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Why HALL MAGNETIC SENSORS?

High measurement range: from <10uT to >20T
High spatial resolution: <1um

Broad bandwidth: DC to >1MHz

Vector sensitivity

Compatible with IC technologies

Good performance — cost ratio
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Typical Applications of Hall Devices

Magnetometry

—
A A i B

Translation Displacement
—s

i—

Rotary Displacement

B

Current Measurement
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Outline

The Hall Effect

Magnetic Sensitivity

Technology and Geometry
Horizontal and Vertical Hall Devices
3-Axis Hall Magnetic Sensor
Parasitic Effects
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The Hall Effect

Edwin Hall:

14 .
On a new action of

the magnet on electric
current” Am.J.Math.
2 (1879) pp.287-92

Vic/-B
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The Hall Electric Field

z)
q%
= J

; E. ‘lfcl) —

Lorentz Force: F=¢FE+ e|v x B] ™ ":--*

Electron Drift: Vin = MnFe J, = qupnE,

Force || z = O: elvg X Bl + eEg =0

Hall Electric Field: Eg, = u,|FE x B] Errn = qin[J X B]

Hall Coefficient:  Rpg, = 1 Eng = —Rp|J x B

qn
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Hall Voltage &
Magnetic Sensitivity

S2

Hall Voltage: Vy = f E, dw
S1
VH = EHW
|74 1 [
Ey, = un|E x Bl © VqunTwBl D V =RI= I
qnn Wt
VH=SVVBJ_ VH=SIIBJ_
Voltage-Related Sensitivity: Current-Related Sensitivity:
S w S 1 RH
V= 'Lln l Popovic Hall Devices 2017 r~ q n t =~ t 7



Geometrical Factor of Hall Voltage

v /

Short — circuiting effects by the electrodes!

R
G,=V,/V,, — Vyg= G’HTHIBL

Typically, G, = 0.3 ... 0.7
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Magnetic Sensitivity

* Absolut Sensitivity: Sa = Vi
By,
e Relative Sensitivity
Current-related: Voltage-related:
Sa |1Vy SA 1 Vi S1
S;=—=—=|=2—2| Sy=—7F=|=—7—7|=
1 I B, V V B R,
R f w A
SI:GHTH Sv :;5}[7(;}1

S, [V/AT]: 10 ... 1000
S, [V/IVT]: 0.01 ... 0.05 (Si CMOS); 0.3 (GaAs); 1 ... 5 (InSb)



Shapes of
Hall Devices

Popovic Hall Devices 2017
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Positions of Hall Devices

Vertical

Horizontal
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GaAs Hall Device

1 : GaAs — active area

/ 2 . Metalized region
/e
/(( 3 : Contact region

~——— Desired features of (1):
« High mobility
———— (E,=n[ExB])

e Low carrier density

/ (Ey=(1/gn) [J x B] )

Popovic Hall Devices 2017
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High-mobility 2DEG Hall plate

SiN 3000A

GaAsSb 50A

Electrode // AlGaAsSb 350A

[ BASSSSARAARN %

o N,

———— InAs 1504
S e B AlGaAsSb 6000 A

)

S.1. GaAs substrate (350 pum)

400 pum
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Silicon (Horizontal) B

! - (a) & e C1
conventl_onal planar in -.
Hall Device C2 ==

_}'

e Sensitive to the perpendicular
field component B

e CMOS Technology:
N-Well

e Depletion layer isolation

Popovic Hall Devices 2017 14
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+2.083e+16

+1.367e+14
2.222¢+15 Vy

-3.025e+17 1/ N+ —O C— 112 N-well
-4.116e+19 / | e

« Sensitive to in-plane
field component B

« CMOS Technology:
N-Well

* Depletion Layer

Isolation Popovic Hall Devices 2017 15
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INTUITIVE: GENESIS OF THE VERTICAL HALL DEVICE

HP ¢| }H VH CIJI /CH
_ —S1-
ey — L A B i
E i : S1 S2 \ :‘//// k\‘_j// /CZ
sit hois2 | = .
yrd NPT
C2,) o c2
BY
CONFORMAL

MAPPING:
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Multi-axis Hall magnetic sensors

Conventional:

