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Automated Fission Track Dating Systems – The Next Generation

By Michael Krochmal, Managing Director, Autoscan Systems Pty. Ltd.

(Article published in OnTrack magazine Vol. 13, No. 2, Issue 26, September 2003)

History

The process of carrying out the External Detector Method of Fission Track Dating has always been an extremely onerous technique, requiring eagle eyes with nanometre spatial resolution, a good memory for what has been counted and what has not, buckets of patience and hours of concentration.

In 1979, Prof. A.J.W. Gleadow of the University of Melbourne conceived an idea for automating this process and taking the tedium out of the technique. This simplification was intended to avoid the fatigue which might compromise the operator’s important decision-making processes. Autoscan Systems Pty. Ltd. built the first prototype in that year, and has been providing automated stage systems to the FTD community ever since.

Technology

The first system operated with the aid of an 8-bit North Star TM Horizon computer, and made use of a modified ZeissTM microscope stage. Later systems used custom-built stages. These systems were subject to all the usual inaccuracies inherent in mechanical assemblies : backlash, dead-band, etc. More importantly, the stepper motors used in the focus mechanism of the early stages limited the utility of these units because of inherent noise, speed limitations, and other disadvantages. (For a more detailed discussion of these issues, please refer to the Autoscan website : http://www.autoscan.com.au/onestep.html). 

The later Autoscan stage systems made use of dc motors with shaft encoders. These motors are operated as servo motors in a closed-loop configuration with PID control. In plain English, this means that our electronic controllers know at all times exactly where the motors are, even when the operator “twiddles” the mechanical stage movement knobs. Further, the movement of the stage motors is optimised through the PID control loop, so that the motor always chooses the most direct and fastest path between any two points. This configuration enabled us to achieve a repositioning accuracy of +/- 2 microns in the X and Y (horizontal) axes, and +/- 0.2 microns in the Z axis (focus). In contrast, the stepper motor stages available on the market do not contain motor positioning encoders. What this means, in brief, is that if the electronic controller issues a movement command, it must assume that the motor has moved to the intended target position. If the motor does NOT move to this target position for any reason (eg. motor stall or slip), the controller will never know about this, and the stage will be “lost in space” forever, until the system is re-zeroed in some fashion.
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One fundamental problem, even with the Autoscan stages which have been representing state-of-the-art in FTD for the last twenty years or so, is that the movement measured is that of the driving motor, not the actual stage plates. The specimen being examined is, for all intents and purposes, fixed to the top plate of the Autoscan stage. If there is any difference in position between the motor and this top plate, this will directly translate into a positioning error for the specimen. In reality, there are several such errors which affect positioning accuracy : backlash in the mechanism which connects the motor to the plates and minute inaccuracies in the manufacture of the leadscrew are just two of these. For this reason, the recent availability of extremely accurate “external sensors” has allowed an entire new generation of stages to be created. Generally, these external sensors are strips of magnetic or optical material which can be directly attached to the moving plates and which can sense the actual movement of the plate, rather than the movement of the motor. This translates into vastly increased positioning accuracies for the stages.

Advances

i) Microscope stage system hardware

Autoscan Systems is proud to announce a world first : in August 2003, we installed the first-ever Sony TM holographic linear external positioning sensors on two stages at the Max Planck Institute in Heidelberg, Germany. One of these stages will be used in advanced FTD research. These sensors were the very first to roll off the Sony assembly line in Japan, and are capable of reproducibly achieving an incredible positioning accuracy of 50 nanometres ! This dimension, for the non-physicists among you, is much less than the wavelength of visible light. The mid-spectrum wavelength of visible light is of the order of 650 nanometres. Because of a fundamental physical limitation called the Raleigh limit, this means that the smallest consistently resolvable object in such light would be of the order of half of this value, or about 300 nanometres.

ii) Sample processing software

As regards Software, the FTD community is well known for contributing to our software development. For example, during the next few months we will be releasing three new Trakscan software modules which are based largely on the contributions of the Heidelberg and Freiberg FTD groups in Germany. We are very grateful for these contributions, and I am sure that such activities will continue to arise from the FTD community.

