                                                             Statement of Work 
                                                                           For

              ORGANOMETALLIC VAPOR PHASE EPITAXY (OMVPE) REACTOR

Item 1. The OMVPE reactor shall include:

Item 1A. Growth chamber with the following characteristics:

1. stainless steel construction

2. optical view port(s) with associated purge network to permit  optical  access  to the substrate for normal incidence in-situ diagnostics

3. the capability of growth on the following wafer sizes: 1x4”, 1x3”, 3x2”, as well as partial wafers

4. susceptor  rotation capability

5. turbo pumped load lock system for introducing samples into the growth chamber

6. load lock shall incorporate heating capabilities

7. mechanical dry pump for the growth chamber

8. a multi-zone  heater capable of substrate temperatures of up to 850°C

9. growth chamber effluent filtration system(s) for particulates, phosphorous, etc. as required

10. ventilated enclosure to house the growth chamber

11. effluent to be treated (scrubbed) by a Novapure EGS237 from ATMI (NASA provided).

Item 1B. Gas mixing cabinet with the following characteristics:

1. ventilated cabinet containing all of the gas flow equipment and associated electronics required for the OMVPE system

2. the cabinet shall have the following baseline organo-metallic source configuration:

a) two (2) double dilution networks for trimethyl gallium

b) one (1) double dilution network for diethyl zinc

c) one (1) standard network for diethyl zinc

d) one (1) standard network for trimethyl indium, including a binary gas concentration monitor.  Gas concentration monitor to be integrated into OMVPE control system for both open loop and closed loop operation.

e) one (1) standard network for trimethyl aluminum

f) phantom line for OM injector manifold

g) water cooled constant temperature baths (one each) for the six (6) defined OM sources (2a – 2e).

h) for OM sources operated near or above room temperature,  downstream tubing and valving shall be heated to prevent condensation.

3. the cabinet shall have the following baseline hydride (gas) source configuration:

a) one (1) double dilution network and one (1) standard network fed from a common arsine input.  The arsine feed line shall be prepared for future inclusion of a gas purifier.

b) one (1) double dilution network for disilane 

c) one (1) standard network for phosphine.  The phosphine feed line shall be prepared for future inclusion of a gas purifier.

d) phantom line for hydride injector manifold

4. purified hydrogen shall be supplied to the OMVPE system from an external source (NASA provided).  The OMVPE system shall incorporate protective filtration (gas quality and particulate) to protect the system in the event of low purity hydrogen being accidentally supplied to the OMVPE system.

5. the gas handling system shall include multiple access points for leak checking of the system (including the reactor chamber) in addition to equipment to facilitate the exchange of organo metallic source bubblers.

Item 1C. Electronics and Control

1. all reactor parameters shall be under computer control.  This includes, but is not limited to: mass flow controller set points, substrate temperature, substrate rotation, and valve actuation.

2. all reactor parameters shall be data logged

3. the control system shall be capable of accepting emergency shutdown signals from NASA supplied safety equipment

4. the control system shall be capable of providing signals to NASA supplied equipment  to report system status, alarm conditions, etc.

5. system shall be capable of unattended operation (able to sense and respond appropriately and independently to abnormal reactor conditions)

Item 1D. Safety systems

1. if provided, toxic gas detection equipment shall be based on Zellweger Analytics CM4 XPC toxic gas monitor for hydrides

2. the system shall include appropriate hydrogen detection sensors and equipment

3. the system shall include detectors for all other critical conditions, such as ventilation loss, cooling water loss,  etc.  All detectors, including those listed in item 1D1 and 1D2 shall be integrated with the control system for automatic system safeing.

4. the system shall be designed for automatic safeing in the event of a power failure.

Item 1E. Utility Requirements

1. the system shall operate on conventional U.S. standard supply voltages and frequencies

2. OMVPE system exhaust ventilation requirements shall not exceed 1100 CFM

3. the OMVPE reactor and gas mixing cabinets combined may not exceed 200 inches x 54 inches x 93 inches (5080mm x 1372mm x 2362mm) (L x W x H)

4. a recirculation water cooling system for the OMVPE system shall be supplied by NASA.  Connections to the NASA supplied equipment shall be made using U.S. standard plumbing connections.

