STATEMENT OF WORK for

ATOMIC LAYER DEPOSITION SYSTEM
PCN:  4200333693__
1. Overview

Goddard Space Flight Center  (GSFC) has a requirement for an Atomic Layer Deposition (ALD) system for the purpose of depositing specific conformal superconducting and insulating films on three-dimensional semiconductor devices and wafers or other substrates. This system is being sought in support of superconducting Transition Edge Sensor (TES) detectors. The ALD system must meet all applicable safety and environmental requirements. The system must be a production model, not a prototype or one-of-a-kind system. 
2. Objectives
a. The ALD system will be installed in the a Class-10 cleanroom, the Detector Development Laboratory at GSFC, for the purpose of depositing conformal superconducting films and insulating films on semiconductor wafers or other substrates.
b. The ALD system must be capable of operation in both thermal and plasma enhanced mode.
c. The ALD system must, at minimum, provide conformal films of:

i. Superconducting titanium nitride and/or niobium nitride with transition temperature at 3 degrees Kelvin or higher. 
ii. Insulating alumina (aluminum oxide) with an optical index of refraction of 1.65 +/- 0.02.
3. Scope
This solicitation applies to the fabrication, delivery and installation of an Atomic Layer Deposition system with the minimum technical requirements and acceptable performance standards, for the Detector Development Laboratory at GSFC. This also includes training, documentation and verification sample deposition. 
4. Specifications – Atomic Layer Deposition System, Note: All below specifications must be individually addressed and any exceptions and compliances must be clearly noted by providing a matrix as an attachment to the proposed quote.  
4.1. General Requirement:

4.1.1. Cleanroom compatibility: The ALD system, in its entirety, must be suitable for operation within a Class-10 cleanroom, excluding a single, remote, rotary vacuum pump for the backing up of the process chamber turbo-molecular pump.

4.1.2. Multiple wafer capability: The ALD system must be capable of simultaneous deposition on at least 25 100 mm-diameter silicon wafers, and at least 25 150 mm-diameter silicon wafers in separate batches.
4.2. Computer Control: 

The ALD system must be computer-controlled with installed software and licenses for user login, operator interface of process control, data logging, and recipe management.

4.3. Process Chamber:
4.3.1. Process chamber vacuum pump: The process chamber must be equipped with a turbo-molecular pump, adequately sized to achieve the required base pressure within 6 hours starting from atmospheric pressure, and have adequate pumping throughput to properly perform the required depositions. 
4.3.2. The Turbo-molecular pump must be backed by a rotary vacuum pump suitable for oxygen service with Fomblin oil and an oil filtration unit for the rotary pump. The rotary pump must be properly increased in size to provide adequate pumping speed for process chamber rough pumping and adequate backing of the turbo-molecular pump at a minimum distance of 50 feet from the turbo-molecular pump exhaust, as the rotary pump will be placed in the basement beneath the cleanroom. This distance capability must be demonstrated during factory acceptance testing. 

4.3.3. The vacuum chamber walls must be water cooled to prevent the wall surface from rising above 30 degrees Celsius during processing. The water cooling function must be equipped with a temperature sensor to stop the cooling water flow when the wall temperature falls below 30 degrees Celsius.

4.4. Remote Plasma Reaction Chamber: 
4.4.1. The system shall be equipped with a remote plasma reaction chamber with a 13.56 MHz, minimum 300 Watt RF Generator, an impedance matching unit, plasma gas feeding connections and a gate valve. 

4.4.2. Remote heating reaction chamber: The reaction chamber shall be equipped with a remote heating function. The reaction chamber must be capable of uniform heating up to 500 ºC.   

4.5. Sources of ALD System:

4.5.1. At least 6 gas sources: 

4.5.2. All gas lines must be high purity stainless steel with welded VCR fittings. 

4.5.3. All gas lines must have line purging function after deposition. 

4.5.4. The plasma gas line must be equipped with mass flow controllers/meters. To deposit plasma ALD TiN, the system must have two gas lines for N2 and H2, respectively. 

