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DEKTAK V 200-Si AND MICROSOFT® WINDOWS 3.1

DEKTAK V 200-5: operates in a graphics environment called Microsoft Windows 3.1.

ereated by Microsoft Corporation.  An extension of the MS-DOS® operating system.
Microsoft Windows gives a stundard look and feel w DEKTAK V 200-8i and all other
Windows applications.

The DEKTAK V 200-5i package contains all the software necessary 1o run DEKTAK V
200-5. You can also run DEKTAK V 200-5; under the full version of Microsoft
Windows version 2.1 or higher.

With Microsoft Windows 3.1, you can take advantage of these additional features of the
Windows environment:

|. Running multiple applications: You can run several apphications under Windows al
one time and easily switch between them, creating an integrated work environment.

b

Data exchanpe between nﬁ}licnlium: You can transfer data between DEKTAK V
200-51 and other stindard DOS apphications, files, directories, and disks, and control
all DOS-retated tasks such as directory or file management and formatting disks.

3. Windows control of the DOS environment: From the Windows environment you can
easily access all Windows and non-Windows applications, files, directones. and
disks, and control all DOS-related tasks such as directory or file management and
formatting disks.

To run DEETAK V 200-5i under Microsolt Windows, you need 1o license and install
Microsoft Windows Version 2.1 or higher

"Merosoft” and "MS-D05" are registered irademarks of Microsolt Corporation
"DEKTAK” is a registered trademark of Veeco Instruments Inc., Sloan Technology Division.
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SECTION 1

UNPACKING AND INSTALLATION

ENVIRONMENT REQUIREMENTS (1.5 A ONLY)

Temperature
Normal operating temperature should be between 18 to 25 degrees Celsius,
%1 degree (64 1o 77 degrees Fahrenhent, 1.8 degrees).

Clean Room
The Dektak Series V systern should be operated in a Class 100 or cleaner
enviromment.

Clean Air Flow Rate
Down-blowing laminar flow not to exceed 100ffmin {(30mimin).

Relative Humidity
30 to 45% relative humidity (non-condensing).

Electrical Power
Power requirements: 100V1 200120 VAC (15%) at 5 amps, 1 Phase, 50/60Hz2
20072300240 VAC (+5%) at 3 amps, | Phase, SO/60Hz

Poywer dermand: 350 VA maximum

Power connection: A 3 meter, 3 conductor, 16AWG, power cord s
supplied with the system. The cord is terminated with a
male MNEMA 1.5-15 connector, This connector 18 rated
for 13 amps. 1,625 watts @ [25 VAC,

Vacuum
24" (600mm) Hg minimum constant vacuum for the system with one fitting
for 1f-inch OD whng. Standard fGitting 15 1/4-mch slip connect.

Clean Dry Air
100 psi (690 kPa) clean air for the system with one fitting for 1/M-mnch OD
tubing. Standard fitting is 1M-inch slip connect.

Venting
The systern has one S-inch OD exhauwst port for cooling mir fun. The
standard confipuration has the port at the back of the central lower area of
the cabinet. An optional configuranon has the ar exhaust port through the
base of the umit.

If it 15 not desired to vent the cooling air into the fab environment, then
provisions must be made o duct the air into the service chase area or a



SECTION 1 - UNPACKING AND INSTALLATION

ducted exhaust system. If venling to an exhaust system, the flow of the
exhaust system should not create back pressure at the exhaust fan.

Vibration Interference
The system should not be operated near sources of vibration (such as fans,
motors) or in excessive flow of a clean room air duct umum
performance will be obtained if placed in an area with little foot 1 and
low acoustical noise. Vibration is not 1o exceed:
70 pg from | to 100 Hz on a floor with a flat noise spectrum

Floor

The floor must be level and rigid and capable of supporting the weight 300
Ibs. (136kg) of the system.

System Location and Service Access
The system should be located within the work area to provide normal

hallway passage in front of the system without interference with the
operator. The left and rear sides of the system must have a minimum
clearance of 24 inches (610mm) to provide service access.
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UNPACKING
Please read the entine installation instructions prior to beginning installation.

The DEKTAK V 200-5i is shipped in two containers: one crate and onecandboard
carton contaiming the monitor, The contents of the shippmg crate and the
unpacking imstructions is provided in the following pages. k the instrument
visually o detect damage in shipment.

NOTE
fSaunllpnrhmg materials, should i be nctmylushﬁ:ﬂri
return the equipment.

The DEKTAK V 200-5i Profiler is shipped in a large wooden crate and is bolted
to a paller. Save all shipping materials should it be pecessary to reship the
equipment, The procedure for uncrating is described below.

i. R:mnw the top of the crate by prying off the metal climps which
uctFlhe crate n place. A climp hammer, crow bar, or
slutm:l mw driver can be used to remove the climps.

B

Oince the top of the crate = off, emove the four sides of the crate.

3. Cut or tear away the plastic around the unit. Remove the
sheet metal skins off sides of the umt. The skns are held m
place with indusmal prade Velcro. To remove, pull skin finnly out
awiay [rom the unit and lift up to disengage hooks at the top.

4.  Four larpe bolts secure the unil to the pallet. Remove the nuts from
the four bolts located under the pallet. It may be caier to lift the
pitlket off the floor witha forklift 1o access the bolts. Remove the
four bolts securing the unit to the pallet.

3.  Use a foklifi to lift the unit from the pallet. Take care not o snag
any eables with the fork blades that may be hanging down below
the frime. Make sure the forklift makes solid contact with the
front and rear crossbar of the table frame. Attempling to Lft the
amit from any other direction may damage the machine, With the
forklift correctly positioned, lift the system off the pallet. Lower
the system to the floor onto a sturdy bevel surface, casters allows
the system o be maneuversd once on the ground. Baise the four
feet as far into the frame as they will go, to support the instrument
on the four casters,

CALTION
The DEKTAK V 200-5i s heavy. Attempting to Lift the
unit without proper equipment may result in personal
(injury and/or :lanm!! to the equipment.
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INSTALLATION
Once the DEKTAK V 200-5i 1s placed on a level surface, the unit is ready to be

rolled to its permanent location. Wheel the instrument into its operation position,
ensuring adeqguate service and maintenance clearance (see Figure 1-1).

Leveling

When the unit is moved to its permanent location it must be leveled to insure

r vibration isolation. Place a level on the robot mounting plate as close to the
center of the machine as possible. Use a wrench to tumn the bolis located on the
bottom side of each frame leg clockwise until the wheels lifi off the floor. Check
the level to see which leg needs more or less adjustment.

PROFILER DOOR

FLOPPY DRIVE

MAIN POWER

KEY LOCK

Figure 1-1. Facilities Requirements

Electricity: 110/220 VAC, 5(v60 Hz, 350V A (connect to back)
Compressed Air: 100 PSI (connect to back)

Vacuum: 24 inch Hg. (connect to back)

CE approved

52-93 Certified

Lockable front door for security

Upgradable to loader system

LI B B N N B
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SHIPPING BRACKETS

To protect the precision sample stage and stylus mechanism dunn&ﬂﬂupmnt.
spectal fixtures are put in place to restnct their movement within profiler.
The instructions for removing the shipping brackets.

CAUTION |
eglecting to remove any or all of the shipping brackets pri
to operation may result in damage to the esjuipment. nm']

Isolation Table Shipping Brackets

These brackets must be removed before inflating the legs of the isolation table.
The shippi_.}':_ge brackets connect the isolation table and the table frame dunng
shipping. brackets must be reinstalled prior to reshipping the unit o prevent
damage to the profiler. Remove the side covers and the top cover to access these
brackets.

Stage Bracket

Bracket connects the stage to the glass block plate. Remove the four screws
holding the bracket.

Surface Block Bracket

An angle bracket secures the surface block plate to the profiler base. To remove
the surface block bracket, unscrew the four screws holding down the bracket.

Tower Bracket

A steel bracket i1s used to restrict the movement of the tower which houses the
stylus mechamsm. To remove the tower bracket, unscrew the two screws
attachmg the bracket to the right side of the tower and the tower drive assembly.

e . eaumoN
The shipping brackets must be reinstalled prior to reshi the |
unit or damage to the equipment may result. Save all brackets
and screws should it become necessary to return the unit.
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AIR, VACUUM, ELECTRICAL COMNECTIONS
Ajr Pressure Connector

The Dekiak V' 200-5i & built upon a vibration ixolation table and reguires no less
than 1{Rlpsi o operate properly.  Locate the air pressure connector inside the front
right door. Connect the freility air pressure line (14" [6.35mm] OL0 tubmng) o
the "one-touch™ Atting sttached to the air pressure regulator, moarked
"PRESSURE." Factory-adjusted to regulnte the facilities air pressure o 40

the regulator may need shght adjustments depending upon vanatons . of !‘mﬁ‘y
air pressure.  After adjusting the pressure regulator o output 40 psi, tum on the
aur pressure.  Allow at least 5 mmutes for the isolation ble w0 fully engage.
Check each comer of the table by pushing down pently. If the able 15 not floahng

freely on each comer, more adjustment may be necessary.

NOTE: The levelling walves are set to approximately 25 psi. The
input pressure is not to exceed 1015 psi above the operating
pressure,

Air Vacoum Connectors

The loader robot and vacuum chuck require no less than 24 inches Hg of
wocwwm- The air vacuum connectir t4 located on the resr panel. Connect the
facilities vacuum fine (1/4" [6.35mm] 0.1 tubing) o the "one-towch” Hitting
marked "VACUUM." Connect the air line in a similar fashion. To connect the
limes, press them ffrenly into the fitting unti] they fully seat. The air vacuum may
ndrw be burned on.

Monitor Cable Connections

The multisyne color video monitor can be placed on top of the V 200-5i or on the
counter beside the systern.  The adjustable monitor can be swiveled or tilted for
operator comfort, The connectors for the monitor cables are located on the top of
the DEETAE ¥V 200-5i profiler.

Thermal Printer Connections

The DEETAEK WV 200-51 comes equipped with an Omni B&EW thermal primter,
The connectors fior the printer cables are located on the top of the DEETAK V
200-51 profiler,

Exhaust Port

The system has one 3-inch ODF exhaust port for cooling air fan, The sandard
configuration has the port at the back of the central Tower area of the cabinet. An
optiomil configration has the air exhaist porl theough the base of the umt.

IF it i oot desired 1o vent the cooling air into the fab environment, then provisions
must be made o duct the amr inlo the service chase drel or 4 ducted exhauast
svslem, [ venting (0 an exhaust sytem, the Aow of the exhaust system should not
credte back pressure at the exhaust fan.
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SIDE ACCESS
EMO
POWER
SWITCH
KEYBOARD

FACILITIES
ACCESS

LIS

¥ MELES ,

E e e . 1| [ & m—

AIR OUTLET

VACUUM-IN, AIR-
IN, AND OPTIONAL Nty +
AIR OUTLET

Figure 1-2. Physical Characteristics
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POWER SUPPLY SETTING

The power supply has been factory set a0 the appropriste voliage for the onginal
useer Facility, I0 the unit @ wansfesed o a facility where the voliage ia different, it
willl be necesaary i change the power supply seiting. The procedure (o venify or
change the power supply setting s as follows:

I. Venfy that the main power switch located on the back of the compater
caonsole 15 turmed off "0" ind the main power cable is distonnecied from
its primary power source and the computer console.