3 Hall plates
X

LY

o difficult alignment of axes

* pure spatial resolution

* many wires

Popovic Hall Devices 2017

Integrated:
Single Chip
>VH + HH

> IMC - Hall

e perfect alignment
e high resolution

e shared wires

17



SENIS 3-axis Hall Probe S
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: Hall Probe S for H3A Magnetic Field Transducers

magnetic & current measurement Hybrid 1-, 2-, 3-axis Hall Probe

/N g

Gf\ H,.-‘\. If\ /]\
Probe Dimensions [mm] Cable Dimensions [mm]
X A 10 + 0.05 E 10 + 0.05 K 1+01
B [90+0.05 F L 200 + 5 & X-sensor
Side View | c1 |30+005 G [14+005 M J20+1 * Yosensor
< Z-sensor
Y C2 | 50+0.05 H 0.7 £ 0.05 N 10 000
C3 | 7.0+£0.05 I 0.38 £ 0.05 0 2.09 19
D 2.0 £ 0.05 J 10 + 0.05 P 2.76




SENIS 3-Axis Integrated Hall Sensor

150um
! “ >
B ia FETEETETTTS
(a) /C3 = Integrated
i Vertical Hall
= Device
i CP
CP
Ve 640um
Z N+ 2 Nwel
Integrated
Horizontal Hall
Device

Magnetic field sensitive volume:
100pum x 100pum x 10pum
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Integrated 3-Axis Hall Probe

Sensing part composed of two types of micro-Hall sensors
e 4 planar Hall sensor — the perpendicular B-component

e 8 vertical Hall sensors — the in-plane B-components

e Mutual orthogonality: 0.1°

3D spatial resolution: 150 um

Popovic Hall Devices 2017
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SENIS fully integrated 3D Hall sensor

Bonding connectighs J Driving part Sensing part

VH single '

VH single Y

U
Read-out electronics and buffers electronics

VH single X
VH single X

HH
single

VH single Y

VH single Y

WH single X
VH single X

150 pm

Precise 3D magnetic field measurements

e from militeslas up to tens of tesla

e in the frequency range from DC to 30 kHz

e spatial resolution of about 150 um

e die dimensions: 4300 um x 640 pm x 550 um

Sensing part composed of two types of micro-Hall sensors
e a planar Hall sensor — the perpendicular B-component

e 8 vertical Hall sensors — the in-plane B-components
Popovic Hall Devices 2017

150 um
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SENIS fully integrated 3D Hall probe
in a ceramic package

Popovic Hall Devices 2017



SENIS fully integrated
3D Hall probes
in ceramic packages




r-".

mS’ENlS_ragneﬁc&Cummeammﬂm Fully integrated 3-Axis Hall Probe HL, HM, HS

Top view: B Front view:

—r
—

r
A J
&
Y
&
¥

o
—_—

Right side view: I

G
> _ , Hall Probe Type
Dimension :
HL (long) HM (medium) HS (small)
A 71.0 £ 0.5 mm 46.0 £ 0.5 mm 8.0 £ 0.2 mm
B 2.00 £ 0.05 mm
C 0.50 +0.05/-0.00 mm
D 50 £ 1 mm
E @ 0.8 0.1 mm
F 25+ 2 mm
The standard Cable lengths are: 2m, 5m and 10m.
G Optionally, different cable lengths are available, on a 25
demand.




SENIS Very Thin
fully integrated 3D Hall probes

EorT T R
ey ; = - ||J! L .=
. — e ::’U='l_ Imﬂ|§| ‘-g || =

0.25 +0.02

8.0 £0.1 > - <
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Probe Holders

Popovic Hall Devices 2017 27



Parasitic Effects in Hall Devices

e Offset

* Noise

e Planar Hall effect
 Non-linearity

e Temperature dependence
e Stress dependence

* Inductive effects

Popovic Hall Devices 2017
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Offset %y Vio E Vy at B=0

INn a Hall Device 1} Voo B, E—gﬂ::gf
"'g:' B B=0

CRAUSES: RSYMETRY DUE7TO

s GEOMETRY
* DOP/INVG
CTEMPERATURE GRAD.

e MECHANICAL
STRESS

* SURFACE EFFECTS

TYPICAL VALYUES:
B, ~ S5..850 m7

Popovic Hall Devices 2017 29



OEMF:
Offset-Equivalent Magnetic Field

OEMF=V /S,

V. _«: Output offset voltage [V]
S, : Absolute magnetic sensitivity [V/T]

Basic OEMF:
- Siintegrated Hall elements: 5mT — 50mT
- High-mobility Hall elements: ca. 1mT

Popovic Hall Devices 2017
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VirMms:
Vip-p:

Offset Fluctuations and Noise

rms
Value

'\\ Noise

Signal

—
-
\
™~
\

Gaussian Probability
Density Function

99.7% Probility
Signal Will Be
=6 X rms Value

Figure 1. Gaussian Distribution of Noise Amplitude

Variance

Standard deviation Virms — O

Root Mean Sguare noise voltage
Peak-to-Peak noise voltage

Popovic Hall Devices 2017

Vip-p = 6 Vigus
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Noise Voltage Spectral Density
of a Hall Device

log Syy ;/ f

Sy, o (12/N) /f thermal

Syt KTR

f.~1...100 kHz \
corner frequency

Popovic Hall Devices 2017
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Noise Voltage Spectral Density [V/VHz]

1.0E-07 -

1.0E-08

1.0E-09

Noise voltage spectral density of the SENIS F
silicon integrated horizontal Hall device 1HHO1

10 100 1000 10000 100000
Frequency [Hz]
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Noise Spectral Density and
Noise Voltage

RMS noise voltage:

; 5
A Vn = (J‘fl Sy (T )ﬁf) » White-noise region:

'@' V.o BW=1,—f,
N | |

N  1/f noise region:
~ v o In (f,/f,)

RS
V)

— : 4 e

7[/1 B {z 7( [—/7/5.7

< —
< Bandwidth 34



NEMEF:
Noise-Equivalent Magnetic Field

NEMF=V_/S, or NEMFSD=V.SD/S,

V. : Output noise voltage [V]
V_SD: Noise voltage spectral density [V/VHZ]
S, : Absolute magnetic sensitivity [V/T]

NEMF[T] — depends on the frequency bandwidth
NEMF Spectral Density [T/VHz] — a detailed spec.

Popovic Hall Devices 2017
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Typical values of NEMF SD

Thermal noise region, at room temperature:
e integrated silicon Hall elements: about 100nT/VHz;
e GaAs epitaxial or 2DEG Hall elements: about 20nT/VHz;

e high-mobility thin-film InSb Hall elements: about 1.5nT/VHz.

Popovic Hall Devices 2017 36



Parasitic Effects in Hall Devices

e Offset

* Noise

* Planar Hall effect
 Non-linearity

e Temperature dependence
e Stress dependence

* Inductive effects

Popovic Hall Devices 2017
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Planar Hall Effect

Popovic Hall Devices 2017

Vp« | Bf sin2a
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MR Model of the Planar Hall effect

Vp°<B2

MR long.
MR trans.

Popovic Hall Devices 2017
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Summary

e Hall Plate:
4 Contacts, B | Plate

 Hall Voltage.:
Vy= VB,
=S, 1B,

e Errors: Offset, Noise, Planar Hall Effect, ...

Popovic Hall Devices 2017 40



Where to get more information

R S Popovic:

“Hall Effect Devices”

2"d Edition, 2004

Institute of Physics Publishing, IOP, Bristol and Philadelphia

Popovic Hall Devices 2017
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Hall Devices

GaAs Hall Device

Popovic Hall Signal Processing 2017

Integrated

Horizontal Hall
Device

Integrated

Vertical Hall
Device

A c.” A
LLEZZT;
B D

B/' CP

N+t [© 791112 Nwell
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Outline

Amplification of the Hall voltage

Reducing offset, low-frequency noise,
planar Hall effect, inductive effects, ...

Reducing angular errors
Amplification of the magnetic signal
Experimental Results

Popovic Hall Signal Processing 2017
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<> <> Amplifying the Hall voltage

Hall S: absolute magnetic

Device \ Electronics sensitivity of the transducer

Bl >< V=S-B+Vg Va: total artifact signal
(noise voltage, offset, ...)

/ Resolution limit:
when S - B = Vag, i.e.
— — Bres=\Va /S

Popovic Hall Signal Processing 2017 45




Magnetic Resolution Limit

The magnetic resolution limit — when Signal to Artifact Ratio = 1
Bres = Artifact-Equivalent Magnetic Field, AEMF=Va / S

Va: artifact signal (noise voltage, offset drift, ...)
S: absolute magnetic sensitivity

* DCresolution: limited by Vil
- offset (if can not be zeroed)
- offset drift (thermal, aging, ...) )’ }V#o

