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Introduction

This document conveysll pertinent informationneeded to safely install,
operate, and maintain Intelligent Micro Pattern;igSF-100 Maskless
PhotolithographySystem.  Performance, characteristics, specifioaticand
system configurations are subject to change witpaot notice.

The SF-100 is an exposure system used in photgliéiphic processing. The
key technology driving this system is Intelligentidkb Patterning’s patented
Smart Filter Technology. This technology and th&tem are described below.

Smart Filter Technology

Smart Filter Technology provides the user with thbility to perform
photolithography processing without the need fgpessive photomasks. The
patented technology combines a number of opticdl elactronic components
that project optical images onto the surface ofgales. Since polychromatic
light is selectively filtered to provide this imaghe nameéSmart Filterhas been
given to this technology.

Computer files of your design images are used tovige the necessary
information for the Smart Filter. The necessarypati data is furnished by
using either the optionaluto Stage™ load” function or other graphic image
application’s full-screen display in a pixel-bas@ather than vector-based)
graphics format such as bitmap (bmp). The inpub itite Smart Filter sub-
assembly is a therefore a standard video signal &@ersonal computer (PC).

Output from the Smart Filter assembly is an opticege that is ultimately used
to generate the photopolymer exposure pattern thesubstrate surface. The
Smart Filter sub-assembly incorporates the optivd electronics needed to
ensure that this optical signal is:

» Uniform across the image
« Of high intensity for quick exposures
» Distortion-free to resolve small features on thecebnic substrate.

The SF-100 Maskless Photolithography System

In order to provide a complete exposure processsofution to device

manufacturers, the SF-100 Maskless Photolithogrefystem was developed.
This system incorporates Smart Filter Technology pgmvide maskless
exposures onto electronic substrates and optioimalyrporates théuto Stage

to make setup quick and easy. A block diagramhef $F-100 is shown in
Figure 1.
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REAR OF SF-100

POWER DISTRIBUTION
LAMP POWER LAMP FAN CAGE! . TERMINAL BLOGK
SUPeer LAMP FAN | /
. N
5 5 % & = 5
N\ X Ehi

H;r:pﬁ
o] o

SYSTEM FAN

. FIELD LENS

LASER
(IF EQUIPPED)

e

&
CONDENSER LENS

/ SMART FILTER
e _,_.—-—'_'_'_F

]

; ; ; FILTERIBTACK/
.- A O saath SOLENPID

/ g ::Ci‘h’l ] aocucoaoga_n.
F| ol : aoeeascaa l—-_._,_‘_‘_‘_‘_‘_‘_‘_‘_-_-
/ o\ ssss 25 = ?g:ﬂDSIDE FACE)
\ c
SOLENOIDILASER = (o )eo
P PPLY ' g @
OWER SUPPL T — IMAGING LENS
MIRROR N
UNIFORMITY TURNING

MIRROR

FRONT OF SF-100
Figure 2: Internal Top View of SF-100 Photolithaghy System
The SF-100 is an elegantly simple exposure systehgrovides exceptional

imaging quality for micro device researchers andbritators. Light is
introduced into the system using a polychromatjbtlisource. A direct coupled
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optical delivery system ensures efficient trangférthis energy to the Smart
Filter sub-assembly.

As stated earlier, the Smart Filter incorporatésofithe necessary optical and
electronic components needed to transfer an image the substrate. Using
proven optical design techniques, the projectedyama free of distortion and
uniform throughout the exposure area.

A standard Windows -based personal computer is interfaced directlyhi®
Smart Filter, providing system control and imagerage for the exposure
process. Théuto Stageif equipped, then works with the computer to take
the calculations and guesswork out of making migltgdigned exposures.

Light emanating from the Smart Filter is projectéicectly onto the surface of
the substrate located on the surface of the st&jace the area of this image
may be less than the total desired exposure argapaand repeat motion is used
to expose substrate surfaces larger than thedieliew. To controllably move
the substrate during these activities, highly aatuiXYZ and theta stages are
incorporated into the base unit.

Optional Auto Stagesoftware screens enable full automated setuphredibn
and execution of these activities. Manual overidee also available on the
Auto Stagescreens to facilitate unique applications togethdth new or
experimental processes.

By using the pellicle and the camera, the user weaify and control image-to-

substrate alignment. This provides the SF-100 systbe capability of

fabricating multi-layer devices. A UV filter (inteal to the SF-100)

automatically removes UV energy from the target gmdo avoid substrate
exposure during image-to-substrate alignment. Tihé is necessary in order
to prevent the photoresist from exposing while shbstrate is being aligned to
the image. The filter is lifted out of the lighagh during exposure using an
electronically-operated shutter. Non-automatedtesys exclusively use a
digital timer to provide this function. The optalrAuto Stagesystems use the
software screens to configure single and multiplogmmmed shutter
operations.
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This section describes safety information regardirggallation, operation, and
maintenance of the SF-100. Additional cautions aagnings are provided in
the manual where applicable.

Familiarity with the following symbols will help ad unnecessary risk while
using or maintaining the SF-100 unit and its asged equipment. Users and
maintenance personnel are encouraged to becomiy téailiar with the
meanings associated with these.

This symbol alerts the user that important infoliorat
concerning the operation and maintenance of thitshas beer]
provided in the product documentation. This infotiora
should be read carefully to reduce and avoid risk.

This symbol alerts the user that uninsulated veltaghin the
unit may be sufficient to cause electrical shoakntor death.
Therefore, it is dangerous to make any contact inihde
surfaces without first disconnecting power from tim.

A\

This symbol alerts the user that potentially haaasdevels of
UV light energy are present in certain areas ofsfsem.

/N\
/N
AN

This symbol alerts the user that surfaces may battbe areaf
where this symbol is placed for some time after @ois
removed. Follow instructions in the manual to aviojury.

This symbol alerts the user that protective eyewsesrquired
when operating this equipment. Failure to wear phegective
equipment during operation may result in permaegat
damage.

This symbol indicates that the equipment is vegmyeand
may cause injury if not lifted properly. Some foai
mechanical assistance shall be used to lift thetaggrevent
potential injury.

A

This symbol indicates that there are nearby ardesevhand
injury might happen if equipment movement is ignbre
Always be aware that equipment may move unexpected|
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General The following section details general safety recandations that need to be considered
Safety: when working with the SF-100.

WARNING: Failure to follow safety procedures outlined in this document may
result in lethal shock, burn or UV energy exposure.

Potential hazards exist in any optical electro-nagatal environment. T¢
prevent injury to personnel or equipment damageuenthat the power ip
disconnected when performing any work on the system

Follow company, local, and government safety retjuta.

Keep unauthorized personnel out of the area whekimgpon the equipment.

VNN

Voltages supplied to and within certain areas af Hystem are potentiallly
dangerous and can cause injury to personnel.

VAN

Use caution when working inside (and around) tlghtlisource. Direct ey
exposure with high power optical energy can caesempnent eye damage.

1%

When working on the equipment near the light sowicany area that may Qe
exposed to this optical energy, it is recommendeat tyou alwayswear
approved safety goggles that provide protectiomfudtraviolet light.

A A ®

Some surfaces dhe SF-100 system and its remote equipment maynhedmt.
Caution should be used when near any of these.areas

A patrtial list of potentially heated areas includlesse near the light source apd
the power supplies.
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Installation
& Maintenance:

This section highlights safety precautions to bgseobed with the installation

and maintenance of the SF-100 system. In ordemdmtain the system in
sound operating order, and for personal safetis @&ssential that the tool be
installed and maintained properly and safely.

WARNING: Maintenance on this system is restricted ¢ trained and qualified
personnel only!

Handling:

Safety Precautions To Be Observed:

Bring the system to a safe state by disconnectavgep to the system prior to
performing any maintenance.

» Useonly original spare parts and assemblies proviadethtelligent Micro
Patterning for maintenance and service work. Thidudes all process
consumables. Using non-original spare parts caisecanalfunctions. It
may also result in serious or fatal injuries aslwasl extensive equipment
damage.

» Properly dispose of toxic, flammable or hazardouwsster material which
may be used during or may result as a consequehoeaimtenance to
system components.

e Stage pinch points should be monitored when thitesy is functioning
since movement may be automatically initiated.

WARNING: Keep foreign and/or flammable objects from falling into the
system, particularly in the light path area. Failure prevent these items from
entering the system may cause inhibited performan¢@verheating and fire

WARNING: Do not tamper with supplementary cover interlock switches to
enable system operation without the covers in plac&he cover protects the
user from hazardous levels of ultraviolet light, with may cause permanent
eye damage, and from hazardous voltages which maguse shock, burn or
death.

WARNING: Do not place any non-approved optical compnents into the
light path. These may redirect light within the unt and can cause
unpredictable outcomes such as eye injuries or evdine.

This section lists some recommended handlingséfet for installation
and/or maintenance of the SF-100 equipment.
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The SF-100 is very heavy and lifting or moving tha@t without mechanical assistange

may cause personnel injury.

» Use talc-free, oil free and lint-free gloves wheorking inside (and around)
optical components and the process area. Fingésprcan cause
contamination during processing or distort the agitiimage as it is
projected through the light path.

 Make sure that any components which are removedwaihdot be used
again immediately are properly contained when beisgarded or stored.

e Follow all company, government, and local safetgutations, laws and
guidelines for protecting personnel, equipment, fiaeility and the
environment.

Electrical: This section describes warnings and cautions forking with the SF-100
electrical sub-system in general.

Power shall always be disconnected before opemggeaclosures or changing
any cables or connections.

If any wires or cables appear damaged, contactlligget Micro Patterning
immediately to determine the appropriate coursactibn.

VNN

Care should be taken when making input power cdiorec and interconnections
between sub-assemblies in the system. Intercopnscthall be made with systerps
powered-off to reduce danger of personnel hazadeedl as equipment damage.

A /N
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For your protection, supplemental cover interlogktshes have been designed irfto
the system to further reduce the likelihood of estpe to hazardous voltages when
the cover or lamp access panel is removed. Ddamper with these switches {o
allow system operation without the cover and/orgbam place. Voltage levels exi$t
within the system that present a lethal shock lthzar

Optical: This section describes warnings and cautions farking with the SF-100 optical sub-
system. It also suggests safe practices for wgrkiith the optical components.

 Whenever cleaning optical components, use only lpaper to avoid
scratching or marring the lens. If dry lens papearot effective in cleaning
the lenses, methanol may be used. Do not cleapdhiele with the lens
paper the membrane is very thin.

Note: To effectively clean the lenses internaltte pre-Smart Filter light path, they
must be removed from the system. Please contaefligieint Micro Patterning for
assistance in removal, cleaning and replacemethiesE components if necessary.

CAUTION: The lamp must be changed at the approgiiserval as described in the
maintenance section of this manual. If you comita use the lamp after 1140
hours, the lamp bulb may shatter and pieces osgtes/ be scattered in the unit. po
not touch these pieces of glass as they may camjisgy.i If this occurs, contagt
Intelligent Micro Patterning for lamp replacement.

» Ultraviolet (UV) energy at 365nm is present in thght used during
exposure. The irradiance level at 365nm is appmasely 25 watt/crhand
is sufficient to expose materials sensitive to Usvelengths.

WARNING: Protective eyewear shall be worn when \igythe substrate arda
during exposure. Viewing the substrate area dugkppsure is strongly discourag¢
to avoid eye discomfort and possible eye damage.

