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ABSTRACT

A self-contained instrument for the measurement of magnetic
fields is described which consists of a command module and a ther-
mally stabilized Hall plate mounted in a probe. The command
module contains the circuitry for the temperature stabilization
and the current source for the probe, an analog-to-digital con-
verter and a microprocessor-based control circuitry for the
command of the measuring sequences. A read-only memory contains
a calibration table for the relation between Hall voltage and
magnetic field. The measured field strength can be directly dis-
played in units of induction (tesla).

The teslameter is provided with a serial teletﬁpe input-
output port for remote control. An addressing scheme allows up
to 16 modules to be connected in parallel and to be controlled
via a single teletype channel. This is especially useful if
several teslameters are used in a complex measuring set-up.
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IRTRODUCTION

The teslameter was initially developed to back up the moving-coil measuring system for
the ISE main fielsi"j . The latter system, while being very accurate, is subject to mechan-
ical wear and since high precision field measurements are only needed in rare instances, an
alternative was sought for the majority of applications for which a precision of 107" is
sufficient.

This led to the following requirements for a new system:

H

No moving parts;

H

Atomatic measurement from zevro to full field, without changing probes or other interven-
tions;

§

Possibility of messuring inhomogeneous flelds (within the limitations set by the physical
size of the Hall-plate element, 1.6 x 1.6 mm®);

§

Precision of 107* of maximm field;
~ Remote control of the measuring functions end digital read-cut of the field value.

These characteristics arve not unique to the above mentioned application and in many
ciraumstances it would be desirable to dispose of such an instrument, e.g. for the measure-
ment of expsrizental magnets, field monitoring, setting up of bending magnets by field
rather than by current to avoid hysteresis, etc. It was, therefore, decided to develop a
self«contained, general purpose teslameter which could be used for a broad range of applica-
tions.

The resultant instrument, which performs according to the specified requirements, is
shown in Fig, 1. With 2 mass of less than 4 kg, it is easily portable. It requires a
220 V mains comnection, and sbout flveminutes after switching on, the instrument is ready and
can perform gbout two field measurements per second

Fig. 1  The teslameter with the measuring head



The equipment is designed to work with cables of up to 10 m between the probe and the
electronics module and can be remotely controlled over distances of up to several humdred
meters using a standard current-loop teletype link.

The long term stability, as measured on the prototype, has been found to be 10~* which
compares well with the short term value.

PRINCIPLE OF OPERATION

The requirements listed above can best be met by using a Hall plate as the sensitive
element. Typically, a precision of 10™"* of full scale requires a temperature stability of
a - few tenths of a degree Celsius of the Hall plate. In the present design, the Hall plate
is therefore mounted on a small copper block, which is held at a constant temperature with-
in a few 1/100°C for an ambient temperature variation from 15 to 30°C.

The measuring head with the Hall plate is comnected by a cable of up to 10 m length to
a module containing the electronic circuitry. The main parts of this module (Fig. 2) are
the temperature control circuit, a current source for the Hall-plate driving current, a low
level preamplifier for the Hall voltage followed by an analog-to-digital converter (ADC)
and finally a microprocessor-based control circuitry.

analog-to
digital
converter
16 bits

Hall plate

current micro - teletype .
source processor interface
100 mA
Heater \
|
: - temperature front panel memory for the
Platinum | control display and program and the
resistor | b switches calibration
l il constants
1

s o e e o ot

Copper block l
Measuring head i Electronic module

Fig. 2 Block diagram of the digital teslameter

The digitized Hall voltage is converted to a field value using a set of calibration
coefficients which are stored in a read-only memory (EPROM). This allows the result of a
measurement to be displayed directly in physical wumits, e.g. in tesla.

All operations, i.e. triggering of a measurement and read~out of the result, may be
performed remotely. A current-loop teletype input - cutput port enables the teslameter to
be connected over a distance of several lhundred meters to a computer or to another con-
trolling instrument. An addressing feature allows up to 16 teslameters to be connected in
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parallel to the same input - output port of the controller, while preserving the possibility
of commanding each module separately.

As the sensitivity and nonlinearity of Hall plates vary strongly from one specimen to
another, each teslameter has to be calibrated with its own probe. This is done in a cali-
bration magnet using a NMR (nuclear magnetic resonance) magnetometer as reference. The
teslameter is comnected to a minicomputer and the field as well as the Hall voltage are
measured at a certain number of points. A set of coefficients for a third order polynomial
spline interpolation between the measured points is then calculated. The coefficients are
introduced in a read-only memory which in turn is inserted into the teslameter.