2. Onee the main power cable 15 disconnected from the. Compoter Console,
slide the clear plastic shield o the left until the fuse s exposed.

3. The voltage select card &5 located next to the fuse. Yenfy that the vollage
displayed & the comest voltags setting. If it & not. the voltage seiting will

need 1o be changed.

4, To change the vol supply sefting, remove the fuse holder and the
voltage select card. but carefully pull the voltage card straight out
of the cavity.

5. Four different voltoge supply settings are availohle depending upon how
the card s mstalled (see Figure 1-1).  Beinsert the valtage supply cand
according to the desired voltage setting facing outward.

6. Onoe the voltome EI.'IFpijI'EﬂEﬂ has been reinstalled with the comrect voitage
seiting displayed, remsert the fose holder with the voltage setting revealed
through the opening of the plasic shield of the fuse holder

1. Connect the faeslities elecinical supply o the instromen: using. an
approved [EC-320) power cord, rated ot 16 smps or higher Connect the
main power of the Dekmk V 200-5i into & power oatlet providing the
appropriate valtage as shown on the voltage select card

......... e MUION
Never conneet the Dektak % 200-5i 1w a PEFWLT SR wﬁth!
iprovides a voltage that is different from the power supply|
‘setting of the voltage select card. |

Verify that the courtesy power switch (located on the front panel) is in the "G
position, so that the “()" is depressed.

Twn on the integral cincant breaker by pressing the cincuil breaker switch (locued
i e Fachlities interconnest) o the “On” posibion, so that the °1" & depressed. This
sctivales the emergency off (EMO) circwitry. 11 the large red EMO switch i
depressed, this circuit breaker will be se1 1o the off (open) position, and all power
to the instrument disabled. After the power cord has been attached, venfy thatl the
emergency off switch (EMO) bas been reset. [t is reset when i s in the extended

position, and activaled when it & in the depressed position.
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SYSTEM CHECKOUT

Once all of the appropriate cable connections have been completed, The DEKTAK
V 200-5i can be powered up o venfy that the systemn is operating properly. The
DEKTAK V 200-51 operating software was loaded onto the hard disk at the
factory prior to shipment.

Tum on the monior and prnter

()

Power up the DEKTAK V 200-51 by wming on the main power switch
located on the front of the profiler

3.  The software will boot up and the DEKTAK V 200-5i sign on screen will
be displayed on the monitor (see Fignre 1-2)

4 The stage will sutomatically mibalize by first translating o the null
position and then centering itself below the stvlus.

5. Roll the trackball to wverify that the amow displayed on the monitor
responds (o the moton of the pointing device

NOTE
If the DERTAK V 200-5 does not pru‘?:rly ower up and
initinlize as described abowve, contact Veeco/Sloan Produoct
Support at (805)963-4431.

—

Fils P [Peslbes Jossp [Hag YWislss (allbias Seafleos el

Surface Profile Measuring System

Ehokn Teihin
& Swheildinry of Veris bat b meniz. lne

Werslpw Fﬂ’g'tﬂrhml BSFNT VTR

Capyrighi ki 1 1¥¥, Snaa T

| Pt aby *ABFAL 71wl T
Figure 1-3. Sign on Message
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LOADING THERAMAL PRINTER PAPER

Before loading paper into the Omni printer provided with the DEKTAEK V 200-51,
the end of the puper must be cut squarely without any jagged edges.

|. In most environmenis, it is acceptable for the standard thermal printer to
be installed on the top of the DEKTAK V 2X0-5i Scan Head. Pull the
"Printer Head™ lever forwand to hit the head.

2. Open the paper roll cover. Place the printer paper in the curve of the
piaper moll cover, with the paper rolling off the bottom of the roll toward
the printer. [nsert the paper under the rubber platen until the edge
appears on the top of the platen.

3. Pull at least two inches of paper through the printer making sure the
paper is centered on the platen. Return the "Prnter Head" lever o the
back position.

4.  Hold the end of the threaded paper 5o it remains outside when closing the
paper roll cover.

5, Tumon the DEKTAK V 200-3i main power switch. FPress and bold the
“Paper Feed” buton and tum on the printer. The printer should begin the
“Self Test” mode. The paper should feed out smoothly. Any adjustments
cin be made by moving the “Printer Head" lever forward and adjusting
the paper position,

6. Place the printer cover over the printer. Feed the paper through opening.

NOTE
Change printer paper immediately after the end of roll
warning lines are sighted to aveid roll bindup problems. ]

PRINTER SELECTION

Il an extemal prnter s to be used, other than the standard Ommni thermal pranter,
the DEKTAK V 200-5Si can transfer the print signal to the external printer port on
the rear panel of the computer console. Refer o the Microsolt Windows manual
for a hstng of compabble pnnters. The procedure for printer selection ®
described below.

. Click-on "Set-Up"* from the sd'ysu:m menn bar and click-on "Printer Pont”
from the Set-Up Menu. A dialog box will display "Internal (OmniPrint
426} ind "External Printer.”

2. To send print data to the external printer port click-on "External Printer”
and click-on "OK".
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GENERAL INFORMATION

INTRODUCTION

The DEKTAK V 200-5i is an advanced surface texture measuring systern  which
accurately measures surface texture below submicro-inch and hilm thickness o 262
MICrons.

Principle of Operation

Measurements are made electromechanically by moving the sample beneath a
diamond-tipped stylus. The high precision stage moves a sample beneath the
stylus according to a user-programmed scan le , speed and stylus force. The
stzlrlus is mechanically cn—'::ba:l to the cmnf? an LVDT ( Vanahle
Differential Transformer). As the stage moves the sampie, the stylus rides over the
sample surface. Surface varations cause the stylus to be transkated vertically.
Electrical signals cormes ing o the stylus movement are produced as the core
position of the LVDT es mespectively.  An analog signal proportional to the
position change is produced by the LVDT, which in turm is conditioned and
converted to a digital format through a high precision, II'I'I:I:EIT.IHI'IE analog to digital
converter. The digitized signals from a single scan are stored in computer memory

for display, manipulation, measurement, and print.  Stored programs l;hat can be
readily changed make the DEKTAK ¥V 200-5i ideal for both production and
Inboratory use.
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Figure 2-1. Block Diagram of DEKTAK V 200-5i Architecture
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CONFIGURATION
Computer Console
The Computer Console incorporates a Pentium computer. The 1.4 MByte, 3-1/2"

high density diskette drive permits off line use. Microsoft Windows provides an
easy o learn, easy o use interface with pull-down menus and pop-up windows.

Video Monitor

The DEKTAK V 200-5Si video momitor is a 15 inch high resolution (720x480)

pixels), Super VGA color monitor. It displays programs and graphics in full color,
along with a color video image of the substrate surface. It can also be used to

view the substrate either alone or with the graphics supenmposed.
Precision Scan Head

The DEKTAK V 200-5t precision Scan Head unit contains the mechanical and

optical components for sample placement, slmple viewing, scanning/measurement
and environmental protection. A dismond tipped stylus perrmits accurate

measurements in a wide range of applications. User programmable stylus force
from submulligram to 30mg. allow profiling on soft or hard surfaces.

Motorized Video Zoom Camera

A remote controlied 60X to 420X Solid-State Video Zoom optics system and a
variable intensity illuminator permits viewing of the sample in the measurement
ared.

Programmable Sample Stage

A very high precision programmable sample stage performs the scan and permits
X-Y positioning 1o any location of measurement interest in a 200mm x 200mm (8

x 8 inch) area. rotation can be entered in 0.001 degree increments up to 360

iﬂﬁm:!.. Sample positioning can be controlled via DEKTAK V 200-5i keyboard
trackball.

Thermal Printer

The standard thermal printer produces full-sized printouts in less than 6 seconds.

These printouts provide a graphic record of measurement and program data for
future reference andlor reproduction. Clean room compatible thermal printer

paper is available. Printouts can also be produced on an Epson compatible
external printer.
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STYLUS SIZE CONSIDERATIONS

A stylus based surface profiler measures the actual physical surface of sample. In
certain apphcations, stylus size and shape should be taken into consideration.

The radius of the standard dizmond stylus = 12.5 microns. The standard stylus
meets most all requirements for the majonty of applcations. Some applications,
however, may require either a larger or smaller tip radius

NOTE S
Reducing the stylus tip radius increases the point prmun:;{

the sample and may require the stylus force to be reset. Sty
[force may be programmed from submilligram to 30mg.

Optional styli with radii of sub-micron, 2.5 micron, 5 microns, 12.5 microns, and
25 microms are available for applications which require very high horizonial
resolution or measurement of very soft films.

SCAN SPEED V5. STYLUS FORCE

When using a low stylus force, the stylus may tend to lift off the surface if a large
step s encountered al higher scan speeds. In apphcations where a light stylus
force is required. it is recommended that low or medium scan speed be used at the
shortest possible scan length.

STYLUS TOWER DESCENT RATE

A programmabie stylus tower descent mite gently lowers the stylus onto the
surface. To increase throughput a proximity sensor allows rapid descent of the
stylus tower prior to contacting the sample surface.  As the stylus tower is
lowered, the proximity sensor automatically slows the stylus descent rate o the
selected value prior 1o the stylus contacting the sample surface.
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HORIZONTAL RESOLUTION

The exclusive HyperScan feature melcs ultra high horzental resolution with a
mepimum of up to 63,400 data points available per scan. The honzontal resolution
of the DEKTAK V NN)-5i is deterraned by the scan length ond scan duration.
The Dekiak V' 200-5i has a constant sampling rate of 300 data points per second.
By slowing down the scan speed, more samples can be taken over a longer period
of time. Thus, more samples can be taken over a given scan length. The dumtion
of the scan time can be set from 3 seconds up 1o 218 seconds. The examples below
provide the number of data points per scan at various scan durstions for a 2000pm

scan length.

Duration Data Points Maximum Resolution
718 secands 64,500 0.03 Tumisample
50 secomnds 15,000 0.1 33pmisample
13 seconds 3,900 (.51 3umfsample
3 seconds S0 222 imifsample

The following formula may be used to determine the number of data points for any
given scan length and speed.

__Scanlength (inmicrons) =~ __
# Data Points/Scan = Hgrizontal Resolution {in microns)

The horzonial resolution of the DEKTAK V 20051 is directly related to the scom
length and the number of data points per scan. The scan length is seleciable from
30 microns to 200 millimeters. Without aliering the number of data points per
scan, the horizonatal resolution or the distance between data points can be
adjusted by altering the scan Ir_'n,Elh_ The scan resolution parameter displuys
distance between data poinis (in microns per sample).

