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1.0 Introduction
This document details chemical handling practices and procedures in FabLab.  All users and staff are required to read and understand this document before handling any chemicals.

2.0 General Procedures
2.1 No shorts or open-toed shoes allowed in FabLab.
2.2 Hair covering, beard covering (when appropriate), lab coat or coveralls, booties, nitrile gloves and safety eyewear are required at all times when working in the clean room.
2.3 Never touch your skin with your gloves.

2.4 No food or drink is permitted in the clean room

2.5 Be courteous and clean up by rinsing glassware, cleaning the wet bench and other work stations you used.
2.6 No unauthorized chemicals are permitted in the clean room at any time.

2.7 Use appropriate PPE (personal protective equipment) when handling hazardous materials.
2.8 Always report injuries promptly to FabLab staff.

2.9 Contact Campus Safety (911) in case of:

•  Fire

•  Injuries that require immediate medical attention

•  Major chemical spill

•  Facility evacuation

3.0 Chemical Wet Process Station Guidelines
Wet process stations are provided for all chemical processing.  They are connected to the clean room exhaust and therefore are a safe area to work with chemicals.  All wet chemical operations must be done inside these stations.

You are responsible for keeping the workstation and the area around it clean.  Failure to do so will result in warnings/loss of FabLab privileges.   Make sure you dry the work surface area and remove any glass or plastic ware, towels and samples prior to leaving the area.  Process stations MUST BE NEAT, CLEAN AND DRY AFTER USE.   Failure to do so will result in immediate removal from FabLab and loss of access for at least a day.  Repeat offenders will be banished for longer times, up to and including permanent loss of FabLab privileges.  
3.1  Work Stations

There are five types of wet process stations in FabLab:  acid, alkali, solvent photoresist coat and photoresist develop.  Each station is dedicated to a set of specific processes.   Never use chemicals in a station that was not designed for them.  Inappropriate mixing of chemicals can result in violent, exothermic reactions which damage people and equipment.  Solvents must be segregated and collected and never put down the drain. Cross-contamination of any kind can seriously disrupt processes that you and other users depend upon.

3.1.1 Acid Work Stations

There are four separate acid work stations in FabLab:

· one in the Etch tunnel designed to handle batches of 4” Silicon wafers only;

· a second station in the Etch tunnel for any other process steps involving acids.
· a third station in the CVD/Diffusion tunnel which is dedicated only to silicon wafer pre-cleans before furnace operations (Staff use only)
· one work station in the Teaching Lab
All of these stations have cabinets below the work surface in which acids only are stored.  Do not store acids anywhere else in the tunnels.

After completing acid processing steps, it’s okay to pour any remaining solutions down the drain.  All the FabLab drains are connected to an acid waste neutralization system that adjusts the waste stream pH before it is released to the sewer.

Do not use solvents or alkalis in the acid hood and vice versa.  This isolation is for safety.  Mixing certain solvents and acids or organics mixed with peroxides can be explosive or emit toxic fumes. 

Hot plates used for heating solutions must be attended to at all times during use.

3.1.2  Alkali Work Stations
There is a single Alkali Work Station in FabLab, located in the Etch tunnel.  This station is for alkali processing only. This station also has cabinets below the work surface for alkali only storage.  Do not store alkalis anywhere else in the tunnels

After completing alkali processing steps, it’s okay to pour any remaining solutions down the drain.  All drains are connected to an acid waste neutralization system that adjusts the waste stream pH before it is released to the sewer.

Do not use solvents or acids in the alkali work station and vice versa.
A second alkali processing station is located in the Teaching Lab.  This station may be used for both developing photoresist and solvent cleaning.  Collect all solvent waste – do not put solvents down the drain!
Hot plates used for heating solutions must be attended to at all times during use.
3.1.3 Solvent Work Station

There is a single Solvent Work Station located in the Etch tunnel.  This station is used for all solvent operations in FabLab.  It is constructed out of stainless steel and is grounded to protect against static electricity discharges that could ignite solvent vapors.  All solvents should be stored in cabinets across from the solvent bench behind the user.
The left side of the right bench in the Teaching Lab is a solvent bench as well.
Solvents should never be poured down the drain.  Solvents must be collected, labeled and stored as hazardous waste. Labeled bottles are located under the bench for this purpose. It is University safety policy that each waste bottle be tagged with a green tag containing the spelled name and percentage of each chemical in solution and the date the first chemical was added.
ANY solvent contaminated wipes must be placed in a properly labelled waste can to be disposed of by FABLAB Staff. This includes wipes used for cleaning and spill. 
Do not use solvents or acids in the alkali work station and vice versa.

Hot plates used for heating solutions must be attended to at all times during use.
3.1.4 Photolithography Work Stations

3.1.4.1 Spinner Bench

The Photo Spinner Bench is located in the Photo tunnel.  It contains two spinners and several hot plates.  Both spinners is reserved for photoresist only. The hot plates are used for soft and hard baking photoresist.  The temperature settings must not be changed without prior approval by FabLab personnel and must be re-set to their prescribed temperature once you have completed processing.
An SU-8 spinner- the Laurel- is next to the resist spinner bench and it used ONLY for SU-8.
A third spin area and hot plates are in the Teaching lab between MJB-3 aligners.