DETAILS OF THE CIRCUIT

3.1 The probe and the temperature stabiljzation circuit

The Hall plate used was of the type SBV 579 manufactured by Siemens, which is well
suited for the measurement of d.c. magnetic fields. Its construction in the form of a
cross guarantees a good linearity of the Hall voltage vs. field strength. Table 1 gives
the principal specifications.

TABLE 1

Principal specifications of Hall plate SBV 597

Material InAs
Nominal driving current 100 mA
Sensitivity >1.1 VA T!

Temperature coefficient of Hall tension 5 x 107" per °C

The desired precision of 10™* of full scale requires a stable temperature of the Hall
plate within about 0.1°C. The mechanical design of the measuring head is strongly determined
by this requirement. The Hall plate is glued onto a small copper block which can be heated
by resistors. The temperature of the copper block is measured by a platinum resistor and
the derived signal acts on the heating resistors. The copper block is suspended inside an
aluminium case in order to screen the variations of ambient temperature. Figure 3 gives a
sketch of the probe head.

For the investigation of the thermal behaviour of the probe, the following assumptions
have been made:

~ The copper block is isothermal.

- The heat capacity of the air and of the supporting elements around the copper block are
neglected. '

- The aluminium case is at ambient temperature.

These assumptions are justified by the large difference in thermal conductivity and heat
capacity between copper and air. By virtue of these assumptions, the system can be treated
as being composed of lumped elements, which considerably simplifies the calculations.
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Using the analogies between the equation for heat conduction and Ohm's law and between
the definition of the specific heat and of capacitance, an electrical equivalent circuit
describing the thermal properties of the probe can be drawn as shown in Fig. 4. The capac-
itor represents the heat capacity of the copper block. R stands for the heat conduction
through the air and the supporting elements from the copper block to the aluminium case.

U and U, represent the temperatures of the copper block and of the aluminium case, respec-
tively, and the current, I, flowing into the capcitor corresponds to the heat generated in
the copper block by the heater per unit time.

The transfer function of the equivalent circuit in Fig. 4 is

RI+ U,

U= Tpx - w

For a feedback circuit which regulates the generated heat according to

I = -8 (U-Uy), )

where Uy represents the desired temperature and admitting that the open loop gain RR » 1,
the transfer function for the regulated system becomes

Uo+—a
U= — . (3
1+pm

The feedback system is stable and the desired temperature is approached in an aperiodic
way after a change of ambient temperature.

|1

Uq éu‘ -
oL [D-
1 L

Fig. 4 Equivalent circuit for the temperature stabilization

Unfortunately, it is not possible to satisfy equation (2) with an electronic feedback
circuit which is linear. This is dye to the fact that the generated heat in the heater
resistor depends quadratically on the applied voltage, whereas equation (2) demands a linear
dependence. Although it would be possible to design a nonlinear circuit which gives the
desired performance according to (2), it has been found that a simpler, linear circuit in
practice gives an acceptable performance. The above analysis remains valid for sufficiently
small variations of ambient temperature around a given value, where the quadratic dependence
of the generated heat can be approximated by a linear one. For each region of Ua’ B then
takes a different value.

Care has to be taken that the value of B always remains positive. This means that the
desired temperature of the copper block must always be well above the ambient temperature so
that a certain amount of heating is necessary. For a copper block temperature of 35°C,
ambient temperatures of up to 30°C can be tolerated.
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Figure 5 shows the diagram of the circuit used. The 100 @ platinum resistor which
measures the temperature of the copper block forms one arm of a bridge circuit. Since the
resistance Bcable of the conmnecting wires between the probe and the command module is not
negligible and could influence the stability of the temperature measurement, the bridge arm
with the reference resistor is also looped through the connecting cable. Therefore, if the
resistance of the connecting cable changes due to ambient temperature changes, this has no
effect on the temperature measurement made with the platinum resistor. The error signal
coming from the bridge is differentially amplified by a factor 1000 with an instrumentation
amplifier. The following power amplifier has a voltage gain of 100. The output voltage is
then fed to the heating resistors in the copper block. As a precaution, diodes are added
in the output circuit of Fig. 5 in order to cut off the negative swing of the output voltage.
This is to avoid a runaway of the temperature if ever the copper block should be well above
the equilibrium temperature and the output voltage of the heater amplifier would go negative.