4.5.5. To deposit thermal ALD TiN, the system must have a gas line for NH3.

4.5.6. In order to gain the flexibility for future needs, the system must have three additional gas lines.

4.5.7. Gas regulation: The vender must either provide a regulator on the system for each gas line, or specify the required pressure to be delivered to the system and the size and type of fitting required for the gas input.

4.5.8. At least 3 liquid sources:

4.5.9. To deposit TiN and Al2O3, the ALD system must have one liquid source for TiCl4 precursor and another one for TMA precursor, respectively, without sharing of process lines.

4.5.10. A H2O liquid source.

4.5.11. The lines of the liquid sources must have by-pass lines for line purge.

4.5.12. One pressure transducer for liquid source pulse monitoring.

4.5.13. At least 2 hot sources:

4.5.14. The ALD system must be equipped with hot sources, in order to force the low vapor pressure liquid and solid precursors to reach sufficient vapor pressure.

4.5.15. One hot source up to 300 ºC and one hot source up to 500 ºC.

4.5.16. One pressure transducer for hot source pulse monitoring

4.6. Vacuum Load Lock of ALD System: 

4.6.1. The system must be equipped with a vacuum load lock for the loading and unloading of wafers without exposing the interior of the deposition chamber to atmosphere. The load lock must have a view port, pressure transducer, a manual wafer insertion manipulator capable of loading 100 mm and 150 mm diameter wafers, and inert gas and vacuum lines with automated computer controlled valves. 
4.6.2. The load lock must be equipped with a dry pump suitable for installation in a Class-100 cleanroom environment and of adequate throughput to enable the load-lock chamber to be pumped to a pressure below 90 mTorr within 5 minutes from a pump distance of approximately 10 feet.
4.7. Precursor Identification: Within 30 days after receipt of order the vendor must provide a list of all required precursor materials, whether liquid, solid, or gas, necessary for the deposition of superconducting titanium nitride and/or niobium nitride, and also insulating alumina, as well as at least 1 commercial source within the continental United States for these materials so that they may be procured under separate contract prior to the delivery of the ALD system. (Note: Commonly used process materials such as deionized water, nitrogen gas, argon gas, and oxygen gas need to be identified, but a commercial vendor need not be provided.)
4.8. Hazardous materials handling: The system must be equipped with exhausted enclosures for all hazardous materials, including the gas manifold. For gases or materials which cannot be maintained within an exhausted enclosure within the system, the requirements for hazardous enclosures must be clearly stated and described within the text of the offer. (Make these requirements known by providing a matrix with exceptions and compliances).
5. Cleanliness of System:  The system must be clean and free of residue from manufacturing or storage. Exterior surface parts must be clean and free of grease or dust and compatible with operation in a Class 10 cleanroom environment. The system frame and covers must be clean, and free of rust. No materials may be used in the construction that could shed particles during normal use.

6. Deliverables and Delivery Schedule

6.1. Delivery: The contractor will be responsible for the delivery and set up of the ALD system with all system components listed in the Specifications, at GSFC. Acceptance will be conditional upon the successful demonstration of the acceptance criteria performed in-house and described above. 

6.2. Facilities requirements: Within 90 days after receipt of order the vendor shall deliver a detailed list of all system facilities requirements, including but not limited to electrical, exhaust, gas flow, cooling water, footprint, etc.

6.3. User training: Training for up to 5 operators will be conducted at the time of installation at GSFC.

6.4. Operation and Maintenance Manuals: The vendor shall supply one (1) complete set of operation and maintenance manuals printed on cleanroom paper, as well as an electronic version in PDF format.

6.5. Recipe development support:  The vendor shall provide access to their existing process library, as well as processes developed in the future for the lifetime of the equipment. The vendor shall provide interactive process development support through conventional media. (i.e. Electronic mail, telephone support, etc.)

