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A PC-Based Real-Time Hall Probe Automatic
Measurement System for Magnetic Fields

C. S. Hwang, F. Y. Lin, and P. K. Tseng

Abstract—A real-time, Hall-probe automatic measurement sys- can be easily modified in the future. The system’s expansion

tem was developed at the Synchrotron Radiation Research Center capability makes it useful in various applications. The system’s

(SRRC) for thg magneti; field measurement of the_ “C"-type rect-  gofnware is divided into four major parts:
angular combined function bending magnet, multipole magnets,

and the insertion device magnets. The sampling rate on the-y—z 1) device installation;
table with dynamic moving speed of 15 cm/s can be up to 200 2) stepping motor driver;
samples/s, and the precision is withint0.01%. APCisusedasa  3) data acquisition;
system controller which connects instrument function cards with ;
instruments via the PC bus and an IEEE-488 interface card. An 4) ana_IySIS process._ ]
inexpensive, stable within15 ppm current source is produced Each major part contains several subprograms to expand its
to supply a high-stability constant current for the Hall probe; capability.
a temperature controller maintains the Hall probe temperature The z—y—= stage is the heart of this system, which can
within +0.2 °C. The system’s software has been divided into be driven by the control system to move the Hall probe
different modules that can be connected into a network global . . .
through the PC bus. Simultaneously, the position and magnetic

data base. System testing has shown that the magnetic field .
measurement accuracy of this system is better thant25 ppm field data can be saved to the data base for on-line/off-

in the static measurement. line analysis. The exact position of the three-dimensional
movablez—y—> stage can be read from the optical linear scale
I. INTRODUCTION whose resolution is :m. The position, angle error and the

Q MODERN Hall probe automatic measurement and ana}c(f_rthogonal error between the axes of they—z stage were

. ) ept within 0.03 mm, 4 and 12 arsec, respectively. Preserving
ysis system fulfills the newly developed concept for : . . i
. . : T system accuracy requires special attention to avoid Hall probe

the special mapping trajectory [1] and the harmonic fielg >c" : . . A

: - ; ) ... _vibration and reduce the signal noise by the electric shielding
analysis [1]. A PC is the main control unit. A PC with % the sianal wire
motor control card, counter card, and IEEE-488 interface card 9 '
controls the instruments, monitors the system, and performs
the data acquisition. Il. AUTOMATIC MEASUREMENT SYSTEM

The system’s preliminary design goal was to set up aThe Hall probe is mounted on the—y— stage to map

multipurpose automatic system [2]-[4] for measuring thghe magnetic field distribution. Completing the magnetic field
magnetic field of the SRRC storage ring magnets. It algpeasurement normally takes a considerable amount of time.
can be used to measure the insertion device magnet @whsequently, manpower can be saved and human errors can
test the stability and accuracy of other instruments. A Halle prevented through automation [5]-[7]. The hardware and
probe device is used to measure magnetic field distributicspftware details are discussed below.
The Hall probe device was designed to match our magnet
pole dimensions and field accuracy requirements. For thiS Hardware Description
Hall probe, a highly stable constant current source and a_l_

. he main controller and analysis unit for this automatic
temperature controller must be used to avoid temperature : )
o . . . measurement system is a PC-compatible 486. The computer
and current excitation fluctuations. A commercially availabl

Group 3 Hall probe is calibrated with a function of fiel 165‘Smaer;SIErEnE'4:§tr'r:]irrf]?sceTﬁzrc:]avrv(;"C:reC(.)nncTeg;SS \t,\;:eh nflr;?n
strength and temperature. uring instru ' W inciu !

The software of this system was written in “C” languag ontroller unit, various measuring instruments, the movable

and was developed under MS-DOS. It has been organiZﬁr e-axes stage and the Hall probe device. Fig. 1 shows the
: ck diagram.
in a number of modules. Those modules can be connecte

into a global data base via a network so that the program ) Main Controller Unlt:_'l_'he PC control; either the mov-
ing platform or data acquisition. Installed in the PC are: one

Manuscript received March 27, 1996. This work was supported by ﬂﬁepping motor control card (PCL-839) for controlling the

National Science Council of Taiwan under Contract NSC88-2112-M-213-OO%. f th t the t d limit itch
C. S. Hwang and F. Y. Lin are with the Synchrotron Radiation Researé ree axes o &—y—z Stage, the two end limit switches

Center, Hsinchu Science-Based Industrial Park, Hsinchu, Taiwan, R.O@f.the three axes, and one 24-bit digital counter card (ENC-

(e-mail: cshwang@srre.gov.tw). _ o 9266) for reading the position of the three axes. The counter
P. K. Tseng is with the Department of Physics, Tamkang University, Tamsui . .