A A

Installation of an Intelligent Micro Patterning 3B0 Maskless
Photolithography System is described below.

o

Installation

Site Requirements:

In order to obtain the maximum benefit and processilts from the SF-100, the following
requirements shall be made available to the syatahe installation location.
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v' Granite tableor similar anti-vibration table for the opticaldpof the system and the

stage assembly to rest upon. The computer and ot standing subassemblies
should not rest upon this table in order to minemémy vibration transmission from

these components to the main system body. Thig tadist be a minimum of 24

inches x 36 inches (609.6 cm x 914.4 cm).

Since the majority of maintenance activities arelenfrom the rear of the unit, 24
inches (609.6 cm) of free spaskould be left around the perimeter of the maiih un
This will also ensure adequate ventilation for sgsbperation.

Electrical requirementsThree (four with Auto Stage) standard (total locad 2A)
wall outlets are required for the SF-100. All betoutlets are to be standard line
currents and configuration. Two of the outletsl wé for the PC (one for the tower
and one for the monitor). The last one or two etstwill be for the SF-100 main
system and for the optional automated stage matwdscontroller power supply.

The system will need to be located in a UV-freelopeilighted area to prevent
exposure of substrates from the environmental ambight. Ideally, the yellow
light will filter all light wavelengths less thardBnm.

Installation Procedure:

The following procedure should be used to install naw SF-100 Maskless
PhotolithographySystem. The procedure shall be performed by agllignt Micro
Patterning Field Service Engineer or by the custowi¢h written pre-approval from
Intelligent Micro Patterning angbroper training

1. Unpacking of Equipment:

a. Inspect all enclosed items for visual damage. Aaynage to crates,
boxes, or materials should be documented usingreeigaand reported
to Intelligent Micro Patterning immediately. Not@ny shipping
damage and begin any appropriate replacement arainse claim
actions to correct. Please take photos of any plessiamaged areas
and email them to the Intelligent Micro Patterni@gstomer Service
group within 24 hours after determination of thendge

b. Ensure all correct items are enclosed in each Weacking slips will
accompany each box shipped to a customer site. glapment should
include the following sub-assemblies:

i. SF-100 Head:This will include the base supporting the optical
path, light source, and other components housékeirmain body
of the SF-100. Additionally, the four legs thatewate this
structure will remain attached to it during shippifThe head may
be attached to the optical table, item ii, for ig.

ii. Optical Table: This is the lower base plate of the SF-100 which
will support the XYZ and Theta stage assemblies thedSF-100
head. This may arrive attached to the head, iteMote: if the
Auto Stag&" option has been ordered, the XY auto stage adapter
plate is typically pre-mounted to this table.

iii. Stage Components:Manual Stageparts include labjack, XYZ
Flexure Stage, Rotational Platform and any appleadapter
plates. Automated Stag@arts include XY Stage Assembly, ZT
Stage Assembly, Auto Stage Controller Unit, BNC I€albAQ
Card, Joystick and cabling. Extreme care shouldaken when
handling the stages. While they are heavy and npgear very

9
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rugged, they are high precision components; suldgedamage if
mishandled.

iv. Substrate Holder and Vacuum Pump (when applicable r
PO).

v. Windows-Based Personal Computer and Monitor:This will be
shipped in its original container. All support dms (e.g.
keyboard and mouse) will be included with the cotapu

vi. Spare parts (if ordered)
2. System Positioning and Connection of Sub-components

Note: Installation is performed by Intelligent MicPatterning Field
Service Engineers.

Customers: DO NOT attempt to perform self-instalithout pre-
approval and proper training from IMP personnel.eTihformation
below is provided for reference purposes only.

a. Using mechanical assist to support unit weightcelthe optical table
with any attached adapter plates onto an apprepati-vibration
table.

Note: If the head is attached to the optical talsteps b and c are omitted.

b. Using mechanical assist to support unit weightc@lthe SF-100 head
with support legs on top of the optical table. Aligne rear-right corner
of the SF-100 body and the optical table. Securesti-100 body to the
optical table at the right-rear using eight ¥4-26kst head cap screws,
two for each leg.

c. Mount and secure stages centered under the exit fowithe exposure
image, located below the cutout in the front-ceofehe cover.

For the manual stagethe mounting order bottom to top is Labjack,
XYZ Flexure Stage, Adapter Plate, Rotary Stage,cRhAdapter Plate,
Substrate Chuck. (Note: the 1/3 Reduction Adaptkes the place of
the Chuck Adapter Plate if the 1/3 reduction opti@s purchased.)

For the Auto Stagehe mounting order bottom to top is: Adapter ®lat
(pre-installed), XY Stage, Adapter Plate, ZT Staged Substrate
Chuck. XY Stage cable orientation should be tortgkt (X) and rear
(Y) of the unit. Z and Theta cable orientationaghe rear.

d. Place the computer tower on the floor or benchegr the SF-100.
e. Place the monitor on the benchtop near the SF-100.

f. If Auto Stagewas purchased, place the Auto Stage Controllet ami
the floor near the SF-100.

g. Connect the monitor video cable from the monitothe video output
connector labeled “1” on the computer graphics card

h. Connect the SF-100 DB9 serial port cable from tloet gabeled
“CONTROL PORT” at the rear of the SF-100 to the intaerial port
connector at the rear of the computer.

10
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i. Connect the SF-100 high density DB15 video cabtenfrthe port
labeled “DATA PORT” at the rear of the SF-100 te tf2” video
output on the computer graphics card.

j- If the Auto Stage was purchased, connect the sebBd@fl serial port
cable from the port labeled “LASER PORT” at thehtigear of the SF-
100 to a mating serial port connector at the rédnecomputer.

3. If Auto Stagewas purchased, insert the DAQ 1200 card into {GME@IA
slot at the rear of the computer and connect thbor cable from the
computer’s DAQ 1200 card to the stage controllét. uhhe connectors can
only fit one way on these ports; rotate as necgsgar careful not to bump
or dislodge this DAQ card, the connections are véejicate and can be
damaged.

a. If Auto Stagewas purchased, connect the BNC cable from theeStag
Controller unit to the right side of the SF-100 Bod

b. If Auto Stagevas purchased, connect the circular connectorXthé
Z & T axes to their mating connectors. Be certaifetive enough slack
in the cables to allow full range of motion for tftages.

c. Connect the power cords from the SF-100, Stager@Gltert Unit (Auto
Stageonly), monitor and computer into the three (orrjoavailable
wall outlets using the supplied power cords.

d. DO NOT TURN ON THE SYSTEM OR AUTO STAGE
CONTROLLER UNIT AT THIS TIME.

Customers having Manual Stage Systems, proceebtetméxt sectionManual Stage
Systems-Overview.

Customers having Auto Stage Systems, proceed tAthe Stage Systems-Overview
section.

Manual Stage Systems-Overvi

The SF-100 equipped with a manual stage offers>aepionally affordable way to
expose custom, small area patterns on a variesuloftrates. For large feature patterns
greater in size than a single exposure area, theigwwn manual XYZ and Theta stages
allow the user to stitch adjacent images together.small features or large area designs,
the purchase of an Auto Stage system is highlymeeended.

Manual Stage Systems-Operati

System Power Up:

1.

Ensure all cords, cables, and unit covers are mcepland all system vents are
unobstructed. Turn on the SF-100 using the swibtciated on the rear of the unit. You
should hear the system fan turn on inside theamdtfeel a discharge on the left side of
the unit. Lack of proper ventilation may shortemfalife, cause system shutdown or
failure.

Set the timer for 10 seconds this will be locatethe manual or the auto stage program.
You should hear the shutter engage, then lower dfteseconds.

11
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3.

4,

Once the system fan and shutter operation has b&éed, turn on the computer and
monitor.

Don the UV-protective eyewear and turn on the laiiifips may be done by accessing the
“LAMP CONTROL" program from the PC desktop and klithe power switch button.
(see the next section “Lamp Control Panel” for pamg directions)

When this is done, you should hear the lamp starimd within 1 minute you
should see a rectangle of light at the substrgp@sxe area. Allow the lamp to
stabilize for approximately 20 minutes before comitg.

Once the lamp has been allowed to stabilize, pdapice of paper or card in the image
light path to locate the image in its focal platfeyou do not see an image of your
desktop at the focal plane, you may need to chémgeomputer’s display settings.

For units equipped with thdanual Staggethe display should be set to dual display/clone
mode. Display settings can be accessed in the @oRtnel-Appearance & Themes,
Display, Settings, Advanced, and Display. The compis set to clone mode when both
displays are active (green).

DO NOT attempt to use extended desktop when eqdipfigh a manual stage and using
ACDSee full screen viewer.

Lamp Control Panel

A customized program is installed on the SF-1006sB@he user may access lamp
controls such as switching on/off, changing thersity, viewing remaining lamp hours
and resetting the lamp timer.

* | .amp Control

Help

Lamp Hours Remaining

Lamp Power Lamp Inkensity COM PORT i}

_OFF | - oL _COM} vJ Resek Lamp Timer

Cirlentation

Message Window! IR = !

4 o

| Clear Window l |Qiagnostics ' |r\jinimize Ta Tray 1 | Quik |

Lamp Power
The user may use this button as an alternativepoessing the switch on
the front of the SF-100. The two methods are ntetrainangeable. For
example, if the lamp was turned on from the PCestietmay not be turned
off using the switch on the SF-100.

Lamp Intensity

12
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Lamp intensity may be adjusted using this buttdrer€ are two settings Hl
(100% intensity) and LOW (90% intensity). Opergtthe system at the
low lamp setting will increase exposure times fighty reactive
photoresists.

Lamp Hours Remaining
This indicates the hours of usable life remainingyour lamp. You may
wish to monitor this and schedule your replacent@np orders
accordingly. When the lamp hours remaining reacdm(n-screen message
will display declaring it is time to replace therlp.

Reset Lamp Timer
After the lamp has been replaced, the lamp timeulshbe reset using this
button.

System Diagnostics
Clicking this button will display any system erro¥8hen the system is
running normally, the message will read “No Errboaind”. Possible error
messages are:

* Cover Open

e Lamp Overheated

e Lamp Power Supply Overheated
* Fan Stoppage

e Power Supply Failure

e Lamp Unlit

If you encounter any of these messages, notifyligeat Micro Patterning
Customer Service for assistance.

Image Focus/Z Stage Alignment

Removal of the cover for internal optical componalignment should ndbe necessary as these
items are pre-set and locked-down at the factdryol suspect your system has moved out of
optical alignment, contact IMP Customer Servicedssistance.

1.

Display an image on the computer screen for usstage alignment. A simple image

such as black text or lines on a white backgrosrest suited for this purpose. Note that
this projected image is a left-right “mirrored” ig@ of the computer screen. You may
wish to “flip” the image on the screen to compeadat this if necessary.

Place desired substrate (glass slide, metal picg,on the stage within the exposure
area. If using a glass slide, it is recommendedugmione with a label (white area at one
end) for focusing.

Accessing the camera you can view the projectedénfeom the substrate. Adjust the Z
stage (round knob on right of black lab jack atdot of stage assembly or program key
when using an Auto Staf}d). As you move the Z axis above and below the fptae,
you should see the image go in and out of focus.

Note You may see a slight left-right movement of thstrate during the vertical stage
adjustment when using the manual stage versiorppgdiwith a lab jack. This is normal
and will not affect your exposure results.

Automated Shutter Control Input:

Manual stage users may wish to control the shofteration remotely using a PC or other control

device.

13
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The BNC connector on the rear of the SF-100 anevshn Figure 4 is used for this purpose. The
connector accepts a standard TTL input (5VDC/0 VBighal for shutter engagement (exposure)
and release.

For further information on automated operationhaf SF-100, contact Intelligent Micro Patterning
using the information located at the end of thisudoent.