SCAN STORAGE DATA REQUIREMENTS

Scan data can be stored on either the hard disk or on floppy diskentes. The number
of data fifes that can be stored is dependent on the number of data points taken
during the scan It takes five bytes of storage space for each data point plotied

ore, a 13 second scan will require approximately 18,750 bytes of disk space.
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DEKTAK V 200-SI TECHNICAL SPECIFICATIONS

Vertical Range:
Vertical Resolution:
Scan Length Range:
Scan Speed Ranges:
Sofiware Leveling:
Stage Leveling:

Stylus (standard):
Stylus Tracking Force:

Maximum Sample Thickness:

Sample Stage Diameter:

Sample Stage Translation:

sample Stage Rotation;

Maximum Sample Weight:

Power Requirements:
Current:
Phase:
Warm-up Time:
Operating Temperature:
Environmental Humidity:
Zoom Magnification:
Color Camerz:
Sample Numination:
Dhimensions:
Vacuum Chuck:
Vibration lsolators:

25A 10 2,620 KA (0.1 microinch to 10 mils)
LAs65KA, 10A/655KA, 40A/2620KA,

50 microns to 200mm (2 mils to 8 inches)

3 seconds 1o 218 seconds

Two-point programmable or cursor leveling
Automatic and power leveling

Diamond, 12.5 micron radius
Programmable, submilligram-30mg

45mm (1.75 inches)

200mm (8 inches)

X Axis, 200mm (8 inches)
Y Axis, 200mm (8 inches)

Theta, 3600

25Kg (5 lbs.)

1000115V or 220V, 50/60 Hz

10A @ 100/1 15V or 20A @ 220V (£10%)
Single Phase

15 min. recommended for maximum stability
219C £3°C (70° F +£5F)

40%. +20%

60X o 420X

Solid state produces color video image
Vanable intensity white light; [IR/UVY blocked
30.5W x 454D x 60.5H (78 x 111 x 154 cm)
Requires external vacuum 24" (600mm) Hg.
Reqguires 100 PSI (488 kg/m”) compressed air.
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OPTIONS/ACCESSORIES

See Appendix A in the back of this manual for a complete list of options and
accessonies for the DEKTAK V 200-5i.

Interactive 3-1)
Software

SECS/GEM Software

Stress Measurement
Software

Step Detection
Software

Extended Optics

Calibration Standards

Provides 3-D renderings and surface area analysis.

Allows two-way communications between the Dektak
V 200-51 and host computer conforming to the SECS
Il protocol.

Can calculate tensile or compressive siress on
processed wafers. Includes special fixturing for
three-point suspension of wafer.

Reference and measurement cursors automatically
position before and after steps for automatic
computation of analytical functions.

Provides 115X tw 735X zoom magnification of
sample surface.

A broad line of calibration standards are available to
calibrate the system for virually any application.
Both step height and VLSI roughness standards are
offered.
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OPERATION OVERVIEW
Automation Program

Automation Program files permit 4 pumber of Scan Routines (0 be programmed
and siored on the hard disk  Scan Routines along with thewr XY Theia siage
locations are inserted into the Aviomation Program.  Aastomation Programs can be
stured for various applications in DOS file formm on the hand disk, giving the
DEKTAK V 200-5i virtuslly unlimited program storage capahility.

Scan Routine

The DEKTAK ¥ 2051 Scan Routine consists of sixteen individoal parometers
which ore selected using the tackball or mouse. Pammeters soch as scan length
end speed, leveling, and stylus force can all be user determined. A total of 200
Scon Routines can be entered into each Automation Program file

Sample Positioning

The sample is placed on the le stage and positioned for scanning using the
stage translation, rotation, amd ling controls: Sample positionmg can be
socomplished by using the mackball or mouse. In the fine posttoning mode, the
sample stage tracks the motion of the ouckball or mouse. A crosshair reference is
displayed on the monitor doring fine positioning.  This software retick 5
superimposed over the video image of the sample surface.

In the course positioning mode, & template-in the shape of a wafer or disk s
displayed on the monitor. With the tackball or mouse, simply "point” to the
degired locanion on the template, snd the stage automatically ranslstes o thar
position.  The templaies can also be rotated @ sccomplish thets rotaton of the
sarmple when the DEKTAK V 200-5i is equipped with the AutoTheta optian.

Scanning

When a scan % run, the stylus B lowersd onfo the simple surface, and the siige
moves the sample as the stylus rides over. the surface features.. The Video
Monitor allows the operator (o view both the physical scanning of the sample and
the plotting of the data simulianeously, At the end of the scan, the siylus
automatically refracts and the system is immediately ready for the next scan. The
surface fesmres encountersd by the siylos are represented as o two dimensional
profile which is plotied, scled, and displayed on the video monitor.

Profile Manipulation and Measurement

An imitial profile may require software leveling, sero referencng  amd sollware
magnifkation 1o soom-in on an area of interest.  Measurement @S @ contineous
process and is facilitated by simple movements of the Reference and Measurement
CUrsars.
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Data Plot Display

The plottmg screen displays scan data as well as vanous parameters from the Scan
Routine such as the stage X, Y, and theta location, Scan 1D#, scan length, scan
speed, resolution, and stylus force. Also indicated are both the vertical and
honzontal distances between the cursorftrace intercepts as well as the distances
from the vertical and horizontal "zero” grid lines. If any analytical functions have
been requested, the results from the calculation will also be displayed.

Analytical Functions

The DEKTAK ¥V 200-5i has a wide range of analytical functions available for
analysis of roughness, waviness, step height, and geometrical measurements. LUp
to 30 analytical imctions per scan can be performed.

Boundary Magnification

Following a scan, the operator can modify boundary locations 10 magnify portions
of the trace. These new boundary locations can be stored and recalled at any time.

Printing

When the desired pmfih: is displayed and a permanent record is desired, a printout
can be made with a single keystroke. A summary of the data only withoul graphics
may also be printed.

Deskew

The DEKTAK V 200-5i system provides a method known as "Deskew” to
compensalte for sumple positioning errors.  In each Automation Program a pair of
X-Y coordinates, called “Deskew Points®, may be programmed/established. These
ur:.—.lcﬁrtd::.nmv identifiable landmarks on the sample which can
ocated and stored as part of the Automation Program. When like samples are
platmi on the stage, it is possible to indicate to the DEKTAK V 200-5i the actual
location of each like sample relative to the original sample by these visible
landmisrks using the software reticle. The DEKTAK V 200-5:1 will compensate for
any positional skewing by computing new coordinates to which the stage must
move in order to locate the same scan position as the original reference sample.



SECTION 3

OPTICS ADJUSTMENT AND
SAMPLE POSITIONING

SECTION 3 OVERVIEW

This section provides a step-by-step exercise for adjusting the optics and
positioning the motorized sample stage the 1o measure the [0KA calibration
standard, supplied with the Dektak V 200-5i. This exercise will allow the user to
become familiar with the various features of the equipment relating to sample
positioning. The skills acquired by perfforming this exercise can be applied to
sample positioning in any application. liems discussed in this section include:

B Stage Control

B A descnption of Microsolt® Windows 3.1
B Trackball opemtion

B Power on

B Password protection

B Sample loading

B Coarse positioning

B Zoom lens adjustment

B Camera focus adjustment

B Sample illumination adjustment
B Easing the stylus

B Fine X-Y position adjustments
B Remove Stage Backlash Peature

The calibranon standard exercise is continued in Sections 4 and 5 of this manual.
section 4 describes single scan operation and Section 5 descnbes multple scan
operation. By completing the entire exercise, the user will become well acquanted
with the basic operation of the Dektak V 200-5i.

STAGE CONTROL

The Dektak V 200-5i is equipped with a precision sample stage which allows both
automatic and semuanlomatic sample positomng.  Automalic o programmable
positioming 15 described in detmil in Section 5. Semiautomatic sample positioning s
accomplished by using the trackball or mouse interactively with the various screens
of the Microsoft Windows interface. A bref descnption of Microsoft Windows
and trackball/mouse operation is provided on the following page.

"Mool = @ ropimeed ke of Moot Corporaiioa



SECTION 1 - 0PTICS ADILSTMENT AND EAMPLE POSITION IRG

NTERFAC

The Dektnk V 200-5i employs Microsoft® Windows 3.1 as the operating
environment. Windows is an extension of the DOS operating system which allows
different tasks to be integrated to increase efficiency and ease-of-use,

Windows vides a more practical way of organizing operational tasks of the
Dekiak V %—Si nio pop-up windows, Lall—duwn menus, and scroll boxes, The
operator simply rolls the pointing device (trackball or mouse) and "clicks” on the
desired command. Virtually all Window commands are duplicated on the Dekiak
V 200-5i kevboard allowing either full Windows control, keyboard control, or a
combination of both Windows and keyboard operation.

Trackball

A trackball is a pointing device which is used to choose commands, Using a
trackball is as easy as pointing and clicking.

The standard Dektak V 200-5i is equipped with a trackball, however it can also be
operated via a mouse. Although a tackball usually has multiple buttons, the
Dektak V 200-5i uses the -most button for selecting commands in most
applications.

Moving the mouse across a flat surface or spinning the trackball moves the pomnler

(the arrow on the screen). To select a command move the tip of the pointer until it
rests on the desired command and click the lefi-most button.

The following definitions will be used throughout the rest of this manual:

"Pointing Device" Trackball.

"Point" Move the tip of the pointer until it rests
on what you want to point to.

“Presy™ Hold down the left-most button.

"Click™ Quickly press and release the button.

"Drag™ Hold down the bution while moving the
pointing device.

"Double Click™ Click the button twice in rapid succession.
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POWER ON

1. Verify that the DEKTAK V 200-5i power cable is connected to an external
power source. A surge profector 1S recommended (0 goard aganst power

SUMZCS

2.  Turn the monitor on. The on/off switch for the monitor is located on the lower
right of the monitor

4

Locate the power switch on the front of the DEKTAK V 200-5i profiler. To
turn the power switch on, flip the switch to the "1 position.

The DEEKTAK V 200-5i sample stage will initialize and the sign-on message
will be displayed (see Figure 3-1)

NOTE

Be sure to close out the Windows application prior to powering
the sy stem down.
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Figure 3-1. Sign-on Message

NOTE
If the DEKTARK V 200-5i does not power up after following the
above procedure, contact Veeco'Sloan customer service at
(805)963-4431.
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PASSWORD PROTECTION

The DEKTAK V 200-5i is equipped with a password protection feature. The
password system is initially disabled at the factory. The procedure for enabling
the password is described below,

1. Click-on "SET-UP" and click-on "PASSWORD" from the set-up menu. The
password submenu will be displayed.

2. Click-on "ENABLE PASSWORD PROTECTION" from the submenu. A
dialog box will be displayed listing the three user levels available: operator
level, technical level, and engineer level.

3. For the purpose of this exercise the engineer level will be used which permits
access o all DEKTAK V 200-5i operations. Click-on "ENGINEER
LEVEL".

4. Click-on the box label "PASSWORD" o display the flashing cursor
permitting the password 1o be keyed in. The word "ENGINEER" is the initial
password set at the factory. [ the initial password is still active, select
"ENGINEER" as the password. However, if the password has been changed
by the user, key in the new password.