511k
5.62k ) —
Sk
1000 =
. Ya
£
R cabie Sk 2000
4 4

Pt-100

Fig. 5 The temperature stabilization circuit

By estimations, which were checked by measurements, the values of the equivalent cir-
cuit in Fig. 4 were obtained, The time constant RC amounts to 300 s and the open loop gain
RB is 300 for a heater voltage of approximately 10 V, which gives a closed loop time con-
stant of about one second. This is, however, only true for small temperature variations.
After switching on, the temperature error is so large that the amplifiers are saturated and
a longer time, dependent on ambient temperature, is needed to reach thermal stability.
Figure 6 shows the dependence of the copper block temperature on ambient temperature.

*°C | Copper block

B f————— e ——
W9 ———————e— e —_————— —
ambient
T T T u T T -
15 20 25 30 °C

Fig. 6 Copper block temperature versus ambient temperature
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In order to have an independent check of the Hall-plate temperature, a second tempera-
ture sensitive element, i.e. a NTC resistor, is glued to the copper block near the Hall
plate. While the sensitivity of such a device is much greater than for a platinum resistor,
its linearity is poor and the variation among specimens is larger. In addition, there are
no specifications for the long term stability given in the manufacturer's data sheet. The
signal derived from the NTC resistor is fed to two comparators, which are adjusted to the
desired temperature +0.1°C. An error signal '‘temperature out of range" is generated if one
of the comparators triggers. This happens after switching on the power for the time which
is needed to heat the copper block te its final temperature or if the ambient temperature
is such that the limits of the stabilization circuit are reached. The error status is in-
dicated on the front panel and can also be read by a remote controller.

3.2 The current source

The voltage developed on the Hall plate is almost proportional to the appplied field
and to the driving current. Therefore, the stability of the driving current must be better
than the required stability of the whole instrument. As the resistance of the Hall plate
depends on the applied magnetic field and may vary considerably, a current source with an
internal resistance of the order of 10° Q or higher is required. Figure 7 gives the cir-
cuit diagram of the current source, which delivers a current of 100 mA.

The main criterion for the design of this circuit was not to get a high internal re-
sistance but a high stability of the current. In fact, a simple open collector current
source without a feedback amplifier, i.e. point A in Fig. 7 fixed to a constant potential,
would already yield an internal resistance of several 10° Q. However, the thermal stability
of such a circuit would be very poor. By using a feedback amplifier, the output resistance

is increased by the gain of the amplifier, i.e. it is now many orders of magnitude higher
than required.

The stability obtained with the circuit of Fig. 7 depends on the stability of the re-
ference resistors, the reference zener diode and the drift of the amplifier. In this case,
the zener diode proves to be the most critical element, the worst case figure for the ther-
mal drift being 5 x 107® per degree Celsius. This gives a change of 10~* for a 20°C varia-
tion in ambient temperature, which is just at the limit of what is acceptable. However,
measurements have shown that by selecting zener diodes, a better performance can be obtained.

u.

I gaut
]
8
825 316k

6.1V

61V
100k

e, /4 A

Fig. 7 The current source

7.



3.3 The analog input circuit

Depending on the maximm field to be measured by the teslameter, the Hall voltage has
to be amplified by a certain amount before it is digitized. The absolute precision of the
teslameter was fixed to be 107" T. This corresponds to a Hall voltage of roughly 10 uV for
a driving current of 100 mA. This is about the lower limit for a voltage to be amplified
without using a chopper amplifier. The AD510 amplifier which was used has a thermal drift
of less than 0.5 uV per degree Celsius. It is connected as an inverting amplifier which
gives a favourable circuit for thermal stability and noise (Fig. 8). The Hall voltage is
measured with respect to ground. This is possible since the current source for the Hall
plate is floating. The gain is adjusted in such a way that the output voltage swing cor-
responding to a full range variation of the magnetic field is 10 V. According to the spe-
cial requirements, a unipolar or a bipolar ADC can be used to digitize the amplified Hall
voltage. In the latter case, magnetic fields of both polarities can be measured.