S hutter Cantrol
Fort
115vols Power
Cord

Figure 4: Shutter TTL Input (right-front corner of SF-100 Body shown)

Substrate Exposure:
Once the system has been successfully installegengal up and aligned, you are ready to expose.

1.

N o g &

Display the desired image to be exposed on the atengcreen.

HELPFUL HINT: Remember that all components of tl&ble computer screen image
will be exposed including any borders, menus omos. Clear the screen of all
unwanted images before exposure. Also verify thatdrojected image at the substrate is
oriented correctly; you may need to ‘flip’ the combgr screen image to change the left-
right mirrored orientation of the projected imadéis can be done in the Lamp Control
Program.

Place your photoreactive substrate on the stageruhd exposure area.
Verify the projected image is in focus on the stdist

NOTE: If you are using silicon as your substratdemal, a minimum of 7um photoresist
is required to view the projected image. Phototdkiat is thinner than 7um thick does
not have the scattering qualities necessary to thewmage. Reducing localized ambient
light levels will also help in being able to vielet projected image for focusing. The
alternative is to focus on another substrate of dame thickness before placing the
silicon substrate on the substrate platform/chuck.

Set the timer for the desired exposure time.
IMPORTANT: Put on UV-protective eyewear.
Click on the “EXPOSE” button located in the softear

To align multiple images for designs larger thae field of view, manually move your
substrate for gross adjustment, and then aligrep@sed image to the newly projected
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image using the fine xyz and theta stages whil&itgpat the picture on the monitor
being displayed by the camera before the next expos

HELPFUL HINT: If you wish to manually expose mulgpimages “stitched” together, it
is recommended that you use a resist such as $gle or a dryfilm photoresist that
allows the user to see the previously exposed inpaige to development. Alternatively,
you will need to use a positive resist such asI8hi827 and develop the exposed area
before exposing the adjacent area.

HELPFUL HINT: Your developed substrate will vary eppearance depending on
exposure and development times. You may need tergmpnt with both settings to
achieve the desired results. Intelligent Micro &atihg has process engineers to assist
you in your processing efforts. If you require atmice in this area, contact us for more
information.

Auto Stage™ - Overvie

SF-100 Maskless Photolithography Systems equipptdtiie optionalAuto Stageoffer

a simple and highly precise means of providing a¢gigle alignments and exposure
accuracy for step-exposing larger images. Smatlages can also be controlled easier
as well by merely inserting appropriate exposurtepselata while taking advantage of
several powerful image control and adjustment festas needed.

= Stage Control

Inttialize Settings Help

~Stepping Controls — Range Controls
i ing| Counter X| Counter ¥/ Counter Z Counter T
Auto Speed|  Manual Speed MJUDSEPE'HQ Move XDOWN| MoveXRIGHT| o e ounter ounter ¥ Counter T

| ¥l 2o | Ao o0t Son | | o B

xpy| 2fooooos x| Hooooos x| B % ~ o000 = — S o : o : o o

= = Direct Control| Msc¥l  Encoder¥|  Encoder¥|  EncoderZ Encoder T
z 3o+ zlZfooooo+ 2z 8% | | MoveYDOWN| Move YRIGHT Won e I Mz

e
= ) (Son 2 +l-12000 —]| Off
rifowe FIEEE dEgE | .

T T e ——— i

Direction Controls ] e | Bitmap Controls, o Exposure Controls|
Running ."‘. OutputLeft| Qutput Width| ,. Exposure Time {g)’
=0 &= EFT) 2la.50
Output Top Output Height| Elapsed Time (s)|
=0 = fo.00
ScrolRange | Grayscale Sie| Start/Stop Timer |
= IGFY = P30
i Start Position|
ScrolRange Y| Grayscale Corner| Sedieesd
- UpperLeft  Upper Right
- 768 | 180
> S .
Invert Colors Horizontal| J
| on Normal [T Mirror S—
= off
Vertical| LowerLeft  Lower Right
- BG Colar| o
Mator Power . ] ngrmal = P
Tune 2 - =
q o —| auto | - 1 | Mirrar N
Auto B on Resampling Resize %] YEposres) i [T
AdjustZ Last Error| Clear Errors | Save Settings | Quit 2~ 00.00 -
T 2: Could not load image = e
1: DAQ failed to initialize ptions;
— 4 &
. ¥ Moritor List| 2]T Level-to-Level
ubstrate Thickness (mm) 5 0.17
% Draw } Canvas Reset | Start/Stop Auto Expasure 1

Load / Setup Align M ]

e Stage/Substrate Movement:

1. Accuracy, Repeatability and Calibration for stagechmnisms

a. ALIGN feature for gross corrections (5-pixel res@n)
b. TUNE feature for fine 0.5 pixel corrections

2. Stage Movement Speed

a. Rate of speed adjustable over wide range for grasses

15
Intelligent Micro Patterning, LLC Confidential



SF-100 User’'s Manual

September 2007
Revision 7.0

3.

4.

b. Resolution of movements and steps are set as egquir

c. Single-Step sizes can also vary for fine moves
i. Microstep ON = 100nm per step (40nm optional)
ii. Microstep OFF = 800nm per step (320nm optional)

Step Movements

a. Automated per setup definition and variables

b. Semi-Automatic for fine tuning with compensatedwecy

c. Full Manual (DIRECT CONTOL = ON) for override comience

Image-relative movements

* Image Controls:

1.

2
3
4.
5

Single Pixel (bit) resolution (15um approx.)

Optional optics packages increases resolution 3n(approx.)
Size: at >2000 X 2000 pixels, Windows™ 2000 or XFeiquired
Position control via keyboard and Home Screen cbbiittons
Mirror

a. Vertical (top-bottom) mirror option “toggle switch”

b. Horizontal (left-right) mirror option “toggle swite
i. Note: Exposure on substrate is always mirroredzbatal to
the viewed image on the screen

Color Invert — allows for black-white reversal Viaggle switch”
Display

a. Viewing window on Home Screen configuration page

b. Full-Screen for close-up viewing of image and lagpgrayscales

c. Double monitor is accommodated in software, if adde

e Exposure Controls:

1.

2.

4.

5.

Size Maximum single exposure = 1024 X 768 Pixels (6:& X
11.52mm)

Exposureframe (red square) is always relative (1:1) togeman screen
and shown in viewing window at all times.

Positioncan be adjusted but movements relate to irraget exposure-
frame (red square)

Background for adjacent area exposure control, is fully ahle and
quick to change. Changes do not affect originagenfile.

Oversized imageaccommodated with fully automated and optimized
step-exposure auto-splice system

a. Exposure size adjustable manually or automatictdlyoptimize
movements and control adjacent area exposures

b. Exposure step method variables can accommodateipatéd or
custom needs of given image or array

c. Adjacent area compensation has several customnsptio

d. Grayscale control:
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i. Defined and controlled image overlap splicing
ii. Multiple exposure compensation allows for definingth side
and corner exposure reduction needs.

6. Exposure timing- hundredths of seconds capable, if necessary
7. Auto Exposure Start/Stdieatures:

a. Single-shot abort capable
b. Experimental tests of sequences enhanced by éxibifity
c. Halt-and-resume during step-exposures accommodated

8. Fully Automated Controls:

a. Configurations can be easily stored for next-dasésboot of
computer for processing of same or similar settings

b. Fully automatic setup for entire staging of givemfiguration and
image is possible

c. Manual override capable for unique requirementsxqrerimental
sequences

Auto Stagé" - Operatior

Basic setup involves ensuring that software is éoadhe Windows™ system and interface card
variables are set and then start-upAliéo Stageorogram. The Auto Stage power supply can then
be energized. Once the image files are locatdustsate processing can essentially begin very
quickly

System Power Up:

1. The stage locations are set from the factory ardstlage location will already be set to
optimize the span of maximum movement for the treamege of the stage axes.

2. Ensure that all the cables that provide the limksnfthe computer’s video card to the SF-100
video port and from the computer’s stage interfzarel (DAQ CARD 1200) to the Auto Stage
controller box are also installed.

3. With all cables in-place, turn on the system congms in the following order:
a. Computer
b. Monitor
c. SF-100

DO NOT turn on the Auto Stage Controller Unit at this¢im

Auto Stage Setup:
1. Verify the Windows™ Desktop has the icons for:
a. National Instrumentdutomation and Measurement Explorer
b. NIDAQ™ Drivers (This may or may not be visible)
c. AUTO STAGE" by Intelligent Micro Patterning

If these icons are not located on the desktop, ambnintelligent Micro Patterning
Customer Service for assistance.

2. StartAutomation and Measurement Expldtby double clicking the icon on the desktop.
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a. At Configuration select; Devices and Interfaces
b. Highlight: DAQ CARD 1200 (Device 1)
Select:_Test Panélutton

C.

If message appears (“Device not responding...") kal&

At Test Panelverify that the window shows an output signaljally a wavy line

that scrolls across display screen.

d. Select: Digital I/Otab

4. Start theAUTO STAGE" program by double-clicking the icon on the depkto

FromWINDOWSM Desktop, set the"2monitor (the SF-100) to extended desktop mode:
a.
b.

C.

e Stage Control

Check for error number at Last Ertoox

Box should contain a “0” indicating no errors aregent

If box contains a number, select Error Cotdaton to define;

If problem remains after attempting error correcticontact IMP for assistance
Choose CLOSE or close this window then close lastiow

Right-click mouse to drop a menu
Select:_Properties
Select:_Settingtab

Select:_Monitor #2t Displaywindow or by clicking the “2” icon.

i. Check Box: Extend my Windows Desktop onto this rtmmi

i. Choose: OKo close the window and return to the desktop

NOTE: Whenever the computer is re-booted, these praesduust be done to both

confirm proper DAQ Card function and initiate sp@chon-default video output

arrangement prior to startimguto Stage

{ = 23 22000 =] off
fi= DT = o oo [l - <

Initialze Settings Help ’(
: Stepping Controls ~Range Controls
| | Counter X| CounterY|  Counterz|  CounterT|

Auto Speed)  Manual Speed| M!q.?sgpgvg. Move XDOWN| Move XRIGHT| oo e | ‘ bounter ¥ ‘ ‘ Saunter 1

| xpv| ZJo.oo004 xpv| Zfococons x|l O o - miscx| [ o o o

XY =0 Xt 0. AN W o 2J-30000 = EE)

; =i - Direct Control| WM I~ Misc¥|  gncoderx|  Encoder| Encoderz|  EncoderT|
z| 2fp.o000s 7| 2[o.0000% zl o Move Y DOWN| Move Y RIGHT| W on ez T T P

T —l ] i

Direction Controls| T I Bitmap Controls Exposure Controls|
.. | Y
Running] Output Left| Output Width| | | Exposure Time (5)|
\ =0 2fio2s = I
Output Top| Cutput Height| Elapsed Time ()
=10 = [o.00
soolRsngex|  Grayscale Side| Start/Stop Timer |
= U] = FTT]
= 7 L= A Start Position
ScrollRange ¥|  Grayscale Comer] S
P — UpperLeft  Upper Right
768 130
- - s e
Invert Colors| Horizontal| J
¥ on Mormal [T Mirror —
= off
Vertical| LowerLeft  Lower Right
BG Color .
Motor Power —] Normal ¥ Exposres| ;]1 1
Juez . :
,o o = Aute | - i I Mirrar ‘
Auto I on Resampling| Resize %) ¥ Exposures| T [T
Adjust Z Last Error| Clear Errors | Save Settings | Quit 200,00
T 2: Could not load image = options|
1: DAQ failed to initialize fons,
J— £l £
- Monitor List| 2] Level-to-Level
ubstrate Thickness (mm)|30.11
= Draw ] Canvas Resatj Start/Stop Auto Expaosure ]
Load [ Setup | Align | Tune| |
! /
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a. The default (last saved) values will load onto Hdbeeeen

With the Auto Stage Program running, turn on théoAstage Controller Unit using
the switch on the enclosure.

c. At Bitmap Controls in the Auto Stage Program Maaneg&n

i. Select Loado begin browsing for the desired images and thane the desired
image is highlighted, select Loadjain in the dialog window to bring the image
into the Home Screen display.

ii. This step can be repeated to load several imagakspnto theAuto Stageor
subsequent processing during this session

iii. Above the image display window, the File Histdnytton will show the path to
all images loaded during this session for quicka@n and reloading.

iv. In Monitor List, select and change monitor to “2” and left-clibk Drawbutton.
This will illuminate the loaded SF-100 Smart Filtenage onto the stage or
substrate but will not expose it yet.

