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Statement of Work

Procurement of a Nanolaminate Multi-Layer Sputter Deposition Retrofit
1.0
General Description:

The offeror shall provide three sputtering cathodes and specified accessories suitable for retrofitting a government-owned Balzers BAK-760 optical coating system.  This new equipment will be used for research and development involving a new class of coatings known as Nanolaminates: multilayer coatings comprised of thousands of very thin layers of metals and in some cases dielectrics.  Individual layers will have thicknesses ranging from 2 nanometers to 100 nanometers; the maximum overall stack thickness is expected to be around 400 microns. The Nanolaminate films will be grown on top of release layers deposited on glass or nickel-plated aluminum substrates (both flat and curved) and separated to form stiff, lightweight replicas.  The films must be relatively uniform in thickness and near zero stress in order to match the figure of the original substrates.
At the end of the Nanolaminate research and development effort, the sputtering cathodes and accessories are likely to be relocated to an extremely large 5.5-meter diameter vacuum system for use in follow-up efforts involving sputtering technology.  It is highly desirable that the cathode design allows future cost-effective conversion that would allow the cathodes to be utilized in the large vacuum system.  In this future application, is likely that the cathodes will be mounted on robotic motion systems that move the cathodes over meter-class substrates centered in the vacuum system.
Offerors should respond to the requirements in the statement of work specified for the “baseline configuration” in order to qualify their proposal. The “baseline configuration” is believed to be a solution that will accomplish the desired objectives of the effort while being compatible with the Balzers BAK-760 system and existing equipment. Offerors are also encouraged to submit alternative solutions based upon other configurations that enable simplification of the Nanolaminate deposition process. These alternatives solutions shall not be of significantly higher cost than the baseline configuration cost and shall meet a subset of the baseline requirements.  All submissions will be evaluated according to best value characteristics: compatibility with existing hardware that will remain in use within the BAK-760 system, suitability for the Nanolaminate development effort, overall cost and ease of future conversion for use in a large vacuum system.
2.0
At a minimum, all submissions shall include the following equipment and items:

2.1 Three each: indirect-cooled magnetron sputtering sources,

2.2 Three each: pneumatic swing source shutters,
2.3 Baseplate feedthroughs and adaptors as necessary for proper installation of the three cathodes and three shutters via the 32.5mm diameter Balzers BAK-760 baseplate holes,

2.4 Two each: Advanced Energy MDX 500 W DC magnetron drives or equal

2.5 Rack mounting accessories for the MDX power supplies listed above,

2.6 Three each: 30-foot power cables with proper terminations for connection between the MDX 500 W drives and the sputtering sources,

2.7 One each: MKS Type 247 Four Channel Power Supply/Readout,

2.8 Full rack mounting accessories for the MKS Type 247 Supply listed above,
2.9 One each: MKS Type 2179A12CG1BV Mass flow controller, 100 SCCM, VCO type fittings,

2.10 One each: MKS CB259-5-30 cable (note: 30-foot length),

2.11 One each: air solenoid valve, Humphrey Type 310, 24 VAC or equal,
2.12 Instruction manuals (one or more sets),
2.13 One each: aluminum sputtering target, 99.99% purity or better, full size appropriate for the three cathodes by 0.250” thickness,
2.14 One each: chromium sputtering target, 99.95% purity or better, full size appropriate for the three cathodes by 0.250” thickness,

2.15 One each: copper sputtering target, 99.99% purity or better, full size appropriate for the three cathodes by 0.250” thickness,

2.16 One each: hafnium sputtering target, 99.9% purity or better, full size appropriate for the three cathodes by 0.125” thickness,

2.17 One each: magnesium sputtering target, 99.95% purity or better, full size appropriate for the three cathodes by 0.250” thickness,

2.18 One each: boron doped silicon sputtering target (P-type, 0.005 - 0.020 ohm-cm), 99.999% purity or better, full size appropriate for the three cathodes by 0.250” thickness,

2.19 One each: tantalum sputtering target, 99.95% purity or better, full size appropriate for the three cathodes by 0.250” thickness,

2.20 Two each: titanium sputtering target, 99.995% purity or better, full size appropriate for the three cathodes by 0.250” thickness,
2.21 One each: zinc sputtering target, 99.99% purity or better, full size appropriate for the three cathodes by 0.250” thickness

2.22 One each: zirconium sputtering target, 99.7% purity or better, full size appropriate for the three cathodes by 0.250” thickness,
2.23 One each: aluminum 98%, silicon 1% & copper 1% target, 99.99% purity or better, full size appropriate for the three cathodes by 0.250” thickness.