- offset fluctuations (BW: ~ 0.1Hz to 10Hz) -(q,,—l——jb-

e AC resolution: limited by noise
- noise (thermal and 1/f)
- bandwidth

Popovic Hall Signal Processing 2017 46




Amplifying the signal of a bridge-type sensor

Popovic Hall Signal Processing 2017

Gain Set Instrumentation Amplifier
Resistor _
HaII.sensor 5v : Vin- S~ I s
Strain gage, Vi aooy - "m
Il
A i§ . 0 vout
o 50k / \
W Output
Vin_dif = 2mV Voltage
/ ? Vin+ /AZ
Differential i —
InplutV0|tEIige Vin+ = 2.501V Relfre”g(lej?ce /___

47



Noise model of a transducer

Vout

-V it
2 Vin Vee _v?l
z @ A R5 40K
& AN @ NN
= Al
® Vss
AVAVAY,
Vewm gr ~ A3
—®+—' & § . .
Vcce
R6 40k
’ ANN ® AAAY
/';n\ Va2
U)_I | ¢
Vyif
2 Vin+

Popovic Hall Signal Processing 2017
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The Complex Model is Simplified

Sensor Input Stage

. - Vout
Vn_S In_out :
: XK

7 Vi in (Vn_in)2 = (Vn_s)2 -I_(Vn_ai)2

Vn_S %} In_out
f X

Vi RTI

Output Stage

Vou Vi out = \/ (Vn_out)2 T (Vn_in'G)2

Vh RTI=

Popovic Hall Signal Processing 2017 49



Noise (RTI) (nV/VHz)

1k

100

10

NOISE VOLTAGE (RTI) vs FREQUENCY

Example:
~_ INA 163
S G = 1 &
Vn_s << Vn_al
\-‘-‘
‘-'"""'"--.._q___ G=10
10 100 1k 10k

Frequency (Hz)

Popovic Hall Signal Processing 2017
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OFFSET
IN R HALL DEVICE

V,
4 Vyp E Vi, ot 8=0
y B, = epparent
" }Vm b Lo =
, o =0
<]

CAUSES: RSYIIETRY DUYE7D

s GEOMETRY
e DOP/ING
* TEMMPERATURE GRAD.

o MECHRN/ICIL
STRESS

°» SYRFAHCE EFFECS

TYPICAL VALYES:
Popovic Hall Signal Processing 2017 - 30 AP 5 Sy 50 P 7"
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MR Model of the Planar Hall effect

Vp°<B2

MR long.
MR trans.

Popovic Hall Signal Processing 2017
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)
E—— T

Orthogonal-Parallel Coupling of Hall Elements

Hall Element 1 Hall Element 2
Vg = Vi

1 x Hall: Vnoisel = VAKTRASf ; 2 x Hall: Vnoise2 = Vnoisel /2 ;...

N x Hall: VnoiseN = Vnoisel / VN



S8 B8 | seis integrated
& {8 El orthogonally coupled
Hall elements

Popovic Hall Signal Processing 2017 54



Reducing Offset and 1/f Noise
by Current Spinning

« Switched Hall »

or
« Spinning Current »
Technique 1
L
L "‘?#
(2

| I 1
Popovic Hall Signal Processing 2017 55



Spinning-Current Hall Sensor System

Vel
; Hall plate T Vhy VosuVosa
/.\\ AN 0
- I [
bins } amplifie out
A % T

Popovic Hall Signal Processing 2017 56



B rlémz 1 Spinning Current

| ‘:—II} Hall System

CK

Popovic Hall Signal Processing 2017 57



Comparing Chopping with

Spinning Current Technique

Ve ¢

Ve |

vt @ vt | Lpr

—0o0

Chopper-stabilized amplifier

T Vout

]

Spinning-current Hall system

Popovic Hall Signal Processing 2017

Hall plate Vy VosuVosa
e SO
‘ Offsetless
Ibias@ <\ ® amplifie
v "

LPF

VOLI'[
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Residual Offset of Chopping (1)

input
spikes

dc offset

demodulated /L I r * I r *
spikes ﬂ:}\_l

* Due to charge injection at the input chopper
« Causes a typical offset of a few uVv
* Input spikes = bias current (a few tens of pA)

Smart Sensor Systems ‘02 Kofi AA. Makinwa 30

Popovic Hall Signal Processing 2017
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Chopper With Guard Band
clock _]:__l_ .

input '

spikes |
clock with _rl_LI_,_I_LI_‘_I_Ll_
guard band !

