WBS 1.7 – Development of a sample stage and in-situ capabilities

The sample stage will consist of at least five independent translation / rotation axes (x, y, z, (, and () as well as a possible sixth rotational component ((). The possibility of closed loop control for precise and repeatable sample positioning will be attempted, as will the possibility of active thermal and material drift compensation and in-situ microscopy capabilities. Below we outline base-line goals, concept engineering plans, design and fabrication plans, and instrumentation and metrology considerations. In-situ capabilities will be discussed as a separate item.

Proposed budget for TEAM sub-task 1.7 - Stages

	Organization
	FY04
	FY05
	FY06
	FY07
	Total

	FS-MRL
	$200,000
	$333,000
	$333,000
	$334,000
	$1,200,000

	LBNL
	$400,000
	$400,000
	$300,000
	$100,000
	$1,200,000







WBS 1.7.1 – Baseline Goals 

1.7.1.1 – Isothermal stage

The feasibility of having a sample stage that is isothermal with respect to the TEM objective lens will be investigated. This would be beneficial towards alleviating sample drift if it can be done. Pole pieces will be obtained to permit experimentation in the early concept-engineering phase to investigate this design.

1.7.1.2 – Drift specifications

Minimum drift (xyz)






< 0.5 Å / min

Ideal drift (xyz) 






1Å / 10 mins

1.7.1.3 – Closed loop control

It is anticipate that the sample translations and rotations will be closed-loop controlled, thereby allowing highly accurate and repeatable positioning via software and hardware control, as well as the opportunity for active drift correction. The active drift compensation time constant will be adjustable to a given control strategy.

 1.7.1.4 – Eucentricity

Using closed loop control and error mapping (which is required to compensate for linear and rotational error in the mechanical components) the sample stage should be programmed so that a specific point on the sample can be selected by the operator to be eucentric with respect to ( and (-axis.

1.7.1.5 – Range and resolution of coarse translations

Coarse travel range (xy) 





2.0 mm

Coarse travel range (  z) 




   
0.5 mm

Resolution
        (xyz)


 
 

20 nm

Accuracy
        (xyz)





100 nm
1.7.1.6 – Range and resolution of fine translations

Fine travel range (xyz) 





10 µm

Resolution 


   

     

       > 100 pm   

1.7.1.7 – Repeatability and minimum incremental of translation motion

Repeatability 






 
5 nm 
Minimum incremental displacement




10 pm




1.7.1.8 – Range and resolution of tilts and rotations

Minimum of 2 Orthogonal tilts




± 20º 

Resolution 







100 µRad 

Accuracy







1 mRad

1.7.1.9 – Repeatability between columns

The final TEAM microscope may consist of two separate columns, one dedicated to transmission imaging (TEM) and one dedicated to scanning transmission imaging (STEM).  If this is the case, it is desirable that there be reasonably accurate positioning of the sample between the two columns.  The goal here is approximately 250 nm of coarse positioning, with additional fine positioning of the cartridge to within 10 nm.

WBS 1.7.2 – Concept Engineering  

To meet the above requirements a substantially new design is required, and will require extremely close collaboration with the manufacturer of the final microscope column for the TEAM instrument. LBNL will work during the initial stages to evaluate a number of design options and subcomponent performances (listed below) while the final decision is being made concerning which column to utilize for the microscope. Thereafter, working in close collaboration with the manufacturer, final design and testing will be undertaken.  

1.7.2.1 – Evaluation of Thermal Effects

To achieve the goals in 1.7.1.1 and 1.7.1.2 a thorough evaluation of all the sources internal and external to the microscope with a (T, material properties of all the components, and external environment must be done in the Concept Engineering Phase. Estimates will be made to determine the effects of building temperature and humidity changes and distribution on the microscope. Temperature difference in the pole and sample stage will be modeled to quantify effects on various materials and components in the proposed stage system. The results will be used for making early recommendations on the building planning and on the ultimate limitations of the stage drift specification. A report will be generated with the findings no later than Q2 of 2004.   

