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1.0 LAB MANUAL GOALS

This manual is dedicated to serve the better good of the University of Washington
Microfabrication Facility (MFF) and its users. Details in this manual serve as strict guidelines
that must be followed at all times to ensure a safe and effective working environment for
everyone. This manual by no means contains every detail users need to be successful, but
highlights several key items that should guide users appropriately.

This document will be a living document and require changes as rules or policies become invalid
or outdated. Users will always be given a two week notice on major changes to the manual
before they will take effect. New users will be asked to complete an examination at the end of
their orientation period that tests their understanding of this manual.

The MFF mission is that of economic development. MFF seeks to provide a facility for both
academic users and industrial users. This synergy creates the need for a very strict and specific
operating policy. The goal is to provide an environment that allows all users to be successful.
This is likely to lead to a more strict policy than some users may be accustomed but will
ultimately benefit all.

The lab manual seeks to achieve five significant goals:

1. Articulate the potential dangers of working in the Microfabrication
Facility and clarify the appropriate response to any emergencies.

2. Clarify the process of becoming a lab user. The initial steps, training, and
various access levels.

3. List all important chemical safety items and how to work with and dispose
of all lab chemicals in a safe and effective manner.

4. Review the fundamentals of working in a cleanroom and the protocol that
is expected of all users within the Microfabrication Facility.

5. Document procedures for violations and disciplinary actions

The MFF lab staff exists to maintain the facility and help users achieve their goals
within the lab. We wish you the best of luck with your work.

University of Washington 1
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2.0 INTRODUCTION

The University of Washington is home to the 15,000 sq. ft. Microfabrication Facility (MFF)
located in Fluke Hall on the Seattle campus. This facility offers advanced micro- and
nanofabrication and characterization capabilities in 8,000 sq. ft. of clean room space.

An important goal of the facility is promoting industry-university collaboration, thus the MFF is
available to industry and academic researchers alike for research, technology and process
development, and prototype manufacturing projects. The lab is also available to perform
contract processing for users lacking the time or proximity to use the lab effectively.

The lab operates on two different access levels. Standard user access is from 9:00am to
6:00pm, Monday through Friday, during which time staff is available. Users can request after-
hours access which would allow them into the facility between 5:00am and 12:00am seven days
a week. The details of this process are in section 8.9.

The lab supports the processing of microelectromechanical systems (MEMS), microfluidic,
micro-optic, and sensor devices. The lab is best suited to 100mm diameter substrates, with
most applications also available at 3” and 150mm diameter substrates. Processing is divided
into six major groups as follows:

Photolithography Etching

* Spinners Fluorine-based Reactive lon Etching
* Contact Aligners (RIE)

* Wet Chemical Processing Chlorine-based RIE
Nanolithography Deep RIE (Bosch and Cryo)

Wet Etch (metals and dielectrics)

* E-beam Lithography

* Dip-Pen Nanolithography Metrology

* Nanoimprinting * Contact profilers

High Temperature * Non-contact profilers

e LPCVD (SiN, and SiO,) * Scanning Electron Microscopy
e PECVD * Four-Point Probe

* Thermal Oxidation Back-End

* Rapid Thermal Annealing * Wafer Dicing

Deposition * Wafer Bonding

* E-beam Evaporation * Wire Bonding

* Sputtering * (O, Laser

* Electroplating (Gold and Copper) * Screen printer

University of Washington 2
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3.0 CONTACTS

Laboratory Staff Email
Michael Khbeis khbeis@uw.edu

Associate Director/Lab Manager

Staff Engineers

Rick Bojko bojko@uw.edu
Mike Hjelmstad mhjelm@uw.edu
Steve Potter potter56 @uw.edu
Paul Schilling schilp3@uw.edu
Kris Lawler kflawler@uw.edu

Lab Student Assistants

Josiah Ward jgeward@uw.edu
Chase Ruebel chaser2@uw.edu
Elizabeth Merten emerten@uw.edu

Faculty Director
Karl Bohringer karlb@uw.edu

Administration

Sharon Li sharonli@uw.edu
MFF Operations Manager

Building/Facilities
Michael Glidden glidden@uw.edu
Fluke Hall Building Coordinator

U.W. Physical Plant

Emergency/After Hours
Police (Emergency)
Chemical Spills, Exposure, Odors (EHS)
University Police (Non-emergency)
Lab Staff (Hjelmstad) (Equipment Emergency)
Facilities Emergency (UW Physical Plant)

Phone***
543-5101

616-3534
616-3855
616-6981
616-5725
616-6981

616-7321
616-7321
616-7321

221-5177

685-1701

685-2105

685-8814

9-911
543-7262
543-9331
(425) 894-6243
685-1411

*** All contact numbers are (206) area code unless noted. All UW numbers can be reached by

dialing only the last 5 digits from a campus phone.

University of Washington
November 2011
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4.0 LAB LAYOUT
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5.0 EMERGENCY

5.1. Expectations

While the goal of the lab is zero emergencies, work in the facility creates the potential for
emergency situations on a regular basis. This manual and all policies are designed around
safety and minimizing any potential for emergency. Users creating an elevated risk for
emergencies will be warned or removed from the lab. All users are expected to respond to any
emergency they encounter with the conditional exception of chemical spills (explained further
in sections 5.8). MFF staff expects that any user encountering a fire, hazardous material
(HAZMAT), or medical emergency will respond as required in this chapter and notify staff as
soon as possible. Once staff is notified of an emergency they will take command of the
incident.

5.2. Medical Emergencies

Any medical emergency should be dealt with by phone. Since the lab is on the University
infrastructure this means dialing 9-911. Signs are posted by every phone for reminder and
every room except metrology has a phone. Any medical emergency should be immediately
followed with a call to staff informing them of the situation. If no staff is available, the lab
manager should be called at the after-hours number on the phone list.

5.3. Fire and HAZMAT Alarms

The Fire and HAZMAT alarms are linked directly to the Seattle Fire Dept. and will trigger their
emergency response. Fire alarms can be signaled using any of the RED pull boxes located in
each room. A fire alarm will trigger sirens in all areas of the lab and office space. In most areas
at least one ceiling strobe light labeled Fire will be activated. HAZMAT alarms are signaled
using any of the YELLOW pull boxes located in each room. A HAZMAT alarm will trigger a short
signal followed by a voice that will instruct everyone in the building to relocate to the building
lobby. Chemical spills should be treated as HAZMAT situations if the spill exceeds 1 gallon.
Under 1 gallon the chemicals should be disposed of according to guidelines in section 10.11.
Staff will respond to either alarm by assisting the Seattle Fire Dept. from a facility-knowledge
basis. Users should follow the procedure outlined below:

Fire (RED Pull Box)

Users should not attempt to subdue a large fire or one that seems to be spreading faster
than it can be knocked down. In that event, pull one of the RED fire alarm boxes and
immediately evacuate the building. Exit routes are described in section 5.4 and
illustrated on the layout in section 4.0.

University of Washington 5
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Microfabrication Facility User Manual

5.4.

Hazardous Material (HAZMAT) (YELLOW Pull Box)

The MFF takes significant precautions to keep users from creating a HAZMAT situation.
MPFF also relies on its users to understand the dangers of chemicals and gases they are
working with. Users should pull one of the YELLOW HAZMAT alarm boxes if they believe
there is an immediate danger to anyone in the lab. If they feel unsure about the danger,
they should find another user to immediately contact staff for an assessment, while
keeping other users out of the area.

In the event of a HAZMAT alarm, all building occupants are required to rally to the
building lobby on the north side of Fluke Hall on the first floor. The building lobby is
designated as a central point where emergency responders can meet people and make
any further evacuation if needed.

Exit Routes

Section 4.0 illustrates the MFF floor plan and has arrows indicating the proper emergency exits
routes. In the event of a fire or HAZMAT alarm do not degown (unless contaminated, then
follow decontamination instructions of emergency personnel or staff); immediately proceed to

the proper location. Realize that for a HAZMAT alarm, users do not necessarily need to leave
the building, but must relocate to the building lobby on the north side of the building. Please
realize that if a HAZMAT alarm is active, users should still relocate to the building lobby on the
north side of the building. There are 3 emergency exits from the facility: the northeast and
southeast doors lead to the parking lot adjacent to Mason Rd. The southwest door leads to the
loading dock and out to another parking lot. Please follow these routes depending on your

location.

Metrology, Photolithography, and High-Temperature rooms should exit to the grey area
containing the lab tools. Exit through the chase and straight out through the northeast
door and into the parking lot.

Thin Film room can exit according to the metrology, photolithography, and high-
temperature rooms, or exit through the door at the south end of the room and out the
southwest door to the loading dock, whichever is closer.

Back-End processing room should exit through the southeast door into the parking lot.
Office space should exit through the northeast or southeast door, whichever is closer,
and into the parking lot.

If you leave the building in your cleanroom attire, please degown outside and allow staff to

recollect the materials for proper laundering.

University of Washington 6
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5.5. Fire Suppression

There are several fire extinguishers located around the lab in the event of a small fire. You'll
always find extinguishers in pairs: one silver can, the other red. Silver cans are filled with water
and should only be used on fires involving flammable solids. Red cans are filled with CO, and
should be used on chemical or electrical fires.

In addition to fire extinguishers, several wet benches have built-in fire suppression systems
using CO,. In the lithography room, the hot plate bench containing the gold-plating bath, the
CEE spinner bench, solvent bench, and KOH processing benches have suppression. This system
is activated by a fire in the bench or by switches located at opposite ends of the chase dividing
the photolithography room. The wet bench in the back-end processing room and the wet
bench in the thin film room containing the copper-plating bath also have suppression systems
that can be activated at the specific bench and are not linked to others.

5.6. Facilities Emergency

Facilities emergencies would involve the lab or building infrastructure and are responded to by
the University of Washington Physical Plant. Examples of appropriate facilities emergencies
would include ruptured facility pipes (N, CDA, vacuum, water) or a HVAC failure. Anything that
occurs with specific lab equipment or within wet benches is the responsibility of MFF, and does
not warrant a call to UW Physical Plant. Please contact staff if an emergency occurs during
regular hours, and they will follow-up with UW. If the emergency occurs after hours, the
emergency facilities line at UW is 685-1411, or on a UW line just 5-1411. Any call to facilities
emergency should be followed by a call to the lab manager regardless of the time.

5.7. Chemical Emergency

Chemical emergencies can often be avoided by proper handling and the use of appropriate
personal protective equipment. However, due to the high usage of chemicals in the lab, a
chemical emergency is probably the greatest risk to users. The solvents in the lab do not
present a health danger on contact and have a far greater flammability risk. Strong acids or
bases require the greatest care when handling as they can cause burns or tissue damage. If a
chemical comes into contact with a small area of skin, immediately remove clothing from the
contact area and flush skin with water for 15 minutes. If chemicals come into contact with the
eyes, eyewash stations are located in each room of the lab. Users should hold their eyes open
in the eyewash for 15 minutes while rotating their eyes. For large scale exposures, showers are
located in each room directly above the eyewash station. Users will need to remove clothing to
flush the contact area. No curtains are available at shower stations so please do not be modest
as your health may depend on proper flushing of the exposed area. Users are required to
inform MFF staff if they have had an exposure to a dangerous chemical. If a hospital visit is

University of Washington 7
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needed, it is always valuable to take the material safety data sheet (MSDS) for the chemical to
the hospital as the proper medical care can be better determined with the MSDS (refer to
section 10.4 or locations).