V. Select Drawbutton while_Monitor Listis set to “1” to have image appear in Full
Screen mode where only the exposure frame porticheofull image will be
viewable

Vi. To return to the Home Page screen, select the lEeESC

Joystick Control:

The SF-100 Auto Stage is equipped with a wirelegstijck for convenient control of stage
motion. Using the joystick, the user can move thbsgrate in the following directions as seen
from the user located facing the system. In alesashe direction is selected, then the trigger is
activated to start and stop motion.

Hat Switch

Up: Rotate Lever Forward to select direction

Down: Rotate Lever Backward to select direction
Right: Move joystick far right to select direction and
activate trigger to start motion and again to staytion
Left: Move joystick far left to select direction
Forward: Move joystick away from user to select
direction

Backward: Move joystick toward user to select direction
Rotate Clockwise:Rotate joystick clockwise to select
direction

Rotate Counterclockwise:Rotate joystick
counterclockwise to select direction

Lever

Hat Switch Functionality:

When “Stepping Controls” area is activated on n#ito Stage Screen,
Moving the Hat Switch Away from Usevill decrease stage speed.
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Moving the Hat Switch Toward the Useill increase stage speed.

When the “Preview Pane” area on the main Auto S&ayeen is activated, the Hat
Switch assumes the roll of the arrow switches ivimgpthe image square:

Away from User = Scroll the image up by "Scroll Rany" value
Toward User = Scroll the image down by "Scroll Rag value
Left of User = Scroll the image left by "Scroll RgnX" value

Right of User = Scroll the image right by "Scrolfige X" value

DO NOT TOUCH JOYSTICK DURING AUTO EXPOSE SEQUENCE. STAGE MOTION
WILL BE DISRUPTED.

Align and Tune:

The Alignment and Tuning procedures need to beopmed under the following circumstances
before any processing may be initiated:

e Initial Setup

e If the system has been jarred, moved or bumped

» Following the 6-month interval for the requiredaéng and lubricating process.

If none of these are valid and the system is opwyatorrectly, there is no need to perform the
Align and Tune procedures.

1. Alignment:
a. With Monitor #2 selected in the Bitmap ControMonitor List, an image should be

loaded to demonstrate that the Smart Filter andrathage production systems are
working properly.

Place the Range Contrdlsrect Controlswitch in the ONposition

Move the X and Y axes stages to the approximateecefitravel in both directions.

Affix a substrate, slide or even a business catt wivery fine feature — an edge, a
point, a dot that will be easy to align with a shfiplus” sign cross-hair image.

Select the Aligrbutton and the small “plus” will appear on thetdgifle of the image
— or middle of the side closest to the microscope.

Using the Direction Controls Start/Stop and Steptdms, move the substrate’s
selected “very fine” feature to align with the aambf the “plus” as viewed on the
microscope.

When complete, select the Alidrutton a second time and the “plus” will move to
the right on the image or directly away from therscope.

Again, move the stage to align the fine featuréhigtnew location.

Repeat again: select Aligithe image will move to the top of the image orthe
right-side of the area. Again move the stage to it.

Repeat again: select Aligthe image will move to the bottom of the imagdmthe
left-side of the area. Again move the stage to it.

For the fifth time, select Aligrand the function will be completed. Numbers
showing step count alignment correction values ajfipear in the Range Controls
“Move..." boxes.
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2.

Tuning:

a.

Only when an Alignment procedure has been receotijnpleter can the full
specified resolutin and appropriate response of this next procedeiexpectes

Again, with theDirect Controlswitch still set to ONmove the X and Y axes stac
to the approximate center of their travel ran

Prepare a minimum 2cm x 2cm substrate with unexppketo resist.

At the Exposure Tim box enter the time needed to expose this partictdst
substrate.

Place this substrate squarely on a loaded fullver-sized image so it aligns in tl
center of he image and then press Tunebutton

The program will then instruct the user to place confirm placement of th
substrate; when complete, select Enter or clic

Two new images will be loaded and exposed ontcsthstrate. The second ime
will be exposed three times on the subst

Following this exposure, the program will ask thsew to enter the numbe
corresponding to results viewed after the developgroéthe substrate patter

Following development, place the substrate wherecaih be \ewed under a
microscope. Rotate and align it so that the eottexdge corner that is solid is in t
upperright of the view

Y

+Y

-X +X

=X l +X

+Y

There will be three areas of interest; two are-grids in the upper left and rig
guadrants and the third is in the lovright quadrant. These will each have circ
surrounding one of the crossing grids. These adrctlenote the ,0 (X,Y)
coordinates of each s-grid area.

The upper left or -axis subgrid will have an area where the crossing grids
perfectly aligned The distance in grid cells from 0,0 to the centkthis alignec
point will be represented by coordinates. All aipates arepositive-countingas
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they move_awayrom the main grid’s solid corner and negativesting as they
approactthis corner.

I.  For exampleif the perfectly-aligned point is two columns ttze left and one row
above the circled point, then the alignment coatdia are: 2,-1. This is what is to
be entered into the box on the computer screemn Thick the OK button to get the
Y-axis dialog window.

m. The lower right or Y-axis sub-grid will have thensaissues and needs.

n. For exampleif the perfectly aligned point is directly beldhe circled point by only
one row, then the alignment coordinates would e This is what is to be entered
into the box on the computer screen as promptetien;Tclick the OK button to
finish.

0. Before putting away the substrateok also at the upper-right hand sub-grid. It
should show that the circled point is also the béghed point. If this is ndhe case
however, there is a problem with the mechanismé®fstage and it will need to be
serviced and corrected before it can be used.

p. If coordinates other than 0,0 and 0,0 were entdhedyalues in the “Move...” boxes
will likely show slight changes to correct for fialignment of the equipment.

3. SAVE: Left-click the_Save Settindsutton, located near the Error Window on the Home
Screen to preserve these new correction values.

NOTE: If there is suspicion that an alignment pesblexists at angime, this procedure can be
performed as many times as needed until satisffedroblems arise, please contact IMP for
assistance.

Z Tuning for Auto Stage Systems w/o Laser Auto Foau
This procedure is performed under the followingditans:
e during initial setup
« following a vacuum chuck change

« following adjustment of the internal system optics.

Focus projected image on a substrate of known tleisk by checking the image displayed on the
monitor via the camera, while moving the Z stageang down.

Direction Controls| Fie tisory| | Bitmap Controls| "

OutputLeft] Output Width| | § &

= ] 2l '
Output Top| Output Height|

= Sss

scroll Range x| Grayscale Side|

24 <210

Sooll Range Y| Grayscale Cormer|

Slres =

Invert Colors| Horizontal|

[e—]
—|
Tune Z

1 Motor Power)|
o o = [T
I Auto { I I on
AdjustZ
[S—

B s the image in focus?

Are the values for the Encoder Resolution and Substrate Thickness Correct?
If not, please cancel the setup and focus the image, or correct the values manualy. |l

jubstrate Thickness (mm 0.

|  Encoder Resolution Yes Cancel
Calculated Thickness| 302
A | 8303 7
o SRR . i
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Once the image is in focus, click “yes” in the abavindow will pop up. The stage will move to
the lower limit, then back to focal location.

Note: Please verify that;
* The image is in focus
» The encoder resolution and substrate thicknessaarect

If the image is not in focus, click “Cancel”, cocteéhe values and click “Tune Z” button again.

Direction Controls| . = tson | L) By Controlsl
Rumning| Outputleft|  Output Width|
4 =0 = [P
OutputTop|  Qutput Height|
= =i
suollRange | Grayscale Side]
Slio24 =0
Scroll Range ¥|  Grayscale Corner|
= = It |
._ ﬂ_] Invert Colors| Horizontal|
W on Marmal [ Mirror
i Stop = off s
* Motor Power | 2 S:E::;;
I TuneZ I—] | | -
o Auto o [ ey [ Resampling| Resize %]

AdjustZ

or| Clear Errors | Save Settings Quit Nearest i/ *

| ‘ Bz Stage Tuning
o

Auto Adjust Z height calibration complete, Please save your settings.

ibstrate Thickness (mm) - 0.11
EncoderResqutioanﬁ1250 !
Calculated Thickness| 302 =
s, ZeroFocus| 3303 .»"/ e _rﬂ,/

S

Once the calibration is complete, click “OK”, thelick the “Save Settings” button located under
the preview image box.

[P
Tune £

;. ey LG

Adjust Z
—

bstate Thickness (mm)| 3 0.11

The forms for Encoder Resolution, Calculated Thédshand
Zero Focus will disappear once “OK” is clicked. 3l normal.
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If a new substrate varying in thickness is useteremew substrate thickness and click “Auto
Adjust Z". The stage will move to the lower limihen return to the correct focus height for the
new substrate and you may begin exposing.

NOTE: During calculated step stage motidim not move the mouse or use the keyboard. Doing
so will slow down stage motion and may impact yexposure results.

Automatic Exposure Setup and Control:

» Exposure Controlssection and Automatic Exposure_Setup

1. Exposure Timeis the manually entered time used at each expogstire
represents the time that the shutter is lifted thedsubstrate is thus exposed to
the maximum UV light levels. At the expirationtbe elapsed time, the shutter
is dropped back into the UV light path.

a. Time values may be entered to the hundredths e€ansl but up/down
arrow adjustments will only vary amounts by whadea@nds.

b. Experimentation is recommended to ensure thatbigsaof cure time,
quality of material, temperature, humidity, etéoad a given process
combination to fall within boundaries of consistegmedictable results and
expectations.

c. Performing a DOE is recommended for more criticacpsses, especially
when unproven levels of grayscale are also factors.

d. The Elapsed Time box indicates progress duringeiogmultiple exposure
procedures. Monitoring may also prove helpfuldbserving progressive
results during experimental procedures.

2. Start/Stop Timer button

a. Startbegins a single exposure at the current exposanasflocation.
b. Stophalts a single currently-running exposure for eagson.

c. If performing a multiple-exposure Auto Exposureseace, the Stoputton
will stop the current exposure timer but the Autg&sure sequence will
continue to move to the next exposure frame lopaditd continue-on
normally.

3. Start Position rotating dial pointer

a. Dial with a dimple selects the starting cornerlaf image for an Auto
Exposure sequence. If there is only one exposiwealial has no effect.

b. The dimple is moved by holding down the left mobsé&on with the
pointer over the dial and moving the pointer iriraldar fashion to rotate
the dial. The mouse pointer may start at any jposin the dial

4. X and Y Exposureshoxes:

a. These boxes contain the number of exposures indieattion performed
by a multiple exposure sequence. The numbers eananually set by
entering the numbers directly or clicking on thédapvn arrows or are also
set by initiating aruto Exposure Setupcommand which is explained
below.

b. Automatic sequences start in extreme corners, dowpto the setting of
the Start Positiodial and move across the image in the X-directieft or
right) first, away from the starting position.
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c. Atthe end of the first row of exposures, the segeewill then move one
row in the Y-direction (up or down) for the nextp@sure and then continue
in the opposite X-direction.

d. This sequence continues in a serpentine fashiahaliithe exposures in a
sequence are complete. The serpentine pattenmiap§ movement time
for the sequences.