A fourth spinner called the Polymer spin station is located in the Exploratory lab and is for non-photosensitive materials.

No acids or alkalis can be used in the spinner bench

The wafer soft bake hot plates inside the photo hood can not be used for heating solutions.  There are no exceptions to this rule.

3.1.4.1 Developer Fume Hood

The Developer Hood is located in the Photo tunnel.  It is to be used for developing photoresist only.  No acids, alkalis or other solvents can be used in this bench.

Photoresist strips must be done in the appropriate bench in the Etch tunnel Caustic hood, not in the photolithographic tunnel developer hood.

No other chemicals can be used in this hood.  Developer only!!!
Reist glassware well to help isolate positive and negative resist-type chemicals.
Aqueous-based developers may be poured down the drain after use.  Non-aqueous developers must be collected, labeled and stored as hazardous waste in the bottles with green tags that list all chemical names spelled out with the date the first chemical was added.
Wipes containing solvents- especially MIBK- must be in lidded waste cans for hazardous disposal by FABLAB Staff.
3.1.5  Wet Process Station Work Rules

Keep your head above the bottom of the wet bench plexiglass splashguard at all times.

Never sit in front of any wet bench.

Never put your head in any wet bench.

Never lean into a wet bench.

YOU MUST DOUBLE GLOVE WHNE HANDLING WET CHEMICALS.  Change THE OUTER gloves after each process, or immediately if you notice any rips or tears.

CHEMICALS CAN ONLY BE INSIDE FUME HOODS

REVIEW THE APPROPRIATE MSDS SHEETS BEFORE HANDLING CHEMICALS
WEAR SAFETY GLASSES AND GLOVES AT ALL TIMES WHEN INSIDE THE CLEANROOM.

LABEL AND DISPOSE OF ALL WASTE SOLVENTS IN PROPERLY MARKED WASTE CONTAINERS.

STORE ALL CHEMICALS IN APPROVED STORGE CABINETS.

LABEL GLASSWARE THAT CONTAIN SOLUTIONS YOU ARE STORING INSIDE FUME HOODS WITH YOUR NAME,CHEMICAL IN USE,YOUR PHONE NUMBER AND DATE.

ALWAYS WEAR PROTECTIVE GEAR WHEN MIXING ACID OR ALKALAI SOLUTIONS: 

· DOUBLE GLOVES 

· APRON

· SAFETY GLASSES

· FULL FACE SHIELD.

ALWAYS WEAR PROTECTIVE GEAR WHEN TRANSPORTING BOTTLES OF ACIDS, ALKALAIS OR SOLVENTS: 

· DOUBLE GLOVES 

· APRON

· SAFETY GLASSES

· FULL FACE SHIELD

ALL BOTTLES MUST BE TRANSPORTED IN HEAVY RUBBER CARRIERS

CHECK FOR CHEMICAL INCOMPATIBILITY PRIOR TO MIXING YOUR SOLUTION.

AAA- REMEMBER TO ALWAYS ADD ACID TO WATER.

ALL NEW CHEMICALS MUST BE APPROVED PRIOR TO THEIR USE IN FABLAB (CONTACT John Abrahams at jabrah@umd.edu).  MSDS sheets must be provided prior to approval.
KEEP THE WET BENCHES CLEAN.  WASH GLASSWARE WITH D.I. WATER AND STORE IN THE BACK OF BENCH.

USE TEFLON BEAKERS/DISHES WHEN USING HYDROFLUORIC, BUFFERED OXIDE ETCH AND SILOXIDE ETCH (HF ETCHES GLASSWARE).

3.2 Chemical Spills

We use many potentially dangerous chemicals in the FabLab and the possibility of a major spill always exists.  It is necessary to know how to react quickly and properly to any chemical spill to avoid injury, death or major equipment damage.  These procedures are intended as guidelines only.  Common sense and safe practices should be used whenever you are in FABLAB.
Note: small solvent spills contained within the Fume Hood may be absorbed with wipes. When these have aired out for a period of time they may be disposed in a properly labelled waste can with a cover. FABLAB Staff will dispose of this material as a hazardous waste.
The chemical spill kit is located on top of the flammable storage cabinet in the main clean room.  This kit includes:

1) Safety goggles and gloves.

2) Hazardous waste bags and labels.

3) Spill absorbent pads. 

3.2.1

Emergency procedures

If a spill does occur, the following general procedures may be used, but should be tailored to specific emergency needs.  

1) Attend to any person who may have been contaminated

· Flush any exposed areas with cold water using either the wet station sinks, the eye wash stations or the safety showers as appropriate

· Remove any contaminated clothing if appropriate.
2)  Notify the FabLab staff and any persons in the immediate area about the spill.
3) Evacuate FabLab if necessary through the emergency exits.
4) If the spill is small (less than1 gallon), open the spill kit and place absorbent pads on spill and call DES at X53960.
5) If the spill is large (1-gallon or more) or is toxic or fuming, evacuate FabLab and call 911.
3.2.2 Hydrofluoric Acid (HF) 
HF is extremely reactive and must be handled appropriately.  Potential health hazards from the HF MSDS sheet:

Skin Contact:
Both liquid and vapor can cause severe burns, which may not be immediately painful or visible. HF will penetrate skin and attack underlying tissues. Large or multiple burns totaling over 25 square inches of body surface area may also cause hypocalcemia (depletion of calcium in the body) and other toxic effects which may be fatal. Prolonged contact with very dilute HF solutions will cause burns.  Both liquid and vapor can cause irritation or corneal burns. 

