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ÅSample cleaning

ÅResist coating & baking

ÅThin-film measurement

ÅGds file fracture on CATS

ÅGPF verification on Cview
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Typical Sequential steps

E-Beam exposure

Develop

Spin ebeam resist

substrate

RIE/wet etch

CAD design in

GDSII format

CATS fracture

Scripting/Pattern layout

Direct/Basic-write on EBPG

Data Processing Sample processing
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EBL process steps : using EBL and Reactive Ion Etching

substrate

200 nm PECVD SiO2

200 nm PMMA

Mask Direct Write using 

Electron Beam at 50 kV

Develop using 

Metha-isobutyl 

Ketone (MIBK):IPA 

2:1 for 30 secs

RIE etch for 

intermediate 

pattern transfer 

using CHF3/CF4

Ash in O2 plasma

RIE etch in III-V using 

SiCl4/O2
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Class 100 (ISO 5)
cleanroom protocols
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Class 100 (ISO 5) cleanroom protocols

ÅAmbient air contains a lot of particles,  typical urban 
environment may contain 35,000,000 particles per 
cubic meter (0.5 m or  larger in diameter): not 
suitable for micro and nano fabrication and many 
other scientific research and industrial processes  
ÅClean room is an environment having very low level 

of environmental pollutant (dust, aerosol particles, 
ŎƘŜƳƛŎŀƭ ǾŀǇƻǊǎΣ Χύ
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http://www.thaihvac.com/knowledge/cleanroom/cleanroom1.htm

Particle size of common pollutants  
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Cleanroom airflow mechanisms
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Class maximum particles/ft³

Ó0.1 

µm

Ó0.2 

µm

Ó0.3 

µm

Ó0.5 ÕmÓ5 

µm

ISO 

equivalent

1 7 3 1 ISO 3

10 75 30 10 ISO 4

100 750 300 100 7 ISO 5

1000 1000 70 ISO 6

10000 10000 700 ISO 7

Cleanroom Classes

Source : US FED STD 209E 
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Rules
ωWill not introduce any new materials, substances, chemicals, processes, 
etc, into facility without prior permission from ECTI staff

ωWill at all times wear appropriate garments and personal safety 
equipment throughout the facility

ωWill not move equipment, tools, chemicals, etc., from their designated 
areas within facility

ωWill not bring into or remove from the facility any tools, equipment, 
chemicals, materials, etc., without prior approval from ECTI staff

ωWill receive all the necessary training before entering the facility

ωWill reserve time on the equipment prior to use

ωWill become intimately familiar with the full ensemble of regulations and 
procedures and will comply with these consistently and without exception
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Gowning rules
ωGowning room is Class 100 ςno bags, coats and any other non-essential

material brought into the room should be kept to an absolute minimum

ωHands should be clean and dry prior to entering the gowning room

ωClean and dry shoes should be worn. High heels and sandals are prohibited

ωDirty and frayed clothing is prohibited. Skirts and shorts are not permitted

ωSEM/EDX analyses of make-up and perfume show that these are a significant
source of particles and of contaminants such as sodium, potassium, sulphur, etc. 

Consequently, these are prohibited from the cleanroom

ωRings must be removed as these may tear through the cleanroom gloves

ωContact lenses may trap a given dangerous solution and keep it in direct contact wit 
the eye itself, regardless of rinsing. Consequently, contact lenses are prohibited.
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Gowning procedure

ÅWear gloves

ÅSurgical mask

ÅHair-net

ÅSafety glasses

ÅCoverall

ÅCleanroom Booties

wŜǾŜǊǎŜ ǇǊƻŎŜŘǳǊŜ ǘƻ άŘŜ-Ǝƻǿƴέ



E-Beam Nanolithography 
Training

Aju Jugessur

Contamination Control

ωEating, drinking and smoking is prohibited in the facility

The following items are prohibited since they are 
significant source of contamination
ωRegular paper, use cleanroompaper for your notes
ωCardboard
ωNewspaper, magazines, novels, etc
ωTissue (e.g. Kleenex)
ωLighters and matches
ωFood, drinks, chewing gum, candy, etc
ωAny form of graphite pencils ςuse permanent ink only
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ωNever comb hair in gowning room
ωNever touch the exposed portion of your face with your gloved hand as this

will transfer contaminants from your face to your gloves and potentially to work 
surfaces
ωNever touch substrates or wafers with your hands ς

always use clean tweezers to manipulate them
ωNever blow your nose in the cleanroomςgo to gowning room to do so
ωNever lean on tables, equipment or work surfaces
ωNever run or walk quickly
ωNever touch the interior of labwareor process surfaces that come into contact with  
samples
ωAlways wear your surgical mask over your nose and Never breathe directly onto 
your samples or work surface
ωAlways keep your work area clean and tidy
ωIf tools or new substrates are to be brought into the cleanroom, WIPE these down 
thoroughly with dry N2 and Propanolprior to cleanroomentry
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Sample/Materials processed