Taiwan. R.O.C. card counts the signals from the optical scales. The total count
Publisher Item Identifier S 0018-9456(99)06699-1. number is equal to the number of PR (preset requests) and the

0018-9456/99$10.0Q1 1999 IEEE

Authorized licensed use limited to: Tamkang University. Downloaded on October 14, 2009 at 22:36 from IEEE Xplore. Restrictions apply.



HWANG et al: PC-BASED REAL-TIME HALL PROBE 859

IBM-PC |
| PC-BUS l IEEE-488 Bus l
; 4 1\ 4 t
A 4 A
L83 ENC-9266 612 'DMM| NMR IEVM
PCL-839  BNLD260 DVM y Controller y
4 y 4
DCCT
Hall v 4
probe Scanner
4 4
Iwywy
215|5|2
y o |l= B
Hall alz| 2 £
current = |{s| al<
1 S 1al 3 ;

A v [F |5]S{ | NMR probe 1
3-axes 3_—11_ch 3-axes fixed on Magnet
motor hm_lt linear Temperaturc Temperature reference l@— power
driver switch scale controlier RTD sensor | | magnet supply

Fig. 1. Schematic functional block diagram of the hardware configuration for the real-time automatic magnetic field measurement system.

comparator in the counter card will send an interrupt request Voltage Regulator
5

(IRQ4) to perform the interrupt service routine (ISR). This will
trigger every instrument device to latch the result in its buffer [ M78Is & A
and then save to the PC. The limit switches of thg— stage NCIN | Tramsformer Rectifier
; ; - ‘ || & Filter SV
can transmit the high-low 5 or 0 V signal to the control card ¢ __A| LM 7903 >
S0 as to halt thee—y—> stage motor.
2) Three Axes af—y—z Stage: The accuracy requirement +12V

of the accelerator magnet must be withdl x 10~*. The
precision for the position of the three axes can be estimated.
Reference [8] shows the position accuracy must be within
40.025 mm in the transverse direction mapping range-59
mm. The total stroke range of the three axeg0(8 x 60 x 30

2SD313 LM399H

Vrci'

Hall plate

cme. =281 mA R
The errors of pitch, yaw, and roll are rather sensitive to f
the Hall probe and subsequently create an extra error of the =
position, angle and the planar Hall effect [9], [10]. All of
the position and angle errors of the stage are measured uﬁﬁg
one HP 5528A laser interferometer. Those errors introduce
an enlarged error on the extended location of the Hall prodeetter than+15 ppm at an ambient temperature change of
The accuracy at the location of the Hall probe being 1.2 ;1°C. The short term stability is withis=2 ppm.
away from the stage is withif:0.02 mm and 4 arsec [7]. The The Hall plate is mounted in a temperature-controlled
orthogonal error between the three axes is within 12 arsegpper box. This copper box is mounted at the end of the
[7]. Hence, based on the accuracy requirement of the magaktminum probe (Fig. 3). The Hall probe’s center is denoted
tolerance, the accuracy of this-y— stage is adequate for theby a paper target (the resolution is 2&). The induced Hall
field mapping and analysis. voltage is measured here by a 6 1/2 digital voltmeter (HP
3) The Hall Probe Device and Its Temperature Contrdlne 3478A).
SBV 613 Hall platé is temperature controlled [1], [9], [L0] and The temperature is controlled on the outside of the box and
connected to a constant current source. This constant curr@side. The outside controller consists of a thin heater chip
source must be very stable. The electrical block diagram agtached to the aluminum block [Fig. 3(c)]. This heater chip is
shown in Fig. 2. This high circuit performance depends ahnonmagnetic resistor capable of preventing interaction from
voltage regulator LM7815 and LM7812, the reference voltageecurring with the magnetic field. A platinum resistor is placed
LM399H (whose stability is 3 ppriC) and the resistoz on the heater chip to control the outside temperature. The
(whose stability is 10 pprAC). The operational preamplifier isheater inside the copper box controls the inner temperature
OP 177. This constant current source has a long-term stabilifythe Hall plate. The material of the inside layer is copper
in light of its efficient thermal conductivity [Fig. 3(a) and
(b)]. Consequently, the temperature balance point can be
linAs SBV 613 is a product of the SIEMENS Company (Germany).  reached in a short time period. This prevents large temperature