1.7.2.2 – Component evaluation

LBNL will evaluate components necessary for achieving the desired performance specifications in the areas of sample translation, sample rotation, active feedback, anti-vibration, materials and temperature stability. This information will be shared with the manufacturer of the final microscope column and will assist in the construction of the final sample stage. A final report on all hardware components will be due at the end of Q3 2004.  Items to be include in the evaluation include:
a. Actuators and drive electronics 

b. Feedback sensors and systems

c. Control systems and software 

1.7.2.3 – Materials Evaluation   

Material selection will play an important role in the performance of the stage and it’s drift characteristics. A thorough evaluation of how the materials will affect the stiffness of the stage structure and how they will thermally couple with the pole piece is critical. High performance materials including but not limited to Be, ceramics, piezoceramics, tungsten carbide, Carbon-Carbon Composites and MMC’s will be evaluated. All materials must be investigated in concert with the design elements of the stage and how these materials can be fully exploited in their final component form. Specifically understanding the structural and thermal performance as lightweight structures is key. The range of properties to be evaluated include but are not limited to the following: 

a. Thermal coefficient of expansion 

b. Heat capacity

c. Thermal conductivity 

d. Specific stiffness (ratio of Young’s modulus and specific weight) 

e. Damping

f. Vacuum capability 

g. Piezoelectric properties

1.7.2.4 Fabrication Considerations 

As part of the Concept Engineering stage, specific evaluation of appropriate fabrication methodologies will be investigated.  Factors to be considered including machinability, cost, time, safety and metrology.
1.7.2.5 Automated Sample Loading 

The sample stage designed around the pole piece may require automated loading. The design of this loading system must be considered with all other analyses. The following issues must be addressed: 

a. Vacuum load lock 

b. Pick and place robot 

c. Loading station 

d. Kinematic sample cartridges
1.7.2.6 Auxiliary System Impacts 

Evaluation of auxiliary components such as cooling systems, power supplies and microscope control systems will be considered, specifically with respect to their impact on stage performance.

1.7.2.7 Building and Environmental Influences  

The effects of the microscope building and environment will be considered, with particular emphasis on how these items affect stage performance. This information is required early in the design to ensure due diligence in the planning of the site, building, and all associated mechanical and HVAC systems. Consultation with various experts will be required in 2004 in the following areas. 

a. Vibration 

b. Acoustic 

c. Thermal 

d. Electromagnetic shielding

e. Grounding

f.  Air flow / pressure changes
1.7.2.8 – In-situ concept designs

LBNL and FS-MRL will work jointly to investigate various potential sample stage designs. Specific attention will focus not only meeting the performance requirements above, but will also consider ways that various in-situ capabilities can be incorporated into the TEAM microscope. A report detailing in-situ concept designs will be prepared for end of Q2 2004.  This information is critical to have early in the design, so that the impact of all factors related to in-situ capabilities can be understood and evaluated.

1.7.2.9 Concept Engineering Report

Two reports will be delivered to the TEAM PI’s and the TEAM steering committee.  The first of these reports will be a preliminary progress report and will be delivered with the March 2004 Conceptual Engineering Report for the TEAM project.  The final report will be done at the end of Q2 in 2005. These reports will encompass progress reports on all items in section 1.7.2.

WBS 1.7.3 - Stage design and construction

1.7.3.1 – Re-evaluation of performance criteria

Based on the results of the Concept Engineering Report  (1.7.2.9) the stage specification will be reset, incorporating the knowledge gained from the component and system performance analysis. These re-evaluated criteria and specific technological justifications will be communicated to the TEAM partners and Steering Committee.

1.7.3.2 – Fabrication

The construction of the final stage will be done in close collaboration with the manufacturer of the TEAM microscope column. Design and fabrication expertise generated at the LBNL during the Research and Development stage will be shared in an appropriate manner. 

WBS 1.7.4 Testing

1.7.4.1 – Initial testing at LBNL

Initial testing of the sample stage will be based on a TEM pole piece such as one compatible with the 4000EX pole piece (or equivalent) at FS-MRL and will be performed by LBNL. The sample stage will be incorporated first with respect to the pole piece only, and tested using a room temperature scanning tunneling microscope (STM) based metrology set-up. This will focus on the positioning accuracy, repeatability, and control stability. 
1.7.4.2 – Preliminary in-situ testing at FS-MRL

The second phase of testing will be to incorporate the stage design into the 4000EX at FS-MRL. This will allow evaluation of the stage as incorporated into a full electron optical column, and evaluation will be performed utilizing the electron beam itself.

1.7.4.3 – Final testing

Final testing of the stage will be done in conjunction with the microscope manufacturer prior to the installation of the TEAM microscope at LBNL. \

1.7.4.4 – User interface

The sample stage will require a control interface that allows for easy and repeatable sample positioning, based on common uses and practices in electron microscopy.  The software for this interface will be developed based on existing CAD / CAM methodologies, and in collaboration with the manufacturer of the microscope column and associated control systems.
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