Inhalation:

Mild exposure: Can irritate nose, throat and respiratory system. Onset of symptoms may be delayed for several hours. 

Severe exposure: Can cause nose and throat burns, lung inflammation and pulmonary edema (fluid in the lungs). Also results in other toxic effects including hypocalcemia (depletion of calcium in the body) which if not properly treated can result in death. 
Ingestion:
Can cause severe mouth, throat and stomach burns and may be fatal if swallowed. Even with small amounts of dilute solutions, profound and possibly fatal hypocalcemia (depletion of calcium in body) and systematic toxicity is likely to occur unless medical treatment is promptly initiated 

Delayed Effects:
The effects of contact with dilute solutions of hydrofluoric acid or its vapors may be delayed. The potential delay in clinical signs or symptoms for dilute solutions is given below. Symptoms might include pain, redness of the skin and possible tissue destruction. 

HF Concentration 
Delay in Symptoms 

>50%


 Immediately Apparent 

20%-50%

1-8 hours 

0%-20% 

Up to 24 hours

Can also cause bone and joint changes in humans

First Aid Measures for HF
All cases of exposure to HF must be seen by a physician immediately after first aid measures are followed.
Tubes of calcium gluconate are located at each of the Acid Wet stations.
Skin Exposure:

Remove the victim from the contaminated area and immediately wash the burned area with plenty of water for a minimum of 5 minutes. Remove all contaminated clothing while washing continuously. Thoroughly wash for at least 5 minutes.  Massage 2.5% calcium gluconate gel into the burn area until the pain is relieved. For larger burns or burns treated with calcium gluconate gel (in which pain is present longer than 30 minutes), a physician should inject 5% aqueous calcium gluconate beneath, around and in the burned area. Use of local anesthetics is not recommended, as reduction in pain is an indicator of effectiveness of treatment. 
Eyes:
Irrigate eyes for at least 15 minutes with copious quantities of water, keeping eyelids apart and away from eyeballs during irrigation. Get competent medical attention immediately, preferably an eye specialist. If a physician is not immediately available, apply one or two drops of 0.5% tetracaine hydrochloride solution, or other aqueous topical ophthalmic anesthetic and continue irrigation. Do not use the solution described for skin treatment. Use no oils or greases unless instructed to do so by a physician. Irrigate with 1% calcium gluconate in normal saline for 1 to 2 hours to prevent or lessen corneal damage.

Inhalation:

Move to fresh air. Keep the victim lying down, quiet and warm. Get competent medical attention immediately. If breathing has stopped, start artificial respiration at once. An authorized person should administer oxygen to a victim who is having difficulty breathing, until the victim is able to breathe easily by himself. Calcium Gluconate, 2.5% in normal saline may be given by nebulizer with oxygen. Do not give stimulants unless instructed to do so by a physician. Victim should be examined by a physician and held under observation for at least 24 hours. 

Ingestion:
Drink large amounts of water to dilute. Do not induce vomiting. Several glasses of milk or several ounces of milk of magnesia may be given for their soothing effect. Take victim to a doctor. 

3.3 Hazardous Waste Collection and Disposal

All waste solvents must be collected for disposal by the Department of Environmental Safety (DES).  Waste solvent storage is located in the yellow solvent cabinet across from the solvent bench (in FABLAB) and under the photolithography wet bench (in the Teaching Lab).

Check the chemical incompatibility list prior to disposing any chemical.  Make sure the mixture is compatible with the waste containers available on the storage cart. If you are not sure of the compatibility of the mixture, BE SAFE and generate a new waste bottle following the procedure below.

Prior to moving or filling of any waste containers, the user must utilize the proper Personal Protective Equipment (PPE) when disposing Hazardous chemicals.  The proper PPE is outlined in the Chemical Handling and Safety Guide.

Find the appropriate waste container and place in the sink of the wet bench.  Do not fill the waste bottle to the top.  Leave a minimum of 4-inches from the neck and keep the cap loose ( ½ turn from fully closed) as later thermal expansion can cause overflow or bottle breakage.  Use the funnel located on each wet bench to transfer the chemical into the waste container. Rinse the funnel thoroughly after each use.  DO NOT use the funnels for fresh reagent grade chemicals - funnels are for waste disposal only.  If any chemical has spilled on the outside of the bottle, rinse it off with DI water and towel dry the bottle.

New waste bottles are made from clean empty bottles kept on the floor next to the acid wet bench and behind the photolithography wet bench.  A new bottle is generated by labeling the container using a marker with all of the chemicals you are disposing. All bottles containing waste MUST have a green tag that is properly labelled using the full chemical name and the date the bottle had the first chemical added.
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