STATEMENT OF WORK FORMAT

PCN: _____________________

Background

· We are submitting a purchase request for the construction and delivery of a dedicated ion milling system that meets our desired specifications.

· The ion mill system will be a critical addition to our available tools in the Detector Development Laboratory in Code 553.  Patterning of metal and dielectric films on four inch and six inch diameter substrates using ion mill has become a standard process for many of our ongoing programs.  Having a dedicated system will reduce cross contamination and throughput problems that currently exist in our fabrication laboratory.  

· The system is a high vacuum system to be operated in a Class 10 cleanroom environment.  They system will meet safety standards pertaining to operation in the laboratory (including interlocks to protect users and tool components, emergency power off switch, and other requirements described in the specification).  The system, upon delivery, will be clean and constructed from cleanroom compatible materials.

Objectives

· This project will involve the design and construction of a vacuum system equipped with an ion mill for four inch and size inch diameter substrates.  The system will function according to the specifications described below in the deliverables section.  The completion of the project will include delivery and installation of a suitable system at NASA Goddard Space Flight Center.  
· The goal of this project is to use this tool in the manufacture of high sensitivity detector arrays at GSFC.  
· GSFC has retrofitted a system in place at GSFC with an ion mill and are specifying the new system to reproduce several key components of our current system to enable smooth transition of the new tool into our production line.
Scope

· The contractor will be responsible for all design and construction of the components and full assembly of the vacuum system.

· The contractor will be responsible for showing that the system has met any required specifications prior to installation at GSFC.  The contractor will also perform on site tests to show that requirements are being met.

· GSFC will perform any work pertaining to building infrastructure on site at GSFC including electrical, water, and exhaust prior to the vendor's installation of the system.  GSFC will provide argon gas, regulator, and plumbing to system for high purity Argon gas to ion mill components of system. 

· GSFC will provide employees for training and support during system installation

Tasks or Requirements

· Design system and have designs approved by technical representative at GSFC

· Procure components (such as ion mill electronics) that match specifications 

· Fabricate custom parts for vacuum system

· Assemble vacuum system including pumps, hardware, and software for valve controller.

· Test system for leak tightness and basic functionality: software and hardware.  If ion milling can be performed at the factory, GSFC can provide samples to show successful metal patterning.

· Deliver system to GSFC

· Install system at GSFC and complete any tests that could not be verified in factory

Selection Criteria

· Selection criteria as determined by the technical representative will focus mainly on suitable functionality of the system to meet Goddard's needs.  Also, overall cost of the system and delivery schedule will be considered

· Specific technical goals for the system are: the base pressure achieved on initial pump and leak tightness of system; suitable ion mill and mill-to-wafer configuration as described in the specifications; a wafer chuck that can perform wafer cooling, tilt, and rotation; 

Deliverables and Delivery Schedule

Ion Mill Specifications  

We require a vacuum system for ion milling of structures on four-inch diameter substrates.  The system will be cleanroom compatible (class 10) and compact or bulkhead mountable in our cleanroom. The pumping system for the vacuum chamber will be low back streaming roughing pump and turbo or cryo pump for 5e-8 torr base pressure - and pump quickly below 10-6 torr.  (A cryo pump can be specified if, for example, helium backside cooling is not specified for the system and a suitable proposal for wafer cooling is indicated).  The valves will be automatically controlled.  The chamber will include suitable adjustable valves, mass flow controllers, and pressure controllers for argon ion milling.  The chamber will include an argon ion mill with beam neutralizer for milling of metal or dielectric films.  The chamber will be conveniently accessible for mounting four inch substrates and fixturing for four inch substrates will be provided.  The substrate mount will feature sample rotation, cooling (with temperature readout) and, if possible, variable distance from the ion gun.  All features of the substrate mounting should be expandable to 6” substrates (i.e. fixturing for holding a 6” diameter disk is feasible).  The milling should be reasonably uniform across a four-inch flat substrate (excluding the outer 0.5 cm) and will be evaluated with a thin metal film on Si substrate.  It is desirable that the angle of milling be reconfigurable from 0 degrees (ion trajectory perpendicular to substrate) to 90 degrees – via tilting of the wafer (with additional fixturing to meet the full range of angles if necessary).

Anticipated Uses for System

We plan to use this system for milling of elemental metals: Au, Cu, Pd, and Bi in thicknesses 0-10 microns.  Etch rates greater than 20 nm/min are expected for these materials.  Possible dielectric applications are SiO and AlO films of less than 0.5 microns thickness.  

For our typical application, milling of an Au film (~0.2 - 5 microns in thickness), we have required 5 % uniformity of etch rate from center to edge of the wafer.  If better performance can be demonstrated in the new system, that will be taken into consideration as a significant benefit.

The PBN neutralizer also reproduces the existing system retrofit.  Our concern at the time was the improved reduction of charging effects with a PBN when milling insulators such as SiO and AlO.  These insulating layers are typically on top of a wiring layer or ground plane.  
Specifications for system

1) Footprint/Size  - as compact as possible, suggested 3’x4’ with a max height of 6’. The max ceiling height is 8’.  

2) Pumps – a large roughing pump with low back-streaming (GSFC can provide a N2 purge to suppress backstreaming, if necessary) will be provided for chamber rough and turbo/cryo foreline.  A dry pump (scroll pump) can be located next to the system (>10 cfm) or a mechanical pump (>20 cfm) can be located at a distance of ~40 feet from the system.  Plumbing for the mechanical pump in the basement will be provided by GSFC.  The scroll pump is preferred due to its lower infrastructure cost.

