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Statement of Work

This procurement is for a pair of two vacuum systems, with identically sized vacuum chambers, but which have different functions.  These will be referred to as SYSTEM #1 and SYSTEM #2 throughout these specifications.

SYSTEM #1:    This procurement is for a vacuum system for the sputter deposition of thin films of gold onto large, curved or cylindrical glass substrates.  The system will include the vacuum chamber, pumps, valves and controls to develop a suitable sputtering environment.  The sputter gas will be argon.  The system will include controls to:

(i)  rotate the substrate (axis horizontal) during deposition, sputter source fixed, 

AND

(ii) scan the sputter source on a three axis (two-dimensional translation plus tilt) stage system over the surface of the fixed substrates.  

The system will include one ~1.4 meters long planar DC magnetron sputter source, a DC sputter power supply, and a quartz crystal thickness monitors.  The system will be capable of a base pressure of better than 1 x 10-7 Torr. 

SYSTEM #2:    This procurement is for a general purpose vacuum system, which has no cryopump and no sputter system.  The system will be capable of a base pressure of about  1 x 10-3 Torr. 

1. Vacuum System

1.1.   Deposition Chamber

Basic Chamber Dimensions  (SYSTEM #1 and SYSTEM #2)
See figure called “Sputter Robot Pathway”.   The chamber is cylindrical with its long axis horizontal. The chamber’s internal dimensions are 1200mm diameter (±10mm), and length is 1600 mm (where this length is vendor adjustable, on approval, to accommodate sufficient space for the robotic slides for the sputter gun if needed).  The wall thickness is nominally 6.35 mm, although this is vendor selected to be sufficient for the job at hand.  The final wall thickness used should be such that the center of the internal rails in the cylinder move less than 2 mm when the chamber is evacuated.

Chamber Back Plate  (SYSTEM #1)
See figure called “Chamber Back Plate”.   The rear end of the cylinder (opposite end from the door) is a removable, bolt-on flange (metric socket head cap screws or button screws with Viton elastomer seal).  There are two 6″ viewing ports in the door as drawn in the figure, which should be as low profile as possible to enable the user a wider view.  Whether this plate is flat or domed is vendor selected (the center of the plate should move less than 6 mm after evacuation).  There is a rotary feedthrough in this back plate that is mounted on a small rectangular flange, which gives the flexibility of moving its height without having to re-machine the whole back plate.  The small rectangular flange should be parallel to the plane of the back plate.  A typical rotary seal that would work is #150-FTR-S from A&N Corp, which uses a ½″ SS shaft.   The rotary shaft end inside the chamber is to be left without any additions.  The rotary shaft end that is external to the chamber should have coupling McMaster-Carr “Offset type, of part # series 59985K**, with acetal disc and maximum overall diameter (probably 1.313″) to match the feedthrough and the motor shaft.    The external end of the feedthrough has a variable speed motor (0.5 to 5 rpm – rpm indicator included) and the internal end of the feedthrough (inside the chamber) has an independently-supported 200 kg load (i.e. independent of the feedthrough) that is to be slowly rotated.  Rotation speed should be automatically ramped up to the set speed over no less than 5 seconds after powering on.  The motor needs to be supported in such a way that its vertical position can be varied ±70 mm from its nominal position drawn in the figure (this can be as simple as having the motor base support 70 mm below ideal and use spacers to get it at its nominal position).   The back plate should be located on the bolt hole of chamber with two dowel pins (at least ~8 mm diameter).  One or two eye bolts are fixed near the top of the plate so the plate plus motor hangs vertically when detached, or nearly so (for mounting and demounting).  

Chamber Back Plate  (SYSTEM #2)
Identical to that of SYSTEM #1, except there is NO rotary feedthrough, and so there is also NO motor, NO motor control, NO motor bracket, and NO flange plate for the rotary feedthrough.

Chamber Door  (SYSTEM #1 and SYSTEM #2)
See figure called “Chamber Door”.   This will be the same size as the chamber back plate, although it will be hinged and latched as is typical for such a door.  Whether it is flat or domed is vendor selected.  Vendor can supply design for hinge and latch, although latch should be one that requires no tool to secure.  There is no rectangular central flange as exists in the chamber back plate.  There are four 6” viewing ports in the door as drawn in the figure, which should be as low profile as possible to enable the user a wider view.  The door should open at least 180 degrees, horizontally.  The chamber door will seal with a Viton O-ring.