5. Click-on "OK" o activate the password. Once password protection is
activated, a dialog will be displayed prompting the user to enter the password
whenever the DEKTAK V 200-5i is powered up.

Password,

~User Lesel™

) Operatar Level
) Technician Level

® Epgineer Level

[or] oo

==

Figure 3-2. Enabling Password Protection
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SAMPLE LOADING

The DEKTAK ¥V 2M)-5i has been préeprogrammed 1o automatically position the
sample stage for loading and unloading of samples onto the stage. Directions for
loading a sample are described below

1. Using the trackball, move the pointing device o the system menu bar located
at the top of the screen and click-on "PROFILER”®. The Profiler Menu will be
displayed (Figure 3-3)

P

Chck-on "Unload™ m the Profiler menu. The DEKTAK V 200-5i sample
stage will sutomatically move out to the opening at the front of the scim head
o the unload location

NOTE
The kevboard can be used to pu:.ll:un the stage to the load and|
unload locations. Striking the W™ key when the stage is
positioned beneath the siyvlus moves the stage all the way
forward to the scan head door into the unload position.
Striking the "LOAD" key when in the unload position, centers
the stage below the stylos into the load position.
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Figure 3-3. Profiler Menu
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CALIBRATION STANDARD POSITIONING

1. Open the door to the environmental chamber of the DEKTAK V 200-5i and
position the sample in the center of the stage. The calibration standard should

be square with the sides of the machine and onented on the stage as shown in
Figure 3-4.

i~

Rewrn to the Profiler Menu by clicking-on "PROFILER". When the Profiler
Menu appears, click-on "Load”. The stage will autommatically center the
sample stage directly below the stylus.

3. Click-on "PROFILER". When the Profiler Menu appears, click-on "Tower
Down”. The optics tower will be lowered toward the calibration standard.

CAUTION

As the styvlus tower is being lowered, verifv that the calibration|
standard is positioned below the stylus. To stop the tower down
motion, press the ABORT key on the DEKTAK V 200-Si kevboard. |

FRONT OF STAGE

Figure 3-4. Calibration Standard Positioning
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SET-UP

Prior 10 attempting coarse positioning, the appropriate template should be
sclected.  The set-up menu contains a vanely of templates for different
applications. For this exercise, the template for a 200 mm wafer will be -used
The 200 mm wafer template can be used as a template to determine the outer
diameter of the sample stage table

Template Selection

The coarse sample positioning lemplate permits access o any location on the
sample stage. The procedure for selecting the desired lemplate 15 described

below

| Click-on “SETUP" from the system menu bar. The Setup Menu will be
displaved

B

Click-on "Wafer Template® from the Setup Menu. A dialog box will be
displayed allowing selection and editing of vanous wafer templates (see
Figure 3-3)

[

Click-on "200 mm wafer® and click-on "OK". When the sample positioning
window 15 accessed, the selected tlemplate will be displayed
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Figure 3-5. Edit & Select Wafer Template Dialog Box
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SAMPLE POSITIONING WINDOW

!-m{’g:l: positioning window permits coarse and fine adjustments relative to
the X mdﬂmapusmmmuﬂhamp&em?nweliﬁupuﬁadjusumnm
To access the sample positioning window, click-on "Sample Positioning™ from
the Window Menu or click on the “Sample Positioning™ icon button. The Sample
Positioning screen will be displayed (see Figure 3-6).

Coarse Positioning Template

The sample positioning window displays the predetermined coarse positioning
template selected from the set-up menu. The coarse positioning template may be
resized by clicking-on and dragging the window border. The window may also
be iconned by cli -on the minimize button. To operate the coarse positioning
template, position the crosshair at the desired location on the sample template,
dou :Iu:k the Jeft button on the trackball. The stage will automatically
translate to the corresponding location on the sample. The current location of the
stylus n relation to the sample stage is indicated by a green dot on the template.
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The sample positioning window, focated at the top, provides a roafbar containing
# seres of icons that allow a variety of differen functicms 10 be performed with
the simple ¢lick of a button, These icons ond their functione are described below
Additionn] icons are described in Section B,

Zoom InfZoom Out
Click the left button 1w increase the magnification of the video
micrscope. Click the right butbon 1o decrease mogmaficution.

lllumination Adjustment
Click the left button to increase sample illumination. Click the rght
button (o decrease illuminntion.

Focus Adjustment (Optional)

When the motorized focss option is installed. the left button raises
the focal plon and the right bation lower the focal plane.

premiifis Video/Graphics Overlay Adjustment
'@ Click tlse lefi ioon o display the video mage only, Use

center butian for graphics anly and the Aght tion for bath

Tower UpTower Down
Cleck the left butdon i raise e entire optics amd siylus asembly all
the way wp. Click the rdght buatton o lower and nall the cptics inwer,

Stylus us Down

Click the left uiton b mise the styhs wm off the sample surface.
Click the rght button e lower the stylas oolo the sample surface

ke

Load/Unload
ﬂ Click e lefi buiton o cemer e stuge below e stylus. Click the
=

right button o lranshite the stige o the scan head door for Inmfing

Level Up/Lewvel Down Adjustment
Click the k=it button o sdjust the sample stage leveling upwand
Click the right bultan fo adjusi the stage lEveling downsmand

Rotation

E'|.||: aml hold the left bulon o oolate the sape coonler- clockwiis,

Click and hald the n%hl: betiom b rofaie the stage clockwise.
Use the right wackball bution io rogeie te ssage ar high speed and the
ledt trackball button (o mlate the stape of low speed.

X-¥ Stage Position Adjustment
* * f * 'l:._'hl:.'l the L"n:mpt'uullng hu[ll::m Iy J'n;l.; the Slage rlghr
fi. forward, amd backwands.

Remowe Stage Backlash

Clicking on thin bation backs the stage up and re-appmoaches the scan
focation at anungle o remove backlash io the scon drive mechanism for
applicationy wiere siylus potitioning & eritcal

&
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STAGE ROTATION

The sample pusiljuniumrﬂnw permits the user to rotate the stage and make
adjustments o the sample position. Stage rolation can either be
accomplished by clicking on the rotation icon or by using the rotation dialog box.
Click on "Profile” from the system menu bar and click-on "Rotate” 1o display the
Fine Rotation dialog box (see Figure 3-7).

Fine Control

The “Fine Control® section of the rotation window permits the stage to be rotated
by clicking-on the clockwise or coumerclockwise buttons. The stage will
continue to rotate until the button is clicked a second time.,

Rotation
A scroll bar is provided to allow adjustments (o the [ine theta rotation speed. To

adjust the speed click-on the high or low arrows or drag the cursor on the scroll
bar to the desired speed.
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Figure 3-7. Theta Roiation Window
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0G BOX

The video image displayed on the DEKTAK V 200-5i monitor can be adjusted by
using the Optics Dialog Box as well as the toclbar icons. The Profliler menu
confains pop-up Optics Dialog Box that allows fine adjustments of focus,
illumination, and zoom of the video optics microscope. To adjust the optics,
click-on "PROFILER" from the system menu bar and click-on "Optics” to display
the Optics Dhalog Box (See Figure 3-8).

Zoom Adjustment
Chek on the comesponding button 1o increase or decrcase the zoom
magnification. Click the button a second time when properly adjusted.

Nlumination Adjustment

A scroll bar is used in the Optics dialog box to adjust the sample illumination.
The illumination can be adjusted up or down by clicking the corresponding arrow
or by dragging the cursor in the scroll bar to the desired illumination.

NOTE
The focus adjustment can only be accomplished with the
remote control focus option  installed. The focus is
automatically adjusted whenever the optics is nulled by
lowering the stylus onto the sample surface. The optional
remote control focus feature permits fine adjustments of the
focal plane.
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SECTION 3 - OPTICS ADULISTMENT AND SAMPLE POSTTIONTNG

ING THE STYLUS

The stylus is automatically mised whenever coarse sample stage positioning is
mitiated. This allows the user 10 view the sample and position the stage with the
stylus lifted off the surface. Lowering the stylus onto the sample surface acts 1o
null the stylus location and adjust the camern focus. With the stylus lowered, the
stylus can be properly aligned with the movable reticule.

l. The sivlus can be lowered by using either the toolbar icon B
buttons or the Profiler Menu. To access the Profiler Menu. click- - 5_:
on “Profiler” from the System Menu Bar and the Profiler Menu &ﬁ &l
will be displayed (see Figure 3-9). The "Tower LUp® and "Tower
Down”™ options maise and lower the entire tower assembly which includes the
video camera, illurmnator and stylus mechanism. The “Stylus Up" iand
“Stylus Down® opiions raises and lowers the stylus slightly.

2. To lower the stylus, click-on "Stylus Down®™ from the Profiler Menu or use
the stylus down icon. The Profiler Menu will disappear and the stylus will be
lowered onto the sample surface.

The stylus reticule should be aligned with the stylus tip with the
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SOCTHR § O TICS ADFUSTMENT AND S AMIT B FOSITIONTNG

STYLUS RETICULE ALIGNMENT

The stylus reticule con be aligned to a newly installed stylus, or to allow for
tolerances in the stylus head. IF the stylus tp is not properly alipned with the
reticule on the Sample Positioning window, the position of the reticule can be
adjusted.  The reticule provides a reference point when positioning the sample
stage. Because the stylus is raised off the surface duning stage positioning, the
reticule indicates where the stylus will touch down on the surface.

. To align the reticule with the stylus tip click-on “Sewp” from the system
menu bar. The set up menu will be displayed

bud

Click-on "5tylus Reticule” and three options will appear: Align, Reset, and
Style. (The "Reset” selection repositions the reticule to the original default
location in the center of the sereen. The "Style” selection allows the reticule
siyle to be alered by entening 4 larger number 0 make the reticule lines
bolder or o smaller number for a fine line reticule.) Click-on "ALIGN™ w
manually reposition the reticule

3. When "ALIGN” is chicked-on a dialog box is displayed with instructions (o
ensure a substrate 15 located under the stylus. Click-on “OK” to proceed.

4. A crosshair contained within a box will be displayed. Ahlgn the crosshair
with the stylus tip and double-click.

5. A dialog box will be displayed, click-on "YES" to update the stylus reticule
location.
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Figure 310, Stylus Reticule Alignment




SECTION 3 - DFTICT ADIUSTMENT AND SAMPLE POSITHIMING

CULE ALIGNMENT

The Feature Reticule is the smaller green reticule displayed on the fine
positioning screen. The feature reticule can be aligned with surface features away
from the stylus 10 more accurately position the stylus for a scan. The procedure
for realigning the Feature Reticule is described below.

I. The Feature Reticule can be realigned when the Sample Positioning Window
is displayed. To reposition the Feature Reticule, roll the pointing device 1o
the desired location on the Sample Posinoning Window. It 15 best 1o align
the Feature Reticule with an easily recognizable surface feature.