Radjust R

ADC f—--->

-

Fig. 8 The analog input circuit

The ADC has a resolution of 16 bits or 15 x 10%., The input signal is integrated over
2'® ¢lock periods. By suitably choosing the clock frequency, it is possible to make the
integration time a multiple of one 50 Hz period within the stability of the mains frequency.
This achieves a very high rejection of a.c. components in the magnetic field and in the
measuring circuits at 50 Hz and multiples of it. A clock frequency of 327'680 Hz was chosen
which corresponds to an integration over 10 periods of the mains.

The thermal stability of the ADC is specified as 10™° of full scale per degree Celsius,
and it is possible to obtain an overall thermal stability including the preamplifier and the
ADC of well below 5 x 107% per degree Celsius by choosing a resistor with a suitable temper-

ature coefficient in the feedback path of the preamplifier (resistors in Fig. 8).

R_.:
adjust
The temperature dependence of the resistor compensates the dependences of the preamplifier

and the ADC. Figure 9 shows the improvement in thermal stability which can be achieved in

this way.
[
Gain variation
+1-1o"'-1--——- -----------------
/-/‘/
%mbient
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Fig. 9 Temperature dependence of the gain of the input circuit and the ADC
-.-.- with *10 ppm resistors in the feedback path

——————— with selected resistors (R in Fig. 8)

adjust



3.4 The digital circuit

The digital circuitry of the teslameter is determined by the use of a microprocessor
and the whole logic of operation is contained in the program. This makes the circuit
rather straightforward. All digital subsystems, i.e. the ADC and its control signals, the
front panel display, control signals coming from the temperature stabilization circuit,
front panel and address switches and a teletype receiver - transmitter (UART), are connected
to the microprocessor data bus and are therefore handled under software control. Different
baud rates and protocols of transmission for the UART may be selected by switches on the
printed circuit board. A character received by the UART generates an interrupt on the

microprocessor and an interrupt routine address can be specified with switches on the cir-
cuit board.

The clock pulses which are needed for the microprocessor, the UART and the ADC are all
derived from the same crystal controlled oscillator by different division ratios. When
switching on, a reset signal is generated and fed to the microprocessor and the UART. The
microprocessor then puts the system under program control in a defined initial state.

The program and also the numerical constants for the calibration of the Hall plate are
contained in EPROM's which can be deleted and reprogrammed, if necessary.

DETAILS OF THE PROGRAM (Figs. 10.a) and 10.b))

The use of a microprocessor in a digital circuit transfers a great deal of the func-
tional complexity from the circuit board to the program. It is, therefore, surely justified
to describe the software in some detail.

One of the advantages of incorporating the logic functions of a system into a program
is the possibility of easy changes. This feature was extensively used in the described
teslameter and the present software is in fact the result of several revisions.* It is
very difficult, if not impossible, to foresee the functions and operational needs of a com-
plex instrument in all details and therefore the possibility to add changes without modify-
ing the hardware is very welcome.

The following subfunctions were needed or considered useful and therefore integrated
in the program design:

- triggering of a measurement,

- optional calculation of the field value from the measured Hall voltage with an interpola-
tion algorithm using a calibration table,

- optional output of the result (raw or calculated) via the teletype port,
- continuous or one shot operation,

- local or remote command of the instrument; in the remote mode, the operating conditions
are entered via the teletype input port,

- possibility to branch several teslameters in parallel on the same command line, i.e. it
must be possible to select each instrument by an individual address.

The described program corresponds to the software revision TM14.
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The program consists of three parts: an initialization routine which is executed after
a reset or after switching on and which puts the instrument into a defined state, an inter-
rupt routine which handles all information coming in via the teletype input port, and a
main program which coordinates the other activities.

The main program is built as a loop which is continuously executed. For each passage
through the loop, a check is made to see whether the operation mode has changed. This
happens in the remote mode by the arrival of new commands and in the local mode by changing
the front panel switches. According to the result, the subsequent steps, i.e. measurement,
calculation and output of the result, are then executed or bypassed.

Table 2 gives a choice of possible combinations of the available options. Each com-
bination can be coded with a single character (the four columns of Table 2 correspond to
bits 0 to 3 of the ASCII representation of the character). The wanted mode of operation is
then given to the teslameter by sending the corresponding command letter to it. In local
mode, front panel switches are used to choose among the same options and measurements are
triggered by a push-button.

In the remote mode, there are three additional commands available, one for a general
reset of the instrument and the two others for outputting the coefficients of the calibra-
tion table. The latter two are used for maintenance purposes only.