2. Electrical circuit diagram of the Hall current source device.
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The Hall probe accuracy depends on the stability of the Hall
Pt Pt current and the Hall plate temperature. The Hall probe stability
is tested by comparison with the NMR probe measurement
in the same reference magnetic field over long and short
periods of time. Fig. 6 shows the NMR readings with respect
to Hall probe voltage readings as a function of time. A (1.18
4+ 0.0002) T magnetic field of the reference magnet was
maintained during the testing period, which is typically one
month. The magnetic field of the NMR reading, if considered
here, is the standard field, and the calibration curve should
be a very narrow straight line; however, these fluctuations are
@ ®) actually inside a certain band width. This width represents the
W=19 mm Hall probe measurement error and is an indicator of the long-
term stability. The stability is observed over a one-month time
period to be better thart-25 ppm. Over a short time period,

=56 mm the ripple is within£5 ppm. Therefore, the results of Fig. 6
1 revealed that the accuracy of this Hall probe system is about
_r } Pt +25 ppm for long-term measurement.
0 4) Calibration and Monitor Device:An NMR Teslameter

(Metrolab model PT 3020) was utilized to perform the refer-
ence magnetic field measurement. The field strength readings
were taken from seven sections of both the NMR and Hall
voltage. Calibrating the Hall voltage with respect to the
magnetic field required taking the tenth-order polynomial fit
of each section. Those calibration functions were programmed
into the software. The calibration accuracy was found to be
(©) approximately+0.05 G. The NMR was also used to monitor
Fig. 3. Geometrical structure of the Hall plate and temperature controlidh€ field deviation which occurs during the field measurement.
(@) Iowerfct?]réﬁirs %f;f?s igrsgtré I«"ggrr] J(:rr] tiee;lilsl?g?gea?]réd((i:r;sgl?jn:ﬁitrﬁrbg;) cl)ifpthhe ma}gnetic excitation current was also monitored at_the
E?Jlt)spi)s;cl)ayer for outsiZe heatper and platinum r7esistor. Igaame time by the dc current tranSform_er_ (DCCT) which
was connected to the HP 3478A 6 1/2 digital voltmeter. A
Keithley model 705 scanner and a Keithley model 196 digital
differences from occurring between the Hall plate and thaultimeter (DMM) were used to record the temperature of the
control temperature. The heater chip arrangement of thesall plate, ambient, input and output cooling water, and the
two resistors must be symmetrical to reduce the magnetitagnet using a platinum resistor for the sensor.
field variation which is caused by the heater current. Two
platinum resistors which is near the Hall plate were mounted
on the back side: one measures its temperature, and the otheBoftware Description

controls the temperature. Fig. 4 shows the block diagram of therhe measurement system operates in real time. The system’s
temperature control circuit;, controls the inside temperature hehavior can be observed on the PC display by the operator.
and Vo, controls the temperature of the enclosure. Tw@odifications can be made if deemed necessary. The program
temperature controllers are situated in the control circuit, i.¢yas been written in the “C” language. The executable program
one for the inner layer¥,) and the other for the outsideoccupies 220 kB of RAM. This system is logically divided
layer (Vout). An ambient temperature compensation is als@to four modules (see Fig. 7).

made available for the outside layer. Two adjustable resistorsg) Device Installation: This part can pre-establish connec-
R; and R4, can change the slope of the output power tgons and presets of instruments for specified parameters. The
set an optimum point for the temperature control. Adjustabi&mmunication can be tested as well.

resistorsi; and R, can be used to optimize the temperature 2) Stepping Motor Driver: This part is used to control the
compensation condition. The Hall plate temperature variatigfepping motor drive which includes the direction, speed,
was measured with an ambient temperature change U 1 distance, and step size. The position of the—z stage can

and a magnetic field change fror0.003 to 1.24 T, going in be read from the optical linear scale. The signals coming from
either direction. The automatic measurement system was alse linear scales can be decoded simultaneously to correct the
used to measure temperature variations. It is shown in Figpbsition error to less thas10 ;m. This correction can take
that the Hall plate temperature can be maintained within (38.pface at any calculated position for the entire distance at any
£ 0.2) °C. However, the maximum temperature variation otime. This part can be operated independently on the execution
the fixed magnetic field is about 0°C. The larger Hall probe sequential loop.

temperature fluctuation is caused by the change of magneto-3) Data Acquisition: This part is the heart of this sys-
resistance. tem. The functions can be divided into parameter settings,

L=37 mm

P
H] aat;|
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Fig. 4. Electrical circuit diagram of the Hall generator temperature controller.