3.0 At a minimum, submissions utilizing the baseline configuration shall also contain the following additional items in addition to those listed under section 2.0:
3.1 One each: motor-driven substrate indexer and controller (capable of swinging substrates between the three source positions that are mounted a common radius),
3.2 One each: substrate mounting plate,

3.3 Shafts, couplings, adaptors, hardware and baseplate feedthroughs as necessary for proper installation of the substrate holder and drive via the 32.5mm diameter Balzers BAK-760 baseplate holes. Note: Upon request, the government will provide an existing metric-sized ferrofluidic feedthrough for use with the indexer and holder: Ferrofluidics metric Model 50-120231Z, Serial B16929, mounting thread outer diameter = M32x1.5, shaft diameter = 6mm.
4.0 All submissions, including both those complying with the baseline configuration and the alternative solutions, shall meet the following requirements:

4.1 The magnetron cathodes shall be designed for use with three-inch or larger diameter targets.
4.2 The lateral dimensions of the targets shall be appropriate for use with the proposed cathodes.

4.3 The magnetron cathodes and target clamps shall accommodate targets of thicknesses from 0.080” to 0.250” or wider range.
4.4 The cathodes shall provide “indirect” target cooling and targets shall be easy for users to change without the need for thermal paste.

4.5 Backing plates shall be provided for the listed targets if and only if they are required for proper sputtering.

4.6 The cathodes shall be designed for use with DC, pulsed-DC and RF operation.

4.7 All equipment surfaces exposed to vacuum shall be composed of low-outgassing materials such as vacuum compatible metals (stainless steel, aluminum, copper, etc.), ceramics, vacuum elastomers (Viton, Kalrez or Buna-N) or Teflon.  No cadmium or zinc plated hardware is acceptable.
4.8 The in-vacuum hardware and feedthroughs shall be compatible with a vacuum level of 7.6 x 10-8 Torr or lower pressure.

4.9 The in-vacuum hardware shall be delivered in a cleaned and degreased condition suitable for high vacuum use.  Only non-silicone high vacuum rated lubricants (Krytox LVP, Apiezon L or equal) may be utilized on this hardware.

4.10 The cathode magnets shall not be exposed to water. Cooling water requirements that specify the use of high purity water will negatively affect the best value ratings of the submission. 

4.11 The offeror shall provide hardware necessary for positioning the substrates at the proper position and orientation relative to each of the three cathodes during deposition of Nanolaminates (composed of thousands of layers of multiple materials) without breaking vacuum.
4.12 The configuration shall accommodate substrate sizes ranging from 25mm diameter to four inches diameter, or larger range.
4.13 The configuration shall accommodate substrate thicknesses ranging from 0.02 inches to one inch in thickness, or larger range.

4.14 The equipment shall be designed to provide a coating with peak-to-valley uniformity errors of 5% or smaller value at 100mm target-to-substrate distance on three-inch diameter flat substrates.  Uniformity errors of 2% may be required for the growth of optimum Nanolaminate films; this should be considered a desired goal. Note that coating uniformity is of utmost importance and high target utilization is of secondary importance; high rate capability is not necessary for the expected applications.
4.15 The proposed configuration must not require non-existing ports to be added to the BAK-760 system via machining or welding.
4.16 The proposed configuration must not require the existing Temescal STIH-270-2M four-pocket e-gun, e-gun shutter and supporting feedthroughs to be relocated.  The line of sight from the e-gun pocket to the existing planetary, optical monitor chip location and quartz crystal monitor near the top of the chamber must not be blocked during e-beam deposition processes.

4.17 The proposed configuration must not require the existing Balzers GSM-420 optical monitor or supporting feedthroughs to be relocated. The light path between the detector ports and monitor chip must not be blocked during e-beam coating operations. Any Nanolaminate deposition hardware that intermittently blocks this light path must be easily to relocate.

