler, “Commissioning Results of the HZB Quadru-pole 

Resonator”, in Proc. 17th Int. Conf. RF Superconductivity 

(SRF'15), Whistler, Canada, Sep. 2015, paper WEA1A04, 

pp. 930-936. 

[3] E. Mahner et al., "A new instrument to measure the surface 

resistance of superconducting samples at 400 MHz", 

Review of Scientific Instruments, 74, 7, pp. 3390-3394, 

2003. 

[4] D. L. Hall, D. Gonnella, M. Liepe, and I. S. Madjarov, “SRF 
Material Performance Studies using a Sample Host Cavity”, 
in Proc. 5th Int. Particle Accelerator Conf. (IPAC'14), 
Dresden, Germany, Jun. 2014, pp. 2638-2640. 

doi:10.18429/JACoW-IPAC2014-WEPRI065 

[5] B. P. Xiao et al., "Calorimeters for precision power 

dissipation measurements on controlled-temperature 

19th Int. Conf. on RF Superconductivity SRF2019, Dresden, Germany JACoW Publishing
ISBN: 978-3-95450-211-0 doi:10.18429/JACoW-SRF2019-TUP058

TUP058
580

Co
nt

en
tf

ro
m

th
is

w
or

k
m

ay
be

us
ed

un
de

rt
he

te
rm

so
ft

he
CC

BY
3.

0
lic

en
ce

(©
20

19
).

A
ny

di
str

ib
ut

io
n

of
th

is
w

or
k

m
us

tm
ai

nt
ai

n
at

tri
bu

tio
n

to
th

e
au

th
or

(s
),

tit
le

of
th

e
w

or
k,

pu
bl

ish
er

,a
nd

D
O

I.

Fundamental R&D - Nb
flux trapping



superconducting radiofrequency samples", Rev. Sci. 
Instrum., 83, 12, pp. 124905, 2012. 

[6] G. Martinet, "Results on Bulk Niobium Surface Resistance 

Measurement with a Pillbox Cavity on TE011/TE012 

modes", in Proc. 19th Int. Conf. RF Superconductivity 

(SRF'19), Dresden, Germany, Jul. 2019, paper THP003, this 

conference. 

 

19th Int. Conf. on RF Superconductivity SRF2019, Dresden, Germany JACoW Publishing
ISBN: 978-3-95450-211-0 doi:10.18429/JACoW-SRF2019-TUP058

Fundamental R&D - Nb
flux trapping

TUP058
581

Co
nt

en
tf

ro
m

th
is

w
or

k
m

ay
be

us
ed

un
de

rt
he

te
rm

so
ft

he
CC

BY
3.

0
lic

en
ce

(©
20

19
).

A
ny

di
str

ib
ut

io
n

of
th

is
w

or
k

m
us

tm
ai

nt
ai

n
at

tri
bu

tio
n

to
th

e
au

th
or

(s
),

tit
le

of
th

e
w

or
k,

pu
bl

ish
er

,a
nd

D
O

I.


