SPECIFICATIONS FOR A SCANNING ELECTRON MICROSCOPY HOLDER FOR MECHANICAL AND ELECTRICAL ANALYSIS OF NANOMATERIALS WITH OPTIONS.

GENERAL
The scanning electron microscopy (SEM) holder is to be used for materials research, primarily to study mechanical properties of nanomaterials. The holder must be compatible with our existing Carl Zeiss Auriga microscope, including physical dimensions and all electrical feed-throughs.  and shall be capable of analyzing a wide range of nanomaterials from carbon (and boron nitride) nanotubes, and boron carbide nanowires, to alloys and ceramics at nanovolumes such as nanopillars. The holder shall provide capabilities for quantitative analysis of the mechanical response while analyzing in the SEM by standard imaging techniques.  Also, an integrated video interface shall be provided to correlate the load-displacement curve with the corresponding SEM video. The system shall also include a routine to allow video recording of standard SEM imaging while performing mechanical experiments, in a correlative manner.  A digital correlation routine shall be incorporated in the system. The following modes of mechanical testing shall be available within the same system: bending, compression, indentation and tensile. In addition, capabilities to measure electrical response of nanomaterials during tensile experiments shall be included.   
ITEM 1.  The Contractor shall provide a SEM holder, which shall have the following features and capabilities;

Item 1A.  Sample Stage
1. Stage must be compatible with Zeiss Auriga chamber.

2. Sample positioning must be controlled by inertial drive piezo actuators. 

3. Positioning stages must allow motion in X, Y, and Z directions. 

4. Maximum sample motion must be ≥ 3 mm in X, Y and Z directions.

5. Positioning sensitivity must be ≤ 20 nm in X, Y, and Z directions. 
6. Any system without the above mentioned levels of control will not be accepted. 

Item 1B.  Loading Configuration
1. Primary Actuator must operate in parallel loading configuration. (Load applied while simultaneously measuring displacement via a feedback loop to adjust the load to enforce a predescribed displacement rate). Series-type loading configurations will not be accepted.

2. The sample must be stationary during the test. Only the indenter tip is allowed to move during testing. 

3. Only fed-back electrostatic force (or directly applied electrostatic force) can be used to measure load. System cannot use spring deflection force or other method to measure load.

4. System must have a maximum force of 30 mN with a force sensitivity of ≤ 1 μN.

5. The system must be able to impose a specimen displacement of at least 5 μm.

Item 1C.  Depth Sensing
1. Depth sensing of the tip into the sample must be achieved using a 3-plate differential capacitive sensor.  

2. The displacement noise floor must be ≤ 1 nm. 
3. System must have multiple test modes including a) Transducer-actuated displacement control (closed-loop, feedback-controlled) and b) Transducer-actuated load control (closed-loop, feedback controlled).
4. System must provide active damping during displacement control.

5. System must have a maximum displacement of 5 um.

Item 1D.  Digital Feedback Controller
1. System controller must have DSP based controller architecture.

2. Controller must have 16 bit DAC and 24 bit ADC with programmable gain amplifiers.

3. Must come with high voltage drives for electrostatic (force) actuation.

4. Must have USB 2.0 connectivity

5. Must have a user-definable data acquisition rate of at least 38 kHz.

6. Must have an internal digital feedback loop rate of at least 78 kHz.

Item 1E.  System Control Computer and Software

The system shall include all required hardware and software to independently control the stage and the specimen measurements.  The operation of the SEM holder system shall be controlled with a computer operating Microsoft Windows 7 operating system with the following capabilities;

1.  Computer shall have the following minimum specifications;

a. Small footprint laptop Intel Duo with 1.73GHz, 2MB L Cache, 533MHz FSB processor or equivalent.

b. 2 GB Shared Dual Channel DDR2 SDRAM, 533MHz.
c. 120GB 5400RPM Hard Drive

d. 24X CD Burner/DVD Combo Drive

e. 10/100 Network Card, Wireless 54Mbps card

f. 17” Wide Screen XGA+ Display

g. Operating system: Microsoft Windows 7
h. Video card: dual-display capability
i. Serial and USB ports.
j. Wireless keyboard.
k. Microsoft Office Professional.
l.  If the system control computer cannot be connected to the network a second computer shall be provided with the same specifications.  The second computer shall allow data and image storage to a network attached server.
2. Software for holder system control shall have;
a. Interactive sliders for fine positioning of tip relative to sample. 
b. A feedback tuning/control interface with continuous display of force and displacement

values.
c. Real-time plotting of force versus displacement, and control variable versus time.
d. Stop control capabilities to allow users to unload at any moment of test.

e. Data acquisition must include ASCII file format. 

Item 1F.  Indentation Tip
1. A conductive diamond shall be included with tip geometry of a cube corner with <40nm radius of curvature. 
2. A conductive diamond shall be included with tip geometry of a flat punch of 1 µm, to be used for compression analysis of nanopillars. 
3. Tip-sample charging by electron beam shall be prevented.

Item 1G.  SEM Video Interface
1. Force-displacement curve shall be superimposed onto corresponding SEM video in real time.
2. Information strip shall be superimposed onto corresponding SEM video in real time.