Generally, the vacuum system plumbing will be assembled with quick flanges and ISO clamp flanges (e.g. NW40, NW100) rather than Con-flat or ASA flanges.

Chamber Stand  (SYSTEM #1 and SYSTEM #2)
See figure called “Chamber Stand”.   Nominally, the center of the chamber should be 1200 mm above the floor.  The inside space between the legs/feet should be not less than 1000 mm as shown below.   For the orthogonal direction, the inner space between the legs is not critical, although the front face of the legs should be behind the chamber door flange.  Each leg has an adjustable foot with adjustment of at least ±25 mm about this nominal height of 1200 mm.  The material for this chamber support can be either painted welded steel, welded aluminum alloy, or welded stainless steel.

Chamber Ports  (SYSTEM #1)

See figure called “Ports for Main Body of Chamber”.   There are ten 6″ diameter viewing ports (elastomer seals, regular glass), which are as low profile as possible to maximize their viewing angle.  These are placed symmetrically around the chamber.  The cryo pump port and other feedthrough ports come out from the base of the chamber (three 10″ ports).  Any internal tubes and wires should not pass directly between the 2 internal welded rails.  KF-40 flanges are arranged in two clusters of eight to accommodate rough vacuum, water, electrical, etc feedthroughs.  Vendor should check that such an arrangement allows sufficient room to use QR clamps easily – the center KF-40 can be extended 1-2″ if needed to alleviate crowding.  Alternately, these KF-40 clusters can be installed on rectangular flanges.

Chamber Ports  (SYSTEM #2)

This is identical to SYSTEM #1, except that only one cluster of eight KF-40’s is needed, and since no cryo pump is present, the other two large ports are blanked off with SS plates.

1.2.   Vacuum Pumping  (SYSTEM #1)
A nominal 3000 liter/second cryogenic pump with an ISO flange will be included.  The cryo pump will include an integral purge valve and a silicon diode temperature sensor with indicator or gauge.  A suitable water-cooled compressor will be included.

A nominal 27 cfm (free air displacement) mechanical roughing pump will be included.  Provide a suitable molecular sieve or assimilation trap.  If a sieve trap is provided, it must be fitted with a trap heater.  The mechanical pump may be remotely located from the frame.

Provide a stainless steel 3-position high vacuum gate valve.  The middle position of the gate valve will be a throttled position with an adjustable stop.  Operation of the valve will be electric-over-pneumatic on a double acting cylinder.

Provide a roughing valve and associated plumbing sized the same as the inlet port on the mechanical pump. Operation of the valve will be electric-over-pneumatic, air to open, spring closed.

Provide a cryo pump regeneration valve and associated plumbing sized the same as the regen port on the cryo pump. Operation of the valve will be electric-over-pneumatic, air to open, spring closed.

1.3.   Vacuum Pumping  (SYSTEM #2)
This system has only one pump.  A nominal 27 cfm (free air displacement) mechanical roughing pump will be included.  Provide a suitable molecular sieve or assimilation trap.  If a sieve trap is provided, it must be fitted with a trap heater.  The mechanical pump may be remotely located from the frame.

Provide a roughing valve and associated plumbing sized the same as the inlet port on the mechanical pump. Operation of the valve will be electric-over-pneumatic, air to open, spring closed.

1.4.   Vacuum Gauges and Controls  (SYSTEM #1)
Provide the following gauges with set points for process control as described later:

Ion gauge on chamber;

Convection or thermocouple gauge on chamber;

Convection or thermocouple gauge on foreline;

Convection or thermocouple gauge on cryo pump volume.

As a minimum, the chamber ion gauge and convection/thermocouple gauge will have digital displays and will be autoranging.  The ion gauge will be configured to automatically turn on at about 1E-3 Torr.

Provide a capacitance manometer gauge, 1 Torr full scale, with a 4-decade range.  The gauge will be isolated from the chamber by a vacuum valve with electric-over-pneumatic control.  Both the gauge and the valve will have NW16 flanges.