TABLE 2

Signification of command letters

Make a’ AC or Output

measure- field result to Operation Cﬁ;’;’,’f;d
ment vatlue teletype
no field no one shot <blank>
no field yes one shot B
no ADC no one shot D
no AnC yes one shot F
yes field no one shot H
yes field no repetitive I
yes field yes one shot J
yes field yes repetitive K
yes ADC no one shot L
yes ADC no repetitive M
yes AnC yes one shot N
yes ADC yes repetitive 0

Reset of the instrument : CIRL G

Reset counter for coefficient output Y

Output the coefficients of the calibration table Z
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As has been mentioned previously, several teslameters can be connected in parallel to
the same controlling device, i.e. all teslameters receive the same signals from the control-
ler and also reply to the controller via a common line. Such a connection requires a simple
adapter between the teslameters and the controller which respects the input - output port
characteristics of the teslameters. Of course, only one teslameter can be commanded or read
at a time over the common line. An addressing scheme, which is implemented by the program,
allows the selection and control of each teslameter individually. The address of the tesla-
meter is defined by switches on the circuit board and may range from00 to 15, allowing a
maximum number of 16 teslameters to be connected in parallel.

The address decoding in the teslameter is handled by the interrupt routine. Each
teslameter can be in either of two states, the addressed state or the unaddressed state.
In the addressed state, characters received on the teletype input port are loaded into a
command stack which can contain ten commands at a maximm. The main program then empties
the stack and executes the commands in the order of their arrival. In the umaddressed
state, all incoming characters are checked whether they form the teslameter address. The
addressed state is entered upon reception of the character string /<address>, with an
address ranging from00 to 15 and corresponding to the address selected on the circuit board.
The unaddressed state is entered upon reception of a linefeed (LF) character. The carriage
return charactér (CR) is ignored by the teslameter. The method of handling the teletype
input by an interrupt routine has the advantage that the current execution of commands is
not affected by incoming new commands and by address decoding.

The output of measurements via the teletype port is of the form

!<address><error code><figure in E13.6 format> LF CR
e.g. !060+0.123456E-01 LF CR

The error code gives information on the ADC and the Hall-plate temperature control
status. ADC underflow adds one to the error code, ADC overflow adds two and Hall-plate tem-
perature out of range adds four to it. If no error condition is present, the error code
is 0. The mentioned error conditions are also displayed on the front panel.

If the teslameter is connected to a controller which sends an echo character for each
received character, the echoed characters might be taken as commands by the teslameter. To
avoid this, the teslameter has an '"echo mode" activated by a switch on the circuit board.

In this mode, the teslameter outputs only if it is in the unaddressed state and it expects
an echo after each character before the next character is sent. This also provides a means
of controlling the output speed of the teslameter in as much as the controller can delay
the echo of a character after having received it until it has treated it properly. This
may be important if the teslameter is connected as a peripheral device to a time shared com-
puter, where the response time may be longer than the time between characters sent by the
teslameter.

The only command which is always executed as long as the teslameter is in remote posi-
tion and irrespective of the addressing mode is CIRL G. After reception of this command,
all activities are finished and a reset is made. The instrument is then in the same state
as after switching the power on. The default command executed then is I (see Table 2). A
reset is also forced by switching the instrument from the local to the remote mode or vice
versa.
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Appendix 1 gives an example of how to use the commands of Table 2 if several tesla-
meters are connected in parallel to a computer.

A big advantage of using a microprocessor in the teslameter is the possibility of in-
troducing a test program instead of the normal operating program. In this way, a large
part of the digital circuitry can be tested and a rapid means of checking the performance
of the principal functions and elements is provided.

THE CALIBRATION

5.1 Method

For a constant driving current and at constant temperature, the Hall voltage depends
almost linearly on the field, the deviations from linearity being of the order of a few per-
cent. For precise measurements, each Hall plate has to be calibrated individually. This
is done by measuring the Hall voltage at different and precisely known field levels cover-
ing the field region foreseen to be explored. At intermediate points, the field values are
interpolated from the calibration points.