4.18 The proposed configuration must not interfere with the existing Denton CC-105 Broad Ion Source and supporting feedthroughs that must be installed in the chamber in a useable position for ion-enhanced e-beam deposition. It is probable that the Denton ion source will be relocated toward the right portion of the front row of baseplate holes to allow installation of the new cathodes. The line of sight from the ion source to the existing planetary near the top of the chamber must not be blocked during ion-enhanced deposition processes.

4.19 The proposed configuration must permit the existing 28-inch diameter single axis planetary/substrate mounting plate to be utilized during e-beam deposition processes.
4.20 The proposed configuration must not interfere with several miscellaneous baseplate mounted accessories that must remain installed, but that may be repositioned: the quartz heater electrical feedthrough and the NW connector mounted pressure controlled gas inlet and vacuum switch.
4.21 Offerors should provide shields between cathodes if required for proper operation. If shields are recommended but not required, offerors may list them as an option.

5.0 Submissions to the baseline configuration category shall meet the following requirements:

5.1 The cathodes shall be circular magnetrons that utilize standard disk-shaped targets.

5.2 Each cathode shall be affixed or coupled to a hollow tube that penetrates the vacuum wall via feedthroughs mounted the 32.5mm baseplate holes. Water cooling lines and power shall be conveyed in the tube interior.
5.3 The cathodes will be mounted in the following baseplate holes: the leftmost hole located in the first row that is closest to the front of the chamber, the leftmost hole located in the third row from the front, and the third hole from the left located in the third row from the front.
5.4 The rotary motion feedthrough (motor driven substrate indexer rotation axis) shall be mounted in the second baseplate hole from the left in the second row from the front of the chamber.

5.5 The substrate mounting plate shall be of a single-lobe design to avoid interference with the left chamber wall. Note that the specified cathodes feedthrough ports are located on a common radius of 221.4mm about the specified indexer feedthrough port. The listed radius is the hypotenuse of a triangle with sides of 70mm (hole-center-to-hole-center separation within a row) and 210mm (spacing between rows).

5.6 The source shutters shall operate via the following baseplate holes: the second hole from the left in the first row that is closest to the front of the chamber, the second hole from the left in the third row from the front and the fourth hole from the left in the third row from the front.
5.7 Source-to-substrate separation shall be adjustable to allow for process optimization. A source-to-substrate separation distance of 100mm should be within the adjustment range. Offerors shall state the adjustment range in the proposal.
6.0 Submissions to the alternative solutions category shall meet the following requirements:

6.1 The solution shall utilize a suitable combination of positioning, alignment and rotation methods in order to achieve the specified coating uniformity.  
6.2 A requirement for utilizing large source-to-substrate separation is not satisfactory as this may be a variable parameter in the deposition process.

6.3 Offerors shall identify the location of all feedthrough holes that they intend to utilize for each submission under alternative configurations; submissions proposing unsatisfactory hardware placement will be rejected.
7.0 The following are additional suggestions or comments relating to alternative solutions:

7.1 Recommended possibilities include clever cathode positioning, cathode flex or tilt, sample indexing relative to the three cathodes, sample rotation, sample tilt or combinations of these methods.

7.2 It may be possible for the offeror to provide hardware to utilize the existing Balzers planetary (presently without indexing capability) to provide sample rotation for the Nanolaminate deposition.

7.3 It may be possible for offerors to provide equipment to modify the Balzers planetary for sample indexing.

7.4 If sample indexing is to be avoided, it is recommended that offerors seriously consider providing sample rotation and cathode flex adjustment in order to enhance uniformity.  This may enhance uniformity on curved substrates as well.
7.5 The use of side ports will complicate the mounting of existing quartz heat lamps in the system.

7.6 High source shutter actuation speeds are desirable to permit accurate cutoff during deposition of thin layers.
8.0 All submissions shall be evaluated according to best value characteristics as follows:

8.1 Suitability for the Nanolaminate development effort (30% of overall value),

8.2 Compatibility with existing hardware that shall remain in use within the BAK-760 system (30% of overall value),

8.3 Overall cost (25% of overall value) and

8.4 Simplicity of future conversion for use in a large vacuum system (15% of overall value).

9.0 Additional information regarding the BAK-760 configuration:

9.1 Mechanical drawings showing important BAK-760 dimensions and photographs of the chamber are attached to this solicitation.