6.6. Goddard-discretionary factory acceptance testing: GSFC requires the option, at our discretion, of a factory visit by GSFC personnel for the purpose of demonstration of the equipment on the factory floor prior to crating and shipping. GSFC must be notified of the scheduled availability to perform factory acceptance at least 45 days prior to the scheduled date. Factory acceptance criteria will be as follows:

6.6.1. Demonstration of acceptable base vacuum pressure in both chambers. (Process chamber less than or equal to 1×10(-6) torr. Load chamber less than or equal to 1×10(-3) torr.)   

6.6.2. Process chamber leak up rate 1 millitorr per minute or less, measured over a 10 minute period.

6.6.3. Load chamber leak up rate 5 millitorr per minute or less, measured over a 10 minute period.

6.6.4. Demonstration of leak-free gas lines. 

6.6.5. Demonstration of the successful loading and unloading of 100 mm and 150 mm wafers via the manual load arm through the load lock.

6.6.6. Demonstration of successful loading and unloading of 25 each 100 mm and 25 each 150 mm wafers, not necessarily through the load lock.

6.6.7. Demonstration of operable computer control system.

6.7. In-house acceptance testing (Required, not discretionary):  The vendor, working with GSFC personnel will perform in-house acceptance testing after delivery and installation. In-house acceptance criteria will be as follows:

6.7.1. Demonstration of acceptable base vacuum pressure in both chambers. (Process chamber less than or equal to 1×10(-6) torr. Load chamber less than or equal to 1×10(-3) torr.)   

6.7.2. Process chamber leak up rate 1 millitorr per minute or less, measured over a 10 minute period.

6.7.3. Load chamber leak up rate 5 millitorr per minute or less, measured over a 10 minute period.

6.7.4. Demonstration of leak-free gas lines. 

6.7.5. Demonstration of successful operation of all system components and software. 

6.7.6. Demonstration of successful deposition of the following material using customer-supplied silicon wafers:

6.7.6.1. 100 nanometer thick superconducting titanium nitride or niobium nitride with transition temperature at or above 3 Kelvin:

6.7.6.2. Simultaneous conformal coating of front- and back-side of 25, 100 mm-diameter silicon wafers.

6.7.6.3. Simultaneous conformal coating of front- and back-side of 25, 150 mm-diameter silicon wafers.

6.7.6.4. Thickness uniformity <+/- 2%

6.7.6.5. Conformal coating with TiN or NbN of high aspect ratio (up to 50:1), 10 micrometer diameter vias cut (by the customer) through 100 mm-diameter silicon wafers. Demonstration of superconductivity of the front-to-back connection is required, ensuring that the interior surfaces of the vias have been coated.

6.7.6.6. Insulating alumina with optical index of refraction of 1.65 +/- 0.02. (Ellipsometry measurements will be provided by the customer.)

6.7.6.7. Superconductivity of the TiN or NbN samples must be confirmed by cryogenic testing prior to acceptance of the equipment. Cryogenic testing services will be provided by GSFC with a best-effort to complete the testing within one week after installation and material deposition. In the event that films fail to show a superconducting transition at or above 3K, the vendor will be required to return to GSFC, at their own expense, to adjust the deposition parameters as needed. Acceptance and release of final payment is contingent upon meeting this requirement.

6.8. Warranty: The system and all system components, including remote components such as vacuum pumps, shall be provided with a 1-year factory warranty that covers all parts, labor, and travel expenses for on-site support of the equipment. The warranty period shall begin on the date of system acceptance. In addition, the vendor shall register all equipment requiring separate warranty by other manufacturers; such warranties shall also be effective from the date of system acceptance.
Government-Furnished Equipment and Government-Furnished Information

· No Government Furnished Equipment or Government Furnished Information is anticipated.

· The Customer will supply wafer test samples for demonstrating the film depositions.  

Place of Performance

· The fabrication of the ALD system will be performed at the contractor’s facility.

· Factory Acceptance of the ALD system will be performed at the contractor’s facility if required.

· Installation, Setup, Training and Acceptance Test Samples will be performed at NASA, GSFC, Building 30, Detector Development Laboratory, 8800 Greenbelt Rd., Greenbelt, MD 20771
