Specification for a Variable Angle High Vacuum Electron Beam Thin Film Deposition System

A.) Purpose:

 To deposit thin films of metals and insulators by E-Beam evaporation on circular silicon wafers up to 150mm in diameter at variable angles.  

B.) System description:

 The system shall be a standard commercial product with the exception of custom angle/rotation fixturing.  The system shall consist of a single 304 stainless steel high vacuum E-beam deposition chamber and associated pumping stack.  The chamber shall be pumped with a 32.5 CFM minimum mechanical pump and CTI 10 cryo-pump capable of pumping the chamber to a base pressure of 3x10e-7 torr or better.  The mechanical pump will be located remotely in the basement with NASA providing the vacuum line between the pump and the system.  Thin film deposition rates shall be controllable from 1-100A/sec.

 The system dimensions shall not exceed a depth of 36" when disassembled for shipping and a height of 95" when installed.  The system shall be installed in the NASA Goddard DDL (detector development laboratory) class 100 clean room requiring all parts to be compatible with this environment.  On site installation as well as acceptance testing is required to demonstrate a fully operational system.  The system shall meet or exceed all Semitech safety standards.  The supplier shall also be ISO 9001 (or later) certified. 

C.) System Specifications:
1.) Materials: The high vacuum chamber shall be constructed of 304 stainless steel with all ports and connections sealed by conflat flanges with copper gaskets with the exception of viton o-ring valve seals.  All internal parts shall be constructed in accord with standard high vacuum practices.

2.) Chamber Access: Access to the chamber shall either be by a hinged front door or by a standard raised bell jar.  The system shall be designed for easy access to the e-beam source and substrate fixturing.  The base plate or chamber access door shall be sealed by a viton o-ring.  

3.) Pumps: Rough pumping shall be accomplished by a system mechanical pump (minimum 32.5 CFM) located in the basement under the clean room approximately  25' away.  NASA will provide the tubulation between the system and the pump.  A CTI 10 cryo pump shall be provided and bolted to the chamber to achieve high vacuum conditions.  

3.) Valves: Standard electro-pneumatic valves shall be provided for roughing the vacuum chamber and regenerating the cryo-pump.  A chamber isolating electro-pneumatic high vacuum valve shall be included to isolate the chamber from the pumping stack during rough pumping and cryo-pump regeneration.  

4.) Automatic Valve Controller: An automatic valve controller shall be provided to control all the valves on the system.  It shall allow one button pump down to the high vacuum condition and one button return to atmospheric pressure.  It shall also have a manual mode to allow the operator to individually control each valve.  In addition the controller shall be capable of controlling regeneration of the cryo-pump, controlling the nitrogen purge and rough pump timings and set points. 

5.) Gauges: A thermocouple gauge tube and a Bayard-Alpert type ionization gauge tube shall be supplied on the chamber for monitoring the vacuum level.  A thermocouple gauge tube and a Bayard-Alpert type ionization gauge shall be supplied on the pumping stack on the pump side of the high vacuum valve to monitor cryo-pump performance.  Gauge controllers shall be supplied for reading out these gauge tubes.

6.) E-Beam Deposition Source: A standard, low cross contamination, 270 degree, four pocket e-beam gun shall be supplied with 15cc pockets and automatic indexing.  The power supply shall be 6kW (or greater).  

7.) Film Thickness Monitor: A quartz crystal thin film deposition monitor/controller shall be supplied to control depositions.  A single quartz crystal monitor head shall be located in the deposition chamber to monitor and control the thin film depositions.  E-beam power ramp-up, source pocket indexing, shutter opening and closing, and the actual deposition shall be controlled by the quartz crystal monitor/controller. 

8.) Shutters and Shielding: A pneumatically operated shutter shall be supplied to prevent material deposition during e-beam ramp up and cool down.  The shutter shall be automatically controlled by the quartz crystal thickness monitor controller. Shields around the e-beam gun shall be provided to minimize material deposition on surfaces other than the sample and the shields.  Two sets of removable stainless steel shields shall be provided to cover the internal surfaces of the bell jar to simplify system cleaning. 

9.) Sample Holder: The custom substrate fixturing shall be designed to hold at least (2) 150 mm diameter wafers and shall be water-cooled.  The fixturing shall also be capable of rotating the wafers around their centers by 360 degrees (non-continuously) with a variable tilt angle from 25 to 75 degrees with respect to horizontal.  Rotation position shall be controlled by a stepper motor with angular position readout.

 The system shall also come equipped with standard removable Knudsen type 150mm diameter planetary fixturing with continuous rotation.  

10.) Ports: Two windows shall be provided, one for monitoring the   

sample wafers and the second for e-beam gun monitoring.  At least four spare blanked off 2.75" conflat flange ports shall be provided for later addition of an RGA, etc.

11.) Venting: A low-pressure regulated nitrogen venting line with an electro-pneumatic valve shall be provided to vent the chamber to atmospheric pressure.

D.) Equipment Racks

All instrumentation and power supplies shall be contained in the system mainframe or standard 19" instrumentation racks.

E.) Spare Parts

A spare of each size viton o-ring and copper gasket for each of the conflat flanges shall be provided with the system.  In addition, a spare for any part with a life expectancy of (2) years or less shall also be provided with the system on delivery.  

F.) Acceptance Specifications

1.) The first system acceptance test will occur at the manufacturers facility.  It shall consist of demonstrating the following:

a.) The required base vacuum level in the processing chamber.

b.) An e-beam deposition of a one micron thick film of Aluminum Oxide and a one micron thick film of Aluminum. 

2.) The second system acceptance test shall occur within 15 days after the system is installed by the vendor in the GSFC building 30 clean room.  It will repeat the tests of section F1.

3.) A standard 1-year warranty shall be included in the contract.

G.) Installation and Training

The vendor shall install the system in the building 30 clean room and shall instruct (4) NASA personnel on the proper operation of all aspects of the system.

H.) Safety

The system shall be manufactured with the safety of operating personnel the foremost consideration.  A red mushroom EMO button will be provided to totally disconnect all electrical power to the system in case of emergency.  All valves will fail safe in the closed position.  The system will meet or exceed all Semitech safety standards, used in the manufacture of semiconductor processing equipment.  

I.) Utilities

The system shall operate from the following NASA provided utilities:

1.) Electrical Power: 208V AC, 3 phase and/or single phase.

2.) Compressed Air: 90 psi, 1/4" swagelok.

2a.) Compressed Air Exhaust: All exhausts from air operated valves and equipment will be manifolded together into a common 1"diam. copper pipe.

3.) House Nitrogen: 90 psi, 1/4" swagelok.

4.) Process Chilled Water: Up to 10gpm @450F 1"NPT