A 8” diameter (or larger) cryo or turbo pump will be provided for direct pumping of the chamber to base pressure (5e-8 torr for in factory test).  The roughing pump and cryo compressor (if needed) will need to be placed in the chase or basement of the cleanroom facility

3) Chamber

a) Ports – At least two 2 3/4” conflat flanges blanked off. Other holes for 1 3/4” feedthroughs (for, crystal monitor (option), shutter).  Viewports for observing substrate and substrate temperature should be provided.

b) Size  - A small chamber allowing a throw of at least 14” between ion mill and sample but not requiring additional useable chamber room for additional components not described in this specification.

c) We suggest a “front door” configuration in which wafer-to-mill axis is horizontal and wafer tilt is toward the chamber floor.

d) Shielding for throat of pump to prevent contamination from particulate products of ion milling

4) Valves

Gate valve and choke between cryo/turbo pump and chamber.  

Automatic valve controller for roughing, foreline, gate valve, regen (if needed).

Dry nitrogen venting (i.e. a suitable valve and attachment point for the dry nitrogen supply to be provided by GSFC)
Manual valve for Argon gas as well as electronically controlled mass flow controller MFC.

Suitable interlocks to prevent improper valve actuation.

5) Gauges

Cold cathode pressure gauge (or equivalent) such that gauge operates sensitively in 10-4 torr range for setting of Argon pressure during ion milling.

Sufficient gauges to monitor high vacuum pump (i.e. for cryo regen or turbo/cryo pump base pressure behind high vac valve. 

All gauges located out of line of sight of ion mill beam

6) Substrate holder

Holder should be designed with polished copper surface for 4” wafers and clearance for 6” tooling to be mounted to the chuck 

4-40 taps on bolt circle radius for 4” fixturing (see req 7 below)

Holder should rotate – slow and fast speeds ~3/10 rpm or faster if possible and leak tight during rotation.

Holder should be water or air cooled to below 10 C (Goddard will provide chilled water).  Substrate temperature monitoring for sensitive measurement (calibrateable to +/- 4 oC) of wafer temp between 10 C to 100 C

7) Substrate fixturing

4 copies of a copper fixture that presses four inch circular substrate against cooled chuck.  Tooling for six inch should be designed but not produced.

Chuck should be designed to provide backside cooling of suitable thermal conductance for long duration ion mill.  Suggested helium backside cooling or other specified technique.  GSFC will provide chiller and chilled water supply.

Manual loading with minimal risk to wafer (i.e. dropping the wafer)

8) Ion mill

3 cm diameter ion mill source – up to 100 mA beam current with beam energies ranging from 50-1200 eV.

Ion mill should be readily accessible for service (i.e. grid or filament alignment/replacement)

Equipped with external (to the source) plasma bridge neutralizer located outside the periphery of the beam.

With the indicated ion mill components, we are duplicating a retrofitted system that meets our current needs.  That system has a 3 cm ion mill positioned at an angle to the rotating substrate and can be tuned to ~5% uniformity across the 4” substrate.  Thus, we only require the 3 cm source at this time to reproduce our current need.

Since our needs for the system may expand in the future, it would be advantageous if the chamber can be configured for ease of replacement of the 3 cm ion mill with a larger ion mill at a later time when improved uniformity or etch rate are required.  It would also be cost effective if the supplied power supply can run both the 3 cm and 8 cm ion mills.

9) Gas handling

Two MFCs (one feeding ion mill / one for neutralizer).  1 - 20 sccm.

Designed to optimize ion beam source operation by monitoring system pressure and gas flow rates.

Preferably controlled from same electronics

Total pressure in chamber can be controlled by choke valve in front of cryopump.

All stainless steel, metal seals, on argon tubing

Reqs 8) and 9) are to replace or match equipment Ion Tech MPS3000 PBN

and Ion Tech GFC-1000-U 

10) Wafer Shutter

One shutter, to protect wafer from ion mill during source warmup (and possibly to verify etch rate if a crystal monitor is installed).  Should be controllable via manual switch.  Leak tight on actuation.  GSFC will provide dry compressed air if needed.

11) Shielding


Replaceable shielding if ion mill is expected to etch chamber walls or other chamber components.

11) Viewports

Viewports sufficient to view ion beam and wafer surface without obstruction.

Removable protection for viewports to enable cleaning without damaging viewport

12) Operating manuals for system and hardware components.

13)  Optional: thin film thickness monitor

Level or near wafer surface for monitoring etch rate

14) Optional: residual gas analyzer

Mountable to extra 2 3/4” flange

Sensitive to up to 150 amu

15) Delivery and Installation


We recommend an in factory acceptance demonstration to be coordinated with the GSFC technical representative


System can be shipped to NASA GSFC and installation can be coordinated with the technical representative.


Vendor visit to GSFC will be scheduled to turn on and demonstrate system usage to GSFC technical representative and two designated trainees.

Government-Furnished Equipment and Government-Furnished Information

· There is Government-furnished equipment (GPE) and Government-furnished information (GFI) besides the specification provided here.

· There are no further limitations to be provided to the contractor other than the specification provided here.

Security


Vendor must be available to come on site to GSFC for installation.  As such an American citizen or a 30 –day advance notice if a foreign citizen will be participating in the installation.

Place of Performance

· The design, construction and preliminary testing will be performed at the contractor's site.  Delivery upon completion will be to NASA Goddard Space Flight Center.  Installation will be on site at Goddard Space Flight Center and will be coordinated between the vendor and technical acceptor.

Period of Performance

· Preferred maximum delivery time of 12 weeks upon receipt of order.  Vendor can advise of expected timing of delivery.

__________________________________                           ___________________

Signature & Title                                                                 Date

