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Introduction

The analysis of crystalline materials using nuclear microprobe techniques is now
commonplace. Channeling contrast microscopy (CCM) [1] and Rutherford Backscattering
(RBS) angular two-dimensional scans, which are used to study defects, strain, surface effects
and the presence of impurity atoms in crystalline materials, can benefit from automation
through computer control. Important criteria for a computer controlled instrument such as this
are: suitable operating system (eg. Microsoft® Windows), a graphical user interface (GUI),
readily available components, cost effectiveness, ease of use, flexibility and scalability. While
there are a number of effective RBS channeling angular scanning solutions in use throughout
the microprobe community, few can provide this level of application abstraction.

Recent trends in software and hardware development have seen the emergence of
desktop/laptop personal computer (PC) based virtual instruments (VI's) [2]. It has been said
that the PC is now the most powerful and cost effective approach to building instruments
because they can outperform "blackbox" solutions in computing power, data transfer rates,
memory, data storage, graphics, ease of use and familiarity. Other benefits stem from the
availability of commercial-off-the-shelf (COTS) [3] components (hardware) that can often
provide complex functionality and third party analysis software that can extend the
instrument's use beyond the vendor defined limits.

This paper discusses a general purpose, data acquisition and motion control solution, G-Paq,
based upon the National Instruments® LabVIEW hardware and software development
environment. Locally developed, this solution uses a minimum of customised components, is
compatible with the principals of Good Laboratory Practice (GLP) [4], is easy to use, has a
graphical user interface and is flexible. While it has been developed for nuclear microprobe
based channeling contrast microscopy using a specimen stage goniometer, its application to
general motion control applications is also possible.

Experimental

The G-Pac virtual instrument depicted in Figure 1, was interfaced to a 'Hodges' 4 axis
eucentric goniometer [5] as found on the Melbourne Nuclear Microprobe which has been
described previously [6]. The software makes extensive use of menus, dialog boxes and a
setup utility to maximise online 'real-estate' which depicts instrument state information. The
digital interface controls the four Radio Spares (RS 440-442) stepping motors using RS (332-
098) stepping motor drive cards mounted in a Eurocard rack. While configured for four axis
control in this experiment, the software has provision for six axis control. It also allows axis
labeling, conversion units and backlash correction to be fully user configurable with I/O line
assignment through drop-down menus. Stepping motor speed control is also user configurable
through the setup menu. In addition, some experimental control has been incorporated using
the digital I/O although at this stage, they only allow remote switching of a faraday cup.
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Figure 1. G-Paq functional diagram

Data acquisition is facilitated by the two 16 bit counters integral to the interface card. They
can be aligned with time or event driven dwell periods allowing true charge integration (as
applied to angular scans) with only a minimum of additional custom hardware. This ability to
dwell and integrate signal at any location in an angular scan allows the user to define the
required measurement statistics. A multiplexed analog-to-digital converter is also available
for input although it was not used in this application. In total, a maximum of four input
channels are catered for with each completely user configurable allowing any combination of
analog or digital signals to be measured with user defined labels and conversion units.

The personal computer comprising the other hardware components of this VI is a lOOMHz
® ®
p

l®
®Intel® 486 with 36MB of Ram and a 1.2GB hard disk drive. Although using the Microsoft

Windows 95 operating system, this application has also successfully operated on the
®t® ®Microsoft® Windows for Workgroups 3.11 and Microsoft® Windows 98 platforms.

Additionally, National Instruments® can provide a Microsoft® Windows NT version of the
Lab VIEW development and run-time environment. In any case, the user interface shown in
Figure 2 is unchanged.

Data acquired with this VI is saved to disk (either locally or to a remote computer via
computer network) in a readily readable, tab delimited, ASCII text format. In this file, all data
acquisition and motion control parameters are saved in accordance with the principals of
Good Laboratory Practice. This allows third party analysis solutions to be applied to data
acquired with this instrument. To illustrate this feature, results reported below have been
processed using Microsoft® Excel or Powerpoint and the MARC AGP and Nuwave packages.

Results

The following results demonstrate the ability of this VI to perform angular scans of crystals to
find the major axis for channeling purposes. Using lMeV H+, an angular scan of a Nickel
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crystal is shown exhibiting the major <100> axis and (100) and (110) planes in Figure 3. The
±2° Phi and ±2.5° Theta angular scan range using 0.1° increments has resulted in a high
resolution map which enables the analyst to identify and orient an unknown crystal.

Figure 2. G-Paq Virtual Instrument User Interface
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Figure 3. A Channeling angular scan about the <100> axis of a Nickel crystal. This image
shows the signal from the surface down to 80nm (nominal) of the crystal as a function
of the angular range as indicated with 0.1° resolution and a dose of lOnC per pixel. The
analysis beam was lMeV H+ with a detector of 25msr at a scattering angle of 150°.

An accompanying experimental azimuthal scan about the <100> axis of the same Nickel
crystal sample is illustrated in Figure 4 below. In this case, an azimuthal scan was synthesised
from the appropriate orthogonal tilts of our four axis goniometer.
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Ailmuthal g u n of Nl <100>

Figure 4. An experimental azimuthal scan about the <100> axis of a Nickel crystal
using the same ion analysis beam parameters and detector as in figure 3 above. The
backscattered yield is plotted along the radius of the polar coordinate, with
maximum intensity towards the centre.

Conclusions
The G-Paq VI proposed herein has been shown to be capable of performing multidimensional
RBS angular scans of crystalline samples for the purpose of axis identification. With both
linear and circular motion control of up to six axes, this COTS package provides both a
flexible and user friendly solution to nuclear microbeam analysis.

Future developments of this VI include the incorporation of RS232 and GPIB control of other
COTS motion control systems and interfacing to the MARC MPSYS nuclear microprobe data
acquisition package to allow spectral measurements at each position in the angular scan.
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