Hydrofluoric Acid (HF)

Hydrofluoric Acid (HF) is the most dangerous chemical in the MFF Microfabrication Lab.
As little as 100mL is potentially lethal if untreated. HF will not cause a contact burn
when exposed to human skin. Rather it is absorbed into the body and does not show
any sign of exposure until it begins to break down the calcium in bones. The acid can
move through the body causing lowered blood calcium, destruction of bone, and
ultimately cardiac arrest if untreated. Users should immediately flush the exposed area
with water for at least 5min. Remove any contaminated clothing and dispose of it
properly (rely on someone else for this). After flushing the exposed area apply HF
antidote cream located at bench 3 (where the HF bath is located). The HF antidote is
2.5% calcium gluconate gel; the gel will bind with the fluorine ions and diminish any long
term damage. The affected individual should go directly to the hospital ER or have an
ambulance called. The calcium gluconate should be reapplied every 15min until medical
personnel are on-site. If you are aiding anyone experiencing HF exposure consider your
own safety and wear black, neoprene gloves which offer the highest protection from HF.
If HF exposure is to the eyes, do NOT use calcium gluconate in the eyes. Instead flush
eyes for 15min using the eye wash. University of Washington EH&S provides excellent
in-depth details on HF exposure in a document that can be found at
http://www.ehs.washington.edu/manuals/tips/hydrofluoricacid.pdf

5.8. Spill Response/Personal Protective Equipment

A spill cart is located in the tool grey area for any chemical spill that is not considered a
HAZMAT emergency. Users must contact staff for any emergency involving the spill cart, and
are strongly recommended to simply have staff respond to the spill emergency. The spill cart
will contain acid and base neutralizers, HF spill kits, mercury spill kits, caution tape for clearing
an area, and personal protective equipment. Personal protective equipment includes the latex
and neoprene acid gloves, aprons, and face shields that are outlined in section 10.6.
Additionally HAZMAT level B suits are available on the spill cart for staff use only.

5.9. Emergency Manual Off (EMO)

Most pieces of equipment in the lab have an EMO switch which will disable all power to the
system. This is not an advisable method of shutting down any system, but is a quick one-step
solution for an emergency. If a user sees any kind of electrical arcing, smells or sees smoke, or
hears an odd sound they should not hesitate to use the EMO switch. Since an EMO can be hard

University of Washington 8
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on equipment, users are asked to carefully distinguish process instabilities and uncommon runs
from emergency situations. Flickering plasma, unusual etch rates, or a system that will not
pump down to the expected vacuum are not emergencies. They should be dealt with as
uncommon runs and approached as described in section 8.6.

5.10. Electrical Shunt Trips

Shunt trips are electrical shutoffs for entire busses. One shunt trip can disable multiple pieces
of equipment connected to a single buss. The majority of equipment in the photolithography
lab is connected to shunt trips. The design is for safety, especially in a fire emergency. Tripping
several breakers at once quickly reduces the risk of fire ignition from an electrical source. Any
power failures to the facility will also set off the shunt trips. If a shuntis tripped it must be
reset manually by staff before power to its components can be restored.

5.11. Compressed Gases

There are several compressed gases used at MFF that can trigger a potential emergency
situation, and many safety measures are in place to avoid just that. The lab uses two
pyrophoric gases (silane and dichlorosilane) and four potentially corrosive gases (ammonia,
chlorine, boron trichloride, and silicon tetrachloride) which are all located outside the building
in the concrete bunkers. Silane and dichlorosilane are pyrophoric gases meaning they will
ignite in contact with air. Improper handling of these gases has caused fatal accidents at other
facilities. Ammonia is a corrosive gas and is also kept in its own distinct bunker. Silane,
dichlorosilane, and ammonia are used in the chemical vapor deposition (CVD) systems to
deposit amorphous silicon, SiO,, and SiN,. Chlorine-based gases are toxic and potentially
corrosive with exposure to water. For all hazardous gases, the cylinders are contained in their
own special gas cabinet with a nitrogen purge bottle for proper cylinder changing. Users are
not permitted access to the gas bunker under any circumstance. The MFF maintains
monitoring equipment to detect any of the above gases. Any detection of the gases will trigger
a HAZMAT alarm. MFF staff maintains all compressed gas cylinders with assistance from Airgas.
Only MFF or Airgas personnel are allowed to disconnect or move gas cylinders. Users in need of

any cylinders or bottle changes must contact MFF staff.

University of Washington 9
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6.0 GETTING ACCESS AND GENERAL PROTOCOL

6.1. General Disclaimers

There are a few disclaimers not printed in the current user agreement that need to be stated
for safety and legal interests. Any disclaimers specific to equipment are explained in section
8.4. The following are specific notices users should consider that are not included in the
standard user agreements.

* Intellectual Property (IP) — The lab user agreement specifically states MFF policy
regarding IP. Non-disclosure agreements (NDA) are also possible between MFF and
clients if necessary. However, since the lab is open to all users, users are responsible for
keeping their IP private. The lab is not responsible for any IP lost by users due to their
own errors or carelessness. Please consider this if you have any significant IP. The lab
will try to make arrangements whenever possible to provide secure locations for
products or work.

* At-risk Work Area —The lab is an at-risk area. It is precisely this reason that all users are
required to follow the rules outlined in this manual to reduce as much risk as possible.
Regardless, this is not a guaranteed-safe work area, so please be constantly aware of
your surroundings and potential risks. If at any time you become aware of an unsafe
working condition in the lab including equipment, facilities, or other lab users, you are
required to report the issue to the lab staff so appropriate action can be taken.

6.2. Hours of Operation

Staff is on site from 9:00 a.m. until 6:00 p.m., Monday through Friday. Staff follows University
of Washington guidelines for holidays. Equipment involving toxic gases (silane, dichlorosilane,
ammonia, silicon tetrachloride, boron trichloride, and chlorine) may only be operated when
staff is present (typically 8:00am until 6:00pm, Monday through Friday).

6.3. Granting Access

The following steps are followed, in order, to become a user of the MFF. Itis nota
requirement, although strongly recommended, that prospective users meet with lab staff to
discuss their project prior to seeking access to the facility. A meeting with staff will allow a
stronger project plan to be created and allows staff to understand user goals prior to any
training.

1. Complete the required paperwork. The documents are located on the MFF website,
www.engr.washington.edu/mff, and are as follows:
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a. Facility Use Agreement (choose between Academic or Industrial) — The facility
use agreement is a legal contract that outlines the terms of service and usage of
the MFF.

b. Project Description — This document is meant to serve as a broad overview of the
project you wish to accomplish in the lab. This document is reviewed by the lab
director or lab manager to ensure that the goals can be met at MFF, and
furthermore, to help guide users to the appropriate staff or equipment.

c. (Optional) Non-disclosure Agreement — For users requiring a non-disclosure
agreement, a standard University NDA is available on the website.

2. Register for the lab orientation and wet chemistry/CORAL training. The schedule is
available to users on the website at www.engr.washington.edu/mff/schedule.html.

Register by sending an e-mail RSVP to the staffmember listed on the training link. You
will receive a confirmation. Please note that orientation is a 2-day process. The first day
will involve an introduction to cleanroom practices and protocol, general safety
information, and a tour of the laboratory. The second day is wet chemistry/CORAL
training and involves more hands-on demonstration of safety practices followed by
training on the CORAL software used in the lab. Each day lasts ~1.5 hrs.

3. Attend the Orientation and Wet Chemistry/CORAL trainings. Both sessions meet in the
first floor lobby of Fluke Hall on the north side of the building.

4. Complete the Orientation Exam. An examination is given to ensure users understand
the critical safety issues in the lab, as well as the appropriate cleanroom protocols. The
exam is a 25 question, multiple-choice exam. Users are required to score 20 or more
correct answers to pass the exam. If a user fails the exam, the staff member responsible
for orientation will review the missed answers, and the user can retake the exam the
next day.

5. Update information in CORAL. Upon completion of the wet chemistry/CORAL training,
users will have a login and password to access CORAL. Users must update there
information as described in section 7.4.

6. Obtain Access. When a user completes the orientation exam and updates their CORAL
information, lab staff will confirm that the paperwork in step 1 is in order and issue an
access card. The access card will be a Husky Card for UW representatives. For all other
users, a white card will be issued and can be obtained from the staffmember conducting
orientation.

7. Complete Equipment Trainings. Users are free to begin attending equipment trainings.
The schedule is posted online at www.engr.washington.edu/mff/schedule.html. The

process for individual equipment trainings is described in section 8.1.
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The staff is always available to help during this process. Historically, users that have worked
with staff prior to gaining access to the lab have been more successful in achieving results. It is
typically a result of determining what is realistic vs. unrealistic and identifying where the
greatest challenges are in the process and addressing them as early as possible.

6.4. Access Card

The white access card (industrial users) or Husky card (academic users) is your identification
card within the facility. The entire lab is a secured facility with access permitted via your
identification card. If users lose a card, a loaner card may be issued by the lab manager for a
maximum of 48 hours. Cards that have failed due to regular wear and tear will be replaced, but
require the user to return the original card.

6.5. Terminating Access

Users and their company or principal investigator (Pl) are responsible for informing MFF of
access termination. A written document delivered via e-mail, fax, or mail is required to
terminate access for a user. If a user changes his/her company or Pl without informing MFF,
the prior company or Pl is responsible for the charges incurred. Thus, it is critical that Pls or
companies maintain an accurate list of their users.

6.6. User Fees/Billing

The cost associated with lab access is detailed online and is subject to change in accordance
with the Facility Use Agreement. From the MFF homepage, a link under “MFF Documents and
Resources” titled “Microfabrication Facility Rates” details all associated lab costs.
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7.0 CORAL

Common Object Representation for Advanced Laboratories (CORAL) is a hardware and software
system that controls user access to the equipment within the Microfabrication Lab. The
hardware aspect involves small interlock relays at each piece of equipment. The interlock is
installed in such a way that the system cannot operate without it turned on, but at the same
time is in a safe, stable state when the interlock is off. The systems that are interlocked in
CORAL are identified in Appendix Error! Reference source not found..

The software aspect of CORAL is the only interface users will have with the system. The
software interface will allow users to reserve time on the equipment, enable and disable the
interlocks for each system, and report any errors or problems with the equipment. Billing
information as well as equipment certifications are stored within CORAL as well.

7.1. Login

The CORAL software runs using Java Runtime Environment. Users should open their web
browser to mff.coral.washington.edu. The page will open a window that allows users to link to
the latest update of Java Runtime, or Launch CORAL. The first time users launch CORAL a
shortcut will be placed on the user desktop that can subsequently be used to access CORAL. All
computers in the lab have this shortcut called “CORAL Remote”. Upon starting the computer
will ask users to login to the system. Users will receive login IDs and their passwords during the
CORAL training for new users.

7.2. CORAL Clients

CORAL has two separate clients users will interface: the equipment client and the resource
client. The resource client is a database interface tool that contains billing info and equipment
certifications. The equipment client will be used for reservations, interlock switching, and
reporting problems. Users will likely spend >95% of all their CORAL time on the equipment
client. The equipment client is the default client that opens once users are logged in.

7.3. Resource Client

The resource client is access by clicking “Window” then “Resource”. The window is essentially a
search query that allows you to search by various important components described below:

* Members — Members are the actual lab users. They are individuals, typical members
are referred to by a username which is usually the same as their e-mail address prefix.

* Projects — Projects are the actual work category that members work under. These are
typical UW budget numbers or specific products for the industrial users. Members can
work for one or more projects depending on need.
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* Accounts —Accounts are the top level in the user hierarchy and it is either the company
itself or the research group for academic users. All projects and members are tagged
back to a specific account.

* Roles —Roles define the permissions of members in CORAL. For example, staff has a
“lab:staff” role that allows them to certify users and operate any piece of equipment.
Users can only obtain one role “equipment:user” which indicates they are authorized to
use a specific piece of equipment.

* Services — Services are regular monthly subscriptions that members may have. This
could include a regular charge for office space. At this point the Services within CORAL
are not used.