iii) Data presentation software

A number of geologists have contributed significantly to the quality and volume of data presentation software available. For fear of leaving someone out and thus mortally offending them, I will not list them here, but I believe that the FTD community is well aware of their existence. The fact that most of this software is available to geological laboratories free of charge is a very big bonus.
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iv) Cameras

There have been some very exciting developments in CCD cameras. Some of these developments have been apparent in the availability of digital cameras on the consumer products market. The original cameras used in conjunction with the Autoscan software were CCD cameras with analog output. In order to convert the camera output into the digital form required by the computer to process and display images, a frame grabber card was required to be installed in the computer. Nowadays, much better cameras are available at an ever-decreasing price. These cameras directly output a digital signal at incredibly high resolution, and operate via a Firewire TM interface. The installation of such devices is much simpler and less frequently fraught with incompatibilities than the frame grabber/analog camera combination. Image resolutions of 1.5 Megapixel are typical, and resolutions of 5 Megapixel and more are easily achievable.

v) Microscopes

The new generation of microscopes is featuring ever more automated and motorised features. These include motorised turret rotation (objective selection), motorised focus, motorised filter selection, and electronic control of light levels. Current negotiations between Autoscan and a major microscope company will result in the incorporation of microscope control in our future software. Thus the operator will be able to select the objective to be used, and the relevant objective calibration parameters will be changed automatically.

vi) Sample processing hardware

Much of the equipment used in the sample processing laboratory has been around since “The Times of Noah’s Ark” : the Frantz magnetic separator, for instance, is a piece of machinery which time seems to have left behind. Many of the more poisonous/carcinogenic heavy liquids are, thankfully, a thing of the past, but much of the rock crushing equipment is still comparatively crude by the standards of current technology. Having said that, of course, I should be quick to add that “if it works, why not ?”. But I believe that there is a lot of scope for improved efficiency and effectiveness in this area.

vii) The science of FTD

In tandem with the ongoing march of technology, rapid developments are taking place in many countries around the world. For instance, FTD is a burgeoning technique in countries such as China and Brazil, where many new laboratories have been set up in the last couple of years. The training of FTD personnel is proceeding apace. Through the confirmation of the accuracy of FTD dating (based on comparative confirmation with other dating techniques), the assumptions underlying FTD have been largely confirmed, and the technique has become an established and accepted method of dating materials in the range of 500,000 to 1 billion years. It is to be expected that the wider acceptance of this technique will provide a wider base of laboratories which can carry out such work, and free up the more advanced groups to contribute to the cutting edge of the technique.
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viii) New techniques in FTD

In recent times, a number of divergent techniques have emerged. It would not be constructive for me to be drawn here into the old discussion of the relative merits of the population method versus the external detector method. However, there are new and different techniques for mounting the samples and for (hopefully) avoiding the use of expensive ion probes, which are currently being developed by various groups around the world.

ix) Irradiation

One of the issues which is of great concern to FTDers is the shrinking availability of suitable atomic reactors which can carry out the irradiation of samples for the external detector method. Whilst the trend for closing down reactors may continue, it is not inconceivable that other techniques will emerge which may bypass the need for such irradiation. Two side benefits of such a development would be the avoidance of a need for FTD laboratories to handle radioactive materials (with all the attendant safety and certification concerns), and a vast increase in the speed of obtaining results.

Conclusion

Some of you may might remember that in the past, there were numerous attempts to fully automate the process of track characterisation and counting. I have no doubt that this endeavour will resurface, stimulated by the advances in technology and techniques briefly addressed above. In particular, this task will be made easier by the use of linear sensors (as in the new Autoscan stages), increased camera resolution, continually improving computing capability, and advances in microscopy. In addition, new approaches will result from advances in the geological techniques and the ever more frequent and unique contributions from the physicists, who are now becoming an influential factor in the development of FTD.

My guess is that the most significant contribution to FTD in the next 10 years will come from cross-disciplinary contributions, whether these be physicists, chemists, electron microscopists or workers in other, yet to be identified, disciplines.

This article has been written, to a certain extent, from the point of view of an “outsider” : my discipline is biomedical engineering, and the very poor and rudimentary insights I have into geology are the result of many years of mixing with friendly FTDers (Geology was never my strong suit at school !). Despite this, I hope that this article will be of interest to OnTrack readers – any factual errors are all mine. We look forward to meeting you at the next FTD conference in Amsterdam in August 2004.
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