9.2 The useable chamber depth measures approximately 760mm (measured from the front of the baseplate to the back to the pump shield).

9.3 The chamber at mid-height measures approximately 870mm in width.

9.4 The chamber baseplate and top measure approximately 710mm in width.
9.5 The baseplate contains 36 each 32.5mm diameter holes arranged in four rows by nine columns.  Left-to-right, the holes are centered on nine columns at 70mm intervals; the middle column is centered left-to-right. Front-to-back, the rows are centered on four rows at 210mm intervals.
9.6 The fourth (rear-most) row of baseplate holes are partially located beneath a water-cooled thermal/evaporation louver shield mounted at the rear of the chamber. The back and front of the lowermost louver are approximately 275mm and 325mm respectively above the baseplate.  The front of the louver is roughly 20mm behind the center of the fourth row.
9.7 There are four each 32.5mm diameter sidewall ports at approximately 435mm height above the baseplate: two each (one per side) line up with the front row of baseplate holes and two each (one per side) line up with third row of baseplate holes.

9.8 In general, ports on the top of the chamber are reserved for other use and are mounted behind the rotary planetary.
9.9 The center height of the non-indexing, single axis rotary planetary is approximately 800mm above the chamber baseplate.

9.10 The axis of rotation of the planetary centered on the fifth baseplate hole from left in the second row from the front of the chamber.

9.11 The planetary outer diameter is 28-inches.

9.12 The baseplate currently has raised baseplate shields with a height of about 100mm on the left half and 160mm on the right half. The left shield and left shield supports may be removed for installation of the new equipment.
9.13 The 4-pocket Temescal STIH-270-2M electron gun pocket is approximately 140mm right and 230mm back from the center of rotation of the planetary. It is approximately 160mm in height above the baseplate.  This hardware occupies the majority of the space above the baseplate on the right half of the chamber.  The first row of baseplate holes near the front of the chamber are not utilized for e-gun needs.
9.14 The Balzers GSM-420 optical monitor light source occupies the fourth hole from left in the second row from the front; the transmission light source is mounted on top of the chamber roughly over the reflection source. The monochrometer, filter wheel and detector are mounted beneath the fifth hole from left in the second row from the front. The monitor chip is mounted through a cutout in the center of the motor driven (non-indexing, single rotation) planetary; both are suspended from the top of the chamber. The chip changer is centered above the point midway between the reflection source and detector port; the planetary rotation is centered above the detector port.  The light path lies between the reflection source and monitor chip and between the monitor chip and detector.
9.15 The Denton CC-105 Broad Ion Source is presently mounted in the fourth hole from left in the first row.  Cooling water is fed via flexible metal tubing from the left-most hole in the second row, oxygen is fed from the second hole from left in the second row and power is fed from the eighth hole from left in the first row.  The source, water and oxygen will probably be relocated to the sixth, fourth and seventh holes respectively in the first row per the baseline configuration.

9.16 The Quartz lamp structures (2-sets) are presently cantilevered off a port on the rear of the left wall and the front of the right wall on adjustable mounts at approximately 400mm height.  These may be possible to relocate within limits.

9.17 The rear right side port is used for mounting an ion gauge and an RGA and is not available for other use.

9.18 The Balzers BAK-760 system is equipped with the CVI TM450 18” cryopump, with 6,400 l/s ultimate pumping speed for argon and 2,000 standard liters capacity for argon.

9.19 The Balzers BAK-760 system is equipped with a PVA 500 P-2 plate valve which can be set for to a throttle pump position via adjustment of a mechanical hard stop; this is a passive system without pressure control.

9.20 The Balzers BAK-760 system is equipped with an RME 010 regulating gas inlet valve; this can provide inlet based pressure control for a single process gas.
9.21 The Balzers BAK-760 system is equipped with one each MKS 167A single channel controller and one each MKS Type 2179A12CG1BV Mass flow controller; this are being used to provide oxygen to the Denton CC-105 Ion Gun.
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