7.4. Updating User Information

Users are required to maintain their member information and make sure their roles are
accurate. To maintain member information, search by member for your username. The results
should appear below the search bar. Highlight the search result and click “View Member
Information to bring up the following window:

Resource Client

iSearch for Members v Member info for mhj
by name v Name s
mhjelm || universityin [s61008470 |
Actvelony, Search First name [Michael \
mhjelm (Hjelmstad, Michael)
Last name [Hielmstad |
Password
m | ]
Advisor [ ‘
Address 1 [135 Fluke Hall |
Address 2 s 352140 |
Mail code [ |
City [5eattie \ | |
state wa 4|
Add new member Zipcode [ag195-2140 |
View member information Phone [(205) 299-7135 ‘
View subscriptions Fax [208) Ba5-6780 |
View projects Email [mhjelm@watechcenter.org |
View roles At _offica [ | T
Exit ’ Add subscription ‘ ’ Add project ’ ’ Add role I [ Inactivate ‘ ’ Activate

Users are required to maintain all information. This information is meant to be business only,
please do not add any personal information as others will have access to this. A valid phone
number is required, as well as a valid e-mail address. Without a valid e-mail address in CORAL,
the user may not receive key e-mails from the lab.
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Users should also regularly search their name for information on their roles. On the same
screen shown above, users can click “View Roles” to see all of their equipment certifications. If
there are any problems, the user should contact the equipment owner/trainer for clarification.

7.5. Equipment Status
When looking at specific equipment in the tree of the equipment client, users will find the
equipment in one of 3 major states: operational, problem, or shutdown. They will be indicated

by different icons. To clarify the icon meanings, users should click “Help”, “lcon Help” and a
listing of the various icons will be explained.

Coral Icon Help @

@ The tool is fully operational.

@' The tool has equipment problems.

A Optional support facilities for the tool are down.
Ed Required support facilities for the tool are down.
@ The tool is shutdown.

OK

The equipment status of multiple systems can be ascertained by clicking on an appropriate
heading. Clicking on “MFF Microfabrication Lab”, and then selecting the tab labeled
“Equipment Status” will display all enabled system in the lab by default. Selecting the
appropriate checkboxes will give the user the opportunity to determine all problems or
shutdowns within the lab. To determine individual equipment status and the sources of
problems or shutdowns, find the appropriate equipment in the tree directory. Select the
equipment, then click on the “Maintenance” tab. The default view shows any unresolved items
for the past three months. Users can change the date involved, or they can click “Show
Message” to seen the full description behind the shutdown, problem, or comment.

7.6. Making Equipment Reservations

Equipment reservations in CORAL are used as placeholders and users are not charged for
making any reservations. The rules regarding equipment reservations are described in section
8.5. To make the reservations in CORAL users need to start on the equipment client, then
select the appropriate equipment from the tree structure at the left of the screen. On the right
side of the screen be sure the “Reservations” tab is selected. The screen will now show a grid
of all time slots on the equipment for the next 2 weeks. Go to the desired start time, click and
drag the mouse over the course of the reservation. Remember that the times are in 24:00
format, and that the times listed represent the beginning of the block. After selecting your
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block, click “Reservation Actions” then click “Make”. A window, as seen below, will come up
that verifies the user logged in, as well as the account and project the user is planning to use.

B mbieknCoral Eoudome i Gl AES
Window Equipment Actions Process Actions Reservation Actions History Actions Staff Actions Supplies Help
Pacific-NW Micro/Nano User Facility sl Reservations I History k Maintenance r Policy k Equi Status [ Staff Charges [ Sensors ]
¢ WTC Microfabrication Lab EVG-Aligner Reservations
9 Photolithography (® Multiple Days Per Machine View () Multiple Machines Per Day View
o~ Coat Sat, SEP 18 [Sun, SEP 19]Mon, SEP 20| Tue, SEP 21 [Wed, SEP 22 Thu, SEP 23[ Fri, SEP 24 [ Sat,
8:45 -
9 Expose 9:00 |
£ EVG-Ali o1
-Aligner 9:30
4> ABM-Aligner 9:45 r Sl
10:00
4 3in-Quintel 10:15 1
. Agent mhjelm 1
@ Flood-Expose 1 gig —
. Machine EVG-Aligner |
o Develop = 11:00 -
11:15 Memb mhielml
o= OvensHotplates 11:30 jei ]
o= Nanolithography 11233 Project MFL Operations = || u
[ orunacs o pecout i ||
o Metallization 1245 —
i 13:00 Process |default —
o~ Dry Etching 5
1315
" 13:45
f~ Misc 14:00 ]
o~ Wet Processing 1415
|| 14:30 —|
o~ Support Equipment | 14-45 Ad
v <« Il [»]
<« Il I [*]

Click “Ok” and the reservation is made. The member name will now fill the slots and make the
tool unavailable during that time (though the interlock could still be enabled by anybody). To
delete a reservation, click on the reservation, then click “Reservation Actions” followed by
“Delete” to remove the reservation.

7.7. Enabling and Disabling Equipment

Enabling equipment will start the equipment usage fee associated with each tool. Make sure
you are present in the lab and ready to use the equipment prior to enabling it. To enable the
equipment find the appropriate equipment in the tree structure at the right. To enable the
system, users must have certification which is denoted by an asterisk following the equipment
name. Secondly, the system must be operational, or in a problem state to allow enabling. Click
on the equipment, then click “Equipment Actions” followed by “Enable”. A dialog box opens
again to ask user which account and project to bill the work against. Click “Ok” when
completed. The system is shown as enabled when a member name appears next to the
equipment name in parentheses. To disable the interlock, click on the equipment with your
name shown enabled, click “Equipment Actions” followed by “Disable”. NEVER DISABLE A
PIECE OF EQUIPMENT ENABLED BY ANOTHER USER. This could have a catastrophic effect on
the system. Please contact staff if a user has a system enabled, but is not present.
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7.8. Reporting Shutdowns or Problems

Processes fail and equipment does malfunction, it is a fact of working in the Microfabrication
Lab. One of the most important goals of the lab is to minimize equipment and facility
downtime. Users can help ensure this by reporting any shutdowns or problems to staff as soon
as possible using CORAL. To do this properly, users need to have a sense of what constitutes a
shutdown, problem, or a comment.

* Shutdown — A shutdown occurs when a flaw disables the machine from running in any
circumstances. This would include things like a vacuum failure, mechanical failure, or
anything else that prevents a user from moving through the full SOP as intended.

* Problem — A problem is less severe than a full shutdown. Problems do not always
prevent a user from completing a run on the system. If the system fails to meet a
process specification, or a component on system doesn’t work (e.g. a heater on a
sputter system that does not always require the heater).

* Comment — A comment is something not preventing the equipment from running
properly, but important enough to inform staff. For example, equipment left dirty or a
process improvement recommendation.

Users should make their best judgment deciding which of the 3 situations to log. To log the
equipment, users need to find the piece of equipment in the tree on the left side of the
equipment client. Once highlighted, click “Equipment Actions” and then decide amongst
“Shutdown”, “Report Problem”, and “Make Comment”. A window will appear that requires a
subject line, as well as a body paragraph. This window will become an e-mail to all certified
users for that equipment. Try to make the subject line short and to the point. After that
provide as much detail as possible within the body paragraph to inform staff what exactly
happened to the equipment. Staff will contact the user if necessary. Any reported shutdown,
problem, or comment requires a resolution by staff before the CORAL status will change.

7.9. CORAL Errors and Alterations

Honest and legitimate user errors are expected to occur within the CORAL system from time-to-
time. If this happens, users may request an alteration to the CORAL log to reflect proper usage.
The CORAL Alteration Form in Appendix F (also on website) should be used for any such
request, available on the lab website. The user should identify the mistake and request a
proper beginning and end time for their true usage. Staff is committed to reading and deciding
all alteration requests within 24 hours of receipt. The final result will be sent back to the user
for record-keeping.
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For overnight runs, please review the rules regarding overnight runs in Section 8.7. As long as
other users can remove wafers and are unaffected, an edit to the CORAL database can be made
to reflect the endtime of the actual process. The requests MUST be made before the end of the
month. For runs that last into the following month, the request must be made by the end of
the day on the 1% of the month.

7.10. CORAL Rules
There are four significant rules that must be followed at all times with CORAL:

1. Users may not enable a system for any other user. The name displayed next to the
system is considered the responsible user. If the individual does not match the member
name on CORAL, both users will be ejected from the laboratory immediately and could
constitute a permanent ban.

2. Users are not allowed to use another members CORAL login. Users must be diligent
about exiting the CORAL remote software when finished. Conversely, users are not
allowed to take advantage of an open CORAL window to get their work done. Failure to
follow this rule will result in expulsion of the guilty user.

3. Users must complete runs they begin and are not allowed to pass work to another user.
The exception would be if a piece of equipment fails and requires a shutdown or
problem notice in CORAL (staff would consider a CORAL log and disabling of the system
a proper completion). In emergencies, staff can be contacted to finish equipment runs
and properly shutdown the system.

4. Users must swipe their card and open the door to room 125 individually. Piggy-backing
another user is not allowed and will be viewed as a user trying to circumvent the rules.
Users have made honest mistakes in this regard, and lab staff will warn users before
enacting any serious penalties.

7.11. Penalties for CORAL Violations

Failure to follow the main CORAL rules outline above in section 7.9 will result in very serious
penalties. The system is setup to force users to login and logout for all equipment activities,
and require a conscious decision to violate rules #1 or #2. There is a sense of fraud associated
with the violation of these rules and it is the most severe violation within the lab. As a result,
users caught in violation to rules #1 or #2 will be subject to immediate expulsion from the
laboratory, and suspension of their equipment and access authorizations. Investigation by staff
will either lead to a significant suspension or a permanent expulsion from the lab.

Rules #3 and #4 are considered less severe than rules #1 and #2. Violations of these rules could
be seen as accidental on first offense. Users in violation will be warned of their mistakes before
serious action will be taken. Subsequent violations of either rule #3 or #4 will be treated in the
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same manner as a moderate violation as described in section 11.2. If a third violation of either
rule arises it will be treated as a severe violation and the user will be expelled from the
laboratory.
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8.0 EQUIPMENT USE

8.1. Training

Training for each piece of equipment in the lab involves two sessions, an instruction session and
a follow-up certification of the user. In the first session, instruction is provided by a staff
member for one or more users. The instruction usually includes the following: An introduction
to the system; a description of process capabilities and allowed materials; safety features and
precautions; an overview of system components; full operation of the system following the
standard operating procedure (SOP) with detailed descriptions of each step and a conclusion
informing the trainees of their responsibilities for the second session.

For the second session, the user will attend one of the scheduled follow-up certification
sessions for a one-on-one with the instructor on the equipment. In this session, it is the user’s
responsibility to demonstrate their full understanding of the system and to operate the
equipment in accordance with the SOP and all guidelines set forth in the instruction session.

If the user is able to complete the follow-up to the satisfaction of the instructor, they will gain
the equipment certification and gain access to the tool in accordance with the facility and
equipment use policies.

Plan ahead; trainings are available for sign up by the 25" of the previous month. It is extremely
difficult for staff to provide training on days other than scheduled. However, extraordinary
circumstances can arise that require special training classes. In this case, users can schedule,
with the trainer, a special training class at a rate of $200/hr. Please show patience for the
training process; users should never expect an immediate training and follow up just because
they are in a unique situation requiring work ASAP. Requirements for each training step are as
follows:

1. Individual equipment will have a training class scheduled on a monthly basis. The
schedule will be on the lab web site. Users should sign-up for the training class by
sending an e-mail to the instructor listed on the website. Users are required to bring a
copy of the standard operating procedure (SOP) for the specific equipment to training.
Users are expected to take notes on the process and should bring all notes to their
follow-up session. The SOP of any tool can be found by following the Tool Bench link on
the lab web site and then selecting the specific tool. Users may be denied training if
they do not arrive with a SOP. Lower-use tools will not have a regularly scheduled
training. Users interested in training on these tools should contact the training contact
listed on the web site. Due to multiple conflicts in the past, the process run during this
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stage of the training is a standardized one selected by MFF staff. Staff will not run a
user’s process unless it is a special session paid for by the user.

