Specifications for a Multipurpose Scanning Probe Microscopy System


A multipurpose scanning probe microscopy system with advanced software capabilities that enable the formation of nanofabricated structures and architectures through dip-pen nanolithography (DPN) that will be applied to the development of advanced nanosensors and devices.


The following specifications are required for a multipurpose scanning probe microscopy system listed as separate sections: Hardware, Operating Modes, Software, and General Requirements.

A. Hardware 

1. Scanners:

a. >90 m in X,Y;  >6 m in Z

b. 5 m in X,Y (optional)

c. Closed loop non-linearity correction for all scan directions, guaranteed accurate to less then 0.5% at any position and scales greater than 1 micron.

d. Correction/Driving of position using external inputs/detectors.

e. Must have closed-loop scan linearizers to compensate for piezo historesis, creep and over shoot.  Software correction is unacceptable.

2. Sample/Head Stage:

a. 50 mm diameter x 20mm depth

b. 5 mm x 5 mm travel area in X,Y

c. Relative motion between tip and sample in increments as small as 0.4 microns.

3.
Optics:

a. Magnification up to 3500X

b. Two objective lenses for both low and high (optional) magnifications.

c. Standard color monitor for display.

d. Image of cantilever and sample from above.

e. Ability to resolve a 1m pitch grating.

f. 90-degree on-axis view.  Must be capable of accepting a 50X objective and be installed with a 20X objective.

g. Zoom range of 5:1 on optical scope.

4. Approach mechanism

a. Fully motorized tripod with independently controllable motors.

b. Motor adjustable pitch and tilt of tip relative to sample.

c. Motion increments of <0.5 micrometers.

5. Cantilevers:

a. Easy to change without removing head or sample stage

b. Pre-aligned cantilevers with Si3N4 and Si tips, ultra sharp tips, etc., capable of handling a variety of imaging conditions.

c. Must be available with piezo-resistive cantilevers for non-laser feedback (critical for laser-sensitive samples).

d. Unmounted third party cantilevers of standard dimensions can be used with special holder.

e. Manufacture of experiment specific cantilevers using user defined custom coatings (optional).

6.
Noise: Noise shall be <0.25 Å rms in topography (subject to environmental specifications).

7. Computer

a. Computer system

1. Pentium processor or equivalent

2. 17” or better color monitor 

3. Two free bus slots for additional cards

b. Scanner Calibration

c. Auto-calibration procedure completed within 30 minutes.

9.
Electronics

a. DAC’s for scanner control must be 20 bit.

b. All ADC input channels must be 16 bit.

10.  
Signal Access

1. Outputs

a. X,Y, & Z voltages.

b. STM preamplifier output and tip bias voltage

c. AFM, STM, and LFM error signals

d. Non-Contact mode modulation amplitude

e. Digital and analog grounds

f. Voltage supplies (i.e., +/-15V)

g. All other signals relevant to imaging.

2. Inputs

a. Modulation of X, Y, and Z voltages.

b. User supplied signals.

c. User defined error signal.

11.  
Scanning Capacitance

a. Must be a field upgrade and use the existing head.

b. EFM can be performed prior to SCM, switching to SCM can be done without losing the position on the sample.

12.
Must possess an optical microscope with color CCD system: on-axis optical view of both cantilever and sample (280X to 1400X magnification (160 x 120 (m) to (530 x 420 (m) viewing area or better.

B. Operating Modes:

1. Contact AFM in air

2. “Tapping,” or “Intermittent Contact’ AFM in air 

3. True Non-Contact AFM in air

4. LFM (Lateral Force Microscopy) able to measure torsional forces on the cantilever. 

5. Force vs. distance spectroscopy.

6. Phase imaging.

7. STM (scanning tunneling microscopy).

8. Options Available SCM, EFM, and FMM.

9. Scanning Thermal Microscopy (optional) measures DC thermal conductivity or maps temperature of surface. 

10. MFM (optional) capable of measuring dc deflection, ac amplitude changes, and phase shifts for a total of 3 MFM measurements.  Able to acquire MFM scans bi-directionally.

11. Liquid Operation of all modes except SCM and EFM (optional).

12. Multiple Mode Operation

a. Minimal effort to change modes

b. No head changes necessary

C. Software Specifications:

1. General

a. Capable of multitasking (i.e. Windows environment)

b. Must use Microsoft Windows® operating system for data compatibility with MS Excel®, MS Word®, etc.  Must use all MS print drivers and spoolers.

c. Viewing of previous images side by side with current image.

d. Viewing of images rapidly in succession, while concurrently obtaining a new image.

e. Data obtained with the SPM software must have the ability to be shared with other computers in a supported network.

f. Must be able to save image processing and analysis recipes.

g. Data as acquired must be in an NCSA standard format readable by third party software without further translation.

2. Data Acquisition

a. Saving of multiple inputs simultaneously in either of both directions (up to eight).

b. All signals accessible in original form

c. All signals can be saved in either scan direction, i.e. left to right and/or right to left.

d. Saving of information in partial form.

e. Easy to adjust feedback loop, with a single control.

f. Ability to accelerate data collection by alternating from left/right to right/left in the collection sequence also referred to as interlace scanning.

g. Ability to modulate the scan speed within an acquisition line based upon user defined parameters.  This includes slowing the scan to keep the error signal within user defined limits.

h. Parameters changeable during a scan

i. Scan rate

a. Feedback loop.

b. Set point and bias voltage.

j. Z piezo withdrawal of the tip from the surface.

k. System must provide for line and image display simultaneously. This allows the user to monitor and measure data during data acquisition.

l. Must be capable of generalized multi-channel spectroscopy.

m. Software correction for scanner non-linearity in z simultaneous with acquisition.

n. Can acquire 16 Force vs. distance curves continuously upon a line.

3. Image Processing

a. Image analysis possible on all standard PC configurations, separate from the acquisition without a hardware key.

b. Data as acquired must be in an NCSA standard format readable by third party software without further translation.

c. SPM must be compatible with any printer having a Microsoft Windows driver and print spooler.

d. Must be able to save line and region measurements along with image data.

e. Must allow export of line and region measurements in standard spreadsheet format.

f. Must be able to export files easily as standard image formats (e.g., bitmap, TIF, GIF, JPG) from image processing software.

g. Images of results savable as ASCII text for importing into spreadsheets.

4. Nanolithography Software

a. Capable of creating nano-scale structures by exploiting DPN-based techniques

b. Compatible with text and geometric configurations is a must; ability to read and re-create in the nanoscale standard image file formats (e.g., BMP, JPG, GIF, TIF) is highly desirable.

D. General Requirements

1. Suitable vibration isolation table

2. On-site installation

3. Training

*Advance Payments are not authorized.

*Vendor must provide commercial PRICE LIST.

*Any Amendments that may be issued must be ACKNOWLEDGED.

*Note: FOB DESTINATION is required on the Quote. 

*Payment terms are 30 days after delivery and acceptance of all items.