Once the cursor i properly aligned with the desired feature, double-click the
right button on the trackball.

3. A dialog box will be displayed. chick-on "YES" to update the Feature
Reticule alignment. The Feature Reticule will automatically be repositioned
to the new location.

B

NOTE
'The stylus location in relation to the reticule may change slightly
‘when wooming the video camera in or out. In order to maintain
,pruper stylus‘reticule alignment, it is recommended that the desired
‘zoom magnification ht.-ul[lu:lq:l_prinr to aligning the reticule.
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SECTION 1 - DPTICS ADIUSTMENT AND SAMPLE POSTTIONING

- E POSITION ADJUSTMENTS

Once the optics are y adjusted, X-Y amd fine stage positioning can be
accomplished. The sample positioning can be accomplished by using the toolbar
arrow Keys ol the top of the Sample Positioning Window as described earlier in
this section. Fine adjustments can also be sccomplished by maneuvering the stage
with the trackball as described below.

1. The Sample Positioning Window permits fine adjustments to the X-Y
position of the sample stage. Simply use the trackball to point to any portion
of the video image displayed on the screen and click to activaie the stage.

2. Once the stage is activated, the stage will track the motion of the mouse or
trackball along the X-Y axis.

3. When the stage is properly positioned, click-on any ion of the video
display a second time and the stage will be deactivated. The current X-Y-
Theta stage location will be displayed in the lower right comer of the screen.

_____ NOTE

Ilnllhgﬂmh‘nd:htlltmfmtdnﬁn:ﬂmpmiﬁhﬁingm
oscillation in the lead screws. To stop the oscillation, push the small
“TURBO™ button on the trackball.
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BECTICN 3 « OPTHICE ADMUSTMENXT AN SAMPLE POSTTIONENG

STAGE BACKLASH

For applications where X-Y siage repeatability must be maintained at the highest
level possible, a remove backlash feature is available. This feature removes any
backlash in the sample positioning and scan drive mechanism to assure excellent
sample positioning repeatability.

When this feature is activated, the sample stage backs up and re-approaches the
selected site at a diagonal to remove any backlash thal may be present m the
motors. For applications where posiional repeatability is an issue, the remove
backlash function should be used when prior to entering a scan location or a
deskew point location.

To activate the remove backlash feature, click-on the remove backlash
icon button from the toolbar.

It may also be activated from the "'Profiler” menu by clicking on the “"Remove
Backlash" selection (see Figure 3-13).
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SECTION 4 - 5INGLE SCAN DPERATION

SECTION 4

SINGLE SCAN OPERATION

SECTION 4 OVERVIEW

This section will provide a step-by-step exercise for performing routine step height
measurements on the 10KA calibration standard supplied with the DEKTAK V
200-Si. It is a continuation of the exercise begun in Section 3 of this manual. The
exercise 15 designed to teach the user the basic operational skills required to
program and run simple scan routines, The items discussed in this section include:

B Creating an automation program

B Scan routine programming

B Running a scan routine

B Reference/measurement cursor positioning
B Stage leveling

B Making a siep height measurement

B Plot magnification

B Print out

In the exercise described in this section, the DEKTAK V 200-5i is operated via a
trackball, as well as the keyboard. The user interface screens work in conjunction
with the trackball and the {cyhna:ﬂ The user may want to become familiar with
the DEKTAK V 200-5Si user interface by reading section three prior to attempting
this exercise.



SECTHIN 4 - SINGLE SCAN OFERATION

CREATING AN AUTOMATION PROGRAM

Prior to runming a scan roubing, an aulomation program must fmst be created.
Automation programs are files which contain all the necessary informabion for
performing single or multiple scan routine sequences. The procedure for creating
a new automation program is descnbed below

Click-on "Window" from the system menu bar and click-on " Auntomation
Programs” from the Window Menu. The Automabion Programs sereen wall be
dizplayed (see Figure 4-1).

Click-on "File” from the screen specific menu bar and click-on "MNew" from
the file menu. A dialog box will be displaved asking if current Automation
Program is 1o be saved Clicking-on "Yes" allows the current Amtomation
Program 10 be saved., Clickimg-on "No” deletes any changes w0 the curremt
Automation Program and enters the default Automation Program,

A second dialog box will be displayed for the 3-1 mapping option. For this
application select "Standard” and click-on "OK".

The sutomation m control header dinloe box will be alloanin
putomation pﬁg;?;c:nﬁsmlu be saved under LI_'H:'I'E' defined md;h:#li:ﬁings T‘h:i
feature is described in more detail in Section 5. For this application, click-on
"OK". A new automation program will be created containing the default scan
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Figure 4-1. Creating A Mew Automation Program



SECTHIN 4 - SENGLE SCAN OFERATION

ENTERING THE SCAN LENGTH

This page describes enleéning the appropriate scan length for measuring the
calibration standard supplied with the Dekak V 200-5:. The scan length and scim
location can be entered from the sample positioning screen as described below.

1. Click-on "Window™ and click-on "Smg:be Positioning™ from the stage menu
The sample positioning screen will be displayed.

2. With the stylus tower down, activate fine sample positioning by clicking-on
the video image of the sample positioning screen. The stage should now track
the motion of the rackball. Position the stylus reticule to the left of the "dog-
bone” step of the calibration standards shown below (the image in Figure 4-2
5 shown ml minimam magnification). With the stylus reticule properly
positioned, click the track ball a second time to deactivate the stage.

3 Click-on "Edit” and click-on "Enter Scan Length...”. The siage will now track
the left and nght motion of the track ball to allow the scan length to be
entered. Roll the track ball until the stylus reticule is positioned 1o the fght of
the "dog-bone” step, and click-on the track ball bution.

4. The "Enter Scan Length™ window will be displayed (Figure 4-2) allowing the
scan length to be aliered. For this exercise, click-on the "Scan Length™ box
and enter a scan length of 1000 microns. The "Emer Scan Location” box
should be activated, indicated by an X" i the box. Click-on "0OK” to enter
the scan length and scan location into the Scan Routine Program.
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SECTION 4 - SNLE SCAN OFFRATRIN

RUNNING A SCAN ROUTINE

When running a scan routing, it is often beneficinl to view the video image of the
stvlus and sample with the graphic representition of the surface profile
superimposed, To accomplish thes, pull-down the "DISPLAY™ memu and click-on
"Wideo and Grophics”

To run & scim routing, chck on the “Scan™ won butbon or pull down the "KUN
menu, and click-on "Run Scan Routine.® To run the scan routine at the stage’s
current X-Y location rather than at the default location listed in the scan routine
parameters, the following sequence of events will occur when a scan is initiated

1. The data plot screen will be displaved with the graphic display of the scaled
grid supenmiposed over the video image of the stylus and calibration standard

2. The stylus will be lowered onto the surface.  After o brnel pause, the scan will
commence. As the siylus scans across the calibration standard, the imitial
profile trace is plotted on the scaled grid

3. Once the scan is complete, the stylus will lift off the surface and the stape will

retsm b0 the X-Y location where the scin onginated. The profile is then
sutomaticailly replotted and rescaled. The image displuyed on the monitor
should resemble Figure 4-3
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SRCTRCH & - SINGLE SCAX CFRRATION

The reference (R) cursor end measurement (M) cursor are used to define the
portion of the profile trece Tor leveling or performing anabytical functions, Cursog
positioning is eritical for chtnming accurate resalis. Cumsors can be positioned by
paing cither the trackball method or the numeric entry method.,

It is recommended that the default cursor band widihs be used for leveling and
measuring.  To activate the defiull cursor bands click-on "Plot” and click-on
“Defandt Bands” {See Figure 4-4)

Trackball Cursor Positioning

Special wrow bultons are provided at the bottom nght of the Daa Plog screen for
positioning the cursors (sce Figure 4-4). Cursors can be repositioned by cheking
andd heldhing the left and rght arrow buttons, Click-on the "R" button to reposition
thee reference corsor and ..'|||_'ﬁ. o B *MY batton Lo TSI A e messureinent
cursor. Clicking-on the "F" bolton moves the cursors at high speed. You can also
reposition the cursors by draggmg the “R™ and “M™ Mags at the top of the cursors

The boxes to the far left of the cursor positioning amows’ indicate the location of
the cursors, The top box refers to the R cursor location and the bottom box refers
to the M cursor. The nomber contained in the box indicates the point @ which the
coursor imlercenls the profile tace in relatsos o the vertical ssile,
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SECTION 4 - SPNGLE SCAN (PERATION

Cursor Positioning - Numeric Entry

The grey boxes to the left of the curtor positioning srmows display the cumsor
pasition in relation 1o the horizonlal scale. Cursor locations can also be altered by
using the DEETAR V 200-5i keyboaird o numerically enter new Cursor posiiaons
For this eéxenrise the B corsor should be set a1 100 microns with the M cursor ot
000 microns. Keyboard cursor posibomng is described below

I. Click-on the upper grey box indicating the R cursor horizontal position. A
flashing prompt will appear in the box.

Pl

Key-in 108 on the DEKTAK V 20-5i keyboard and press enter. The R
cursor will be repositioned at [00 microns

3. Click-on the lower orey box mdicating the M cursor honzontal posibion. A
fAashing red prompt will appear in the box.

4. Rey-in 900 and press enter. The M ocursor will be repositioned a1 S0
MiCTons.

The box lsbeled "Vert Delta:” displays the vertical difference between the points at
which the R and M cursors intercept the profile trace. The box below it labeled
"Honz Delta:” provides the horzontal distance between the cursors.
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SELTION & - SINGLE SIUAN DFERA TIOE

AUTOMATIC STAGE LEVELING IN THE SCAN DIRECTION

It is not pecessary Lo autolevel the stage, unless it 15 severely out of level. The
aulo leveling feature can ooly be accessed when the data plot screen is displayed
It is used imeractively with the reference and messorement cursors. When Auto
Leveling is activaled, the stage is automatically leveled in relation 1o the points at
which the profle trice inlercepis the cursors. The R and M cursors must be
positioned on the same horizoninl plane along the profile trace. For the best resuli,
the K and M cursors should be positoned as far apart as possible.

1. To use aulo leveting, click-on “Profiler” from the system menu bar, click-on
"Auto Level Scan Direction™ (see Figure 4-8)

2. If the stylus is resting on the sample surface when aoto leveling is clicked-on,
the stylus will first be raised. The stage will then be automatically leveled
dccording o the vertical difference belween the cursors.

