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Project Goals

• Gain an understanding of the benefits of ICP etching and how it works
• Design a timeline of a tool installation in a cleanroom
• Decommission the PE 2400 Sputtering System
• Relocate and Reinstall CVC Thermal Evaporator
• Install ICP Etcher, Auxiliary Equipment



ICP Etching/Tool Operation

“Inductively Coupled Plasma (ICP) Etching.” 
Oxford Instruments, www.oxford-
instruments.com/products/etching-deposition-and-
growth/plasma-etch-deposition/icp-etch

Sample etch recipe from LAM 4600 Reactive Ion Etch (RIE) dry etch 
tool. https://wiki.rit.edu/display/smfl/Lam+4600+Process+Information
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Presentation Notes
Gas and pressure stabilization
Etch oxide
Etch bulk
Overetch (ensure that all areas are fully etched, not just the larger ones)
Nitrogen purge evacuation
Rinse and dry after processing to fully stop chlorine from attacking the wafer surface
Dry etch method
ICP vs other dry etches – RF power, coil
Chemical and physical etch
Inputs – flowrates, gas chemistries, time 
select etch chemistries based on material etched, results desired
Results for size, etch rate, anisotropy, selectivity, uniformity




Tool Components

Advanced Vacuum Apex SLR ICP Installation 
Guide and Users Manual

Advanced Vacuum PlasmaTherm
Apex SLR ICP Etcher
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Advanced Vacuum Apex SLR ICP
Purchased on a grant for  Dr. Jing Zhang for use on GaN substrates in her group’s research
ICP Etching on III-V substrates presents a new capability not previously available at the RIT SMFL
Process chamber
Low pressure to keep the plasma ions coming in perpendicular to substrate rather than at an angle
Coil (generation/glow)
High density plasma achieved
Volatile byproducts vented




Auxiliary Equipment

Large Chiller
Roughing Pump

Small Chiller

Gas Reactor 
Cabinet (GRC)

Presenter
Presentation Notes
Supporting pieces of equipment necessary for ICP etcher’s facilities needs to be met
Gas Reactor Cabinet (GRC) provides abatement of hazardous gases by reactions that form ionic salts (e.g. boron trichloride, chlorine gas)
Large water-cooled chiller provides a self-enclosed cooling water loop to tool, auxiliary equipment, with higher resistivity than building facilities loop
Small chiller provides thermal fluid cooling to ICP Etcher electrode (thermal fluid more efficient cooling than using water)
Roughing pump evacuates process chamber to create rough vacuum conditions




Determining Tool Location
Option 1

Metal Bay Metal Bay
Before After
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For all options: measured equipment, checked service aisle space, checked ease of access for use/maintenance. weighed pros and cons of all possible locations

What: place in empty space in metal bay
Pros: Nothing in the space, would not need to move other tools
Why we didn’t choose it: No service aisle behind the wall, only gowning room. Insufficient space for auxiliary equipment in gowning or in cleanroom




Determining Tool Location
Option 2

Before After

Dry Etch Bay

ICP Etcher

PE
44

00

Dry Etch Bay
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What: decommission PE2400 in metal bay, move PE4400 from dry etch bay to old PE2400 space, install ICP etcher in old PE4400 space in dry etch bay 
Pros: Minimize hazardous gas lines/hazardous gas locations, service aisle available
Why not: PE4400 wider, did not fit in PE2400 space, would have to also uninstall CVC metal evaporator. Insufficient space in service aisle for all auxiliary equipment, some would have to be moved into the cleanroom (creates heat, noise)



Determining Tool Location
Option 3 (Final)

Metal Bay Metal Bay

Before After
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What: decommission PE2400, move CVC evaporator to empty spot in metal bay, install ICP etcher in metal bay space occupied by previous 2 tools
Pros: Room for use, maintenance access, space in service chase, space in circuit breaker box
Only completely viable option, chosen.



Decommissioning PE 2400

http://www.semistarcorp.com/product/perkin-
elmer-2400-sputtering-system/

Metal Bay
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Metal sputtering tool in photo bay, hadn’t seen regular active use in a couple of years
No photos because accustomed to defense work, tool is now decommissioned and gone (can’t take retroactively)
Unhook facilities – determine where gas lines had to be turned off in chase. Safe to vent, only argon, oxygen, and nitrogen in small quantities (not enough to be a severe asphyxiant hazard)
Turn off water, empty lines into drainage pit. seal with end caps
Seal leaking connections
Clean up debris, loose parts
Remove from bay



Moving CVC Evaporator

Metal Bay
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Thermal metal evaporator tool, was set up in the space where the ICP etcher and GRC will have to go
Set up new electrical contactor boxes
Make space, connections for roughing pump and compressor
Tie down internals, lift with johnny bar, move on pallet jack
Move roughing pump, water cooled compressor
Repair flooring cracked from leaking cryo line




Refurbishing CVC Evaporator
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One step forward, one step back
Approx age of machine 1960s?, when was last updated? (don’t expect quite that old, but no staff had recent memory of updates)
Note electrical burning, cracked insulation
Removal of now unused plumbing lines, old card swipe system – reclaim what’s reusable, e.g. old PCB and wiring assembly
Replacement of flexible tubes past prime and clogged with rusty debris. Replace gaskets and connectors
Build shelf space for water cooled compressor, reconnect compressor and roughing pump
Replace electrical connector, rewire internal connections
Reinstall machine, auxiliary equipment



Reinstalling CVC Evaporator
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Build shelf space for water cooled compressor, reconnect compressor and roughing pump
Replace electrical connector, rewire internal connections
Reinstall machine, auxiliary equipment
Moved ICP etcher and auxiliary equipment into place of CVC evaporator and PE2400



ICP Etcher Electrical Work
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Scott did all work in live electrical panel for safety reasons
Installation of contactor boxes (main tool, large chiller, GRC; all else gets power from tool)
Chart of needs (amps volts phases)
Wiring from circuit breaker
Wiring within contactor boxes
Wiring to tool connections




ICP Etcher Exhaust Work
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Measure for minimum elbows, shortest overall run
Connection point in interstitial area
Line to GRC
Waiting on saddle




ICP Etcher Cooling Loops
Water Cooling Loop

Thermal Fluid Loop

Large Chiller

ICP Etcher (5 inputs)
Small Chiller
Roughing Pump

Filter, Polisher

Small Chiller ICP Etcher Electrode

Supply Manifold

Flow Meters Return Manifold Flow Sensor
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Reuse of manifolds
7 connections, chart of flow needs
Filter, polisher
Difficulty procuring dwyer ball float models, working on finding alternate supplier
Small chiller positioned for specialty insulated lines to reach tool



ICP Etcher Gas Needs
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Need hazardous lines done by a professional (unless you want to breathe the BCl3 from my leaking lines)
Updated and moved nitrogen regulators panel
Brought up gas cabinet – where to store hazardous process gas bottles




Future work

• Finish cooling water
• Finish exhaust
• Finish gas lines
• Bring in Advanced Vacuum for installation review, recipe loading
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Will be continuing work after the conference but before full time employment begins



Conclusions/Lessons Learned

• Try to finish on time, but don’t expect to
• Anything worth doing is worth doing right
• Preventative measures are better than firefighting
• General installation/cleanroom knowledge
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Mostly little things that are gradually picked up over time and difficult to summarize and condense
e.g. When to use one fitting versus another, how to use a reciprocating saw
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