5. Setupbutton is dedicated to settings of exposure sizkssage initialization.
Selecting it brings-up the Auto Exposure Setupestre

6. Thelmage Setupsection of theSetup screen has three check boxes.

a. Calculate the number of exposuresvith the current overlap and screen
sizeperforms the calculation and then enters apprtgpnambers in the X
and_Y Exposureboxes, based on the Outpautd Scroll Rangboxes’
values.

b. If Calculate...is checked, then the Pixel Overlapd_Image Fiboxes now
become available.

c. Specify pixel overlap Pixel Overlap in X (and Yare ways to
automatically adjust the Scroll Ranges to allowda@pecific amount of
overlap. These values will automatically be erddyased on existing
Output and Scroll values but can easily be chaihged by entering a value
directly or by clicking on the up or down arrows.

d. Fitlmage, if checked, makes available three exclusive ostio

i. Adjust output size re-sizes the red exposure frame to make it the
minimum required to expose the loaded image. ®pton optimizes
stage movements needed and prevents exposureeotitsidnage area
itself.

ii. Center imageprovides an Output Widthnd_Output Heighsize
exposure frame and centers the exposures relagveenter of the
overall image. It thus exposes the areas unifoantyind the image in
accordance to the chosen background color (BG Lolor

iii. Stick to corner designates that the initial exposure frame shbald
flush with the adjacent edges of the chosen StasitiBn corner. If
other than an_“Adjust output sizEame size is used, there will likely
be frame overlap at the two opposite sides ontstine®unding
background areas.

Note: To change fit image settings the canvas redaitton must be
selected first.

7. TheStage Setupsection of the Setup screen has two check boxes:

a. Home to cornermoves the stages to the designated Start Positiorer as
part of the setup step prior to starting the exppsequence. When not
checked, the stages begin the sequence from wieyetirrently are.

b. Leave free spaces authorized to be checked when the Home to cdroe
is checked. This box addresses the space thaugable due to alignment
compensation values that were assigned to_the “Mdugoxes following
an Alignand_Tuneprocedure. These spaces come into concern wheneve
the stages are used near the limits of their travel

i. Checking this box brings-up two options: Automattid Manuafor
setting the space to be “left” and not used bysthges and Auto
Exposure sequences.
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Automaticlets all the compensation be handled by the igtice of
the Auto Stagesoftware. This is the recommended position &f thi
selection, when Homis also chosen.

Manualallows the user to override and identify this wahie space to
be “left”, if desired.

8. Run is selected when all choices of Auto Exposuresates desired.

o

b.

The stages will move as directed, all data boxdisheipopulated with
appropriate values and the image and exposure fwdliige adjusted, as
necessary to begin the configured Auto Exposuraesscg.

Runwill need to be selected prior to each Start oAato Exposure to reset
the starting point.

9. Cancelallows return to the Home Screen without perfoigrarpre-sequence
Setup.

10. After selectingRun, clicking OKto the notice that Setup [is] completed
substrate placement should be verified for thetlast.

a.

Vi.

Vii.

Start/Stop Auto Exposurecan now be selected to run the image exposure
sequence.

For an additional exposure sequence of another sufpate using the
same image, the Setapd_Rurbuttons will need to be selected again to
reset the system to the Start Position.

Immediately aborting an Auto Exposuresequence requires clicking the
Start/Stop Auto Exposurand then immediately clicking the Start/Stop
Timer. All functions will then stop.

Halting an Auto Exposure sequenceafter the last exposure requires only
clicking the_Start/Stop Auto Exposuré&he current exposure will finish, the
stages will move to the next exposure locationthed all action will stop.

To re-start a halted exposure sequenceéhe X and Y exposure values will
have to be adjusted to address only the remainipgseires—possibly more
than once.

First, finish the current row (X-axis) by puttiniget number of
remaining exposures in this row in the X Exposures. If at the
“head” of the row, skip to step “vii.” below.

Then change the number of Y Exposutiesl”.

Change the Start Positialial to reflect this newtarting position, if
necessary. Remember that the sequenaeayfrom the_Start
Position

Then select the Start/Stop Auto Exposhistton. When done, Auto
Exposure will stop at the end of the row.

Using the_Direction Controlselect the upr downbutton to move the
stage in the Y-direction. If the red frame neexdgd_ down use the up
button (image goes up) and vice versa.

Highlight the viewing window and use the up arrtmamove the red
frame relatively dowrfimage goes up) or vice versa as needed. Now
the image and the stages are aligned again inetkterow.

Once at the “head” of the next row, reset thand_Y Exposures
windows to represent the full number of remainirgasures for this
entire image.
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viii. Change the Start Positialial, if necessary, to represent this new
starting position, as explained above.

iX. Select the Start/Stop Auto Exposuamd it will finish the remaining
exposures and shut off.

Z Tuning for Auto Stage System with Laser Auto Foca

This procedure is performed underfollowing conditions:
e during initial setup

following the SF-100 location has changed or treesy has been bumped
« following adjustment of the internal system optics.

To setup the Laser Focus, cliek‘thaser Focus” button in the window below.

x Stage Control

Initiglize  Settings  Help

Direction Controls|

Image Preview| Bitmap Controls/ Exposure Controls!

) eeosse e s

Fie History|

Bunning; A
Y

:§9.2E-317
| A i
MR i1 8634750 Elapsed Time {s)]
] I
il =1
| - 18634780 ;_U‘UU—‘ I
mpling. Mode| Diffsef
StartiStop Timer
= Statt Position
Diskance {mm}| Out of Range| Upper Left Upper Right:
R 0.000 " ] e
5 “’)\
l [ Comeort|  Comstatus| P
Direct Contral | |
Tune 2 | & Select COMPart G wExposwes| 21 [
ﬂ on = )
Auto I off 0 i T~ Y Exposures| :;1_ 1
adjust 2 Resampling! Resize %) =
| Last Errorl  Clear Errors | Save Settings | Quit O—
Horeill e SJrooo
r— futo 2 Could ot load image < = Options|
j on 11 DAQ Falled to initialize: Manitor List| “}1 B
Draw Canvas Reset ] StartfStop Auto Exposure
! "
Substrate Thickness (mm)| ¥ 9.2E-317 ] 4 i o Setup | Align | Tune
5 { L
J TwanDovcelSekctlevice ¥ ! |
, Camera l | Laser Focus l | Level-to-Level l 4
e %

Verify “Laser Configuration” bog being displayed.
Click the “Tune Laser” button tmetLaser Configuration box.

Once the “Tune Laser” button hasrbpushed the screen below will be displayed.
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|
Initiskze  Sethings  Help
Direction Controls Image Preview| Bitmap Controls Exposure Controls!
Fie Histery | laser_mags bep -]
Cllpot Leftl - oupewith] || SRt Tine(s) \
- Jaw oo
Gutput Top DUk Height Elapsed Time (<)
:’—. a ;1—536 0,00
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P | T o’ I o | wihen completed, please dick on Tine Laser and procesd to step 2. Rs r: ¥ Exiposiree] :]1— =
fdjust T e
E i sy 0.0 EE—
Mator Power| oF afio0.00
|
I ko | S — Dptions
= TSRO T s
i : f: Cour A —
1 DAGFa COMPort|  COM Stahie] | (sser Ak Fotis S SkartiStap Auko scposu'ul

e Mo 4 arer
Subistrake Thickngss (mm) = 1.00 - = Selerz COMPort @) N2l Capfpraie Close Sehp | Algn | Tune
| | (e @] 5

Twai Devie Sekect Device -

Camea J| Laser Fooug E-|.|.E‘\!H-ED-L!\:;J| 4 /

This is step one of the laser tune process. ClieKOK” button and Auto or manually focus the imamge
a glass specimen slide, placing the image on tbk half of the wafer holder. This needs to be dmne
acquire the laser beam. Place a dot in the cehtBedulls’ eye for a reference to the laser beaty.

Once this step is complete, click the “Tune Ladmifton and proceed to step 2.

b

Initialize  Settings Help

Direction Controls| Image Preview| Bitmap Controls| Exposure Controls|
File History| | laser_image.bmp 71 .
Output Left Octput wickh) | -ExposureTime (s)
outputop]  output gt | | EopsedTime ()
=0 = .00
ScrallRange | Grayscale Side| 2t {otop Ther
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Offset | 5 0 Hotizontal| . J
- = & i N
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Wertical
Using the stage contrals, please align the substrate with the laser beam. F.I.\I.m:l:n.al LAl 31—‘ ,1_
when completed, please click on Tune Laser and proceed to step 3, RES:;WO?:_ oy :’T—- ’1—
T Motcr Paer| oo e
— - | [
1:DAG fa COM Port) (COM Status| Sanvas Reset Startf5top Auto Exposure
Substrate Th\ckness__(mm)_'q 1.00 J ? Select COM Port i o HJ M M

Twain Device Select D evice

7
Camera l ‘ Laser Focus ‘ |Level-tn-Level
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The above screen is step 2 of the tuning procesisgihe stage controls manually run the stage hadk
line the laser up with the dot on the specimereslid

Once this step has been completed click the “Tuaset” button and proceed with step 3.

E
Initislize  Settings  Help
Direction Controls/| Image Preview| Bitmap Controls| Exposure Controls|
File History|| laser_image bmp Vi 3
Output Left Gutput width] | Exposure Time (5);
ﬁﬂ— W "_11 .00
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b ree Jo.o
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YT — . T
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Grayscale Corner| Uppet Left Upper Right

e
Offset x| F0 e r ¥
| T
Offset ¥ :‘ 0 Horizontal J
fEenb 2l 2 nonn ormal [0 Mirror - .
= LowerLeft  Lower Right
Vertical|

F Marmal # Exposures| :11_- 1
Mirror
¥ Exposures, ;’Tﬁ 1

ange|

Direct Control| '
Tune 2
o o —{ on Tune process complete. Please save your settings.
Auto o |

Adjust 2 Resize %)
Motor Power| | 25 EMTEC E o
T It el 2 el it 100,00
l_ Auto Options
= 4; Could ‘J =
Ci 2
a— ] bn 5: Could - : — 2
f: Egl_éldfr COM Port| COM Status| | | 1 R Start/Stop Aubo Exposure
a o
| - .
Substrate Thickness {mm} 2 1.00 2l P Select COM Port i@ d Setup Align | Tume
Twain Device| Select Device bt |
Camera i ‘ Laser Focus ‘ | Level-to-Level J

The above screen is step 3of the tuning processturte process is complete using the save settittgrb
listed below the preview pane

Once the laser has been tuned the “Laser Auto Faeiiton can be used to focus the image.

Auto Stagé" Systems — Additional Features and Capabili

Scanning down the list of topics in this sectiodl wllow for a quick introduction to features
contained within each box/section of the Home St@though many will be somewhat obvious
by their labeling.
Stage Movement:
» Stepping Controlssection: STEP SIZEof Stage Movement

1. Microsteptoggle switch changes by left-clicking either th&itch or
the desired words with the mouse pointer on them

a. ON =40nm per step with stage motors (when exposing)

b. OFF = 320nm per step with stage motors (for gross estag
movements only)
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Stepping Controls
Auto Speed|  Manual Speed|  Microstepping]
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TIEE Tw
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» Stepping Controlssection: SPEEDof Stage Settings

1. Changing the Speedhlue, which is the seconds between steps, adjusts
the estimated Move Ratas indicated.

2. By changing this value, movemamsolutionis also directly affected

a. Faster speeds will make movements more coarse,fdrekdrge-
feature-size images that do not require high remunovements

b. Slower speeds will make movements finer and mgueatable.