3. When a second scan is performed, the profile tmoe should be sdequately
leveled o make a measurement  Addional leveling of the trace can be
accomplished n software.,
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SECTICN § - SINGLE SUAN DFERATRIN

POWER STAGE LEVELING

The power leveling method allows the stage 1w be mechamcally leveled. 1t 15
usually used i applications where the stage or sample 5 extremely out of kevel, 1o
the point where the scan line runs off the scale

|. Touse the power l[eveling, click-on "Prafiler” from the sysiem menu b and
click-on "Power Leveling”. The stage leveling window will be displaved (see
Figure 4-7), This window allows the stage 1o be raised or lowered at one end
i adjust the level

2. IMthe scan trace has a positive skope or runs off the op of the screen, click-on
“Lower®. The stage will continue to level until "Lower™ is chcked-on a
second time

3. I the scan trace has a negative slope or 1t runs off the bottom of the screen

chick-on "Raise” The siape will continue to level until "Roise” is clicked-on o
gecond time.

i, When the desired stage leveling adjusiments have been accomplished, chck-on
“OK". The stage leveling window will dissppear,

5. Run another scan to verify if the stage level has been adjusted satisfactonly
The power leveling method uses a mial end error technigoe that may have 1o
be repeated scveral times Lo level the stage
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SELCTHERE 4 - STNGLE SCAN TIPEFLA TIRN

SOFTWARE LEVELING

Even after the stnge has been power leveled or aoto leveled, ensuing scans may
show the profile race slightly oul of level. Softwire leveling allows the sysiem Lo
quickly level the profile trace, without actually having to completely level the
stage. The stnge must be software leveled in onder 10 obtain accurate siep height
redsurements or accurdle resdings (rom analyical functions. Sofitware leveling
sels the reference and measurement cursors ab zero 1o establish reference for
MEASUTTments.

I. To soltware level a trace, position the B and M cursors along the baseline of
the step (sce Figure 4-8)

2. Click-on "PLOT" from the system menu bar. The Plot Menu will be displayed

3. Click-on "Level”, The profile trace will be replotied and leveled with the R
and M cursor insercepis o 2ero

Software leveling can also be programmed into the scan rouotine to automatically
level the trace at the conclusion of the scan. For more information see Section 8
on software leveling
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SCICTION & - SINGLE SLOAN LIFERATTUN

SETTING THE ZERO POINT

Any point on the profile trace may be selecied as the rero poinl. The zero pomnt 5
the point of reference from which all mexsurements are taken. Software leveling
sels both the R and M cursor intercepts at Zero. ' When the “Zero” function is
activated, it sels the zero point only af the R cursor imtercept. It is important when
measuring step heights that the M cursor 5 positioned at the top of the step. For

optimum results, the zero point should be set as close to the base of the step. prior
to step hetght measurements

1. Position the reference or "R" cursor @t the desired zero location, just to the
left of the base of the step as shown in the figure below.

2. Click-on "Ploi”. The plot menu will be displayed

3. Chick-on "Zero™ from the Plot Memy The profile trace will automatically be
replotted and the 2ero point will be established at the R cursor intercept (see
Figure 4-9)
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DELTA AVERAGE STEP HEIGHT MEASUREMENT

Once the scan routine has been run and the profile is properly leveled and zeroed,
an accurale siep height measurement of the calibration standard can be oblained
gsing the Delia Average step height analybical funetion

. Analyucal functions are calculated using the B and M corsors, The cursor
positions shown in Figure 4-8 are correct [or the Delta averape step heipght
calculation, with the B cursor ot the base of the step and the M cursor at the
top of the step

2. Tocalculate the average step height function, click-on “Analysis™ and click-on
“Aoalytical Fonchions”, The amalytical functions menu will be displayed. To
activate the Delta average step heighl function, click-on the box labeled
"ASH" from the "Height” selections

3. Click-on the "Measure™ selection located al the boltom of the amalytical
funciions window, (The “Measure and Program™ selection enters the ASH
function into the current scan rowtine tobe putomeatscally rharﬁ'.-rmai when the
current Scan routine 18 run again.} Click-on the "COMPUTE" button and the
averuge step height will be calculated with the result displayed in the area (o
the left of the data plot screen
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PLOT MAGNIFICATION

Once a scan has been run and the profile wace is ploted, a poruon of the data plot
display can be isolated and I'I'LJ;_'_!'hiII.H‘:il. for more detniled anplysis of the prohle trace

. To mapnify an area of interest, roll the pointing device 1o the data plot grid
The location of the pointing device on the grid will be displayed a5 a crosshoir
Eoll the crosshair 1o the comer of the area of the dota plot screen that s o be

ragnilved and click-on that locanon

2. The blue crosshair will now be displayed a8 a small red box. Drag the
pointing device away from the first corner at 4 diagonal o expand the box.
Unce the box has umed green, it contains enough datu to allow the trace 1o
be replotted. When the desired boundaries are sef, click-on the trackball
bulton a second tme. For this exercise the boundanies should look similar (o
those shown in Figure 4-11

1. Click-on "PLOT from the menu bar. When the plot menu is displaved, click-
on "REFLOT™. The system will automatically replol the profile trace with the
new boundenes simalar o Figure 4-12

4. To redisplay the ongmal profile trace, pull-down the "PLOT" menu once
dgain and click-on "REPLOT" a second time. The ongingl trace will be
replotied
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SAVING BOUNDARIES

[

To save the new set of boundanes, click-on "Plot” and click-on "Save
Boundanes™. A dialog box will pop-up requesting an dentihcabion number
under which 1o save the boundanes (see Figure 4-12). Any number between |
and 9 may be used.

Use the numeric keypad w key-in 1.D. number for the plot boundaries. For
this exercise select Number 1. Once the number has been entered click-on
"OK". The dialog box will disappear and the current boundanes will be saved
in memory under 1.D. number 1. If previous boundaries had already been
saved under LD, number 1, the new boundanes will replace the old.

SHOWING SAVED BOUNDARIES

1.

2

To show the saved boundaries, click-on "Plot® and click-on "Show
Boumndarpes"

All boundasnes currently saved in memory will be displayed on the Data Plot
Screen along with the 1D, number.
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RESTORING SAVED BOUNDARIES

The restore function allows the profile trace displayed on the data plot screen to be
replolled using a set of boundaries saved in memory

1. Click-on "Plot” from the menu bar.

2. Click-on "Restore” from the Plot Memu. A dialog box will be dispiayed
requesiing the L.1). number under which the desired boundanes 1o be restored
were saved (see Figure 4-13)

3. Key-in the LD, number “1° and click-on "OK". The current scan trace will
then be replotted using the saved boundaries.

4. The onginal profile trace may also be restored by following the above

procedure for restoring a saved boundary and entering restore boundaries
under number “0°. The original race will be restored.
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SECTHON 4 - SINGLE SCAN OFERA TION

PRINTOUT

A printout may be requested on the DEKTAK V 200-5i thermal printer or on a
Windows compatible printer. A printout can be obtained of all the scan data with
the plotted profile, a summary of the scan data, the scan routine form, the
automation progmm form and the sutomation program summary, A printout of
the entire active screen can be printed when using a Window compatible printer

1. Torequesta printoul, click-on “FILE® from the menu bar
2. From the File Memu, click-on "Print®. A submenu will be displayed, listing the
various prinl oplions (see Figure 4-14),

3. Click-on "Scan Data® from the print submenu. A primout will be produced on
the current active printer

NOTE
The printer port is selected from the SET-UP menu. When
using an external printer, the drivers for the Windows
compatible printer must be installed prior to use.
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SAVING AN AUTOMATION PROGRAM

An automation program can be stored on the DEKTAK V 200-51 hard disk or on
a diskette. The automation can then be opened at a later time to be rerun or
altered. For the purpose of this exercise, follow the procedure described below to
save the automation program created in this section onto the C drive.

1.

Click-on "WINDOW"® from the system menu bar and click-on " Automation
" from the programs menu. The Automation Programs screen will

be displayed (Figure 4-15).

Chek-on "File” from the Automation Program's screen specific menu bar. The
file menu will be displayed.

Chlick-on "Save As. . . from the Fle Menu., A pop-up window is displayed
requesung file name under which the Automation Program is to be saved (see
Figure 4-15)

A filename up 1o eight characters long may be entered. For this exercise key-
in the file name “exercise” and chck-on "OK." The window will disappear and
the Automation Program is now saved on the hard disk under file name
“exercise”
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Figure 4-15. Automation Program File Name
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SECTION 5

MULTIPLE SCAN OPERATION

AUTOMATION PROGRAMS EXERCISE

This section is a continuation of the exercise begun in Sections 3 and 4 using the
1OK A calibation standard. By h-ml:lmg on the experience gained in creating and
performing a single scan operation, the DEKTAK V 200-5i can be used 1o
produce complex multi-scan sequences. ltems discussed in this chapter include:

Automation Program Descriplion
Copying Scan Routines
Triplet Entry

ing an Aulomaton Program
Sclecting Deskew Points
Data Destination Options
Requesting a Printout
Data File
Pause After Scan
Saving an Automation Program
Reopening a Saved Automation Program

AUTOMATION P PTIO

The Automation Program is the basis for all operations performed on the
DEKTAK V 200-5i. Automation programs arc stored in DOS file format on the
hord disk, giving the DEKTAK V Z00-5i virtually unlimited program storage
capability. A basic knowledge of MS-DOS commands will be very helpful in
!.mdl:rstand and n'l:al:l aulomalion programs. For more mformation, see the
uﬁ.ms uper:ung system user's puide and user’s reference.

The Automation Programs Screen displays the cumrent scan routine along with
their K.Y, Theta locations, deskew points, and data destination options. This
screcn alimus the DEKTAK V 2!1]—51 to be programmed for performing multi-
scan operabions al vanous jocalions on a sample.

The Screen Specific menu bar located just above the sutomation program screen
contains & File menu, Edit menu and Deskew menu.  These three menus are
described in the following pages.



SECTION 5 - MULTIPLE SCAN OPERATION

For the purpose of this exercise, a new Automation Program will be opened to
creale a multi-scan aulomalion program.

1. Click-on "Window™ from the System Menu bar and chck-on "Automation
Programs® from the Window Menu. The Automation Programs screen will be

displayed.

2. Click-on "File" from the menu bar and click-on "New” from the File menu. A
diglogue will be displuyed requesting if you want to save changes 10 the
current Automation

3. A second dialogue box will ask whether you want o create a siandard
automation program or one using mapping, for this exercise select "Standard”.

4, A third dialogue box will then be displayed permitting an automation program
control header to be ereated which allows additional information pertinent 1o
the samples under test 1o be entered into the automation program control
header. Click-on "OK" when finished arul the default scan routine will be
entered into the current aulomation program.
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Figure 5-1. Automation Program Control Header



SECTION 5 - MULTIPLE SCAN OFERATION

EDITING AN AUTOMATING PROGRAM

The procedure below describes how to copy the current Scan Routine to create an
Automation Program containing multiple Scan Routlines. An Automation Program
can contain up 0 200 Scan Routines, however, for the purpose of this exercise, an
Automation Program will be created containing three Scan Routines.

Click-on "Edit” from the Automation Program window menu bar and click-on
*Copy to Range_.." from the Edit Menu. A pop-up window will be displayed
requesting the copy 1o range (see Figure 5-2).

A Mashing cursor will appear in the box labeled "Copy curment scan routine 1o
scan routineg #°, key in number *2* in the box.

Click-on the box below it labeled "Through Scan Routine #% The flashing
cursor will appear in the second box. Key-in number “3°.

