- Calibration of 3D magnetic sensors
Preliminary results

F.Bergsma CERN 1/10/2001

Demand from experiments for device which measures
B,, B, B, with ~ 10 precision @ 0.5-2.5 T

Difficult to construct conventional calibration device:
two axes with high precision encoders > 2 7 10 * points/rev

play < 10* rad -

_ Cheap alternative:
use 3 small orthogonal coils

rotate in constant homogeneous field

main problems:
integrator drift

smooth movement, no vibration



3D magnetic sensor

Prototype designed and build by NIKHEF Amsterdam for ATLAS
detector at CERN-LHC p-p collider.
'J.T. van Es (design), J. Kuijt et al.

Features:

Small card containing all analog electronics => electronics in same

field as hall probes

Hall sensor 3 x KSY44 Siemens
100mV @ 25T

Hall current 230 p A =» o \fat
ADC: 24-bits 4™ order A-3 modulator with chopper stabilized
| instrumentation amplifier
Calibration circuit for sensitivity
Thermistor + ref. on card, no thermostat
125

Addressable:}ﬁ cards on one serial bus

Precision holes to fit on calibrator’s and experiment’s dowel pins






Calibrator

3 orthogonal coils, each with oWn ADC
ADC: 20 bit 4™ order A-3, modulator, same type as on sensor-card

Continuous rotation on 2 axes , 1 rev/min on main axes, no stop at

cénversion, 15 conversions/sec
- Temperature stability + 0.02 deg. C . Peltier element + controller
Corrections made for coil surface, non-orthogonality, offset,
time constant, start position
Coils:  x* on (Bx2+By2+B22) ~ 107, |B| normalized to one
Hall voltage decomposed in spherical harmonics
¥ on residu ~2.10° * [B] @ 5™ order Yy, 4 turns
Place for 4 sensor cards, fixed with dowel pins
Support plate with coils and sensor cards easily removable
from rest of device
Cable winds by main axis, but unwinds by secondary axis:

at end of calibration cable has made only one turn
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Spherical harmonics Y}, (0,9)
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B reconstruction

9 calibrations done @ 0.5 T, 1.0 T and 1.5T and
18 °C, 22 °C and 26 °C
interpolate to reconstruct B if

05T <B < 15T and

® 18 °C< T <26°C
zC'C
X
22°C Va
° X
18 °C
osT joT 1 &1

“ planar hall effect” Y,, doesn’t scale exactly with B

Spherical harmonics have complicated temperature behaviour
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conclusions

precision of 10" seems achievable
vimprovements necessary:
temperature: better thermal contact of thermistor with

hall plates, thermal insulation

fixation of hall plates to pcb
interpolation: more points?

suppression of vibration: no stepper motors ?, damping ?

next

- determine mean tirhe between calibration

aging, radiation damage etc.
What happens at higher fields?
How does Y-spectrum scale with hall-current?
Calibrate against ‘mother’. sensor card => faster.
Optimize calibrator

etc.
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