Experiments have shown that a third order spline fit through the measured calibration
points is very well suited for the calculation of the field from the Hall voltage over the
whole range. This method of interpolation has, unlike a polynomial fit, the advantage of
always giving a very smooth curve which exactly goes through the measured points. It is
especially well adapted for interpolating between points, which are measured with high pre-
cision. The calibration points need not be equidistant. '

A third order spline fit has the following properties:

- The interpolation between two adjacent measured points is given by a third order poly-
nomial. This polynomial is different for each interval between measured points.

- At the measured points, the values of the left hand and the right hand polynominal are
the same and correspond to the measured value. Furthermore, the first and the second

derivative are also the same. This guarantees that the interpolation curve goes smoothly
through the measured points.

- Beyond the two end points, the third order polynomial is replaced by a straight line,

The algorithm to compute the coefficients of the interpolating polynomials from the measured
points is described in Ref. 2. The routine SPLINZ contained in the CERN Computer Program
Library can be used for this purpose.

A minimum of four calibration points is necessary for the above method to work. Each
calibration point adds five constants to the calibration table, four for the polynomial and
one for the range limit. The maximm size of a calibration table which can be contained in
the memory of the teslameter corresponds to about 60 calibration points.

To find the field value corresponding to a measured Hall voltage, the program in the
teslameter first determines the interval between the nearest two calibration points. It
then calculates the third order polynomial using the correct set of coefficients and the
measured Hall voltage as argument. The whole computation takes about 0.2 s.
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5.2 The calibration set-up

Depending on the number of teslameters to be calibrated, some degree of automation of
the calibration procedure may be desirable. A description is given below of the set-up
which has proven useful for the calibration and testing of a small series of 16 teslameters.

The head containing the Hall plate and an NMR measuring head are mounted together in the
gap of a reference magnet. To obtain reproducible results, it is important that the support
of the probe is sufficiently stable to guarantee an exact positioning between the poles of
the magnet. The teslameter is comnected to a minicomputer. At different field levels, the
exact field value as measured by the NMR device is manually entered into the computer,
whereas the corresponding Hall voltage is read automatically (using the command N - see
Table 2). After each measured point, the computer calculates or updates the resulting
spline fit interpolation constants. As the computer also contains the same interpolation
algorithm as the teslameter, it is possible to check the quality of the interpolation be-
tween the measured points while the calibration is done. For this, a field level between
two already measured calibration points is chosen and the Hall voltage is measured. The
computer then finds the field value interpolating between the already available calibration
data. If the correspondence with the exact NMR field value is not satisfactory, the measur-
ed point can be added to the calibration table, thus forcing the match between the inter-
polated and measured value. This sequence is repeated until a satisfactory agreement be-
tween measurement and interpolation is obtained over the whole range of interest. Experi-
ence has shown that an average of ten calibration points is sufficient to obtain an inter-
polation error smaller than 10" over the whole range of 0 to 1.3 T.

Once the calibration table is complete, the computer is used to command a programming
device for read-only memories. The calibration data along with the teslameter program is
written into a memory chip, which is then inserted into the teslameter. This completes the
calibration of the teslameter. For control purposes, the calibration table can be extracted
from the teslameter with the commands X and Y (Table 2).

It should be pointed out that the calibration data obtained in the above manner accounts
for the combined effects of several errors, i.e. nonlinearities and offsets of the Hall
plate, the input amplifier and the ADC.

CONCLUSION

The performance of the prototype teslameter was carefully evaluated and the instrument
was subjected to extensive tests. These tests, including a stability test over six months,
showed an error of less than 10~* of full scale at the calibration points. The error for
arbitrary field values can be brought to the same level by taking a sufficient number of
calibration points.

Already during the design of the teslameter, it became apparent that a larger number
would be needed than the foreseen five instruments for the ISR field display. In fact, an-
other eleven teslameters were required for the magnetic mapping of a large experimental
magnet, the Open Axial Field Magnet (OAFM) for the ISR, and still other equally important
applications are in view. This confirms the initial decision to build a universal instru-
ment rather than one suited only for the original purpose.
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These 16 teslameters are now completed and in use. Measurement checks on this small
series also confirm the results obtained with the prototype.

In the case of the QAFM, it has been seen that the connection of ten teslameters to a
minicomputer over a common input line is straightforward and gives no problem either for
the software or for the hardware.

The teslameters for the ISR field display, for which this project was initiated, are
currently operational and the field measurements correspond to within 107* with the values
obtained with the previous moving coil system.

SPECIFICATIONS

- Hall probe current 100 mA

- Range of Hall voltage : adjustable by internal resistors.
A minimum of 100 mV is required for
full scale reading.