3. Speed changes are made by highlighting_the Sperdind entering a
new value or by left-clicking the up/down arrowséadjust in 0.0010
steps up or down.

4. A 0.00000_Speedalue will set the speed control to an unconttblle
computer communication and processor speed lintitchvdepends on
several variables. This is the fastest speed ¥es aan move and
should only be used for general stage motion, it during an
exposure sequence. Recommended speed during espigsup0004
with microstepping turned ON for all axes.

» Stepping Controlssection: Stage MOTOR POWERSetting

1. AUTO position removes power to the stage motors upomptetion of
a commanded movement. This position will likelyffiee in most all
stage movement conditions with the exception of ua&dnSTEP
movements; the ON position is required for thegen error message
will remind the user of this requirement.

2. ON position leaves 25% power applied to all the nmotapon
completion of any movement as a holding torque.e tblding force
may be necessary if stage inertia is large enooglatse shifting after
stopping a given motor. This condition is rareBeded except when
single stepping and when optional 5um optics aeel.us

« Direction Controls section for Stage Movement

1. Movement feedback Countersand Encoders

a. Counter Values
i. Values shown are relative to any starting posi{®0,0,0).

ii. Values can be reset at any time to a new (currgatting
position by clicking on the Range Control€ounter Reset
button. All values will be simultaneously placddzaro.

iii. Movements DOWN (Y-axis), RIGHT (X-axis),
VERTICALLY-UP (Z-axis) or CLOCK-WISE (Theta-axis)
will increase the counters and vice versa.

iv. Counter errors (limit exceeded, etc.) will add d feame to
the window of the affected counter.
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V.

Error details will be shown in the error window.

b. Encoder Feedback

iv.

C.

Encoder windows, which are located below the respec
axes counter windows, reflect values relative eodmulative
angular rotation of the stage motors themselves.

These values will notecessarily match the counter values but
are monitored byAuto Stagdor errors.

When there are errors in correlated tracking betwde
counter and encoder, lack of power to a stage clbetr shorts
in wiring or motor stalls occur, these events wilin-on the
red lights below the affected encoder indicators.

Specific error details will be shown in the errdndow.

Hardware “Home” auxiliary functions and feedback

Inside the _Range Controland located to the left of the
Countersand_Encoderare rectangular lights and check-boxes.

The X and Y-axis check boxescan be checked by left-
clicking them. NOTE This feature is ONLY available on
these two axes if the stage motors being usedhar@tG 10
(standard coarse) type.

1. Checking the box will enable the light next toat turn
green when the axis is moved, in fh@per direction, all
the way to an_adjustableauxiliary “home” switch
location.

2. NOTE Moving away from these auxiliary hardware
“home” switches will run the stage to the main Btren
Controlslimit and stop the motion.

3. Movement will stop at these “home” locations if thex
is checked. If nothecked, the light will become green
but movement will nobe halted.

4. This special switch might be user-adjusted to lgelickly
find the any given X or Y-axis position, as desired

The Z-axis check boxcan be checked by left-clicking it.
1. The functions are identical to the X and Y-axisy\ah

2. This switch might be user-adjusted to help quiclhd
the optical focus point without having to hunt fgras
described below in (2.a.vZ-axis, if desired.

The Theta-axis check boxcan be checked by clicking it.

1. The functions are identical to the X and Y-axispwdh
except it is noan adjustable switch—it is embedded in the
stage platform itself.

2. This fixed switch might be used to find a commoaskt”
point for providing the angular reference point tbg
Theta-axis stage location, if desired.
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2. Modes of Movement Control

a. Manual Mode indicated by placing the Range Contralsction
Direct Controltoggle switch to ONoy left-clicking with mouse on
either the switch or the words ON/OFF

Vi.

Stage movement is initiated when a desired DiragBontrols
located direction mode button is selected and therHome,
Step or Start/Stop buttons are left-clicked. Haaelebutton
affects movements is described in other sectiolmbe

Direction of the stages is NOT relative to the imaut is only
relative to the SF-100 unit, this mode

The top rectangular Direction Contrddsitton is for “UP” -
axis) and will set the movement mode of the stage fthen
Front toward the Back-away from the microscope—and
decrease the counter, when initiated. The bottoraxig
button is for “DOWN?”", sets movement mode oppositeJ®

and will increase the counter.

LEFT (X-axis) button will set the movement mode of the
stage along the front plane of the SF-100 to tlftealed will
decrease the counter. The RIGHT (X-axis) buttoopgosite
along the same plane and will increase the counter.

Z-axis or vertical movement buttons located in the lower
of Direction Controlswill set the movement mode of the stage
UP (increasing the counter) with selecting the boton or
DOWN (decreasing the counter) with the bottom butto

1) It is used solely to focus the exposure images oimo
substrates and should be verified and re-adjusteeinw
substrate thickness changes.

2) Focus Is verified using a fine one or two pixel line dot
in an image, a fine feature or scratch on the sates{or
equal-thickness plate or painted slide) for focal
comparison using the microscope.

3) Movement of this axis is disabled by Direct Control
switch when in the OFposition.

Theta-axis @) or rotational movements about the top stage
central vertical axis, are shown as right or lafhing arrows

on the lower set of Direction Contrpland are also disabled
by Direct Controlswitch when in the OFposition.

1) Clockwise rotation, as viewed from the top, incesathe
counter

2) Counter-clockwise rotation decreases the counter

3) This axis has no limit switches so counter valussutd
only be used for relative references. Counter mari is
approximately 2 x 10

b. Automatic Mode Is created by placing the Range Contisdstion

Direct Controltoggle switch to OFRy clicking with mouse on
either the switch or the words ON/OFF and by usheyExposure
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Controls Setup button to establish a fully automatic exposure
operation.

i. Directions of movement, sizes of steps or exposigtsting
point and sequence of “next” exposure locationsatected in
the Exposure Controkection in concert with the Setbptton
and are explained in detail below Automatic Exposure
Setup.

ii. Movement of the stage i®lative to the imagén this mode
with the accepted knowledge that the computer iniadeft-
right mirroredonto the stage/substrate horizontal plane.

c. Semi-Automatic Modeis similar to the Automatic mode_(Direct
Control= OFFandimagerelative), but is a state wherein the stage
movements arenanuallyinitiated by using the Direction Controls
button combinations.

i. Image-relative movement is requested by selectihg t
rectangular button which corresponds to the dioectf X-
axis (left-right) or Y-axis (up-down) movement desi.

ii. START and STOP are then selected, once the direction
button is chosen to start and halt continuous mevesn

iii. The stage will stop after it has proceeded the rarrobcounts
in the Scroll Rangb®ox corresponding to the direction chosen.
This is also one (red) exposure frame amount.

iv. The speed with which the movement proceeds is clbedras
described above under Stepping ContrSBEED.

V. The START and STOP physically perform the following

1) UP movement START commands move the stage to the
“right” along the front plane of the SF-100, which is
toward the tof the image

2) DOWN is opposite—to theléft”.

3) RIGHT movement commands move the stagevdy’
from the microscope, toward the back of the SF-100,
which is toward the righside of the image

4) LEFT commands move the stagtoward” the micro-
scope.

5) STOP halts the active movement before it reaches the
Scroll Range value, unless it is already stopped.

6) See Keyboard Shortcuthrectly below under Sub-Modes
Step movementq2.a.iv) to view alternate means of
movement initiation.

7) Depending on the values in the Range Controls “NMove
boxes, the counters will not likely register a mareany
single counter; rather, multiple counters will likely
register the move.

3. Sub-Modesof stage movement control

a. Stepmovements are a singt®unter step-at-a-time in the chosen
relative direction; the Motor Powswitch needs to be Ofér this.
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Vi.

b.

Step movements are always relative to the SF-160 cFhey
are_notaffected by the position of the Direct Contsalitch

Select a direction on a given axis (any of the &dms).

Select the STEButton once—or many times—to move in the
desired direction on the chosen axis.

Keyboard Shortcut for DirectionShift-key with any of the
arrow keys will highlight the corresponding X or &xis
Direction Controlsmovement mode button.

Keyboard Shortcut for Movement
1) Then, Shift+Home will initiate START
2) Shift+End will STOPand

3) Shift+Insert will perform a single STERove.

Microstepbeing ONor OFF (seeStepping Controls above)
and which optional stage motors are supplied wvifita the
actual physical size of each counter-registereul ste

Home movement button has user-selectable quadrant roeme

affects X and Y axes only

In the center of the X/Y axes upper controls, thera round
dial with a “dimple” in it. The SF-100-relative gition of this
dimple establishes which end-of-travel “home” igrently
chosen as a destination.

The dimple is moved by holding down the left mobsgton

with the pointer over the dial and moving the peinin a

circular fashion to rotate the dial. The pointexynstart at any
position on the dial.

Once the dimple is located as desired and indidayettie UL
(Upper Left), UR (Upper Right), LR (Lower Right) ériL
(Lower Left) labels, the HOME button is selectedingiate
the movement relative to the SF-100—-not the image.

First the X-axis will actuate to move the stagdhe farthest
point it can move toward the selected corner thent-axis
will follow suit. Corresponding counters will véyithis.

Both limit switches (yellow = “at limit”) will ligh when their
respective limits are reached. It is possible emchmon for
the first one to shut off when the next axis begms/ement.

Image Movement and Exposure Control:

» Bitmap Controls: Exposure Sizes
1. Output = Exposure (Red) Frame (Maximum 1024 X 768)

a.

Output Left is the relative left-side X-axis starting point thie
image that will be presented onto the substratthbymart Filter
output. It is usually “0” but may be any positimember <1024.
Values larger than zero will reduce the maximum thvi1024
pixels) of the exposure area.

Output Width is the right-side location of the exposure frame

relative to the Output Lefplane. It may be any positive number
but must be larger than “0” to have an effectivpasure image.
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c. The sum of the Lefand Widthnumbers must be less than 1024.
Any excessive area beyond that amount will not be pf the
Smart Filter exposure output.

d. Output Top is the relative upper-side Y-axis starting poihtte
image that will be presented onto the substratthbpmart Filter
output. It is usually “0” but may be any positimember <768.
Values larger than zero will reduce the maximumghei(768
pixels) of the exposure area.

e. Output Height is the lower-side location of the exposure frame
relative to the Output Toplane. It may be any positive number
but must be larger than “0” to have an effectivpasure image.

f.  The sum of the Tomnd Heightnumbers must be less than 768.
Any excessive area beyond that amount will not be pf the
Smart Filter exposure output.

2. Scroll Range X and Y

a. Scroll Range Xis the size of the “macro” step or exposure frame
movement to either the left or right, relative b timage and last
frame location, that either the auto-exposure dsesubsequent
exposures or that the arrow-keys will move the iemag

b. Scroll Range Y is the up or down equivalent of the “X” scroll
range described above.

c. Overlap of adjacent exposure frames is controlled by the
arithmetic differences of the Output Wideh Heightto the_Scroll
Rangesf X or Y, respectively.

i. If overlap is desired, then the Scroll values sticag less by
the amount of overlap desired.

ii. If overlap is NOT desired, then the Scroll valuksidd match
(not recommended) or be larger than the correspgr@utput
values if exposures are adjacent to one another.

iii. For multiple exposures of the same small imageolBealues
can be set more than Output values as is needed.