—»: +=— guard band
demodulated dc offset

[ .f,.-"'

» During guard-band, output is shorted [15,16] or
tri-stated [17]

* Residual offset ~ 200nV!
+ Slightly worse noise performance

Smart Sensor Systems '02 Kofi A A. Makinwa
Popovic Hall Signal Processing 2017



1/f noise reduction in a Hall device
by the spinning-current

5.00E-06
%“ without spinning-current
=
= —with spinning-current
£
£ 1.00E-06 \‘__x
[T e
% ‘—\J' Ih, Vnﬂ
o
z N AL DL LtV N\l M

N y
1.00E-07
1.00E+00 1.00E+01 1.00E+02 1.00E+03

Frequency (Hz)

Popovic Hall Signal Processing 2017
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SENIS integrated vertical Hall device:
Noise voltage spectral density with spinning current

l.ﬂEUE %

&
H

1.0E-06

NEMFsd = 30"T/.\/

Lt

‘Popovic Hall Signal Processing 2017

1 DE ﬂ? 3 A — ! 1 + | - - Il o L —r ] il " 3
. * » . 4 - L 3 ¥ - * * - - - * * L * L ] L - L . - -
H H H H 1 I H — H H H - H H H
. 13 - 4 - » 13 - 1 3 13 - ¥ . * L 3 * . . - - . - -

. oo fog i

» 1. 13 . * -

| | |

e - v e .

| | '

|

1.0E-08 +

Noise Voltage Spectral Density[V/VHz]

Fopin = 16kHz T

spin 1.0E-09

Sensitivity: 12.6V/T wo | wow
BW — 1kHZ Frequency[Hz]
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Reducing inductive effects

- Biasing by a constant current

- Spinning current

- Minimizing
. . Ve
inductive loops ;
. Hall plate T Vy V SHV SA
- Compensating VAN & ™\ s
inductive loops lbias%( Vingd ¢ 9 ( Vind OLD LPF | Vau
A4 _ P .

Popovic Hall Signal Processing 2017 63



Fully integrated 3D Hall probe

Bonding conngttions Driving part Sensing part

.;__ﬁ_'\ W —

electronics

150 pm

VHsingle Y | _
§
z
VHsingleY |—

Precise 3D magnetic field measurements

e from militeslas up to tens of tesla

e in the frequency range from DC to 30 kHz

e spatial resolution of about 150 um

e die dimensions: 4300 um x 640 pm x 550 um

Sensing part composed of two types of micro-Hall sensors
e a planar Hall sensor — the perpendicular B-component
e 8 vertical Hall sensors — the in-plane B-components

Popovic Hall Signal Processing 2017
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1ppm 2T Two-Axis Hall Transducer

. . W_;r ] ’(/
2-Axis magnetic field transduce /

type:J-YZa-15_Eb-100Hz-LN-1T

r

Key Features

= Measurement range + 2T

= Frequency response DC to 100Hz

= Broad-band Noise Brus< 0.5uT

= Offset Drift Borrvs< 0.4uT

- Calibration Accuracy | 10ppm Resolution: NEMF < 0.25 10-¢ B-range
= Probe dimensions 1.5x 3x 30 mm?

Popovic Hall Signal Processing 2017 65



Amplifying the magnetic signal:

W the concept of 2 IMC - Hall

Magnetic Flux
Concentration
Gain:

GMC - BHaII / Bext
Gyu=1....10

Integrated Magnetic Concentrators ((MC)

s
”’

Electronic
Circuitny

Hall Elements

Popovic Hall Signal Processing 2017 66



NEMFsd [nT/sqrt(Hz)]

1000

100 -

10 A

Measured NEMFsd
CSA-1V (Sentron)

Integrated Magnetic Concentrators {IMC)

10
Frequency [Hz]

Popovic Hall Signal Processing 2017
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Application: Low Cost Current Sensor

g
]

Popovic Hall Signal Processing 2017
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PHYSICAL LIMIT OF RESOLUTION

(Thermal) Noise-Equivalent Magnetic Field spectral density:
NEMFsd,min 2 V4 k TR,/ (Gyc Sy V,)

k — Boltz. constant; T — abs. temp.; Ry — resistance of Hall;
Gyc — magn. gain of IMC; S,, - volt-rel. sensitivity; V|, - bias volt.
NEMFsd,min 2vV4 kT / (Gyc Sy VP,)

P, : bias power of Hall, P, = V, |,
For S, = 0.05 (contemporary max for Si Hall) and T = 300K:

NEMFsd,min 282 nT/VHz mW / Gy,

Popovic Hall Signal Processing 2017
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Electromagnet for calibrating Hall probes