3. Capabilities for time synchronization between force displacement curve and corresponding SEM video shall be provided. 

Item 1H. Installation and Training

1. Contractor shall furnish all labor, material, tools , transportation, and lodging for    

installation and will provide a list of installation site requirements.     

      2.   Contractor shall provide a warranty of a minimum of twelve months.

3. Contractor shall provide operation and software manuals both in paper and pdf formats.

4. Contractor shall demonstrate required full performance prior to commencement of the warranty. 
5. Contractor shall provide in-house training for the instrument for up to 4 researchers, for a period of 2 days. 

6. The contractor shall provide a silicon based nanopillar sample, to be used on compression analysis during the training.
Item 1I.  Delivery
Contractor shall deliver full system on or before October 31, 2012.
Item 1J.  Other Requirements
1. Must have easily interchangeable indenter diamond tips that can be done by the end user in the field.  Tip holders must utilize a “screw on - screw off” technique.

2. System must be entirely removable from the microscope when not in use, with minimum effort.

3. The main components of the system, including actuator, sample, and staging, must mount directly to SEM stage.

4. SEM port must be utilized only for cable feedthrough.
5. The contractor shall provide a carry-case for SEM holder storage and transport. 
6. The contractor shall provide a AFM cantilever sample with calibrated spring constant.

Optional Items:

Item 2. Electrical Characterization System
1. Source meter shall have the following specifications; 
a. Sources voltage or current.

b. The voltage range shall be from 5µV to 40V, with 5µV resolution.
c. The current range shall be from 5pA to 3A, with 1pA resolution.
d. Must include on-board processor, GPIB interface, with 1kHz data acquisition rate.
e. Must be able to measure sample resistivity using a standard four-point measurement.
2. Electrical sample stage shall have the following specifications;
a. Electrical Sample Stage must isolates sample from SEM holder body to permit controlled current through or controlled voltage across tip-sample. 
3. Electrical software module shall have the following specifications; 
a. Control and measurement software module for electrical measurement simultaneous with mechanical property test, including electrical current measurement throughout force-displacement curve as well as I-V sweeps at specific forces or displacements, must be included.
4. Other requirements;
a. The systems shall be capable of performing conductive nanoindentation, to study stress-induced phase transformations, oxide fracture, MEMS contact switch resistance fatigue, nanoscale breakdown voltage, and piezoelectric material response. 
b. The system shall include an automatic routine such that the current induced by the electron beam of the microscope be subtracted, leaving only the true response of the tested material. 
c. Contractor shall provide in-house training for the instrument for up to 4 researchers. 
Item 3. Nanotensile Coupled with Electrical Characterization System
The contractor shall provide the following components;
a. 15 MEMS devices with spring stiffness of 150 N/m.

b. 15 MEMS devices with spring stiffness of 450 N/m.

c. 30 characterization modules. 

d. One electrical MEMS mount.
e. One conductive diamond indenter tip with flat end conical tip.
f. The MEMS devices shall be able to do tensile testing while simultaneously measuring sample resistivity using a standard four-point measurement. True stress and strain must be determined instantaneously by monitoring and measuring specimen dimensions in the SEM.
g. A digital image correlation (DIC) routine shall be included in the system, to measure relative displacements. This is to be used coupled with Pt, W or C deposits markers available in our microscope.  
h. Contractor shall provide in-house training for the instrument for up to 4 researchers. 
Item 4. Nanotensile Characterization System

The contractor shall provide the following components;

a. 10 MEMS devices with spring stiffness of 15 N/m.

b. 10 MEMS devices with spring stiffness of 150 N/m.

c. 10 MEMS devices with spring stiffness of 450 N/m.

d. 30 characterization modules. 

e. One conductive diamond indenter tip with flat end conical tip.

f. 10 sample mounts for MEMS devices

g. True stress and strain must be determined instantaneously by monitoring and measuring specimen dimensions in the SEM.
h. A digital image correlation (DIC) routine shall be included in the system, to measure relative displacements. This is to be used coupled with Pt, W or C deposits markers available in our microscope.  
i. Contractor shall provide in-house training for the instrument for up to 4 researchers. 

SELECTION

 The Government will award a contract resulting from this solicitation to the responsible offeror on a BEST VALUE basis.   Selection and award will be made to that offeror whose offer will be the most advantageous to the Government, with consideration given to the factors of technical capability of the item(s) offered to meet the specifications, price, past performance and the following best value requirements: 

1. Maximum sample motion must be ≥ 3 mm in X, Y and Z directions.

2. Positioning sensitivity must be ≤ 20 nm in X, Y, and Z directions. 

3. Only fed-back electrostatic force (or directly applied electrostatic force) can be used to measure load.

4. The displacement noise floor must be ≤ 1 nm. 
5. The system must be able to impose a specimen displacement of at least 5 μm.

The Government considers all 5 of the Best Value features of equal importance relative to one another.  Any offeror that can meet or exceed these Best Value features can be rated higher than an offeror that cannot meet or exceed these Best Value criteria.  However, offerors that fail to meet these Best Value features, while still meeting the basic specifications, will not be rated negatively. 