ÅSilicon

ÅSilicon-On-Insulator

ÅGallium Arsenide

ÅGlass (with Cr/Au)

ÅSilicon Nitride (with Cr/Au)

Size ς10 -200 mm

Thickness ς150 µm- 1000 µm
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Sample cleaning protocols

Å Sample in Acetone ς5 mins ultrasonic bath
Å Sample in IPA ς5 mins is ultrasonic bath
Å Blow dry
Cleaning for E-Beam write is very critical to avoid:
Resist non-uniformity
Height errors on tool

Always repeat same process to be consistent

Users may adopt their own cleaning routines as long as they include the above
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Decisions to make as a user

ÅWhat resolution do need ςdepends on critical dimensions?

ÅWill my substrate charge?

Å Is substrate height within +/- 50µm?

ÅWhat is the substrate thickness?

ÅDo you need speed v/s accuracy or vice-versa?
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CAD packages ςhierarchy designs

ÅL-Edit - Tanner

ÅWavemaker

ÅAutoCad ςusually in dxf, dwg formats

Design file needs to be in gdsII format
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CATS = Computer Aided Transcription System

Graphics:

όD5{LLΣ 5·CΣΧύ

EBPG readable 
format: gpf

(internal workfile)

Command: input abc.clib

CǊŀŎǘǳǊƛƴƎΣ {ƛȊƛƴƎΣ ΧΧΧΦΦ

Proximity Correction, CFA

Command: output abc.cflt

Command: do

READFILE .CLIB file

WRITEFILE

.CFLT file
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CATS Fracturing processes

ω Commercial lithography systems must interpret the CAD pattern as a digital 
approximation since hardware limits beam placement to discrete points on 
substrate

ω This hardware-specific software task, called fracturing is part of the process 
of converting the generic CAD data format to the hardware-specific binary 
exposure format

ω Discrete exposure points are called picture elements, or pixels
ω Interpretation of a given shape within the CAD pattern is accomplished by 

subsystem called pattern generator
ω Pattern generator is restricted to basic shapes, typically a trapezoid
ω Knowledge of intended exposure pixel during CAD digitization can avoid error 

during fracture
ω Smaller resolution, lower roughness in lines with arbitrary angle
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Fracturing

Å Fracturing process provides the digital approx. for the CAD pattern 
based primarily on two requirements:

a. CAD pattern approximated using basic shapes that PG is capable of 
exposing

b. Machine limitations combined with user-determined parameters, such 
as pixel size, require that pattern is exposed as a mosaic of rectangles

Å Fracturing breaks down the CAD pattern into basic shapes compatible 
with the PG and determines the boundaries of the mosaic of stripes and 
fields

Å These boundaries lead to the division of CAD features that cross the 
boundaries into separate shapes, exposed under differing conditions of 
deflection or stage position

Å Errors in how the fields or stripes are butted or stitched together lead 
to discontinuities in shapes crossing these boundaries ςknown as stitch 
errors
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CATS processes

Å Download your gds file on CATS pc
Å Create your folder ςdata/name
Å Open CATS terminal
Å LƴǇǳǘ ΨƴŀƳŜ ƻŦ ŦƛƭŜΦƎŘǎΩ 
Å LƴǇǳǘ ΨǎǘǊǳŎǘǳǊŜΩ ςcell name in gds
Å Input resolution
Å Change name of output file 
Å 5ƻ Ψ9ȄǘŜƴǘΩ ςdisplay patterns on CATS
Å Check for errors ςsize, resolution, boundaries
Å 9ȄŜŎǳǘŜ Ψ5ƻΩ
Å 9ȄŜŎǳǘŜ Ψ²ǊƛǘŜŦƛƭŜ ΦκŦƛƭŜƴŀƳŜΦŎŦƭǘ ςfile is now converted to gpf file
Å Check pattern on Cview ςverify fracture boundaries
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