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Abstract
This paper will investigate the various current measurement
techniques typically found in precision DC current regulated power
supplies used in particle accelerator applications. The relative strengths
of each type will be indicated.

Introduction

Direct current power supplies used in particle beam accelerator
applications are primarily operated in the constant current mode. The
reason for this is simple enough. The direction and velocity of charged
particles are affected by DC magnetic fields. This property allows the
bending and focusing of particle beams, and is a fundamental principle
of particle accelerator design and operation.

DC magnetic fields are created by passing direct current through
precisely designed and manufactured magnets. The magnetic field will
vary as the current flowing through the magnet varies. As itis imperative
that the particle beam be stable for effective accelerator operation, it is
therefore imperative that the DC power supply provide stable and
precisely regulated current.

The key to precise current control s the ability to precisely measure
the current. The degree of current precision required is dependent on
the accelerator physics of the particular application. For instance, the
current precision specification for an achromatic dog leg in a beam line
may be considerably less than that for the dipole and quadrupole
magnets found in an antiproton accumulator where resonances of up to
order eleven are avoided. Accuracy is not important in most particle
accelerator applications. Repeatability and long-term stability are the
parameters which matter.

Many methods of current regulator design are possible. The most
common method controls the power supply voltage by integrating the
difference between a current reference signal and a current feedback
signal. In order to preserve signal integrity these signals need to be in
the range of 1 to 10 volts. This paper is concerned with the precision
of the current feedback signal.

Only DC characteristics will be discussed. Specifications for
current measurement devices often include misused and nonstandard
terms. Appendix A details some definitions which will help with the
clarity of this paper.

Measurements, Equipment, and Techniques

Many current measurement devices were measured over the last
few months. This included measuring the effects of temperature, time,
leakage flux, humidity, mechanical stress, and external noise on the
current measurement precision. In addition, accuracy, frequency
response, noise levels and linearity were measured for most devices.
The measured devices included shunts, Hall effect current sensors,
current transductors, and direct current current transformers (DCCTs).
Measurements were made at currents from 10 amps to 8,000 amps.

All measurements were made using standards consistent with the
precision of the device being measured. Precision was monitored by
measuring a high precision reference. Forinstance, when measuring the
temperature coefficient (T.C.) of transfer impedance (Zt) of a 10 amp
shunt, the current was monitored usinga 2.5 ppm/°C shuntin a constant
temperature chamber. The voltages were measured using a Prema 84
digit voltmeter in a constant temperature chamber.

The equipment used for these measurements included two tem-
perature chambers. The first one held the temperature of measurement
equipment constant at 25 +1°C. The second was controlled by a
personal computer to temperature cycle devices under test. Most
voltage and temperature measurements were made using a Prema 6047
precision voltmeter connected to a precision signal scanner. Various
Dynapower built precision current sources were used to stimulate the
devices under test. All temperature probes were 100 ohm platinum
resistors.

Temperature cycle tests were performed on all the devices
presented here. The computerized test system was capable of continu-
ously scanning up to 20 various types of measurements, while control-
ling the temperature cycle. A typical temperature cycle is shown ir
Figurc 1 .
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Figure 1: Transfer impedance error and ambient temperature of a
10 amp shunt measured at 10 amps versus time.

This continuous measurement technique provides a lot of informa-
tion about the device under test. It not only gives a highly detailed
temperature coefficient curve, it also makes the resolution of the
measurement immediately obvious. If the temperature is cycled up and
down, the resulting temperature retrace curve gives a good indication
ofthe repeatability and long-term stability of the device. Figure 2 shows
a temperature retrace curve for a wire wound resistor.
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Figure 2: Transfer impedance error of two 5,000 ohm, 1 ppm/°C wire
wound resistors versus ambient temperature.

The large open curve is explained by the manufacturer as a
humidity effect. The theory is that the enamel insulation absorbs water
and stresses the wire causing the resistance to shift. The open loop
results because the water absorption lags the temperature. This resistor
would not make a very repeatable resistor in a constant temperature
arrangement even though its temperature coefficient is better than 1
ppm/°C. The sametype of open loop curve may also result from placing
temperature probes in a location which leads or lags the temperature
sensitive part of the device. For this reason, temperature must be run
up and down slowly when looking for temperature retraceability. Figure
2 also shows a temperature curve of the same type of resistor in a
hermetic package. Note that the up and down curves cannot be
distinguished.

The temperature retrace curves can also be used to compare the
long-term stability of devices. If a device does not return to the same
value after mild temperature cycles it probably will not have good long-
term stability. Figure 3 shows a temperature retrace curve for a
prototype 10 amp 0.5 volt metal foil shunt. This device will obviously
not have long-term stability on the order of 1 ppm/month.