3. Canvas Resefunction

a. Canvas Resdiutton, located at the bottom of the Bitmap Cdstro
section will make Output Lefind Topboxes read zero (0).

b. It will also make _Output Widthand Height boxes read the
maximum that the available Full Screen (MonitgrOraw) has
available. This is normallg024 and 768, respectively but may be
reduced if special “Always-on-top” program bars siabars)
occupy portions of the screen.

c. Scroll Range Xand_Y boxes will also be reset to match the Output
Width and_Heightboxes, respectively at maximum screen values.

» Bitmap Controls: Keypad Shortcut Exposure/Image Moements
1. Image and exposure frame viewing

a. Left-click mouse pointer anywhere in the viewingndow to
highlight (wide green frame) for image movementautzation.

b. Click a button or data box outside of the windowd&-highlight
and resume normal key-command functions
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4,

5.

Full-screen close-up viewingf exposure image limits and grayscale

a. Keyboard shortcuts are always active in full scremw. This
view is available by clicking the DRAWUutton in_Bitmap Controls
after selecting Monitor “1” from the Monitor List

b. ESCkey returns to Home Screen display and window iwigvof
image and exposure frame (red square)

Keyboard Shortcuts: Arrow keys
a. Moves_imageelative to view and exposure frame

i. Opposite-feel of familiar page-scroll response

i. With an image smaller than the exposure frame, @mag

appears to move in the direction of the arrow hetato the
red exposure frame.

iii. With an image larger than the red exposure franhe, t
exposure frame itself appears to mappositeof the selected
arrow key.

iv. Moving the image off the viewing window will shrinthe
viewing scaleto keep all elements in-view and in-perspective.

Insert key toggle (ON/OFF)

a. The default condition makes macro-step movements pe

configured (Scroll Rang®s. Outputsizes) exposure frame with
arrow key strokes.

b. Toggle of Insert keymakesmicro-step movements in selected
direction. Size of Microstep is one pixel. Toggiit again puts it
back into the “macro” step mode.

Home Key

a. Moves image to the lower-right so that red exposiuaene is
positioned flush with the upper-left corner of caleimage.

Grayscale exposure image splicing — viewing and alipation

1.

When exposing more than one segment of a largegéntarayscale
options ensure that exposures of adjacent aredsmadded without
lines or gaps in adjacent exposures.

Grayscale exposure levels

a. Grayscale Side Double-exposures of sides and top/bottoms sets
exposure for ¥z of value needed for single-shot swpo

i. Value varies with several variables but a 2afle is common
starting point.
b. Grayscale Corner Quad-exposure (maximum) for corners of
adjacent exposures sets exposure for ¥4 (max.)loé veeeded for
single-shot exposures.

ii. Value varies with several variables but a ¥&fue is common
starting point.

c. Grayscale values represent graphic scale levejsagfcale not
exposure percentages nor relative time.

iii. 0= Fully black or no exposure
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3.

iv. 255= Fully white or full exposure

v. Successful exposure with any given set of variabi#is a
specific process requires experimentation to determ
optimum values and margins of error.

Viewing grayscale barson the exposure image for verification or fine-
tuning their locations:

a. Standard numerical keypad selects location of grags to display
on full-screen display (Drawjop, left, right or bottom—or all

i. 8adds gray indication to togf screen, if present
ii. 4 adds gray indication to leftand side of screen, if present

ii. 6 adds gray indication to rigtitand side of screen, if present.
In this full-screen view; next step to right mayoshthis area
on its left-hand side instead.

iv. 2 adds gray indication to bottoof screen, if present in this
view. Stepping down may show this area on itssidp.

v. 5adds gray indications to allewable and applicable sides
vi. Function key “E3 clearsall gray from the image being shown

b. If using a laptop or no separate keypad is availabumber keys
along top of keyboard provide the same functiongteve.

« Bitmap Controls: Image and Background changes

1.

Level-to-Level Alignment:

Invert Colors switch performs a “reverse video” on the imaga as
whole—white becomes black, etc.. It does not #lfteroriginal file, just
the loaded image. The switch is changed by cligkin it or the
desired ON or OFF condition.

Horizontal-Normal or Mirror_ switch allows a reversal to compensate
for the optical left-right mirror presented to thabstrate relative to the
loaded image. The image will now appear mirroratitbe exposure
image will match the original file. Again, the geh is changed by left-
clicking on it or the desired condition word.

Vertical-Normal or Mirror _ switch works the same as the Horizontal
mirror switch except it alters the up-down persjpectas desired.

BG Color is a window where the background color surroundiivey
loaded image is controlled by clicking inside thlmxpselecting a new
color and clicking that. Remember that black is &xposure” and
white is “full exposure”

In the event a customer requires the ability tdigaaa previously exposed substrate for additional
patterning, the process below can be used to adgintpis task. A minimum of three alignment
marks are required on the substrate and bitmafditeprojected image) to accomplish this re-

alignment.

1. Center and orient the substrate as close as pedsilihe original location on the substrate

chuck.

37

Intelligent Micro Patterning, LLC Confidential



SF-100 User’'s Manual

September 2007
Revision 7.0

2. Activate vacuum hold on the substrate chuck.

3.

If not already completed, run the “Auto Stage Sénnesented earlier in this document.

4. From the main Auto Stage screen, open the “Lewtleteel” Alignment control window.

10.

11.

12.

13.

14.

15.

16.
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1 e -+ - e - — 1 1 i
1 Initial [0 0 I o =0 jxl @ Thets {degrees]|:0.000000
I | I ¥l 0 |¥ o . Scale (53] 0.000000
[ Mark 10 0 D 0 il ¥ Seale (%))
IMarkz 10 0 i 0 —— i)
|Mark 3 0 P [ : 0 Display Markd | Get Corrected Yalies Correct Theta |
1 0 o 0 o
'.M?r}fif | | Go To Mark Calculake Offsets Correck Scale

NOTE: The coordinates for the Initial alignment knar the table above will be populated.
These values should not be modified.

Beginning at the upper left of the computer screster, in pixels, the coordinates of the four
alignment marks located on your bitmap file. Alimely, you may import a text file

containing these values.

Select “Mark 1" then “Display Mark” then “Go To Mdr

Verify “Direct Control” is on before proceeding. idg the joystick control, move the stage
and align the projected image Mark 1 with the eglgmt mark on your substrate.

Select “Mark 2", “Display Mark”, then “Go To Mark”

Using the joystick control, move the stage andretfte projected image Mark 2 with the

equivalent mark on your substrate.

Select “Get Corrected Values” then “Calculate Gffse

If projected and substrate marks are not aligneléct“Correct Theta” then “Correct Scale”.

After Correcting for Theta, verify marks are séligned. If not, move the stage using joystick

control to re-align the marks.

Select “Mark 3" then “Display Mark” then “Go To M.

If projected and substrate marks are aligrmignment is complete and no further action is

required.

If projected and substrate marks are not aligsetict “Correct Theta” then “Correct Scale”.

After Correcting for Theta, verify marks are séligned. If not, move the stage using joystick

control to re-align the marks.
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17.

To verify projected and substrate marks are aligeelict “Mark 4”, “Display Mark”, then

“Go To Mark”. The projected and substrate marksudhbe aligned and you may exit the

Level-to-Level Alignment Control screen and procéethe exposure steps.

18.

19.

before closing the Level to Level window.

20.

Camera Controlling:

¥ Stage Control

Initislize  Settings  Help

Direction Controls|

Close the Level to Level window and proceed wittbaxposure.

Click on “Initial”, “Display Mark”, then “Go to Mak” to return to Auto Start Position.

If you wish to save the alignment marks for futuse, click “EXPORT” and save the file

Running [ .

Image Preview|

File History|

Bitmap Controls|

Exposure Controls|

Exposure Time (<)
_ :i 9.2E-317
,UR | Elapsed Time (s)|
) I Start/Stop Timer
o B Start Positior|
: =H Upper Left  Upper Right
H T s
S Inert Colors| Hoarizantal| J
AStﬂ‘] ¥ on Marmal [T Mirror ¥ 7
= Off = Lower Left Lower Right
Direct Contrall B3 Color| getlicel T T
I I =  w | .
i Ao (| BB 4 | =y Weposes| 30 1
plisag | Last Error|  Clear Errors | Save Settings gm_] Resanpin: Rosze T
T Matar Powser| e = = _earastl\?v #[in0.on —
M | BoEERems o
_ Draw Carvas Reset Start/Stop Auto Exposure
substrate Thickness (im)| 3 9.25-517 2 A voad ] EEE“.EJ ihEH_J LUE]
| Twain Devicel Select Device hud|
f“'/ | Camera + | Laser Focus l | Lewvelto-Level l

To view the image through the camera using the Afiége program click the “Camera”. The
Motic MC Camera 1.1 program will open.

To get a image that is crisp and sharp your willchthe manipulate one of the listed setting or all
of them.

=  Gain
=  Exposure
= Sharpness
= Color Correction
=  Gamma
The Auto Stage Axis can be run and the camerdeanewed simultaneously by minimizing the

Motic Camera and selecting the appropriate neeglisd [Boing this will bring the image into
focus.

Maintenance

In order to ensure outstanding operation of thetesys the following routine maintenance
procedures must be utilized at the time intervadiciated.
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Cable, Connector and Enclosure Maintenance:

Ensure that all connectors and cables are freek$ktears or cuts on a periodic basis.
Always use care when removing or replacing the caiter in order to avoid disconnecting,
pinching or breaking the wires connecting the cdeahe main body.

Wipe off the SF-100 enclosure (cover) as needetwsidry, soft cloth. Do not use solvents
or cleaners for this, as these chemicals may destiofinish on the system.

Lamp Maintenance:

* To maximize light source life, the source shouldlmmed off when the system is not in
use.

» Turn the light source on or off by depressing t#eMP button located on the
front of the SF-100 system or by activating the pgam the Lamp Control
program.

» When the light source is turned on, it will requ@ minutes to stabilize before
using the system.

» The light source needs to be replaced at a maxiwiufri00 hours of use. This is the
longest time that a lamp should be run. Criticadcpsses may require that the light
source be changed more frequently. See “Replatied.amp” in the next section for
lamp replacement instructions.

» Check the exposure energy at the substrate swifiog a handheld exposure meter on a
regular basis. If you do not have an exposure météelligent Micro Patterning can
make a recommendation or supply you with one foominal charge. Contact us for
more information and a quote.

Replacing the Lamp:

1.

Turn off the lamp by depressing the “LAMP” switch the front of the SF-100 or by
accessing the Lamp Control Program.

Turn off the SF-100 using the switch on the inletvper module (see figure 5) and disconnect
the power cable from the electrical outlet.

Wait a minimum of 60 minutes for the lamp to codbpto continuing.

Remove the (5) five UNC # 6-32 flathead screws imgjdhe lamp access panel in place on
the back of the unit. See figure 5 below.
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DATA PORT
INLET POWER S

/ MODULE

CONTROL PORT LASER PORT

LAMP ACCESS
PANEL

Figure 5: Rear View of SF-100 Maskless Photolithography Syesin

5. Remove the lamp access panel from the SF-100.

LAMP FAN CAGE
OUNTING SCREWS

Figure 6: Internal Rear View of Lamp Assembly

6. Disconnect the lamp fan by gently separating théngaonnectors.

7. Using a Phillips screwdriver, carefully remove tt# four UNC #4-40 Phillips pan head
retaining screws holding the lamp fan cage in pietdbe beginning of the optical path.

Carefully remove the lamp fan cage assembly frioeréar of the system.