- Temperature of the Hall plate : 350C

- Heating time from power on to ., < 5min. Stable temperature is reached

stable temperature when the probe temperature indicator is off.

- Range of ambient temperature : 15 to 30°C

- Resolution of the ADC converter : 16 bits, i.e. 15 x 107% of full scale
either unipolar or bipolar

- Precision of measurement : 107" of full scale or 10~" T whatever is
bigger. For this precision, it is recom-
mended to let the teslameter warm up for
about 30 min after switching the power on.

- Conversion time : 200 ms, i.e. 10 periods of mains

- Calculation time : n0.2s

- Front panel display : digital display of the result. Error
status: overflow, underflow, temperature
out of range.

- Front panel switches : mode selectidn and triggering of measure-
ments in local operation

- Remote control : Input of commands and output of measure-
ments via a 20 mA teletype current loop.
Baud rates: 110, 300, 1200, 2400, 4800,
9600, 19200, 38400. Echo mode selectable
by an internal switch.

- Mass : 3.6 kg

- Power requirements : 220Va.c., 30W
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APPENDIX 1

Illustrative example of messages between two teslameters and a computer

(the teslameters are connected to a common line)

Step

Computer to
teslameter

Teslameter to computer

Comment

CTRL G CR LF

The computer resets both teslameters.

/00H CR LF

The computer addresses the teslameter 00,
asks for a field measurement without out-
put of the result. Carriage return (CR)
is ignored, line feed (LF) unaddresses
the teslameter.

/01H CR LF

While the measurement in teslameter 00
goes on, the computer starts the same
measurement in teslameter 01.

/00B CR LF

The computer now commands teslameter 00
to send the result of the measurement
started in step 2.

1000-0.123436E+00 LF CR

Teslameter 00 responds after having com-
pleted its measurement. The measured
field is -0.1234 T. The six transmitted
mantissa digits do not imply a precision
of tpat order.

/01B CR LF

The computer asks teslameter 01 to send
its result.

1014-0.234567E-01 LF CR

Teslameter 01 responds. The result may
be incorrect, because the error code 4
indicates‘that the Hall-plate temperature
is out of range.

/01F CR LF

The computer now asks teslameter 01 to
send the ADC value of the same measure-~
ment.

1014+0.112230E+05 LF CR

The ADC value is sent.
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APPENDIX 2

Function selection switches on the printed circuit board

——® Front panel side

pressed = 1
l——b pressed = 0
Interrupt address

o110
O:20
030
ae«o
asa
Oe0O
O70
O eQqd
O10
020
030
D 40
o110
O20
D030
040
Os0O
Oe 0O
070
s O

- 8 For the teslameter program version '"TM14'", the
- ;g interrupt address is hexadecimal 27.
- 10
- 8
- 4
- 2
- 1
Module address
- 8
- 4
- 2
- 1
Teletype transmission protocol
- 0: odd parity 1: even parity
- mumber of bits 0 1 0 1
— A bs o obe b7 qbs
per character 0 0 1 1

- 0 : with parity bit 1: no parity bit
- mumber of stop bits 0: one stop bit 1: two stop bits

ha not used
- not used .
i 0 : echo mode 1: normal mode
Active/passive transmission
Tactive In the active position, the input/output loop cur-

rent is supplied by the module. In the passive

position, it must be supplied by the controller

connected to the teslameter. In this case, the

teslameter is galvanically isolated from the
lpassive transmission loop.

Transmission baud rate

— 110
- 300
= 1200
~ 2400
= 4800
- 9600
= 19200
= 38400



"19319wWe[s89]1 103 walsfs gr _ L10L0Z-4S1-d

1 1/0L0T-¥SI-D

. |
o, SMS " si-
4 anay o L L L >.n b>»m 3
| PSS : e 4 e Amm s
9 o———fto o A— ’
.|r s vo 090y ”°s1 »”s? * - oy
| . N €2 €2 gt oy N
bag 1 8Edl T o ASe o
< e L i = = % 2081
= S : Lk
-
u
o] ool o k.
. . oy - 50 3034~ Lol 408
i e 20 Bi+—lou 5151 70 303y =—pu 9515 £
i i DAl xhry 03034 = ag lll|ﬁ..
thof o il o T P ud §1 I -
i .
g .B.EEM_H e T 1€l o el 20 3034 ~— i ,@H_ T 6o
B > (= QLM -—gfs
| & g ﬂ&_l et M o e
Ly
: =3 &5 L
9| o o T
5> ~
L4 x
d
LY
ERLUE ) |
pa
‘T
=
]
[-
rT
o
e A ] R e ™
o
130 dl Pl
ANDD 40
ONVINOD L43ANOD | Fo-
41
&
o
NIl 390U
ON9
£