Laboratory Electromagnet
BRUKER B-E 15

Reference NMR Probe

[

Hall Probe under calibration,
he sersor & fixed into an adequate holder
between the Magnet Poles

Magnet Poles with adjustable Pole Gap
(Max. gap: 100 mm, Min. 15 mm)
Pole diameter: 150 mm

..................................... : 70
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Hall Voltage &
Magnetic Sensitivity

S2

Hall Voltage: Vy = f E, dw
51
VH — EHW
V 1 [
Ey, = un|E x Bl © VqunTwBl D V =RI= I
qnn Wt
VH=SVVBJ_ VH=SIIBJ_
Voltage-Related Sensitivity: Current-Related Sensitivity:
< w < 1 RH
V= 'Lln l r~ q ?clpoticfl:;ll Sigtlal Processing 2017



Magnetic Sensitivity

Vector
Since
Vg =S, VB, and
VH — SI I BJ_

» Vg =S-FB (thescalarproductofsS and B)

S : Magnetic Sensitivity Vector of a Hall device

U . =8; By +8; B, 4+8,;-B,

72



Magnetic Sensitivity Tensor

1 - axis Hall magnetic sensor: 24 B
By S,
S
Vi=8-B o Vy=01x Siv Siz)| By Q__Z)
BZ ) Sy
»/X

3 - axis Hall magnetic sensor:

Vl SlX SlY SlZ BX

Vo |=1Sx Savr Sz |[Br| © V=(S3)B © B=(S)1V
V3 S:x S3y S3z/) \Bz

(55): Magnetic Sensitivity Tensor of a 3-Axis Hall Probe

Popovic Hall Signal Processing 2017



Calibrating the magnetic sensitivity tensor
in an electromagnet

—_—
10 E";b
@
SENIS ‘Hall Probe in three
mutual perpendicular positions

Popovic Hall Signal Processing 2017 4



B = const.

A tool for calibrating
the magnetic sensitivity tensor

D

B

\/Lﬂ»

—

Popov fﬁIISg al Pro

ing 2017
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SENIS Magnetic Field Mapper

=

e a F -
1 ¥ . - _
- - - B _ . i
! o e a - -\l
5 L £ L e
. E - . ¢, 1\ - 5

\:

i~

Popovic Hall Signal Processing 2017
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Calibration of the magnetic sensitivity tensor
of a 3D Hall probe in the mapper

Popovic Hall Signal Processing 2017
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Calibration of the Magnetic Sensitivity Tensor

51-

| Sxx Sxy Sxz |

S Sy Syz|=

| Szx  Szy Szz|

... and after
Calibration

- an example

066577 25.6285 2.44729

— 2355293 96.6622 195327 Before...

- —24162 -2.69085 999925

100002
[S]=|-0.103873

[S]~ Ssel7]

Popovic Hall Signal Processing 2017

1 0.0138412 —-0.0328856 100041

0.0298746 —0.00891587
100038 0.0110116

Ss = 100V/T
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Definition of the angular errors of a probe

TILT is the angle of rotation around the y-axis;
ROLL is the angle of rotation around the z-axis; it
PITCH is the angle of rotation around the x-axis. P

Popovic Hall Signal Processing 2017
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Measurement of the angular errors of a 3D probe
- an example

Sxx Sxy Sxz 100.009 -6.758 -1.095
Syx Syy Syz = 5.51/ 100.000 0.055
S7x Szy S77 0.304 -1.695  100.052
X roll (°) = -3.87
U2, + U2, + U2, + J(U§x+ U2, +UZ) —4-U2,-UZ X tile (°) = -0.63
Terox= > Y roll (°) = 3.16
in (=2 Y_pitch (°
X = dr'csln (Hﬂ-sx) —pl C ( ) 003
X, = arcsin (Eijx) Z_Ditc(h)(o) -0.9/
Z tilt (°) = 0.17

Popovic Hall Signal Processing 2017
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Up-dated classification of magnetic measurement

: 3k
technologies
1
SENIS’s ) —
s Teslameter
E fluxmeter
E 100
E' AC Hall DC Hall
g 1000 - -a=— Magnetoinduclance
i 1]
10000 -—Mmagnatorasistance
magnelo
100000 o
10" 107 10" 40 10" 107 40 40 10" 1 10

field (T)
*Luca Bottura of CERN; Revised by SENIS 2011

Popovic Hall Signal Processing 2017
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