2. The follow-up session must take place within a month of stage 1 otherwise the user will
be asked to repeat the initial training. Users should bring their copy of the SOP and any
notes to the follow-up. In addition, users must run an expected process during their
follow-up session (no random examples). Users will need to provide their own materials
(substrates, etc.). Users who arrive for follow-ups without a SOP, valid process, or
materials may be denied a follow-up chance that day. Users are expected to prove their
understanding of the process and procedure. They will execute the process as needed
without help from the trainer. The trainer will decide whether or not a user has passed
a follow-up. With a passing mark, the user gains the equipment certification for that
tool (see section 8.2). If a user fails a follow-up session, the user can retry, but must
wait for a 48 hr period as a penalty.

8.2. Equipment Certification

Equipment certification is granted by completing the training follow-up session successfully.
With an equipment certification the user is allowed unsupervised access to the equipment
during their allowed lab access times. Equipment certifications are posted within CORAL and
can be accessed by following the directions in section 7.3. Within the equipment client in
CORAL, an asterisk following an equipment name also indicates a proper equipment
certification.

8.3. Certification Lapse and Retraining

If six months elapses from a user’s last use of a piece of equipment, the lab staff will consider
their certification lapsed. This lapse can be calculated using CORAL and will be updated by the
staff member responsible for each piece of equipment. While their certification is not
completely revoked, they will not be allowed to use the equipment until they have been
retrained. Retraining for certification lapse will be stage 2 of the training process described in
section 8.1.

8.4. Equipment Expectation
MFF seeks to provide the highest degree of equipment uptime and working processes;
however, users need to have reasonable expectations of what is possible.

* Processing — The ultimate goal of processing is to have 1-4 core standard recipes on
each piece of equipment. At the date of this revision only a few systems have working
standards (e.g. thermal oxidation, DRIE). The staff will continue to develop the
standards over the next year. Outside of the core standards, MFF cannot guarantee any
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other processes in the lab. Staff expects to run regular tests to ensure the proper
function of equipment by using the standards.

* Downtime — Staff will work to minimize downtime. The order for which down
equipment are attended to is the decision of MFF staff with a strong slant toward
higher-use equipment. Staff seeks to have a cumulative equipment uptime of at least
90%, and a facilities uptime of at least 95%.

* Preventative Maintenance (PM) — PM procedures are outlined for 20 pieces of
equipment, and are located on the bookshelf in the lab office area for public viewing.
Users are welcomed to make requests for other pieces of equipment, but it is the sole
decision of MFF staff.

* Process Changes — Any process changes will be relayed to the users that have
certifications for the given equipment. It is not expected that tools will have significant
process changes and they will be relayed via CORAL e-mail.

* Limited Process Times — Equipment using the toxic gases can only be used when staff is
present in the facility regardless of the user access level.

8.5. Equipment Reservations

All equipment reservations are made via CORAL as described in section 7.6. Equipment
scheduling is tied directly into certifications; thus, reservations are impossible without the
proper certification. Rules regarding reservations are as follows:

* Reservations are given a 15-minute late grace period on the starting time, unless a prior
reservation interferes with the start time.

* Users working without a reservation must yield the equipment to anyone with a proper
reservation.

* Thereis a 15 minute grace period on finishing times. If users are consistently running
beyond their reservation time they will be warned and possibly lose their certification.

* Users should delete any reservations they cannot fulfill as soon as possible.

* If users must sign up for equipment for an extended period of time (greater than 6 hrs)
it is asked that they allow for breaks if other users have short (less than 30 min) runs
that need completion. Try not to be a time hog. It is beneficial if breaks can be made in
the reservation to show users that there is some availability.

* Keep reservations accurate. Do not reserve a 4-hour time block for 15 minutes of
required work. Users attempting this may have their certification revoked.

* If work is completed before the end of the reservation, please delete the remaining
reservation via the web site so other users are made aware of the added availability.
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8.6. Equipment Malfunction/Uncommon Runs

If users experience any equipment usage that is in conflict with their training, or if a piece of
equipment is left in a damaged state prior to their usage, they MUST report it to staff according
to the following protocol. Following this protocol will allow for proper refunding on equipment
usage if appropriate.

* Use CORAL to mark a problem or shutdown for the equipment according to the
directions in section 7.8

* Place a “Down for Repair” sign on the equipment. These signs can be found in the tool
chest in the tool grey area. This ensures that if any of the other 2 items are missed by
other users, there is a notice at the machine indicating it is not useable.

* Write a note on the whiteboard in the gowning room stating the date, which tool is
down, and write your name for reference. Users are only taking responsibility for
informing others, and notification is not considered a mark of guilt.

8.7. Overnight Runs

For extended processes such as furnace runs, wafer bonding, or e-beam lithography exposures
it is often appropriate to setup the system in a safe and effective manner and allow the
equipment to run in the late hours. In runs where the system can be left in a safe state (staff
equipment owner’s discretion) the user can leave the system logged in on CORAL and leave the
lab. The user can disable the system the next morning when retrieving their samples. The user
should fill out the CORAL alteration request (see Appendix F) to recover the appropriate billing
time. If a user seeks a CORAL alteration, the user must either retrieve their samples the next
morning prior to any other user run, or leave notice to the next user allowing them to remove
any samples. Failure to remove samples may result in a user being billed for the entire time
their samples were in the system.

8.8. Consumables from MFF

Some consumables are supplied by MFF as part of the existing user fees. These materials are
those likely to be used by several other users such as chemicals, non-precious metals, and some
types of photoresist. MFF also stocks items that are available to users as added-cost items such
as silicon wafers, wafer handling tools, and precious metals. A clarification of which materials
are part of the user charges and which are considered extra is covered in Appendix Error!
Reference source not found.. MFF will consider adding items to the “free” supply list if it is
deemed valuable for many users. The decision will be made by the lab manager.
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Precious Metals

Precious metals at the MFF are gold and platinum used in either e-beam evaporator.
Due to the significant and rapidly increasing cost of these materials an extra cost is
associated with usage. Users are welcome to supply their own material and appropriate
crucible; MFF staff can point users to the appropriate vendor. Due to the very high
initial expense of filling a crucible, MFF keeps a filled crucible in stock for immediate use.
The crucible is weighed before and after use and the user is charged for the difference.
The charges are compiled and applied at the end of each month with access fees. Mass
used is rounded to the nearest 0.1g for this process.

8.9. Privileged Access

After-hours and weekend use of the facility is strictly reserved for privileged users only.
Privileged users are those which the staff deems knowledgeable and trustworthy enough to be
safe without staff presence. Users should realize that the more interaction with the staff, the
better staff will have an understanding of the user’s traits, positive or negative. Privileged
access is granted only by under unanimous staff support of the user.
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9.0 CLEANROOM POLICIES AND PROCEDURES

9.1. Shared Facility

The MFF is a user facility shared between several industrial users and academic users. A shared
facility can create several inherent problems unless users are always conscious of and respect
other users. Consider the fact that everything you do in the lab can affect other people’s work
and it should be the ultimate goal of every user to minimize any impact they may have on other
users’ work. Section 9.0 targets specific policies and procedures that will serve this goal. Being
considerate about lab and process cleanliness, reporting any equipment problems immediately,
and informing staff of potential policy violations will better serve the lab community as a whole.

9.2. C(Cleanroom Operation

The cleanroom at the MFF is certified class 10,000, which is considered to be cleaner than the
standards of a hospital operating room. To create cleaner air the MFF has high-efficiency
particulate attenuation (HEPA) filters in the ceiling throughout the cleanroom. Lab air enters
through the HEPA filters into the cleanroom and exits through recirculators or under wall gaps
in some rooms. The specifics of cleanroom operation are detailed in Appendix B. Special
cleanroom gowns are required while in the lab. When users enter the lab they go through the
gowning procedure described in section 9.5. The cleanroom attire must be worn in every area
of the lab except the back-end processing room which has no direct access from the cleanroom.
Adjacent to some cleanroom spaces are grey areas where cleanroom attire and regular street
attire are acceptable. These areas are reviewed in section 9.8.

9.3. Lab Cleanliness

Users must assume primary responsibility for the lab housekeeping. Staff will work to make
sure all facilities are in place to maintain the cleanroom and strive to improve capabilities when
possible. Users need to:

* Leave wet benches dry and organized when complete.

* Throw away all used wipes or other waste in the correct waste container when finished.

* Clean up all minor spills immediately, or contact staff for major spills.

* Aspirate or dispose of properly, all chemicals poured up by the user when finished.

* Dispose of all garbage immediately. Do not leave broken wafers lying around, do not
leave tape on table edges, do not leave wipes around new or used.

Failure to follow simple housekeeping rules will constitute a safety violation. Good
housekeeping will result in a safe environment for all users and give the user strong reputation
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for doing good work. REMEMBER: the lab is a community of users. What you do can and will
affect other users positively or negatively.

ATTITUDE towards cleanliness will ultimately determine the success or failure of any cleanroom
policy. All the elaborate equipment providing a microscopically clean or controlled atmosphere
would be without value if users do not believe in and help enforce these policies. When in the
cleanroom, be aware of your knowledge limitations! It is extremely important that you ask
questions if you are unsure about the operation of the facility or any equipment. If you know
your limitations and ask good questions, you will gain respect among the community as one
who realizes that one stupid mistake can cause a great deal of damage.

9.4. Restrictions

For safety reasons, open-toed shoes, sandals, and shorts are prohibited from the laboratory
because they do not provide any protection from potential chemical spills. The use of contact
lenses in the lab is strongly discouraged, as chemicals can become trapped between your eye
and the lens.

The following materials are prohibited from the cleanroom to prevent particulate
contamination:

* Food and Drink

* Cardboard

* Packing Media (this includes FedEx/UPS boxes or envelopes)
* Pencils

Cardboard containers may be used in the lab service chases to allow transport of materials,
however, users are encouraged to use plastic tubs that can be brought into the cleanroom to
store their supplies while they work. Non-cleanroom paper is allowed, although discouraged.
Cleanroom notebooks may be purchased from the MFF staff.

9.5. Cleanroom Gowning Procedure

Access to the cleanroom requires specific attire to minimize contamination. Users should
realize that within a cleanroom of this type the goal is not to protect yourself from the
chemicals or processes used within, but to protect your work from contamination that is easily
transferred by humans (hair, skin oils, water vapor from respiration). Should any of the
required garments not be available, please contact staff immediately. The gowning protocol at
MFF is the same one would find for a class 100 cleanroom and should be performed in the
following order (all 7 items are mandatory):

1. Shoe Covers
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Shoe covers are blue or white with elastic bands to cuff around the ankle. They are
found in the dispenser to the immediate left as you enter the gowning room.
Completely cover your shoes with the shoe covers.

2. Hairnet
Hair nets are found on the shelves neighboring the center hanger rack. All hair must be
contained in the hairnet to be effective

3. Facemask
There are three types of facemasks. The first is a disposable mask similar to a surgical
facemask and is found in the dispenser with the shoe covers. These masks have a wire
that is designed to pinch around the nose. Another disposable mask is available and
snaps into the inside of the hoods. The last facemask is a launderable type that snaps
into the inside of the hoods. The latter two are located on the shelves with the hairnets.
Any of the three types is acceptable.

4. Hood
Hoods are found on the shelves with the facemasks with four sizes from which to
choose. When determining whether the hood is inside-out, the sewn edges as well as
the tag should be inside. The snaps at the base of the skull should face outward and can
be used to tighten the hood. The snaps at the temples should be on the inside of the
hood and are intended for the snap-on facemasks.

5. Smock
Smocks are kept immediately below the hoods on the shelves with sizes ranging from
small to 3XL. Height is often a determining factor of proper smock fit so a larger size is
recommended when first trying out sizes. The hood ‘skirting’ should tuck underneath
the smock.

