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Background
NASA Goddard Space Flight Center’s (GSFC) Detector Development Laboratory (DDL) produces multilayer circuits on four inch and six inch silicon wafers for technology demonstrations and flight hardware of detector focal planes and other components.  An essential tool required to build these circuits is a reactive ion etcher (RIE) that can chemically etch thin metal and dielectric films on planar substrates.  The DDL at GSFC possesses several such tools and has dedicated them to specific processes to maintain integrity of the specific process and to prevent cross-contamination of substrates due to processes that are incompatible.  These include tools dedicated to indium, GaAs, and dielectric membranes.  Other processes have been performed in a single, common-use, non-load-locked RIE regardless of process compatibility or capability of the tool.  Because NASA projects are moving from prototyping to production of certain detector focal planes, the DDL now requires a load-locked RIE to dedicate to etching of specific metals.  
Recently, the DDL has begun to require highly reproducible etches for superconducting microstripline circuits which include etches of niobium and molybdenum as well as vapor deposited silicon oxide.  These etches require careful control of sidewall profiles, good selectivity of the target material to photoresist, highly uniform etch rates across the full area of the substrate, and sensitive end point detection.  Further, to maintain the reproducibility of the recipes in the RIE, the vacuum chamber where the etching takes place must have highly reproducible vacuum conditions (low water content, low base pressure).  A vacuum-pumped load lock will also be specified to achieve the required chamber conditions.  The RIE tool will need to support only fluorine chemistry and have fully sealed system suitable for handling of corrosive gases and RIE biproducts. 
Objectives

1. The objective of this project is to procure a load-locked reactive ion etcher suitable for etching thin films of niobium and molybdenum on four inch and six inch substrates to be installed in the NASA GSFC DDL. 
No prototypes, or one-of-a-kind systems will be considered. The unit must be a production model with at least 5 similar units working in the field. The system must have a vacuum loadlock for loading/unloading wafers into the process chamber without the introduction of atmosphere. The loadlock must be equipped with a load arm for transfer of wafers between the loadlock and process chambers while under vacuum. The equipment must have a small footprint, utilizing no more than 4 feet by 5 feet of floor space for the main system and computer controller. (Water chiller not included in this footprint.) The system must be Class 10 Cleanroom compatible. All objects within the process chamber that are exposed to the process plasma must be chemically resistant to fluorine and oxygen etching plasmas. All gas lines must be high purity stainless steel with welded VCR fittings.

Scope

The scope of this work includes production and delivery of a load-locked reactive ion etcher to the GSFC DDL.  This includes the following:

a) design of the RIE system at the vendor location, 
b) approval of the design by the GSFC technical representative, communicating requirements to GSFC for installation including electrical power needs, gases and water.

c) construction of the RIE at the vendor facility,

d) testing of the RIE at the vendor facility including etching test parts provided by GSFC technical representative
e) shipping the unit to GSFC where GSFC personnel will install it in the DDL

f) demonstration of the RIE and training of GSFC personnel by vendor
Tasks Requirements

General

Vendor shall provide a vacuum chamber of all new construction.

Chamber shall be capable of below 10-6 torr base pressure
Chamber shall be built out of cleanroom compatible (i.e., low particulate) materials including paints and coatings on metal surfaces
Chamber shall be mounted on a frame with walls to maintain laminar flow around chamber in the cleanroom.
Chamber shall be equipped with Emergency power off (EPO) switch 

Power off state (when EPO is pressed) shall close all valves, power off all power supplies, and stop all flow of corrosive gases
Vendor shall provide demonstration etches on silicon parts provided by the NASA GSFC technical representative, enabling GSFC to assess tool performance against that of other vendors.

Vendor shall specialize in all-new construction and use all-new power supplies and other subcomponents.  No refurbished tools will be considered.

Etching chamber

Chamber shall be designed to be suitable for fluorine chemistry.

Chamber shall be constructed with removable platen and replaceable parts – so that parts can be replaced for a reasonable cost when anodization wears off

Chamber shall be equipped with 600 W or 1000 W power supply and matching network for V13.56 MHz RF (Radio Frequency)

RF power shall be supplied to the chamber such that RF power is fully contained and no fringing fields are present around the tool
Chamber shall be supplied with 4 mass flow controllers (MFC) for the following gases: O2, CF4, CHF3, SF6

MFCs shall be high precision flow with reproducible performance over the relevant pressure range of 10-100 mTorr of gas present in the system