RECEERRLREGRRARERRINE

:
Hg‘e_,




£1ddns aamog - x9)°WRTSI],

VI Z/0L0T-4SI-D

Za A= T H H&:OQW« ] N\ON.ON mmm u& —

! o .—.mu .ﬂmu |
71010 ONO

| u_;,.o*ou

10077 VW00Z

. \

93900 TS vw oor .—.

! u&.oH d

N ) W
za __okﬂ_ =5

| ui..oH.:u
1

63 €00 V@002
431U3°'03'63"3
‘£0'90'sGANS
|

A -.o"_..a

713'613'€3'73"13
‘01a’6Q'80 Y oA

L




-— -— -— -— -—
o TOTI—— V2 TESLAMETER !
D13,D14 GND2 .
D2 pum——Y]} 1|1 e
Lsa B flés 22] a0l 23 F3 DBO
D3 T ——e V1 . ADC100 ~ osles o, ICH F4 DB1
D11, D12 GND? Nl ek o L o F5 DB2
04 [ " 813 . P il MC F6 DB3
. Sum . jonction l|‘: e o 16508 g0 7 0B4
D8, D9, D10 :w M :1 o :g ng
07 H Q2|
05,06, 89 Js¢ By a3t F10 D87
ois
3ps REDE
F1 REDE
Vee 03
Y] HALL Buff.in aalse
An.com (3] e1)
88
Bs
7] 1]
palsz »
I ) 4 |
sz o,
P1 Totiset aa). —
| REDE
— 04
Y] Endof con { Ffz END
Vee CONV.
R sp——28ckin Conv.command| e
1C10 Yerm.in. ICO -’————.)Fu. CONV.
16 bit Term COM.
l SN74LS123 An.com. SN74L5123
Yee '
Ll [Butt.out
Dig.Com
CKADCF1 L Unbutf . in B
=¥
[
'i’_[
I Vee Vee
|
0{2
#c.
CURRENT SOURCE 1
HALL
|
qu
1
€9
CABLE TEMPERATURE
COMP IS AN ) | V1 V1 REGULATOR
cé
Ri6  [,N e 1
c7 |I.‘|:-|3 1.2‘ sl o00r S &
PLATINGEA 00 HO002 >t K:E ATING
PROBE GND1 CS
c8
l
SN74LS00 L
» TEMP.
[ F13 DET.
cn
NTC TEMPERATURE
STABILITY |
C4 DETECTOR
SN74LS00
|
P-ISR-2070/3 I
C-ISR-2070/3 1A

Teslameter - Hall probe driver/monitor



[~ - - WRTEO7
= A13
m
L Iz
n el
=3 ..
! = B0 .
o
O)' (7] »
I (VR £
(=)
)L WRTE 06
‘ [ ‘f A2
m
L} "g = -
:E o '
o o
ol
2y
) WRTE 05
[} ‘ Iu! Y A1l
m
»10 = -
o
N i o '
N 2,
A 160—O———— =] o
v:]
[« ]
A WRTE 04
Jo ? A10
m
z
REMOTE/LOCAL 8E o
..,; o '
RUN/SINGLE CYCLE o ~
' o B =
TESLA / TESLA +BCD
& WRTE 03
—t | [] A8
PRINT/OFF A 1¢ |z
NCL A26 =1x O
START _IE w '
[NOL A25 = .
,Bwntsoz
i h As
MEASUREMENT A23 .
Ll ~
- ; ~
OVERRANGE + A6 =1 ~ '
hod > Ly
WRTE 01
OVERRANGE - A24 ‘f
E A7
b4
2 57 |
PROBE TEMP AS ol @
2ix @O ' ®
A34 :: :j‘, - =
1z © 24 O
A3 [Ol>¢] >¢| >|> °© n
ol &=
PrP>>
NWN AN
[»] - ~

C-ISR-2070/4 1A

Teslameter — Display