Vacuum control logic will be electrical, although generally the valves are operated pneumatically.  Vacuum control should be automatic, at least to the point in the process that the gate valve opens, and must have interlocks for system and operator safety.  Controls for the introduction of the sputter gas and operation of the high-voltage power supply may be manual or semi-automatic.  A switch, either key-locked or somewhat inaccessible, will be provided to override all vacuum interlocks (maintenance mode).  Interlocks will accomplish the following:

The cryopump regeneration valve will be disabled if:

The Mechanical Pump is OFF or

The cryo pump foreline pressure is less than 0.050 Torr or

The gate valve is open or

The chamber roughing valve is open or

The cryo pump compressor is ON.

The cryopump purge valve will be disabled if:

The cryo pump compressor is ON or

The gate valve is open.

The chamber roughing valve will be disabled if:

The mechanical pump is OFF or

The gate valve is open or

The cryo pump regeneration valve is open or

The chamber is open.
The chamber vent valve will be disabled if:

The gate valve is open or

The roughing valve is open.

The gate valve will be disabled if:

The cryo pump regeneration valve is open or

The chamber roughing valve is open or

The chamber vent valve is open or

The cryo pump purge valve is open or

The chamber pressure is greater than 0.10 Torr  (somewhat adjustable) or

The cryo pump volume pressure is greater than 0.020 Torr.

The sputter gas mass-flow control valve (described below) will be disabled if the 3-position gate valve is not in the throttled position.

The capacitance manometer isolation valve will be closed if the gate valve is completely closed.

The sputter source power supplies (described below) will be disabled if the 3-position gate valve is not in the throttled position.

1.5.   Vacuum Gauges and Controls  (SYSTEM #2)
Provide the following digital readout gauge on the chamber:

multigauge type that autoranges from 360 to 10-4 Torr;

Vacuum control logic will be electrical, although generally the valves are operated pneumatically.  Interlocks will accomplish the following:

The chamber roughing valve will be disabled if:

The mechanical pump is OFF or

The chamber is open.
The chamber vent valve will be disabled if:

The roughing valve is open.

2.  Process Equipment
2.1.   Process Gas Inlet  (SYSTEM #1;  not applicable for SYSTEM #2)
Provide a mass flow control valve (0 – 100 sccm) and a mass flow controller interfaced to the flow valve and the capacitance manometer.  Pressure control will be accomplished using the three-position gate valve in conjunction with the mass flow controller.  Upstream pressure control is accomplished by using the gate valve in the throttled position to hold effective pumping speed constant while gas inlet is varied using the mass flow controller.

2.2.   Substrate Mount  (SYSTEM #1 and SYSTEM #2)
See figures called “Inner Side Rails” and “Rail Welding Jig Suggestion”.  Two fixed, parallel custom rails are welded to the inside of the chamber, parallel to the cylinder’s axis. The two rails are to support precision tracks inside the chamber, so they themselves need to be made and attached (welded to chamber) with some care.  The rails are angle stainless steel of cross-section 3″ x 3″ x ¼″, which has had one 3″ dimension milled smaller to match the circularity condition at their position.  Some parameters on their position needs to be controlled precisely and other parameters require much less precision.  To weld the rails into their correct position, it is strongly recommended that a jig be used when welding them into place, either like the jig that is shown in the figure below, or by some other similar method (final method to be used needs approval).  The placement parameters that need to be controlled are:


1.  the plane of the top edge (3″ wide) of one rail needs to be co-planar 


     with the plane of the top edge of the second rail, since these surfaces 


     will be used for alignment,


2.  the rails should be parallel.

It is recommended that the rails be ground on their top face which interfaces with the tooling plate used for alignment, unless it is already flat to better than ±0.002”.  The alignment plate should be horizontal when the rails are welded into place.  The small slots and large slots are placed symmetrically on the bars – the small slots are for M6 screws and the large slots are access ports for an allen key to tighten the screw heads.  