Item 2.  Installation, demonstration of acceptable operation and training of OMVPE reactor use and maintenance.

Item 2A. Installation

1. the contractor shall deliver design approval drawings specifying all components and the configuration of the system within four weeks from award, for approval of NASA.

2. NASA will conduct an on-site inspection of the system prior to shipment from the contractor’s facility.  At this time, the contractor will fully demonstrate the capabilities of the reactor using only nitrogen and hydrogen.

3. the contractor is responsible for physically placing the reactor in the laboratory (NASA will provide assured access), as well as reactor assembly and check-out at NASA.

4. NASA is responsible for on-site electrical, air, gas, water and exhaust hook-up per contractor supplied information.

Item 2B Demonstration of acceptable operation

1. the contractor shall provide a list of approved or qualified precursor suppliers.  Precursors obtained from an unapproved supplier will be tested by epitaxial material analysis to demonstrate acceptable performance.  Once agreement has been reached on the precursors, the vendor shall be responsible for demonstrating the following structures on 2” diameter wafers (supplied by NASA) grown on a 3x2” carrier (excluding a 5mm edge region):

a) AlGaAs/GaAs distributed Bragg reflector with thickness uniformity < 1% within wafer

b) Undoped InP epilayer with carrier concentration < 2e15/cm3 (300K), mobility > 50k cm2/Vs (77K), thickness uniformity < 1% within wafer, thickness uniformity wafer to wafer < 1%

c) Doped InP with Si2H6 doping uniformity < 3% (within wafer and wafer-to-wafer) and DEZn doping uniformity < 4% (within wafer and wafer-to-wafer).

d) InGaAs on InP with carrier concentration < 1e15/cm3 (300K), thickness uniformity < 1% within wafer, thickness uniformity wafer to wafer < 1%, lattice match uniformity within a wafer < 300 ppm, lattice match uniformity wafer to wafer < 200 ppm

e) InGaAsP (1.3µm) material with PL wavelength uniformity within a wafer < 3nm, PL wavelength uniformity wafer-to-wafer < 2nm, lattice match uniformity within a wafer < 300 ppm, lattice match uniformity wafer to wafer < 200 ppm

f) Run-to-run reproducibility of InGaAsP (1.3µm) material with PL wavelength reproducibility < 4nm as demonstrated over three consecutive growth runs.

g) 1550nm MQW with wavelength uniformity within a wafer < 3nm and FWHM < 9meV (77K)

h) GaAs/AlGaAs double heterostructure on Ge with a PL intensity >90% of the same double heterostructure grown on a GaAs substrate.

i) Doping of In.53Ga.47As on InP with the following ranges:

n: 5x1016 cm-3 to 5x1019 cm-3
p: 5x1016 cm-3 to 5x1019 cm-3

i) Doping of InGaP on GaAs with the following ranges:

n: 5x1016 cm-3 to 1x1019 cm-3
p: 5x1016 cm-3 to 1x1019 cm-3
Item 2C Training

1. the contactor shall provide a minimum of one (1) week of training at their facility for a minimum of two (2) NASA personnel (NASA responsible for travel expenses).

2. the contractor shall provide a complete set of operation and maintenance manuals

Item 2D Warranty

1. the warranty period shall be no less than 12 months from time of final NASA acceptance

Item 2E Spare parts

1. the following items shall be included as spare parts:

a) injection valve assembly

b) solenoid valve assembly

c) 2 sets of chamber gas distribution components or deposition shields (if required)

d) ten (10) extra 3x2” substrate holders

e) three (3) extra 1x3” substrate holders

f) three (3) extra 1x4” substrate holders

Item 3. OMVPE process technology.  