6. Boots
Once the smock is on correctly you can proceed to the other side of the plastic divider.
The bench on the other side has several pairs of boots under the bench. These are
community boots and range from small to XL. Choose the correct size; the snaps should
clasp behind your calf and the strap should go over the top of your shoes. The boots go
over the end of the smock.

7. Gloves
Gloves are in the dispenser when immediately entering the lab or on the table next to
the computer near the boot bench. Gloves are nitrile and have some minor acid
resistance to them, but should not be used in place of acid gloves.

Upon completing work in the cleanroom, garments should be removed in reverse order. The
boots should be placed sole to sole, wrapped with the legging, and put back under the bench in
the appropriate location (by size). The smocks and hoods can be put onto hangers in the
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appropriate location, please see the Laundry section for specific details. Gloves, facemasks,
hairnets, and shoe covers are disposable and should be thrown out (with the exception of the
specifically launderable facemasks).

9.6. Laundry

Smocks, hoods, and launderable facemasks should be cleaned on a regular basis. Aramark
Laundry Services picks up the laundry every Tuesday morning and returns last week’s cleaned
laundry. Users who are regularly in the cleanroom at least 3 days per week can get a hanger for
their smock and hood. Users receiving such a privilege are required to put their smock and
hood into the hamper on Monday evening for the next pick-up. Other users should place their
smocks on hangers on the visitor rack. The visitor rack is located to the right as you enter the
gowning area against the wall between lockers. Hoods should be placed on the top of the rack
for other visitors to use. Since each user should be using a hairnet, the concern of hygienic
contamination is minimal and not of significant concern. Staff removes the smocks and hoods
from the visitor rack once a week on Tuesday morning for pick-up.

9.7. Personal Hygiene

Personal hygiene can have a serious impact on lab cleanliness. Users with colds that include
coughing, sneezing, runny nose, etc. can damage others’ work in the lab. If you get sick, please
refrain from using the lab until you are well again. MFF staff members may ask sick users to
leave the facility if they feel the user poses a problem to other people’s work or health.

9.8. Grey Areas

Grey areas are areas of the lab where cleanliness standards are not as strict to allow users a
common area where cleanroom attire and street clothes are allowable. Grey areas are marked

by plastic drapes, never cross two consecutive plastic drapes in either direction. These areas

are ideally suited for support facilities for lab equipment such as pumps, gas bottles, etc. It
allows staff to maintain these types of facilities without going through the full gowning
procedure. The grey areas also serve as effective pass-throughs for materials entering or
leaving the cleanroom. Optimally, chemicals are packaged in plastic bags within cardboard
packaging materials. The proper procedure is to bring a plastic-bagged chemical bottle to the
chase, remove it from the bag and bring it into the cleanroom. It creates a multiple stage effect
where the cleanliness is raised slightly going into the chase, then significantly going into the
cleanroom and minimizes large particulates in the wrong area. The grey area serves as an
appropriate place to bring in wafers or specialty chemicals like photoresists. At MFF, two grey
areas exist: One is commonly referred to as the “tool chase” located between the high-
temperature room and photolithography and is named as the lab’s tool set is located there.
The other service chase is commonly referred to as the “gas bottle chase” located between the
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high-temperature room and the thin-film room and is named due to the majority of process gas
cylinders housed in this area. While the cleanroom material restrictions do not apply to the
grey areas, all users are expected to clean up any materials used in the grey area. Furthermore,
the grey areas are absolutely not for storage of any kind, staff has full privileges to dispose of
any materials left overnight without prior authorization.

9.9. Tools

The lab maintains a tool set of typical items such as wrenches, screwdrivers, etc. The tool set is
located in the tool chase between the high-temperature and photolithography rooms. The tool
set and lab support equipment will be available to all lab users under the following guidelines:

¢ Alltools must be treated with care and used in a safe manner for their intended purpose
only.

¢ Alltools must be returned clean and undamaged to the drawer or storage area where
they came from as soon as the project is completed or by the end of each work day.

* Tools and equipment may be signed out for extended use and/or use outside of the MFF
by permission of any MFF lab staff member.

* Alllost or damaged tools and equipment must be reported to lab staff as soon as
possible. MFF will replace lost/broken tools except in cases of obvious negligence.

* Users are restricted from using any tools on any equipment unless it is specifically
discussed or demonstrated during the equipment training sessions.

* Users must consider the cleanroom environment before starting any project in or out of
the actual lab. Remember that the tools are intended for use within a cleanroom and
need to be kept VERY clean.

These details are posted next to the tool chest. Lab users are required to use extra judgment in
matching applications with the tools they use and considering the potential cleanroom impact.
For example, the cordless drill could be used to drill holes in a piece of wood outside of the lab
facility. If the drill and bit are not thoroughly cleaned before being returned, the sawdust can
potentially be brought into the cleanroom and cause severe particulate contamination. This
lack of additional thought can cost many users a successful device.

9.10. Compressed Gases

The MFF uses several compressed gases that are potentially dangerous. Inside the building the
gas bottle service chase handles nearly all other compressed gases ranging from specialty gases
like SF¢ and C4Fs to common gases like He, O,, and Ar. Most process gases located in the
service chase serve equipment in the thin film room. SFgis a common etch gas for silicon and
silicon nitride in reactive ion etching (RIE). The fluorocarbons, also referred to as Freon, are the
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etch gas for silicon oxide. Argon is typically used in sputtering systems as the gas source for the
plasma due to inertness and high mass. Helium is used as a cooling gas for wafers usually in dry
etching processing. Oxygen is used in to create plasmas that have an affinity for etching
organics and are often considered cleaning plasmas. During trainings, MFF staff will identify
which cylinders are associated with which equipment. Users should verify bottle pressures
before operating equipment as routine, but it is MFF responsibility to ensure there is enough
gas in the cylinders for users to complete their work. Cylinders are changed only by MFF staff
or Airgas technicians. Toxic gases at MFF (including silane, dichlorosilane, ammonia, and
chlorine-based gases) are extreme safety concerns and are covered in section 5.11.

The lab has two additional compressed gases: nitrogen, and air, that are part of the lab facilities
infrastructure. Nitrogen is from the liquid nitrogen tank at the south side of the building. The
nitrogen is evaporated and passes through heat exchangers eventually becoming compressed
through stainless steel lines. The nitrogen serves nearly every tool in the lab, especially as a
purge gas in the vacuum systems. Nitrogen jets are also available in most areas of the lab and
serve as means to removing particulates or drying wafers with a clean, inert gas. Compressed
air, often termed CDA for “compressed dry air” is supplied via a house compressor. The CDA
serves almost exclusively for pneumatic controls on several pieces of equipment.

9.11. Cryogenics

Liquid nitrogen, with a boiling point of 77K, is the primary cryogen used at MFF. Liquid nitrogen
can cause severe skin burns on contact. If liquid nitrogen is exposed to room temperature it
will boil and evaporate very quickly causing rapid expansion of nitrogen gas which can displace
oxygen and cause asphyxiation. Liquid nitrogen is therefore kept in dewars within the lab.
Dewars are filled in a properly ventilated area with appropriate personal protective equipment,
by MFF staff only.

9.12. Buddy System

The buddy system is required for after-hours usage (5-9am and 6pm-12am). The buddy system
requires that at least two users must be inside the cleanroom at all times. During regular hours,
staff is present and can serve as anyone’s “buddy”. THIS RULE IS TO ENSURE THE SAFETY OF
ALL USERS. This is standard policy in nearly all cleanrooms and is a change in prior operating
practice as of the date of the original document. Staff does check the lab after hours on
occasion and takes this rule seriously.

9.13. Wafer Handling

New cleanroom users will be surprised at how significant wafer handling can be to their
process. An appropriate example would be to speak to someone holding a wafer slightly in
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front of their face, or simply breathe on the wafer without a facemask for a minute. Viewing
the wafer under a microscope will reveal the reason such care is taken in lab cleanliness and the
gown-up requirements. Wafer handling recommendations include:

* NEVER sneeze, cough, or spit towards your wafers even with a mask on. Resulting spots
are non-removable.

* Never speak towards your wafer

* Avoid passing anything over your wafer which may release particles (i.e., don’t look
directly down on your wafer; don’t cover the wafer with your hand).

* Whenever possible, store wafers in covered containers. MFF recommends using the
wafer box you received the wafers in, or purchasing single-wafer carriers from MFF
staff.

* Use special handling tools like tweezers and tongs to handle or move wafers around.

* If you tear your gloves at anytime, immediately get a new pair from the glove box near
the gowning room computer. This serves a cleanliness function and a safety function as
the nitrile gloves have some chemical resistant properties.

9.14. Wafer Storage

Wafer storage is extremely limited at the Microfabrication Lab. The MFF will make a small area
in the high-temperature room available to users needed wafer storage within the cleanroom.
This area will be reassessed and cleaned of leftover wafers on a monthly basis. The goal of this
policy is to encourage cleanliness of wafers by keeping items in the cleanroom during the user’s
project time. The storage area is NOT for long-term storage and is only for wafers in process.

Wafers left in non-storage areas will not be tolerated. If left out overnight, wafers may be
immediately put into the lab lost-and-found or discarded. Any notes left on wafers will be
disregarded and the wafers may be forfeited. It is the responsibility of the user to speak with
staff regarding any needed exceptions. Ovens are NOT an appropriate place for storage. The
main lithography ovens should never have wafers left beyond a few hours, and the vacuum
ovens may occasionally hold wafers overnight when specifically called out in processing steps.

9.15. Desk Space

Desk space is also extremely limited at MFF. Desk space is prioritized for industrial users that
are meeting the monthly billing cap on a regular basis. Academic users from universities other
than UW could also potentially be given desk space (UW users are assumed to have appropriate
desk space on campus already). Desk space is a privilege that can be revoked by the lab
manager at any time, with a two-week timeframe for property removal. Users are required to
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keep their areas clean as tour groups often come through the area with MFF or on-site users. It
is staff discretion whether or not a user’s desk is up to the cleanliness standard.

9.16. Internet Policy

Wireless Internet and direct Ethernet connections are available within the office space. Users
with desks are permitted to connect to the Ethernet lines, and UW students or staff will be able
to connect to the wireless connection as well. No external routers are allowed to be connected
to either network. All users must follow the internet policies laid out by MFF or UW
Technology. Information can be found at http://www.washington.edu/computing.

9.17. Locker Policy

Lockers in the gowning room are available to users and can be requested of the lab manager at
any time. The lab manager will allow up to two lockers to each Pl or company. The full locker
policy is contained in Appendix D. Of critical importance is that absolutely no chemicals or any
restricted materials may be contained in the lockers, and lockers cannot be locked so staff may
enforce the policy.

9.18. Guest/Visitor Policy

Guests of individual users are welcome to the MFF anytime staff is present. Guests are not
welcome to work directly on any piece of equipment but are welcome to observe trained staff
using the equipment. Oftentimes the lab will be able to accommodate visitors to observe a
specific process while they go through the training procedure for individual tools. This will
allow new users to overlap with qualified users and learn a process they will work on. At the
same time, they will learn proper usage of the equipment before actually having to run the
equipment themselves. Any visitor to the lab must complete the visitor form in Appendix E and
return it to the lab manager at least one day prior to any visitation.
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10.0 CHEMICAL HANDLING/PROCESSING

10.1. Facilities

Several facilities exist for the user’s benefit when working with chemicals. All facilities
described are maintained by MFF staff, but require some understanding from users to make
sure they continue working properly.

Acid Waste Neutralization (AWN)

The sink drains and aspirators at all acid/base benches drain to a neutralization tank
where wastewater is neutralized before being drained into the city wastewater system.
Specific details of the neutralization process are described in Appendix C. Users should
consider the following details regarding the AWN:

* Aspirators should be used whenever first emptying a container as the system adds a
significant amount of water to the solution to dilute it properly while in the drainage
system.

* No solvents can go directly into the AWN system according to the city waste
regulations. Solvent disposal is described in section 10.8.