In order for the angle SS to sit on both edges and have their top faces parallel in the chamber, it is necessary to mill off ~3.8 mm off the bottom edge.  The welds are likely to be a series of discrete regions along the length of the rails (maximum load per rail is 300 lbs).  For the welds on the top ground surface, raised weld material above the surface of the angle needs to be ground down by hand to a little below the level of the angle SS after welding – i.e. only where the weld is directly above the SS bar, and not where the weld is between the bar and the chamber wall at the top surface.

2.3.   Sputter Source  (SYSTEM #1;  not applicable for SYSTEM #2)
A planar magnetron sputter source is needed that can be mounted inside a vacuum system.  The magnetron source should have an electrically isolated water-cooled anode that can be floated above chamber ground.  The anode should be attached to the cathode body and reasonable precautions provided to avoid shorting the anode upon build-up of condensate over time.  The magnetron source should provide adequate water cooling to keep the cathode body cool (below 60º C) when the system is operated at 15 kW for 1 hour in vacuum.  The system will be used to apply layers of gold or platinum approximately 2000 Angstroms thick over the surface of the substrate, with +/- 2% thickness variation.  The target length should be 1300 mm or smaller if a uniform gold deposit (+/- 2%) can be achieved over the center 1050 mm.  The total source width should not exceed 127 mm, with a narrower target width being desirable.  

magnet design:  the magnet design should be “balanced” so that  the B field component normal to the  substrate plane (a plane 3″ from the target face and parallel to it)  does not exceed 10 Gauss. 

water connections:   Water connections (all inlet and outlet) should be on the opposite side of the cathode body from the target and no more than 400 mm from the end furtherest from the door.  The connectors should be vacuum compatible and shielded (or dark-spaced) so that so that no arcing or discharge can occur under sputtering conditions (pressures of 1-100 mTorr) if the connectors are at cathode potential. 

electrical connections:   The electrical connections should be should be on the opposite side of the cathode body from the target and no more than 400 mm from the same end as the water connections.  The high-voltage connections should be shielded and connected so that no arcing or discharge can occur under sputtering conditions (pressures of 1-100 mTorr). 

materials:   All materials should be compatible with a vacuum environment to allow the system to achieve a base vacuum of better than 1x10-7 Torr for a clean system.

power supply:   provide a 15 kW DC power supply for use with the magnetron sputter source.

2.4.   Sputter Film Thickness Monitors  (SYSTEM #1;  n/a for SYSTEM #2)
Provide one Inficon XTM/2 quartz crystal thickness monitor (QMB) with a single sputtering sensor head (see diagram below).  This will be a variable-position monitor, so it needs to have flexible water connections.  No internal fixturing is required to mount the sensor in space, but sufficient length in the electrical and water lines to reach the most extreme location is required.  The electrical and water feedthroughs will go from the sensor as shown in the diagram below to the KF-40 chamber feedthrough closest to the door, which would make the required length to be 1.0 meter (i.e. from the inside of the chamber to the end of the 76 mm rigid copper extensions on the QMB sensor shown in the figure below.  The flexible metal tubing for the water will either be brazed or screwed on to the ends of the solid copper water lines that come on the QMB sensor, but should be screwed on to the KF-40 feedthrough.  Use of miniature flexible tubing and connectors will allow the water feedthroughs and the QMB electrical feedthroughs to be be put through a single KF-40 flange.  The bellows ID and OD on the two lengths of flexible tubing should be ⅛″ and ¼″ respectively, or metric equivalent.  Swagelock brand fittings should be used where possible.

3. Utilities

· Provide a power distribution box with circuit breaker protection.  The power configuration is 208/120 VAC, 60 Hz, 3 phase, “Y” connected.

· Plant chilled water is available in a closed loop system.

· Domestic hot and cold water are available.

· Compressed air is available.

· Dry nitrogen is available for purging.

4. System Manuals

Operation manuals for all system components and a complete set of engineering drawings will be furnished with the system.
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Figure 0:  Deposition thickness monitor (QMB) showing water tube orientation
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Figure 1:  Sputter Robot Pathway
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Figure 2:  Chamber Back Plate
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Figure 3:  Chamber Door
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Figure 4:  Main Chamber Ports
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Figure 5:  Inner Side Rails
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Figure 6:  Rail Welding Jig Suggestion
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Figure 7:  Chamber Stand
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