Item 3A The vendor shall supply a demonstrated growth procedure for depositing anti-phase domain (APD) free GaAs on Ge substrates.  Documentation shall be provided to demonstrate the quality of the material deposited using the supplied procedure.

Item 3B The vendor shall provide a growth procedure for depositing a conventional n/p InGaP/GaAs dual junction solar cell.  Documentation shall be provided to demonstrate the quality of the device deposited using the supplied procedure.

Best Value Criteria: 1) delivery schedule better than 180 days, 2) use of all metal sealed components (for example mass flow controllers and pressure controllers), 3) warranty offered, it’s period and support offered, 4) past performance of the offeror, 5) additional spare parts or an increase in the quantity of those indicated under item 2E, 6) training of additional NASA personnel beyond the two specified in item 2C, 7) Small Business Subcontracting Plan.  Consideration is given for meeting the NASA small disadvantaged business subcontracting goal of 8%, 8) the quality of procedure provided to deposit GaAs on Ge substrates (in response to Item 3) as indicated by the information provided in the quote, 9) the quality of procedure provided to deposit n/p InGaP/GaAs dual-junction solar cell (in response to Item 3) as indicated by the information provided in the quote, 10) integration of in-situ optical based diagnostic instrumentation  (Option 1) into the OMVPE control system for closed-loop control of (for example) substrate temperature, epilayer thickness, composition, film stress or doping, 11) system data logging  - the frequency of measurement and the quality of the software tools provided to analyze the collected data, 12) the ease with which technology developed  on this OMVPE system may be transferred to existing commercial III-V manufacturers, 13) ability to add multiple in-situ measurement instruments simultaneously (requires  2 or more normal incidence optical access ports), 14) use of Ebara dry pump for the OMVPE chamber, 15) quality of components proposed, 16) the use of vertical reactor growth chamber geometry (wafers held horizontal, gas flow vertical).

Option 1

In-situ optical diagnostic instrumentation package(s), consisting of instrumentation for the characterization of the epitaxial materials during the deposition process.  This characterization may include, but is not limited to one or more of the following techniques: emissivity corrected optical pyrometry,  in-situ film stress measurement, in-situ film composition measurement, in-situ film doping measurement or in-situ film thickness and growth rate measurement.  The package(s) shall include equipment for calibration of the system and shall include documentation.  When more that one system is proposed, they shall be priced separately.

Option 2

Spare standard network OM source, including required electronics, valving and chiller.  Note: NASA may request more than one of these items.

Option 3

Preparations for future standard network OM source, including allocated space, required electronics and appropriate valving (i.e. injection manifold valves).  Note: NASA may request more than one of these items.

Option 4

Spare double dilution OM source, including required electronics, valving and chiller.  Note: NASA may request more than one of these items.

Option 5

Preparation for future double dilution OM source, including allocated space, required electronics and appropriate valving (i.e. injection manifold valves).  Note: NASA may request more than one of these items.

Option 6

Spare standard network hydride (gas) source, including required electronics and valving.  Note: NASA may request more than one of these items.

Option 7

Preparation for future standard network hydride (gas) source, including allocated space, required electronics and appropriate valving (i.e. injection manifold valves).  Note: NASA may request more than one of these items.

Option 8

Spare double dilution hydride source, including required electronics and appropriate valving.  Note: NASA may request more than one of these items.

Option 9

Preparation for future double dilution hydride source, including allocated space, required electronics and appropriate valving (i.e. injection manifold valves).  Note: NASA may request more than one of these items.

Option 10 

Mass flow meter included in the has handling system to provide in-situ mass flow controller diagnostics.

Option 11

This option has been added to provide the offeror an opportunity to quote for additional support services.  These services may include, for example, an extended warrantee period and/or on-site service agreements above and beyond those included as elements of item 2D.

Option 12

A duplicate computer control station for the OMVPE system able to be located 50 feet from the system.  This control station shall mirror the functionality and display capabilities of the primary control system.  For PC based control systems, this option may take the form of a redundant monitor and keyboard attached to the primary control computer.

