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DATA ACQUISITION SYSTEM USED IN RADIATION INDUCED ELECTRICAL DEGRADA-
TION EXPERIMENTS — D.P. WHITE (Ozk Ridge National Laboratory)

OBJECTIVE

Radiation induced electrical degradation (RIED) of ceramic materials has recently been reported
[1-6] and is the topic of much research at the present time. The object of this report is to describe
the data acquisition system for an experiment designed to study RIED at the High Flux Beam
Reactor (HFBR) at Brookhaven National Laboratory.

SUMMARY

It has been observed [1-6] that some axide ceramics which have an electric field applied to them
while simultaneously being irradiated may undergo a degradation of their insulating properties under
certain conditions. An in-situ DC conductivity capsule has been constructed to study the effect of
neutron irradiation on the electrical conductivity of alumina with an applied electric field at the
HFBR. The current capsule differs from a previous design [7,8] in that the current measurements
are performed on the low voltage side of the circuit.

The data acquisition system to be described here has been built and will be used to perform the
electrical conductivity measurements in an experiment scheduled to begin in October of 1994.

PROGRESS AND STATUS

Systemn Requirements

The phenomenon of RIED is observed to occur at irradiation temperatures within the range 300-
600 C [9,10]. Also for RIED to occur it is necessary for the applied electric field to be > 2 x 104
V/m [9,10]. Under these conditions RIED has been observed to develop at damage doses of from
105 to 10! dpa [10].

The capsule to be used at HFBR has three polycrystalline alumina samples. Each sample is supplied
with separate high voltage (~100V) coaxial lead lines and separate triaxial return lines. Each
sample has a guarded center electrode on the low side necessitating the triaxial return lines. Since
an electric field must be applied to the three samples even when no measurements are being made,
in this system a matrix switching card (Keithley Instruments model 7153) is used to switch the
appropriate sample current to the measurement system.

Alumina which is not in 2 gamma field has a conductivity of ~ 10711(Q — m)~1 at 400 C (the
approximate temperature of the samples in this capsule). Conductivities of this order are difficult
to measure. However, the gamma dose rate at the HFBR in the V-15 irradiation facility is ~ 6 x 103
Gy/s [11]. At this dose rate the conductivity is expected to be ~ 10~7(Q—m)~! due to the radiation
induced conductivity (RIC) [10,12]. Conductivities of this order are much more easily measured.
For the samples in this capsule, which are 0.75 mm thick and have a center electrode diameter of
approximately 3 mm and a gap between the center electrode and the guard electrode of 1 mm, this
conductivity corresponds to a current through the sample of [13],

I=13x10"12V/t (Amps) (1)

where V is the applied voltage (Volts) and ¢ is the sample thickness (meters). As mentioned
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previously electric fields on the order of 10°V/m are necessary for the study of RIED. This gives
currents on the order of 10~7 A for the samples described above which are easily measured with
modern picoammeters [14]. For the samples used in this experiment an applied voltage of 75V is
necessary to produce an electric field of 10°V/m. The fast neutron flux (E > 0.1 MeV) in the
V-15 irradiation facility at the HFBR is 1.5 x 10'8n/(m? — s) which corresponds to a damage
rate in alumina of approximately 1.5 x 10~ 7dpa/s. Thus to obtain doses up to 0.1 dpa will take
approximately 8 days of irradiation time. In order to effectively take data over this period of time
the data aquistion has been automated.

The data aquisition and control system was required to continuously supply the necessary voltages
to the samples and to allow periodic measurements of the conductivity of individual samples via
a switching card and the appropriate cable connections. It is also desirable to be able to measure
the leakage current of each sample. The leakage current is the surface current which flows from
the high voltage side of the sample to the guard electrode. This measurement can be accomplished
using the switching card and proper connections to the current measuring unit. The capsule is
also supplied with several K-type thermocouples which allow the constant monitoring of the sample
temperatures. All of the individual components of the system are controlled via computer over a
GPIB bus.
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Figure 1: Schematic of data aquisition setup. The dashed lines represent GPIB
connections which are used for instrument control and data transfers. Solid lines
are cables. ’ :

System Details
The power is supplied to the samples by a Hewlett-Packard model 6634A power supply which is




capable of supplying up to 120V at 1A. The switching system consists of a Keithley Instruments
Model 7001 High Density Switch System with a Model 7153 4x5 high voltage low current matrix card
and a Model 7014 thermocouple multiplexer. The current measuring unit is a Keithley Instruments
237 source-measure unit used in measure-only mode. The thermocouple voltages and reference
junction voltage are measured using a Keithley Model 199 multimeter. All of these instruments are
GPIB (IEEE-488) compatible and are controlled and programmed with a Macintosh Ilci computer
containing a National Instruments NB-DMA2800 GPIB interface board. This GPIB interface allows
data transfers between the computer and the instruments so that all the data are stored on disk.
The programming is accomplished using National Instruments LabVIEW II software.

A schematic of the system setup is shown in Fig. 1. The power connection bax provides 3 coaxial
connections to the power supply for the 3 samples. The 3 triaxial data leads are connected to the
columns of the matrix switch card and 3 rows are connected to the row connection box. A schematic
of the row connection box is shown in Fig. 2. When the switches on the matrix card are configured
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Figure 2: Schematic of row connection box. The solid lines represent the center
electrodes of the triaxial cables and the dashed lines represent the guard sheaths.

to connect the three samples to input 1 of the row connection box the data lines go to ground. This
is the configuration used when no measurements are being made. When any one sample is connected
to input 2 through the matrix card that data line goes to the KI-237 and a current reading is taken
allowing a determination of that sample’s conductivity. The guard ring of the sample (which is
carrying the leakage current) connected to input 2 is routed directly to ground. When any one
sample is connected to input 3 through the matrix card the guard ring current (leakage current)
goes to the KI-237 for measurement and the center lead goes to ground. Thus by opening and closing
various switches on the KI-7153 matrix card (all switch control is handled by the computer) both
bulk current and leakage current for all 3 samples may be measured. This system is also capable
of measuring the surface resistance between the center and guard electrode. This is accomplished
by using the KI-237 to apply a moderate voltage to the center electrode of a sample (after turning
off the HP-6634A) through input 2 of the row connection box and measuring the current. This
measurement will have a large uncertainty associated with it due to leakage currents in the triaxial
cable.
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The data aquisition program is written so that after any set of current readings are taken, the
KI-7014 multiplexer steps through each thermocouple and the reference junction and these voltages
are read by the KI-199 multimeter and downloaded to the computer whereupon the software con-
verts these readings to temperatures. The cycle period to take measurements on all three samples
(both bulk and leakage current measurements) and to measure all the thermocouple voltages is
approximately 1 minute. -

All of the data which are collected are stored on disk and are also displayed graphically on the
- computer screen. Thus the experimenter has immediate access to the data in the form of current
and temperature plots. '

CONCLUSIONS AND FUTURE WORK

The data aquistion system described above will be used in the next several months to.take data in
an experiment at the HFBR studying the RIED phenomenon. This system will allow the experi-
menters immediate access to the data and will significantly increase the amount of data and ease
the subsequent analysis of this data compared to any non-automated data aquistion system.
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