Emergency Manual Off (EMO)

The lithography room is equipped with special EMO switches on the east and west walls.
These EMO switches are linked to the electrical shunt trips specific to the lithography
room. The shunt trips will disable electricity to all the equipment in the lithography
room. The EMO exists because a solvent spill in the lithography room poses a significant
fire hazard that could be triggered by an electrical short. Use an EMO switch in
combination with any HAZMAT alarm.

Deionized (DI) Water

All faucets and spin/rinse dryers in the lithography room distribute deionized water.
The specifics of the DI water system are described in Appendix 0. The water leaves the
system with a resistivity of 18.1 MQ-cm. Any MFF documentation calling for solutions
with H,O implies DI water. DI water should also be used to thoroughly clean glassware
after each use. The system goes through a sanitization twice each year for an entire day
and MFF will suspend all chemistry in the lab for those days.

10.2. Reducing Waste/Chemical Usage

All users are strongly encouraged to reduce their waste and chemical usage as much as
possible. The greater the waste, the greater the cost to MFF, which can translate into higher
user fees to cover that cost. Use small dishes when using metal etchants or negative resist
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developers. The same is true for lift-off solutions of acetone or hydrofluoric acid. Users are
encouraged to only use large tanks for positive resist developers as they have a high usage
among users and will last for at least an entire day.

10.3. Chemical Storage

MFF maintains supplies in four chemical storage cabinets. Two are found in the lithography lab:
the yellow resist cabinet, and the blue developer cabinet. The other two are found behind the
metrology room: the acid and base cabinet. The yellow resist cabinet contains all photoresists,
acetone, isopropanol, and waste containers for solvents and strippers. The blue developer
cabinet contains positive resist developers and photoresist strippers. The acid and base
cabinets contain all pure acids and bases in addition to metal etchants. Users will be shown all
storage cabinets during the Wet Chemical Processing training class.

10.4. Material Safety Data Sheets (MSDS)

Copies of all MSDS for lab chemicals are posted in the lab gowning area on the wall next to the
computer. State of Washington law requires these to be updated and displayed as public
information to all lab users. MSDS are created by the chemical manufacturer and will contain
details on ingredients, physical characteristics, health hazards, among others. The sheets allow
staff to determine where chemicals can be used, and how to properly dispose of them. The
sheets also serve as crucial information for first aid or any potential fire or HAZMAT incident.
All users are strongly encouraged to review the MSDS for chemicals they plan to use in the lab.
Staff will review major safety issues with chemicals during the Wet Chemistry training class.

10.5. New Chemicals

A three-step procedure exists for any new chemical a user wishes to bring in to the lab. This
policy is developed to work with state and federal laws, and to maintain a high level of safety in
the lab. Therefore users not following this procedure will be subject to heavier disciplinary
action than other offenses.

1. The user will request that a chemical be allowed in the lab and provide the lab manager
with a copy of the MSDS. The specific process/application should also be provided to
make sure a suitable alternative does not already exist. The request can be made in
person or via e-mail.

2. Lab staff will review the chemical to determine if it is safe enough for use in the lab.
Staff will determine the appropriate storage, working locations, and disposal method for
the chemical. A yes/no answer and the expectations for the chemical will be relayed to
the user within 48 hours via e-mail.
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3. Users can bring in the chemical to the lab and follow the staff guidelines for the
chemical. The user is asked to inform staff when the chemical is no longer being used.

10.6. Personal Protective Equipment

Personal protective equipment (PPE) is critical when working with chemicals and can prevent
severe injury or even death. There are three types of PPE that are required from users when
working with strong acids or bases: apron, gloves, and face shield. All three are located on the
hangers in the northwest corner of the photolithography room near the door to metrology.
There are latex (orange) gloves that offer good protection against the common acids in the lab.
Neoprene (black) gloves are also available and are the best protection against hydrofluoric acid
exposure. It is recommended that acid aprons be put on first, then gloves over the apron. Turn
the ends of the glove inside out to create about a 1 inch cuff; this will prevent any chemicals
from wicking around the end of the glove and into contact with skin. If any piece of PPE is
damage or does not seem safe as deemed by the user, please discard it in the trash and obtain
a replacement. Immediate replacements are always available next to the refrigerator in the
grey area behind the EVG aligner in Photolithography. There is a box labeled Personal
Protective Equipment which contains a back up of each PPE item in every size. Users are
welcome to take from this stock but MUST notify staff so a replacement can be purchased.

10.7. Wafer Cassettes
There are three different wafer cassettes that users will find in the lab. Two should be used
mainly for storage purposes, while the other is specifically for chemistry only.

* Clear cassettes labeled “MFF” — These are chemically resistant cassettes and should be
used for all chemical processing. These cassettes fit into the appropriate diameter spin
rinse/dryer. Handles for the cassettes are available throughout the lab. These cassettes
are not for storage under any circumstance.

* Blue cassettes or clear, unlabeled cassettes are specifically meant for temporary storage
within the lab. These cassettes have some chemical resistance, but not as significant as
the labeled cassettes. The thermal properties are not as significant either. While these
cassettes are for storage they are not truly meant for long-term storage.

10.8. Solvents

Common lab solvents are acetone, 2-propanol, SU-8 developer, and ethanol. These chemicals
typically have very low boiling points, and are highly flammable. Solvents are only allowed at
the stainless steel solvent bench in the southeast corner of the photolithography lab. Staff will
demonstrate the disposal and clean-up procedures during Wet Chemical Processing training.
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Disposal

The flammability of these chemicals requires special disposal policies. Acetone and
isopropanol have a distinct waste carboy that is housed on the bottom shelf of the
yellow photoresist cabinet. SU-8 developer also has a separate one gallon waste
container that is kept in the waste cabinets near the double doors that lead out of the
photolithography room to the office space. Any other solvents must also be removed
from the lab in properly labeled waste containers; absolutely no solvent should go down
the drains into the AWN system. Once a chemical is disposed of properly the glassware
can be cleaned up.

Clean Up

Any spills can be wiped up using the cleanroom wipes located around the lab. Any
waste containing solvents or photoresists must be thrown away in the vented garbage
can. Any glassware that contained solvents should be cleaned as follows:

1. Wipe down the entire surface of the glassware with a wipe that is wet with
isopropanol.

2. Move to the other side of the lab to the sink at bench 1 and rinse out the glassware
with DI water from the sprayer or tap. The minor amount of isopropanol residue is
okay to rinse down the drain into the AWN system.

3. Add a small squirt of soap from the bottle located at that bench. Add some water to
clean and rinse thoroughly with water.

4. Leave the rinsed out glassware on the drying rack located at that bench. Staff will
return clean dishes to the glassware shelves when dry.

10.9. Acids/Bases

Pure acids and bases are clearly labeled as such and nearly every metal etchant is a solution of
some strong acid or base. Please review the Chemical Use standard operating procedure (SOP)
if there is any confusion. Acids and bases can only be used at the polypropylene wet benches
on the north side of the photolithography lab.

Disposal

MPFF facilities are configured so that users may dump acids or bases down the drain at
the appropriate wet benches. The drain goes into the AWN system where the chemicals
are neutralized before being delivered to the city wastewater. Aspirators should be
used whenever possible as this will significantly dilute the liquid being disposed. This is
very important as concentrated acids being poured down a drain could create a
potential explosion hazard. Nearly all acid or base solutions can be aspirated at the wet
benches, and a list of which solutions can be aspirated appears at every bench in the
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lab. To use the aspirator, simply put the tube in the solution, then step on the pedal
located under the bench. It is not possible to aspirate the entire solution, as the vacuum
will not allow small puddles to be drawn into the aspirator. The remainder can be
disposed of down the drain by rinsing the glassware with water. The end of the
aspirator should also be sprayed down with DI water to remove any remnants of the
disposed solution.

Clean Up

Any acid or base spill can be neutralized using the appropriate neutralizer found on the
spill cart. Also, users should feel free to dilute any spill on a wet bench by spraying a
significant amount of DI water onto the spill. Any overflow at the acid/base wet
benches goes directly into the AWN system. Squeegees can be found at all the wet
benches where they can be used to direct any liquid into the sink drains. Leave all wet
benches dry when finished to avoid any chemical (visually, HF and water are identical).

Any glassware that contained solvents should be cleaned as follows:

1. Use the sink at bench 1 and rinse out the glassware with DI water from the sprayer
or tap.

2. Add a small squirt of soap from the bottle located at that bench. Add some water to
clean and rinse thoroughly with water.

3. Leave the rinsed out glassware on the drying rack located at that bench. Staff will
return clean, dry glassware to the proper shelf.

10.10.Chemical Bottle Cleanup

Chemical bottle cleanup is the responsibility of the user who empties the container. Users are
required to finish the clean up before leaving the lab, with no excuses.

Solvents

Solvent bottles must be completely dry before rinsing the bottle. To do this take the cap
off the bottle and leave the open bottle under the fume hood at the solvent bench. The
air flow and the low boiling point of the solvents will allow the remaining liquid to
evaporate in about 2 hrs. If a user needs to leave earlier they can blow nitrogen into the
bottle to speed up the evaporation. Once the bottle is completely dry, take the bottle
over to the acid/base web benches. From there, fill the bottle completely with DI water,
then dump the rinse water into the sink. Complete a fill and dump procedure a total of
three times on each bottle. Once the bottle is cleaned, x-out the label of the bottle and
write “Rinsed” 2 or 3 times around the bottle. Cleaned bottles can be left by the waste
cabinets near the double doors leading to the office space.
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Acids/Bases

Acid or base bottles do not need to be dry before rinsing out. Complete a fill and dump
procedure a total of three times on each bottle. Once the bottle is cleaned, x-out the
label of the bottle and write “Rinsed” 2 or 3 times around the bottle. Cleaned bottles
can be left by the waste cabinets near the double doors leading to the office space.

10.11.Non-Emergency Spill Response Procedures

Emergency spills (considered to be anything over one gallon) must follow procedures outlined
previously in section 5.8. For anything smaller than one gallon, MFF does not consider this an
emergency situation and the following procedures can be applied for a given chemical.

Solvents

Solvents present a large flammability concern and not usually a significant health hazard
in small volumes. Typically small spills will evaporate quickly, and can even be handled
as such. The best way to clean up small volume solvent spills is with cleanroom wipes
and soaking up the spill. Be sure to dispose of the wipes in the vented garbage
container so solvent vapors do not remain in the lab. PPE should include gloves and
goggles or safety glasses.

Acids/Bases (not Hydrofluoric Acid)

Acid or base spills on the floor need to be neutralized. Grab the appropriate neutralizer
from the spill cart and some pH paper. Add neutralizer until a pH of near 7 is obtained.
From there wipe up the spill with cleanroom wipes. If the spill occurs within a wet
bench, it is easiest to dilute the spill with DI water from the sprayer at each wet bench.
Squeegee the waste into the drain, or if it falls into the cracks of the wet bench this will
also drain properly to the AWN system. Minimum PPE for cleaning up an acid/base spill
is neoprene (black) gloves, eye protection (goggles or face shield), and an acid apron.

Hydrofluoric Acid (HF)

HF is a highly dangerous chemical to human health. For an HF spill users should start
with full PPE: neoprene (black) gloves, acid apron, and eye protection (goggles or face
shield). The spill cart has a HF spill kit that has chemicals that will convert HF into H,SO4
and MgF,. From there the MgF, can be absorbed using supplies in the spill kit, and the
H,SO4 can be neutralized before being absorbed. The absorber materials can be swept
up using a dustpan in the spill kit. If the HF spill is very minor and within a bench then
the dilution method described in the acid/base section above is appropriate. Please
take HF spills very seriously.
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10.12.Staff Maintained Baths

There are eight baths that are maintained by MFF staff for users. The location and frequency of
change is noted below. Users are free to change the baths as needed. Staff will change any
bath that is outdated or contaminated.

* EKC 830 - This solution is in the solvent bench nearest the spin rinse dryers. The
solution is for positive photoresist strip only. It is changed weekly.