9. Disconnect the old lamp by gently separating theplgpower connectors.
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10. Using lint-free gloves to prevent getting fingentsi on the lamp, remove the old lamp

* Lamp Control |z|@

Help

Lamp Hours Rermaining
Larmp Paver Lamp Inkensity COM PORT i}

SEIRE o
Cirlentation
Message Window! ﬁ"_rizal =
4

4 o
| Clear YWindow ' |E_)iagnostics 1 |I\_’Iinimize To Tray 1 | it |

WINDOWS™ Desktop.

16. Turn on the lamp by depressing the “LAMP” switch thie front of the unit or through the
Lamp Control Program.

Replacing the UV Filter Assembly:

assembly and replace it with a new lamp assembly.
Do not forget to reconnect the lamp power
connectors.

11. Replace the lamp fan cage assembly,
ensuring the lamp power cable is positioned in the
slot at the bottom. Secure the fan assembly to the
rear of the lamp assembly using the (4) four UNC #
4-40 Phillips pan head screws removed earlier.

12. Reconnect the fan

connectors.

lamp mating

13. Replace the lamp access panel onto the
SF-100 using the original (5) five screws that hold
the panel in place.

14. Turn on the SF-100 using the switch
located on the inlet power module at the rear ef th
unit.

15. Reset the lamp timer by accessing the

Lamp Control Program located on the

1. Turn off the lamp by depressing the “LAMP” switabchted on the front of the SF-100 or

through the Lamp Control Program

2. Turn off the SF-100 using the switch on the inletver module at the rear of the unit.

3. Disconnect the SF-100 main power cable locatechenriiet power module at the rear of the
unit, from the electrical outlet.

4. Using a Phillips screwdriver, remove the screwslimgl the system cover in place.

Carefully remove the system cover, making certain go not damage the cables connecting
the cover to the SF-100 body. Set the cover osiite at next to the SF-100. You are not
required to disconnect the cover cables.

6. Using lint free gloves or being careful not to tbutbe filters, remove the two screws and
washers (see figure 7) securing the UV Filter Addlgro the shutter control valve arm. You
may wish to lift the assembly slightly for bettexcass to the screws.
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FILTER RELEASE SCREW
AND FLAT WASHER
(1 EACH SIDE}

Figure 7: UV Filter Assembly Replacement

7. Lift UV Filter Assembly and remove from shutter ¢aoh valve arm. Be careful when doing
this as the arm will drop once not supported.

8. Re-insert shutter valve arm into slot and place bAFilter Assembly on shutter valve arm.
Secure using two screws and two flat washers. Nbflt washers are not used, screws may
bottom out on filters and cause damage.

9. Replace the system cover and all screws.

10. Reconnect power to SF-100.

Optical Component Maintenance:

If the SF-100 is not used in a clean room enviramméhe lenses and mirrors may
become dirty and require cleaning. If necessargs Ipaper with methanol or lens
cleaning solution may be used to clean the lefge&ffectively clean the lenses internal
to the pre-Smart Filter light path, they must bemeged from the system. Please contact
Intelligent Micro Patterning for assistance in reslp cleaning and replacement of these
components if necessary.

WARNING: Use of flammable materials near heat tackicity can cause fire o
explosion. Ensure power is disconnected and alhses are cool before cleaning.

—

Lubrication of Auto Stage:

This procedure shall be performed on a strict 64m®basis to ensure that accuracy,
repeatability and resolution are maintained witlvi? and stage manufacturer’s
specification tolerance.

If conditions of service warrant (high usage, spiluspended particulates, dirt or vapors
are common, etc.), this frequency may need to treased.

Included in the documentation package will be stageuals from the stage
manufacturers.

Please find the corresponding manual pages relaihgrication and follow the
cleaning and lubricating process for each of the &xes.

Each manufacturer has different requirements, ¢dalnts and procedures. It is essential
that they be followed explicitly.
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Calibration (Align and Tune) of Stages:
Calibration of the stages is required under thiefdhg circumstances:
e Initial Setup
e If the system has been jarred, moved or bumped
» Following the 6-month interval for the requiredaéng and lubricating process.

To recalibrate the stages, follow the Align and &urocedure located in the Auto Stage
Setup section of this user guide.

Replacing the Smart Filter:

1. Turn off the lamp by depressing the “LAMP” switatchted on the front of the SF-100 or by
accessing the Lamp Control Program from the WINDOW@esktop.

2. Turn off the SF-100 using the switch on the inletver module at the rear of the unit.

Disconnect the SF-100 main power cable locatecheriiet power module at the rear of the
unit, from the electrical outlet.

4. Using a Phillips screwdriver, remove the screwslimgl the system cover in place.

Carefully remove the system cover, making certain go not damage the cables connecting
the cover to the SF-100 body. Set the cover osiits at next to the SF-100. You are not
required to disconnect the cover cables.

SMART FILTER
MOUNTING SCREWS (3}

Figure 8: Internal View of Smart Filter Sub-assemby
6. Remove the (2) two UNC #6-32 Phillips flat headeses on the back panel near the data port.

7. Detach the (4) four input connectors located on ldfe side of the smart filter near the
terminal block. These connectors are keyed anduertig prevent incorrect re-insertion.

8. Using a 3/16” Allen wrench, remove the (3) three20 socket head cap screws that attach
the Smart Filter sub-assembly to the unit base.
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9. Replace the Smart Filter unit. Do not attemptdpair the Smart Filter sub-assembly. Only
factory authorized personnel are fully trained b@ Smart Filter operation and maintenance.
NOTE: OPENING THE SMART FILTER WILL VOID YOUR WARRATY.

10. Replace the three ¥-20 socket head cap mountiryvscthat attach the Smart Filter sub-
assembly to the unit base.

11. Re-connect the (4) four input connectors locatedhenleft side of the Smart Filter near the
terminal block. These connectors are keyed anduenig prevent incorrect re-insertion.

12. Replace all system covers, being certain to useugplied screws. Eliminating screws can
cause EMI (electromagnetic interference) compatjhbissues.

13. Plug the main power cable for the SF-100 into ketdcal outlet.

Replacing the SystenCooling Fan:

1. Turn off the SF-100 using the switch at the reathefunit. Disconnect the main power cable
that powers the SF-100 unit from the electricaleiut

2. Remove the system cover.
Disconnect the power cable from the cooling fan.

4. Remove the (2) two %-20 socket head cap mountirgnscthat attach the cooling fan mount
to the base.

5. Remove the fan and finger guard from the mountesgaving the 4 sets of UNC #6-32 x 2"
screws and washers.

FAN MOUNT
SCREWS (2)

6. Secure the new fan and finger guard on to the mautht the air flow indication arrow
directed outward from the unit utilizing the appfiage mounting screws.

7. Making certain the fan wires are not pinched unitlerfan or mount, secure the assembly to
the base using the (2) two UNC %:-20 socket headscagws previously removed. When
positioned correctly, there should be a gap (~1/3@tween the fan mount and unit side
panel. Incorrect mounting of the fan may resulaimp shutdown during system use.
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8. Reconnect cooling fan power cable.
9. Replace the system cover and fasten all screws.

10. Connect the main power cable for the SF-100 in®edlectrical outlet turn on the unit, and
check air flow from the fan. Air should be blowi@JT of the system. If airflow is directed
INTO the system, remove the cover and reorienfaheproperly.

Common Problems & Solutior

The following table describes problems that maybserved on the SF-100 and some common
solutions for these.

Problem Check These Iltems

« Power may be disconnected. Verify power card
is plugged into wall outlet.

Unit Doesn’t Turn
On « Fuse may be blown or missing. Check fuse
status. If needed, replace only with fuse supp
by Intelligent Micro Patterning.

ed

e The supplemental cover interlock switches m
be open. Verify that the system and lamp acdgss
covers are in place.

(@]
<

* The lamp usage may have exceeded the 11Q(
hour limit. This would have been indicated by|a
warning message in the Lamp Control program.

See above lamp replacement procedure.
Lamp Doesn’t Turn prep P

On « Ensure that the fans are turning when the unitlis

powered on and airflow is directed OUTWARJ).

| |

« Make sure that all ventilation areas around th
unit are open and allow for proper air flow.

Fan)

e If using the Lamp Control Program to turn on
lamp, make sure the cable connection is secT e.

« Verify all cables are in place and the computef is
turned on BEFORE the SF-100. If powered up
in this sequence, MS Paint will work.

MS Paint will not
work
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Problem

Check These Items

No Image Appears
at Substrate

No Image Appears
at Substrate (cont’)

Check the Data Port Cable connection to see
is loose.

Check to see the computer has monitors set
the correct display mode.

fit

¢

Projected Image is
Mirrored from
Image on Computer
Screen

To correctly orient the projected image for
exposure, flip the image in the Lamp Control
Auto Stage Programs.

@)
—

Cannot View
Projected Image on
Silicon Substrate

Verify at least 7um of photoresist is on
substrate. This minimum thickness is require
for optical scattering.

Reduce localized ambient light levels.

Image is Not
Exposing

Image may not be projecting onto the substra
Verify that data cable is attached from the
computer to the SF-100 unit.

Exposure time may be too short. Increase
exposure time.

Ensure that the exposure filter is moving out
the optical path during exposure using the U
meter supplied with the spare parts kit. Corré
operation is indicated by high levels of UV
detected by the meter during the substrate
exposure

The photoresist or developer may be beyond
expiration date or been exposed to light or he
prior to use on substrate. Verify the photoresi
and developer is within its usable lifetime ang
has been stored properly.

Other processes to check include the coating

baking, and developing part of the photoimadji

process.

te.

Image Appears to
be Overexposed

Exposure time may be too long. Reduce
exposure time.

Verify that all covers are in place on the $50.

Failure to have all covers in place may result|i

stray light from the optical path being projects

=]

onto the substrate.

47

Intelligent Micro Patterning, LLC Confidential



SF-100 User’'s Manual

September 2007
Revision 7.0

The following section provides technical informatiabout the SF-100.

Input Power:
* Input Current :

* Dimensions

*  Weight:
» Operational Temperatures

»  Operational Humidity :

* Regulatory:

100-120/200-240 VAC 50/60 Hz

3.3A (100-120 VAC)/1.6A (200-240 VAC)
36.0"W x24.0"Dx 19.5"H

91.44cm W x 60.96cm W x 49.53cm H
(Note: dimensions vary with customization)
175Ibs (79.5kg)

41 to 82 deg F (5 to 28 deg C)

30-50%, non condensing
(for effective resist processing)

Conforms to applicable CE directives and
Norms

The following section provides technical informatiabout the optional Auto Stage.

Input Power:
* Input Current :

 Dimensions

*  Weight:
» Operational Temperatures

*  Operational Humidity :

* Regulatory:

100-120/200-240 VAC 50/60 Hz

0.7A (100-120 VAC)/0.4A (200-240 VAC)
16" W x 6.75" D x 16" H

41lcm W x 17cm W x 41cm H

45Ibs (20.5kg)

41 to 82 deg F (5 to 28 deg C)

30-50%, non condensing
(for effective resist processing)

Conforms to applicable CE directives and
norms
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Corporate Contact Informatio

The following contact information should be usedhére are any questions on the materials
contained in this manual:

Intelligent Micro Patterning, LLC
1922 lllinois Avenue Northeast
St. Petersburg, FL 33703

(T) 727-522-0334

(F) 727-522-3896
info@intelligentmp.com
www.intelligentmp.com
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Appendix £

Commonly Required Spare Par

A new SF-100 system requires very little mainteeaand as a result there are
few spare parts needed. Commonly used spare paristaed below:

e SP-1: Replacement lamp assembly
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