389
.
& Field i °
< 10l increase.
u 388 /“f s [ | |
2 P —f® Device Data Stepping Motor Data
= 0o ° Installation Analysis Driver Acquisition
o 387 vy oo™ s
o 000 b °
= L e
S ° ‘O. °
= 386 P = e
= €, . oo’ Field decrease y R ——
< ° Harmonic Ficld | § Field Distribution
juny L4 Analysis Integration
385 [ !
-0.05 0.20 0.45 0.70 0.95 1.20 q e Ficld
X Hz ic Field armonic Fie
Field Sll’(’)ﬂglh (T) In‘:;;z?lln"n © Analysis
Fig. 5. Hall plate temperature variation during a magnetic field change of l f
1.2 T, going in both directions and at an ambient temperature change®f 1 ?flgll‘ygs Results | [Ty v 7 A Aris
abic rorm Mul_iun Return ;1‘0 All Motion
Sctting Zero Point Stop

T
! I I ]

11823.500 Dircction || Speed Distance Resolution
Setting Setting Setting Setting
— | | I [ |
4 Device Device | [ Device | | Data Data Reading | | GPIB Command
B Finding[ | Test Clear Reading | f Modification Library
Qo
11822850
2
Data
Acquisition e
and mapping Auto or Menu Measuring Measuring E‘;":I i'g:e
method setting Measurement Abortion Puause Prln[t)
! l
11821 759 ' [ | [ 1
' 184 544 184 .557 184 572 Sampling|| File File Record || File Total || Mapping Scale and Graph
’ ‘ Time Name { | Size Numbers{ | Dua || Trace Device Option
Hall voltage (mV)
I [ | | |
Fig. 6. Over a one-month period, the long-term stability of the Hall probe Main Move Move Move Change
Axis Curve Circle Ellipse Step

with respect to NMR measurement results in the same magnetic field at an

ambient temperature variation of°&. This figure was a hard copy from the
real-time monitor of this measurement system. Fig. 7. Schematic functional block diagram of the software configuration for

the real-time automatic magnetic field measurement system.

measurement process control, measurement trajectory, monitor

graph display, and printer control. The trajectory can be moved4) Data Analysis: The analysis equation depends on the
on a curve, ellipse, or circle for various kinds of magnetsield characteristic constrain equation [11]. It is solved by the
in addition, the main axis can be selected by choice. Thaplace’s equation in a two-dimensional plane. The integrated
results can be observed on-line to facilitate the user in sortihgndamental and harmonic field strength at each midplane po-
out, analyzing the data of the magnetic field distribution argition can be obtained by the 1-D or 2-D nonlinear least square
performing diagnostics. The density of the interval spacirfgting method. Each multipole field strength can be normalized
in the measurement depends on the field deviation and ainthe location of the field range which is selectable. The
be altered in order to save time. This system can either barmonic field strength, orientation angle, phase angle, and
operated in automatic or in menu mode. The device optitime multipole field normalization results are summarized and
for graph or print and the scale can be changed on-line. Aftesrted in table form. This table also displays the center offset
completing the measurement, the identifier of the test, alon§the longitudinal and transverse axes between the mechanical
with its related information, can be saved in an automatic stepagnet center and the magnetic field center. The fundamental
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automatic magnetic field measurement system not only saves
the manpower required to perform the measurements, but also
permits an untrained operator to perform complex measure-
ments within a short time. This measurement system, with

its reliable mechanical parts as well as control by a versatile

real-time system, efficiently produces precise mapping results
automatically.

The Hall probe automatic mapping system can be operated
to dynamically measure different kinds of magnets and also
to take a fly measurement for insertion device magnets. This
feature is particularly relevant for the prototype magnets,
since it can detect those defects quickly, thereby permitting
improvements. Besides dipole, quadrupole, sextupole, and
insertion device magnetic field measurement, the system’s
different probes can be used to perform the accuracy testing
for any kind of instrument.

In this work, we have used this system for point-to-point
measurements of a homogeneous or gradient field. The results

Mi¥re shown in [1], and the accuracy of this system testing on
the harmonic field analysis is maintained withi®.01%.

and higher multipole field distributions are recorded and

displayed as a function of the longitudinal axis.
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