MFCs and all gas connections to the chamber shall use VCR fittings and be leak tight to the base pressure of the chamber
An in-line manual shutoff valve shall be supplied for each MFC
Each MFC shall be controlled independently by the computer software control or manually on the MFC controller.
Two additional mass flow controllers shall be priced in the options
Chamber shall be equipped with a sensitive optical spectrometer endpoint detector system that responds to the flouresence of the plasma during metal etch
Automatic downstream pressure control system to control gas pressure during etch
Computer control

Multistep process recipe capability required

Viewport in process chamber with line of sight to lift pin mechanism
Chuck with pin-lift mechanism the interfaces with 
Load lock
The load lock component shall be priced as an option
Load lock Chamber shall be all metal construction
Load arm of chamber shall be suitable for reproducible mounting of 4” wafers including location of the wafer flat
Load arm can be manual transfer using magnetic feedthrough
An option for the load arm with automatically controlled shall be included in the priced options
Load lock chamber shall have a glass viewport for visual inspection of wafer prior to venting load lock
Pumps
Pumps shall be priced as an option

Minimum pumping requirements include the following: 

Chemically compatible turbomolecular pump, 900 l/sec

Fomblin oil rotary vane rough pump, 23.3 l/s (minimum) with oil filtration and demister

Software

User interface for recipe development and execution
Separate modes for different types of users.  For example: administrator (manage users, control system manually), engineer (recipe development), and basic user (execute recipes)

Full control of all aspects of system and readout of interlocks

Interlocks of RF power supply and hazardous gases to chamber pressure gauge

Interlock of pressure gauge and load lock gate valve to main chamber 

Interlock of turbopump to high pressure.

Warranty / Technical support
· 12 month warranty on all parts, labor, and travel, beginning after installation and acceptance testing.

Additional Criteria

Vendor will have a verified track record of technical competence in producing load-locked reactive ion etchers for fluorine chemistry.
Vendor will provide references of users of similar tools in a research prototyping laboratory environment.
Vendor shall provide periodic (6 months or yearly) maintenance service.
Vendor shall provide as low cost as possible to the government while meeting all of the technical specifications listed in this statement of work  
Deliverables or Delivery Schedule

Deliverable schedule begins at Date of Award (DA)
DA + 2 weeks  Vendor and GSFC technical representative have agreed on design and approval to begin construction can be given by GSFC technical representative 

DA+10 weeks  Vendor reports status to GSFC technical representative on progress toward completing unit.  Vendor finalizes all requirements for installation at GSFC so that technical representative can arrange for any modifications required at GSFC

DA+14 weeks  Construction of RIE unit is completed.  Vendor contacts GSFC technical representative to determine how to proceed with factory acceptance of unit (i.e., site vist to vendor facility versus demonstration of etching on GSFC representative provided parts)
DA+15 weeks Vendor ships RIE unit to GSFC for installation and arranges for visit to GSFC for demonstration of unit and training of NASA GSFC DDL personnel on use of unit.

Support visits  As required under 1 year from date of installation warranty to maintain functionality of tool
Documentation and training

Vendor shall provide manuals on regular paper and cleanroom paper for operation of the RIE tool.

Vendor shall provide documentation of all hardware added to the system including printed versions of any programming or settings associated with the new hardware, operation and maintenance of all pumps, mass flow controllers, computers, power supplies, and other stand-alone components.

Guarantee of tool functionality

Vendor shall guarantee functionality of the system, as defined by the state of the system accepted after the demonstration and training visit, for one year after acceptance of installation. This will include replacement of failed parts on the tool, troubleshooting of problems with the system via phone consultation, as well as site visits to restore system if it is non-functioning.
Vendor shall propose payment schedule and milestones.
Government-Furnished Equipment and Government-Furnished Information

At the place of installation (NASA GSFC) of the RIE unit, NASA GSFC will provide power, gases, and chilled water to tool at vendor specified levels as well as corrosive exhaust downstream of the vendor-provided pumps.
Security

Vendor shall provide all necessary documents or information to GSFC technical representative to acquire access to the GSFC site.

Place of Performance

Work shall be performed both at the vendor site, where the unit will be designed, built, and acceptance tested, and at NASA GSFC where vendor shall install the unit, and

demonstrate the use of the unit for training purposes.
Period of Performance

The period of performance of this work is fifteen (15) weeks from the date of the award broken down as follows:


Vendor shall contact the GSFC technical representative within two weeks of date of award to present the planned design for the tool

Vendor shall build the tool over the next 12 weeks, providing updates to the technical representative to ensure scheduled delivery, and to coordinate acceptance testing or visit of GSFC representative to vendor site for inspection and testing of the unit for acceptance.
At week 15, vendor shall ship unit to GSFC and contact GSFC technical representative to schedule on site demonstration of and training on the RIE unit. 