* AZ300T — This solution is also in the solvent bench. The solution is for positive
photoresist strip only. Itis changed weekly.

* Standard Clean 1 (SC1) — This is a solution of 5:1:1 H,0:H,0,:NH4,OH by volume. It is
great for cleaning wafers of particulates by quickly building up and removing thin oxide
films. This solution degrades quickly when heated for standard usage. It is located at
wet bench #1. If it is more than three days old users should repour.

* Standard Clean 2 (SC2) — This is a solution of 5:1:1 H,0:H,0,:HCI by volume. It is
effective for removing metal contamination from wafers. The solution does not
degrade nearly as quickly as SC1. It is located at wet bench #1. It is changed monthly.

*  49% Hydrofluoric Acid — Highest concentration form of HF at MFF. It is very effective at
etching silicon oxide and glass at high rates. The solution is located at wet bench #3. It
is changed monthly.

e 10:1 BOE Solution — BOE is short for buffered oxide etch and is a solution of NH4F and HF
at a 10:1 ratio by weight percent. The solution is approximately 60% of these two
constituents and the balance water. This is a much more controllable oxide etchant
than pure HF. Users must be aware that NH,4F is as dangerous as HF and needs to be
treated in similar fashion. The solution is located at wet bench #3. It is changed
monthly

* Potassium Hydroxide (KOH) — MFF creates a 1:1 solution of KOH:H,0 by volume. The
starting KOH is 45% wt KOH balance water, so the final solution is around 23-25% wt.
The bath is heated and most users employ temperatures between 70-80°C. KOH is used
for anisotropic etching of silicon and takes advantage of a near zero etch rate on {111}
planes in silicon to create specific features. The solution is located in wet bench #4. It is
changed bi-monthly or as-needed.

10.13.Dedicated Glassware

The MFF lab wishes to have dedicated glassware for some chemicals especially those with
metal etchants. Most metals can act as electronic trap states in silicon and need to be avoided
by users with electrical applications for their devices. Users are restricted to using dedicated
glassware ONLY for the intended application. Dedicated glassware is located on the second
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shelf of the glassware rack and will have printed labels on them to indicate the process.
General purpose glassware will be located on the shelf below dedicated glassware.

10.14.Appropriate Labels

All glassware must have the proper labels on them to ensure safety. A label is expected to be
present before it is poured until after it is disposed of. It is the user’s responsibility to both
make and remove labels for all glassware being used. Users can use a Sharpie marker to print
their label directly on the glassware. A proper label requires:

* Chemical(s) with volumetric ratio if a solution is made

* Name of user

¢ Date poured

* If work requires it to be used overnight a phone number must accompany it.

Any glassware failing to meet these criteria can be immediately emptied and cleaned. Any
materials will be relayed to lost and found. Users must remove their labels during cleanup or
staff will conclude that the chemical was not disposed of properly. Sharpie markers can be
removed with a wipe containing acetone or isopropanol.

10.15.Leaving Chemicals Overnight

Chemicals are only allowed to remain overnight for two processes: metal-lift off, or Silicon on
insulator (SOI) device release. Metal lift-off using acetone can often be an overnight process.
MFF will allow lift-off processes 24 hrs from the date poured before taking action. SOl wafers
often need release at some point in the process and can take as long as four days. In this case
MFF will allow release processes four days from the date poured before taking action. If either
of these processes are left beyond their deadline, staff will attempt to call the user first. After
that, glassware may be immediately emptied and cleaned, with any materials being put in lost
and found.
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11.0 RULE ENFORCEMENT

11.1. Reporting Problems

Communication is the key to making the lab run smoothly. Everyone is accountable for their
actions to the lab support staff AND ESPECIALLY all other lab users. It is the duty of the users to
understand all details and staff is here to clarify as needed. As staff cannot cover all areas of
the lab at all times, self-policing by all users is needed. If any user witnesses another user
violating any rules of this manual, being unsafe, or potentially harming another user’s work,
they must alert staff to such violations. Any MFF staff member can cite a user for rule
violations and begin the discipline process. Staff is committed to providing a safe environment
for all users to effectively achieve their goals. Reporting such problems will allow staff to
correct mistakes and create an effective workspace. ATTITUDE IS KEY.

11.2. Violations

Staff will divide rule violations into three distinct categories: mild, moderate, and severe. Itis
up to the responding staff to determine which category they believe the violation falls into, and
all violations are reviewed by all MFF lab staff at least weekly. The following description is
meant to provide users with a framework of how MFF will decide the severity of a violation.
Since many violations could occur in a number of situations, the ultimate decision may vary.

* Mild Violation — Small errors in judgment that have no immediate safety consequences
for the user or others. Examples include poorly labeling glassware or violations to the
equipment reservation policy. These violations would be typically met with a warning
before a more serious penalty is adopted.

* Moderate Violation — Disregarding rules or policies that could potentially cause
equipment damage or creates a potential safety concern. Examples include
disregarding a standard operating procedure (SOP) for equipment or interfering with
another user’s work. These violations will typically be met with an immediate
suspension from the lab for one or two days.

* Severe Violation — Blatant disregard for rules or policies that creates a safety concern or
damages equipment. Examples of this would be mixing dangerous chemicals, or
improper use of personal protective equipment (PPE). Bringing dangerous chemicals
into the lab without prior staff authorization.

11.3. Discipline

Discipline will be carried out according to the severity of the violation as determined by staff.
Just as there are always extenuating circumstances with the violation, the disciplinary action
may not follow a specific standard. MFF seeks to create a general framework associating points
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with violations. Users with a low amount of points may receive short suspensions; while a high
enough point level will cause permanent expulsion from the lab. Mild violations will add 1
point to the user’s record, while moderate violations will add 3 points to the user’s record, and
severe violations will add 5 points to the user’s record. The point values may be raised or
lowered by other circumstances in the violation. A monthly summary of disciplinary actions will
be posted in the gowning room to make users aware of any violations.

Disciplinary Action
The points will lead to the following actions:

Warning — User will be asked to immediately correct the mistake

2-5.  1-4 day Suspension — User will be asked to leave the lab immediately for the
remainder of the day plus additional days upon the level of the offense (4 points
is remainder of day plus 2 days of additional suspension)

6-7. 1-2 week Suspension — User will be asked to leave for 1 or 2 entire working
weeks.

8-9.  1-2 month Suspension — User will be asked to leave for 1 or 2 months.

10. Permanent Expulsion — User will not be allowed in the lab again.

If any user reaches 5 points, their company or principal investigator will be contacted by
the lab manager for a meeting between the user, supervisor, and MFF lab staff. The
goal will be corrective action to avoid any further problems.

Probationary Period

Points will eventually be removed from a user’s record assuming no further problems
are reported. The following will be a guideline for how long points stay on an
individual’s record. The final decision will be made at the same time the points are
decided for the violation.

* Mild Violation — Points on record for 3 months (90 days)
* Moderate Violation — Points on record for 6 months (180 days)
* Severe Violation — Points on record for 1 year
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12.0 REVISION HISTORY

Date Individual Reason for Change

3/5/2008 M.E. Hjelmstad Version 1.0. Released to users, put into effect March 20,
2008

9/20/2010 Hjelmstad Change Staff List, added chapter on CORAL and removed
chapter on lab website. Updated Appendices to include
CORAL interlocks. Touched up some protocol/rules.

11/8/2010 Hjelmstad Edit to the Overnight policy, and CORAL alterations.

6/30/2011 Ostendorf Update contacts & format

10/18/2011 Hjelmstad Update contacts, edits to “Getting Access” section. Billing
and charges now refer to the website and have no place
in manual. Updated the user responsibility in CORAL.

10/31/11 Hjelmstad CORAL website link was incorrect. Updated to UW link,
no WTC items remain in manual

1/19/12 Hjelmstad Updated to include Kris Lawler on staff
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Appendices

A. Recommended Reading
For general knowledge related to all facets of silicon processing:

e S. Wolf and R.N. Tauber, Silicon Processing for the VLSI Era, Vol. 1: Process Technology
(Lattice Press, Sunset Beach, CA, 2000).

* 0.D. Trapp, LJ. Lopp, and R.A. Blanchard, Semiconductor Technology Handbook, 6" Ed.
(Technology Associates, Portola Valley, CA, 1993).

* S. Franssila, Introduction to Microfabrication, 2" Fd. (John Wiley & Sons, Chichester,
West Sussex, UK, 2010).

For general knowledge related MEMS design and function and some processing:

* M. Gad-el-Hak (editor), The MEMS Handbook (CRC Press, New York, 2002).
* M.J. Madou, Fundamentals of Microfabrication, 2" Edition (CRC Press, New York, 2002).

* G.T.A. Kovacs, Micromachined Transducers Sourcebook (WCB McGraw-Hill, Boston,
1998).

Process Specific Books or Review Articles:

* Q.Y.Tong and U. Gosele, Semiconductor Wafer Bonding (John Wiley & Sons, New York,
1999).

* B.Wu, A. Kumar, and S. Pamarthy, “High Aspect Ratio Silicon Etch: A Review”, J. Appl.
Phys., 108, 051101 (2010).

Detailed reference on etching methods and rates in microfabrication (copy is always in the lab):

* K.R. Williams and R.S. Muller, “Etch Rates for Micromachining Processing”, J.
Microelectromech. Sys., 5, 256 (1996).

* K.R. Williams, K. Gupta, and M. Wasilik, “Etch Rates for Micromachining Processing —
Part II”, J. Microelectromech. Sys., 12, 761 (2003).

B. Cleanroom Operation

A cleanroom is described as a work area in which the air quality, temperature and humidity are
highly regulated in order to protect sensitive equipment from contamination. The cleanroom at
the MFF is certified class 10,000 (or ISO 7). A cleanroom class signifies the maximum number of
0.5um or larger particulates that occupy a cubic foot. The measurements are taken with
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particle counters and follow US FED standard 209E. A class 10,000 cleanroom is considered to
be cleaner than the standards of a hospital operating room.

To maintain the cleanroom specification MFF has high-efficiency particulate attenuation (HEPA)
filters in the ceiling throughout the cleanroom. The lab air is a mix of fresh air from the supply
fans and recirculated air from the PACE or Pomona recirculators in the lab. The lab air is forced
through the HEPA filters into the cleanroom. From there the lab air escapes the cleanroom
through doors or under walls (in high-temperature room). The cleanroom maintains a positive
pressure compared to surrounding areas in order to force air out of the lab and continually
replace the lab air with filtered air from the HEPA filters. A fraction of the lab air is recirculated
via fan units. These fan units have HEPA pre-filters in the intake path. Lab air is pulled in
through the pre-filters and through the fan units which direct air back to the ceiling HEPA filters
and back into the cleanroom. In the photolithography, metrology, and thin film rooms, these
recirculating fans are the PACE units mounted against the wall inside the cleanroom. In the
high-temperature and back-end processing rooms, the recirculating fans are the Pomona units
standing immediately outside the lab area.

C. Facilities

MFF operates four significant facilities that support the MFF: the deionized (DI) water plant, the
acid waste neutralization (AWN) system, a fume scrubber and burn box for lab exhaust, and a
HAZMAT emergency system. The first three support a variety of aspects of the lab and without
them would shutdown the laboratory until the facility was restored. The hazardous material
(HAZMAT) system supports the chemical vapor deposition (CVD) systems which use three
pyrophoric gases: silane, dichlorosilane (DCS), and anhydrous ammonia. Alarms with the
HAZMAT system can be minor and disable the CVD system or could be full alarms requiring a
building evacuation. The remaining facilities are critical to the lab and are maintained by other
personnel. These include: solvent and acid exhaust, liquid nitrogen, compressed air, house
vacuum, supply air, fans, PACE and Pomona recirculators, gas bunkers, and the house nitrogen
system.