Click-on "OK". The window will disappear and the curmrent Scan Routine 1
will be copied to scan routines 2 and 3 where the Scan Routines are histed on

the right half of the Automation Programs screen.  Scan Routine 2 is now the
current Scan Routine.
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Figure 5-2. Copy 1o Range Window
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GLOBAL EDITING OF SCAN ROUTINE PARAMETERS

The individoal scan paramelers within each scan routine of an Aulomation
Program can be changed o1 any time, For the purpose of this exercise, the Global
Edit Mode will be used to allow the parnmeters of all the scan routines within the
Automaton Program o be edited.

b

Click-on "Window”™ and click-on "Scan Routines” from the 'Window Menu.
The Scan Routines screen will be displaved. Click-on "Edit" and click-on
“Clobal Edit Mode” (Figure 5-3).

Clhick-on the “Displuy Parameters” window. The Display parameters options
will be displa Chick on the “Automatic Leveling™ checkbox. Enter 150 into
each band width box (Figure 5-3). Click on “0OK" to close.

3. Toenter the ASH analytical function, click-on "Edit™ from the menu bar and
click-on "Append Analytical Functions™. The Analytical Functions will be
displayed.

4, Click-on the M corsor box and enter "1000°. Chick-on "ASH™ fom the
Height Parameters and click-on "ADD®. The ASH Band Widths dinlog box
will be displaved. Enter the default ASH band widths for the K and M cursor
by clicking-on "OK". Click-on "Done”™ when finished.
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Figure 5-3, Global Edit Mode



SECTICRN 3 - MULTIPLE SCAN OFERATION

PROGRAM ENTRY

The location of a scan routine is identified by a set of three numbers which
represent the XY, and theta positions of the stage where the scan routine is to be
performed. Because all three scan routines in the current aulomation

have the same values, it will be necessary to enter new values for esch scan
routine.

Click-on "Window” from the menu bar and click-on "Sample Positioning”.
The sample positioning screen will be displayed.

Click-on "Edit" from the screen specific menu bar. The Edit Menu will be
:hs#a}rnd listing several oplions (see Fi 5-4). Selecting "Enter Scan

fmmlhEEth u enters cumrent stage location into the
:urmnlnt.mmuunr_ Selecting "Enter Scan Length® allows the scan length o
be adjusted. And selecting "Go to Scan Routine™ goes to the selected scan
routine, making it the current scan routine. The number of the current scan
routine is displayed at the very top of the screen.

Click-on "Go To Scan Routine” and enler scan routine namber 1" mto the
dialog box and click-on "OK".
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SECTION § - MULTIPLE SCAN DFERATION

Scan Location Entry - Scan Routine #1

Prior to entening the location for Scan Routine #1, venify that Scan Routine #1 is
displayed at the top of the screen as the curment Scan Routine.

I. Click-on the video mage of the sample positioning screen. The stage will
now track the motion of the mouwse or trackball. When the calibration
standard is properly positioned, as shown in Figure 5-5, click-on the mouse or
trackball a second time 1o deactivate the stage.

2. Click-on "Edit". The Edit Menu will be displayed.

3. Click-on "Enter Scan Location” from the Edit Menu.

4. A dialog box will be displayed venfying the Scan Location for Scan Routine
#1. Click-on "0OK" to enter the location. Scan Routine #2 1s now the current
Scan Routine.
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Figure 5-5. Stylus Pasition for Scan Routine #1



SECTION 3 - MULTIFLE SCAN OFERATION

Scan Location Entry - Scan Routine #2

Prior 1o entering the location for Scan Routine #2, venfy that Scan Routine #2 is
displayed at the 1op of the screen as the current scan routine.

Click-on the video image of the Sample Positioning screen. The stage wll
now track the motion of the mouse or trackball.

Roll the pointing device 1o position the calibration standard as shown in
Figure 5-6. Once the calibration standard 5 properly aligned with the
software reticule, click the mouse or trackball a second time 1o deactivate the
stage.

Click-on "Edit". The Edit Menu will be displayed.
Click-on “Enter Scan Location™ and click-on "OK". The current X.Y stage

iion will be entered into Scan Routine #2 and Scan Routne #3 wall
ome the current Scan Eoutine.

Pregeem: (Uahted) ScRul 3 13 JT |

Figure 5-6. Stylus Posilion for Scan Routine 22



SECTION 5 - MULTIPLE SCAN OPERATION

Scan Location Entry - Scan Routine #3

Prior to entering the location for Scan Routine #3, venfy that Scan Routine #3 5
displayed at the top of the screen as the current Scan Routine.

LA

Click-on the Video image of the Sample Positioning screen. The stage will
now track the motion of the mouse or trackball.

Roll the pointing device 1o position the calibration standard as shown m
Figure 5-6. Click a second time o deactivate the stage.

Click-on "Edit". The Edit Menu will be displayed.

Click-on “Enter Scan Location” from the Edit Menu and click-on "OK". The
current X.Y stage position will be entered into Scan Routine #3.

Once all of the triplets are entered an Automation Program can be run. Click-
on "RUN" and click-on "Run Auto Program®. The Automation program will
be run, performing a scan al each programmed location.
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SECTION 5 - MULTIFLE SCAN COPERATINN

DATA DESTINATION OPTIONS

Datn destination options can be entered into the Auotomation Program to
automzitically perform a selected function al the conclusion of esch scan rouline.
Severnl datn destination options are availoble on the DEKTAK V 200-5i for
selecting the printer, data file, APS, and pause after scan. The procedure to
program these options for the purpose of this exercise is described on the
following pages.

Printer

Click-on the printer dotn destination option and three printer options will be

du.plaj.-nd no, priol plot, and pnot plot summary {see Figure 5-8). IF "No™ is

intout will not be produced. If "Prnint Plot® 15 selected, the

plotted pmﬁt'“ le trace zlong with the profile data will be printed out on the

[JI:F.‘I'M.'. V 200-5i thermal printer. If "Print Plot Summary” is selected, a
printout will be produced of a summury of the scan data only.

2. TFor this exermse, chick-on “Print Plot”. With "Print Plot" selected, & printout
of the plotled profile will be produced after each scan routine is completed,
whenever the Automation Program used in this exercise is run.

NOTE
|In addition to the Plol or Scan Dala Summary printout. the)
Auptomation Program Summary (APS) can be printed at the
|conclusion of the Automation Program.
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Figure 5-8. Printer Data Destination Option
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Data File/Data Export

The data file and datn export options permit the data plot screen from the just
concluded scan routine to be filed either as binary data or ASCI data on the
DEKTAK V 200-5i hard disk or for back-up on a disketie. The plotted profile can
then be redisplayed ot a later date for further analysis. Two data file options are
available "No™ and "Yes". For this exercise the data will be filed 10 the C drive.

I. Click-on the "Data Filke" option in the Automation Progmms screen. A
dialogue box will be displayed permitting the data to be saved either at binary
data or ASCH data (see Figure 5-9). Click-on "Select File" under binary data.
A dinlogue box will be displayed containing & directory listing of the Data Plot
screen previously saved m the "V 200-51" file.

2. Unless otherwise specified, data will automatically be loaded to the default
DEKTAK ¥V 200-5:i file on the "C" dnive. Click-on the box labeled “File
m.mr.:" just 1o the right of **.*" and a flashing cursor will be displayed in the

i,

3. A file name up o eight characters may be entered under which o file data.

Push the hack- key to deleie the "*.*" and key in the filename
"EXERCISE" and click-on "OK".

4. The filename "EXERCISE" will be entered into the data file option. When the

currenl autoimation program is run, the data plot screens produced from the
pe:l‘n!'rrmﬂ ~ scan routines will he fiked under

-
-
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SECTUON 3 - MULTIPLE SCAN DFERA TI0N

Opening Saved Scan Data Plot

For the purpose of this exercise, the corrent Automation Program will be run to
demonstraie how the data destination option files data plot sereens under the
selected flename.

bl

Click-on "RUN" and click-on "Run Auto  Program”™ The Automation
Program will be run and the data plot sereens will be fled.

At the conclusion of the Awomation Program, the Data Piot screens can be
relneved by clicking-on "File” located above the Data Plot Screen.

Click-om "Open® from the File Menu and click-on "Single Scan™ from the sub-
menu. A directory listing will be displayed of the saved data plot screens.
The data plot screen from scan routines 1, 2, and 3 are filed under
“"EXERCISE001", "EXERCISE.002" and "EXERCISE.D03" respectively
(see Figure 5-107.

To redisplay the Data Plot Screen [rom Scan Boutine £, click-on
"EXERCISE. 1" and click-on "OK". The Data Plot Screen from Scan Routine
#1 will be replotted and redisplayed.
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Enabling Automation Program Summary (APS)

The Automation Progmm Summary datz destination option provides a summary
and listing of the analytical function results for an Automation Program. All scan
routines within the sutomation progmm must have identical scan moutine
parameters (excluding X,Y, Theta location) for the Automation Program Summary
o be computed.

1. Click-on "Window™ and click-on "Auotomation Programs™ to return to the
Automation Program Screen.

2. Click-on the ine labeled "APS® from the Data Destination Options to display
the Aulomation Program Summary dalog box (se=e Figure 5-11)

3. Click-on the box labeled "Print APS” to produce a printout of the Automation
Program Summary.

d. Click-on the “Select File™ botton ynder “Binary APS™ 1o save the Antomation
Propram Summary a5 a binary file.

5. Qlick-on the box labeled “Summary File Name® and key-in the filename
"EXERCISEAPS" (by convention, these filenames should be given an APS
Dios file extension) and click-on "OK"

6. Click-on "RUN" and click-on "Run Auto Program™ from the Run menu, The
current  Automation u_-ﬁﬂm will be mun, and the Automation Program

summary will be compa displayed, printed, and saved.
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Automation Program Summary Screen

The Automation Program Summary Screen (see Figure 5-12) provides data on the
just concluded Auotomation Program.  The iems highlighted in yellow include:
The Automation Program filename, number of Scan Routines, Sample 1D,
Automation Program start time and date, The items highlighted in green display
the locations of the refersnce and mcasurement cursors for each analytical
function., The ttems highlighted in blue provide the mean, standard deviation,
mifimum, maximom, snd mnge of the analytical function from all the scan
routines. The items highlighted in red provide the individual analytical function
resulls for each scan routine

1. Toredisplay the Automation Program Summary afier exiting the APS screen,
click-on "Window™ and click-on " Auto Prog Summary”.

2. To prinl an Automation Program Summary, chick-on “File® and click-on
“Print” and click-on "Auwlo Prog Summary (APS)" from the File Menu.

A an Auvtomation Program Summary saved (o file, click-on "File”
I'n:lm the *5 screen menu bar and cick-on "Open” from the File Menu, A
listing of the files saved under the " APS™ DOS file exiension will be
displayed. Click-on the desired filename and click-on "OK".