Fume Scrubber

The fume scrubber is located on the lab area rooftop at the south side of Fluke Hall. The
burn box is located in the middle bunker on the south side of Fluke Hall. The burn box,
which is also called an exhaust gas conditioner, is a heater element that is maintained
somewhere between 800 and 850°C. Any exhaust from the CVD systems that may
contain one of the hazardous gases (silane, DCS, or ammonia) is routed to the burn box.
The gases are pyrolyzed in the burn box to avoid any potential of fire or explosion. The
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pyrolyzed gases are run through a small scrubber before being routed to the rooftop
scrubber.

The rooftop scrubber contains 5 water manifolds with several jets that shower water
through a volume within the scrubber. This volume is filled with plastic packing media
which force the exhaust gases to make multiple changes in direction. This makes the
mean free path through the exhaust very short and the transit time through the media
very long. The result is a greater opportunity to scrub the exhaust gas. The water reacts
with the acidic or basic vapors to hydrolyze the dangerous elements. The water that
goes through the scrubber is periodically drained into the AWN system. All vapors from
acid/base fume hoods, certain mechanical pumps, and the burn box are routed to the
rooftop scrubber. Solvent vapors under solvent hoods are routed to a different exhaust.

Burn Box

The burn box is also called an exhaust gas conditioner as it is used to burn off volatile lab
exhaust gases at approximately 800-850°C before routing it to the rooftop fume
scrubber. The burn box has its own small scrubber which gases travel through just after
being pyrolized. The burn box is only applicable to the CVD systems in the lab where
silane, dichlorosilane, and ammonia are used. The CVD systems are all low-pressure
systems so all exhaust is pulled into the vacuum pump. The vacuum pump is what is
exhausted into the burn box to ensure that a toxic gas is volatilized before entering the
fume scrubber. Without the burn box being operational, a significant explosion hazard
would exist in the fume scrubber.

Deionized Water (DI) Plant

The DI water plant is located in the mechanical room of Fluke Hall. It feeds the lab a
recirculating loop of DI water that is plumbed through thick plastic tubing which may be
visible throughout certain parts of the building. The plant is fed city water which is
pumped through reverse osmosis membranes which help remove impurities (mainly
metal ions) from the water stream. A certain percentage of the water entering the
membranes pass through the membranes to make product, some water is originally
rejected but recirculated through again, and a certain percentage is rejected entirely to
the city wastewater system. The product DI water is contained in a 400 gallon holding
tank. Level sensors on this tank determine when the plant is working to create more DI
water or when it is only circulating the loop. The water is circulated from this tank by
two large pumps. The water goes through a final filtration, ultraviolet (UV) bacteria kill,
and resistivity monitor before entering the lab loop. The DI water is specified to have a
resistivity of 18.1 MQ-cm when tested at the monitor. Water that goes through the
loop unused returns to the 400 gallon holding tank to be reused.
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Acid Waste Neutralization (AWN) System

The AWN system is located in the chemical storage area adjacent to the loading dock of
Fluke Hall. All lab wastewater drains to a holding tank within the system, no lab waste
can go directly into the city waste unless going through the floor drains. All aspirators
drain with added DI water to the same holding tank. It is critical that users use the
aspirators whenever possible to ensure that strong acids or bases are diluted properly
and do not cause a serious danger within the waste lines. The holding tank is regularly
discharged into the main neutralization tank. This tank is under constant mixing and the
pH is consistently monitored. If the tank is too basic, concentrated sulfuric acid is slowly
added to the neutralization tank. Likewise, if the tank is too acidic, liquid caustic soda is
slowly added. If the tank reaches the appropriate level sensor, AND the pH is between
5.5 and 11, then tank will discharge approximately 340 gallons into the city wastewater
system. MFF is responsible through the wastewater permit to ensure that the
discharged wastewater is within the proper pH, that a limited amount of waste is
discharged, that the level of trace metals (gold, copper, mercury, etc.) is sufficiently low,
and that absolutely no toxic organics (TTOs) are discharged. The system ensures the
first two points, and a monthly independent test of the wastewater ensures the last
two. King County conducts two tests per year that check these factors over a 24-hour
period.

Gas Detection

The HAZMAT alarm system is housed in the emergency response room located on the
east side of the building between the entrances to the lab office area and the Nanotech
Center hallway. The system contains detectors for each of the toxic gases used in the
CVD systems. There are several air sampling points throughout the building. The air is
pumped back to the HAZMAT system and sprayed across chemically-reactive tapes.
Hydrides tape detects silane, aliphatic amines tape detects ammonia, and mineral acids
tape detects dichlorosilane. Any reaction with the tape creates a change in color that is
detected by an optical sensor and would trigger a HAZMAT alarm. The system is also
tied into the building fire alarm.

Emergency Response Room

The bunker housing the HAZMAT system is the rallying point for all emergency response
individuals. The gas detection systems described above are housed in this location.
Self-contained breathing apparatuses (SCBA) are kept in this location if staff needs to be
involved in any HAZMAT response. Lab will also keep several other important HAZMAT
items in the bunker such as mobile gas detectors, two-way radios, flashlights, and
HAZMAT suits.
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Solvent and Acid Exhaust

Fluke Hall is plumbed with exhaust for the wet benches. Two distinct exhaust systems
exist for the different fumes and environmental protection requirements. Solvent
fumes are routed through the building rooftop with no scrubbing capability. The
acid/base exhaust from the lab is plumbed directly to the fume scrubber. Other building
acid/base exhaust is directed through a different exhaust path and released without
scrubbing.

Liquid Nitrogen

MFF has a liquid nitrogen (LN,) storage tank located on the south side of the building
near the loading dock. The tank is maintained by BOC Edwards in Hillsboro, OR, and is
typically filled twice a week. The storage tank supplies all liquid nitrogen, and
compressed nitrogen gas for the lab. A fill station exists in the lab that allows staff to fill
dewars for different applications in the lab. The system outside has a heat exchanger
system that allows the liquid to be heated and evaporated into gaseous nitrogen.
During the heating, the gas is compressed to approximately 95 psi.

House Compressed Air System

MFF has a compressed air system housed in the mechanical room that supplies the lab.
MFF has used the system for pneumatics in systems such as the furnace stacks or
sputtering systems. Compressed air lines are marked as such or often CDA for
compressed dry air. The gas is compressed to approximately 100 psi.

House Vacuum

A house vacuum exists for systems requiring low vacuums. MFF uses the house vacuum
in applications where wafers must be held in locations such as on spinners or vacuum
wands for wafer handling. The vacuum pumps for the system are housed in the
chemical storage area just off the loading dock. The pumps activate when the system
vacuum is -18 inHg, and deactivate once they have brought the vacuum to -25 inHg.

Supply Air, Fans, Pace & Pomona Units

Fans, Pace, and Pomona units create all the lab air for the cleanroom. Supply fans are
located on the roof of Fluke Hall and supply the lab with fresh air. Pace and Pomona
units are recirculators that allow the significantly high refresh rate of air in the lab. The
incoming air to the lab is a mix of fresh air and recirculated or “make-up” air from the
Pace or Pomona units. The incoming air is what is forced through the HEPA filters and
into the lab. The Pace and Pomona units both have pre-filters that filter air leaving the
cleanroom before it is recirculated back into the lab.
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Gas Bunker

The gas bunker is a concrete structure on the south side of Fluke Hall and has four
separate rooms. The first is reserved for a special cleaning system for the lab. Another
room is reserved for the burn box system. A third room houses the storage cabinet for
the ammonia cylinder for the CVD system in the lab. The final room houses several gas
cylinder storage cabinets. Within this room are the silane, dichlorosilane, boron
trichloride, chlorine, and silicon tetrachloride cylinders for processing. This room
specifically is fitted with a blast door and is designed to use explosion proof facilities. In
the event of an explosion the door would blast out, away from the building. The silane,
ammonia, and burn box rooms are all outfitted with hazardous gas monitors that are
relayed back to the emergency response room. All rooms in the gas bunker are
exhausted with a very strong flow rate to the fume scrubber system.
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D. Locker Policy

Lockers are issued on a yearly basis from July 1 to June 30. All lockers should go through a
thorough cleanout before the beginning of the next year. Users must request a renewal each
year if they plan to use the locker. Renewals will be given priority over new requests, provided
the user is meeting their hourly billing cap on their user agreement. Failure to comply with this
document can result in the revocation of locker privileges

* Locker policy may change at any time. Users with lockers will be notified of the changes
and given a one-week grace period to make any alterations to comply with a revised
policy.

* Lockers are intended for common lab items except chemicals. Acceptable items include:
safety glasses, lab notebooks or journal articles, small tools such as wafer tongs,
tweezers, and diamond scribes. Metal sources for the evaporator are acceptable with
well labeled containers. Wafers are acceptable but not recommended to be stored in
lockers.

* Absolutely no chemicals are allowed in the lockers. Chemicals in lockers will result in
immediately loss of locker privilege.

* (Cleanroom garments are not to be kept in lockers.

o Special Exemption — Smocks and hoods are allowed to be kept in a user’s locker
if they have just put their latest garments in the laundry on Monday
afternoon/evening, and will be using the stored garments on Tuesday morning
before the regular laundry delivery (8 a.m., Tuesdays). The garments must stay
in the vacuum sealed bags if they are stored in the lockers under this exemption.

* No locks on lockers. MFF staff is allowed to check the contents of any locker at any time
to ensure that excluded items are not kept in lockers.

* Lockers are issued to a company or academic principal investigator (Pl), with a maximum
of two lockers to any single company or Pl. The lab manager must be informed of all
individuals with access to use the lockers. Any changes must be communicated to the
lab manager.

* Lockers are assigned at the discretion of the lab manager. Priority is given to users that
reach the billable hours cap according to their user agreements.

* Restricted cleanroom items (food, drink, pencils, cardboard) are not allowed in lockers.

* Lockers do not guarantee privacy. Users are not recommended to store valuable or
personal items in lockers. MFF is not responsible for any stolen or lost property.

* Lockers should remain clean. If an excessive amount of material is stored in a locker this
could result in loss of privilege. This is the discretion of the lab staff.
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E. Lab Visitor Form

UNIVERSITY OF WASHINGTON
MICROFABRICATION FACILITY
LAB VISITOR FORM

As a guest at the University of Washington’s Microfabrication Facility (MFF),

L, represent
(Print name) (Company/Organization)

(Company/Organization address or residence if representing self)

1. I realize that hazardous chemicals and hazardous wastes are generated at this site. | may
request that the work areas where there is a possibility of contact with these materials
be identified to me and Material Safety Data Sheets made available upon request. | may
contact the Laboratory Manager at (206) 616-3855 for further information.

2. lagree to conduct myself in a manner suitable for the shared space environment of the
MFF.

3. lagree to wear all safety equipment appropriate for the laboratory and any processes |
may witness. Aprons, face shields, gloves, and safety glasses are available upon request.

4. |realize that observing a laboratory user does not constitute equipment training or
certification. The laboratory staff performs all equipment training and certification.

5. lam aware that there are emergency evacuation procedures for this site. Fire exits, fire
routes, fire alarm pull boxes, and safety showers are identified. A laboratory map is
available upon request. | may contact any laboratory staff member for further
information.

6. |acknowledge and agree to comply with MFF safety provisions, including, but not
necessarily limited to those provided on this form.

Signed: Title: Date:

Approved By:

(MFF laboratory staff)
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F. CORAL ALTERATION REQUEST

UNIVERSITY OF WASHINGTON
MICROFABRICATION FACILITY
CORAL ALTERATION REQUEST

Please fill out the form appropriately, and e-mail a copy to the MFF lab manager.

The Lab Manager will review the request and respond to this form within 24 hours. MFF asks
that the user retains a copy of this form for record keeping. Please use this form for only one
specific request, multiple alterations require multiple requests.

Name: CORAL username:

Company/Academic Group:

Equipment: Date/Time:

Description:

Alteration Approved? Yes No

Finding:

Determined by: Date:
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