4. To save an Aulomation Program Summary (o file from the APS screen, click-
on “File” and click-on "Save®™ from the APS File Menu. Enter the desired
filename with the " APS™ DOS file extension amd click-on "OK",

i
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Flgure 5-12. Automation Program Summary Screen
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SECTION 3 - MULTIPLE SCAN OPERATION

When an Automation Program is ete the "Unload When Done” feature may
be selected to auntomatically translate the sample stage to the scan head door at the

nmd;mnfmmmmﬂhnsxhﬂmgmﬂmhﬂmgd
samp

I. Click-on "Unload When Done” from the automation program data
destination options. The Unload After Program dialogue box will be
displayed (see Figure 5-14).

2. Click-on "Go to Unload Position” and click-on "OK".

Figure 5-14. Unload After Program Dialogue Box
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SELECTING DESKEW POINTS

Each Automation Program contains two Deskew Poimts. The Deskew feature
ullows the system o compensale for slight sample to sample positioning ermors.

When an Automation Pro is beinz developed on o Fmdlu:l:mn reference
sample, allprn-gmmmndxg rdlmlﬁmlut:tnrjtpnsmgnnflhllpam:ula:
umplt a5 it rests on the sample stage, It is highly unlikely that Iike samples can be
londex] at the exoct physical location of the reference sample used to define the
Automation Program. Tooling or fxturmg pins are extemnely belpful and highly
recommended if fast, accurale sample positiomng 5 1o be achieved, however shpghit
sumple and/or physical positioning variances will throw off or “skew” the
programmed X-Y coondinales.

To compensate for this “skewing®, Deskew Points can be established on the
refercnce sample when the Automation Program is defined.  Any easily identifiable
landmarks on the reference sample may be selected us Deskew Points, such as test
pads on a silicon waler or the commer of the subsirate.

To assure deskew accuracy, the following steps must be taken when establishing
or verifying Deskew Points!

I. Always verify Deskew Points ot the same video magnification as the
puoints were established.

2. Prior to establishing reference or actual Deskew Points, always lower the
stylus by activating the "Tower Down® function from the "STYLUS™
mienid, W ensurs the wwer 15 nulled over the feature. Always raise the
stylus prior o repositioning the sample.

3 For critical measurements it is recommended that Deskew Points be set
prior to entering the mplets for the scan routines within an Automation
Prograrm.

4. For the greatest deskew accuracy, establish the two Deskew Points at the
preatest diagonal position possible (see Figure 5-15).
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Figure 5-15. Establishing Deskew Points at a Diagonal
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ESTABLISHING REFERENCE DESKEW POINTS

In the upper lefi field of the Automation Programs screen the coondfinates for the
Deskew Points are displayed. [f no deskew points have been entered, then "none”
will appear below "Deskew Poimts". Two deskew points are required. The
procedure for setting reference deskew points for this exercise is descnbed below,

To Set 1st Reference Deskew Point

1. Click-on "Align® from the menug bar displayed in either the auiomation

grams window or the fine positioning window and click-on “Set AutoProg

Deskew Points”. The fine positioning screen will be displayed along with the
dialog box for setting the first Deskew point.

2. Click-on the software reticule to activate the stage. Roll the ponting device
until the software reticule 15 lined up with the upper nght comer of the
calibration standard pattern as shown in Figure 5-16.

3. When the reticule and standard are properly aligned. click the pointing device
a second time to deactivaie the stage.

4. Click-on "Profiler” and click-on "Tower Down™ to lower the stylus and null
the ower. Then click-on "Profiler” and click-on "Siylus Up™ to rase the
stylus. Readjust the reticule/standand positioning if necessary.

5. Click-on "OK" im the dialog box. The corrent XY . Theta location will be
‘entered as the first reference deskew point.
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Figure 5-16. Satting the First Reference Deskew Point
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To Set 2nd Reference Deskew Point

Once the first reference Deskew Point has been set, a second dialog box will be
displayed providing instructions for seiting the second reference Deskew  Point
(see Figure 5-17). The second deskew point must be selected at a point which is
located at a diagonal from the first reference deskew point.

l. Roll the pointing device to the software reticule and click. The amrow will
disappear and the stage will track the motion of the pointing device.

2. Position the sample stage <o that the lower lefi comer of the calibration
standard pattern is lined up wath the software reticule as shown below. Once
the standard and reticule are properly aligned, click the pointing device a
second time (o deactivate the stage.

3. Click-on "OK" m the dialog box. The current X.¥ .theta location will be
enlered as the second reference deskew poinis

4. Click-on "Profiler” and click-on "Tower Down™ to lower the stylus and null
the tower. Then click-on "Profiler” and click-on "Stylus Up" to raise the
stylus. Readjust the reticule/standard positioning if necessary.

3. To vuﬂjlht:h:dﬁk:w_gnmlshlvﬁh:n]ﬂﬁﬂnimhnntnﬂmﬁmlmm
Programs screen theta triplet values of the deskew point locations

will be displayed.
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Figure 5-17. Sefting the Second Reference Deskew Point
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RAUNNING AN AUTOMATION PROGRAM ON A SKEWED SAMPLE

The exercise below describes the procedure for setting the sctual deskew points on
the skewed calibration standard. Poor o runmmg the Actormation Program,
reposition the calibration standard on the stage, approximately | mm to 2 mm froam
its oniginal position

I. Click-on "RUN" and click-on "Run Auto Program™ from the Run menu, The
stage will translate to the XY thets location of the reference deskew points.
A dialog box will be ‘h?_?:l"'f“‘{ wing instructions for checking the first
actual deskew point (see Figure g-!

2. Chick-on “Profiler® and chck-on *Tower Down® o lower the stylus and null
the tower. Click-on "Profiler” and click-on "Stylus Up® to raise the stylus.

3. Click-on the software reticule 1o activale the stage. Roll the pomnting device
to relocate the visually identifiable landmark selected as. the |st meference
deskew point. Line up the softwane reticule with the upper night comer of the
calibration standard pattern as shown in Figure 5-18.

4, Once the reticule is properly aligned with the calibration standard, click the
pointing device a second time to deactivate the siage.

J. Click-on "OK" in the dialog box. The dislog box will disappear and the
current X.Y .theta stage location will be emtered as the first actual deskew
point. The stage will then trunslate to the X,Y.theta location entered as the
second eference deskew poinL
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“Figure 5-18. Checking the 15t Actual Deskew Point
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6. Click-on "Profiler” and click-on "Tower Down” to lower the stylus and null
the tower. Click-on "Profiler” and click-on "Stylus Up" o raise the stylus.

1. Click-on the software reticule to activate the stage. Roll the pointing device
1o relocate the visually identifiable lindmark selected as the second reference

deskew point. Line up the software reticule with the lower lefi comer of the
calibration standard as shown in Figure 5-19.

B. Once the reticule is properly aligned with the calibration standard, click the
pointing device a second time 1o deactivate the stage.

9. Click-on "OK" in the dialog box. The dialog box will disappear and the
DEKTAK V 200-5i is now ready to run the Automation Program. The stage
will manslate to the first scan routine location and begin the Automation

Program.

Option, a third dialog box will be displayed requesting that the
2nd Deskew Point be relocated to adjust for any rotational

NOTE
]'ii" the DEKTAK V 200-51 s equipped with the AutoTheta,
Enﬂhh Repeat the above procedure (steps 6-9) to relocate the

|2nd actual Deskew Point. = =T
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Figure 5-19. Checking the 2nd Actual Deskew Point
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REPLACING AN EXISTING AUTOMATION PROGRAM

By pariicipating in the exercise described in this section. many changes and
alierations have been made to the Automation Program. The procedure for saving
an existing Aulomalion Program with changes 15 described below.

I. Click-on "Window" and click-on “Automation Progmams® 1o retumn to the
Automation Programs screen.

bl

Click-on "File” and the file menu will be displayed.
Click-on “Save As® from the File Memw

B

Chick-on "OK", A second pop-up window will be di with a warmng
asking if it is OK 10 replace the existing "EXERCISE.!

5. Chck-on "Yes". Both windows wall disappear and the new automation
program "EAERCISE” will replace the existing program.

NOTE
To suve the Automation I‘rﬂgﬂm o the A Drive, click-on
"Save" from the File menu and save the flename as:
"ANEXERCISEMIPM™. Be sure to return the system to the C
Drive prior to removing the diskette from the A Drive.

I
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Figure 5-20. Replacing an Eththuiuhm.ntln: Program
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SECTION 6

ANALYTICAL FUNCTIONS

SECTION OVERVIEW

This section provides a description of the analytical functions included as part of
the standard DEKTAK V 200-5i software. These special functions allow the user
o perform complex analytical computations on the profile data quickly and
easily. Multiple analytical functions can be entered into o scan routine to
sutomatically caleulate surface texture parameters on like samples. The

can also perform analytical functions at the conclusion of a scan by selecting the
desired parameters one-by-one.

By using these functions w uanalyze the profile data, valuable information can be
obtained for controlling and monitoring the production process. To assist the
operator, analytical functions are grouped by applications: roughness, waviness,
step height, and geometry parameters. The items included in this section are
listed below,

Analytical Functions Description

Enughuess Parameters

Waviness Parameters

Step Height Parameters

Geometry Parmmeters

Analytical Function Exercise

Entening Analytical Functions into the Scan Routine
Cutoff Wavelength Filters

Smoothing

ANALYTICAL FUNCTIONS DESCRIPTION

The DEEKTAK V 200-51 s cquipped with 25 different analytical functions for
measunng surface texture. The following pages provide the abbreviation for each
function os 1t appears on the screen, along with a brief descnption of the
parameter.

If extensive surface textore analysis is planned, it is recommended that the ANSI
B46.1 specification on surface texture be studied. A copy of this specification
can be obtined from the American Society of Mechanical Engineers, 345 East
4Tth Street. New York, NY 10017,
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ROUGHNESS PARAMETERS

Max Dev

Max Ra

Ra

Rv

Rz din

Maximum Deviation: Calculates the furthest data poimt above or
below the mean line.

Maximum Ra: Identifies that portion of the assessment length

which has the highest Ra. The assessment length, defined by the
cursors, 158 divided into mneteen overlapping segments. h

segment iS5 equal o one-tenth of the assessment length distance.
The Ra is calculated for each segment. The R cursor will be
positioned 1n the center of the segment with the highest Ra. Only
one MREa is allowed to be programmed into a scan program.

Anthmetic Average Roughness: Formerly known as AA and
CLA. FRa 5 the universally recognized. and most wused,
international pammeter of roughness. 1t 15 the anthmetic average
deviation from the mean line.

Maximum Peak: The maximum height or the highest peak of the
1:|ml'le roughness above the mean line, within the assessment

Root-mean-square  (RMS)  Determines the root-mean-square
value of roughness corresponding 1o Ra.

Maximum Peak to Valley: The sum total of the Maximum Peak
and Maximum Valley measurements of roughness within the

assessment length (Rt =Rp + Rv).

Maximum Valley: The lowest point. or the maximum depth of the
E‘nl‘k roughness below the mean line, within the ussessment

Ten Point Height Average! The average height difference between
the five highest peaks and the five lowest valleys in accordance
with DIN 4768/1 specification published by the Deutsche Institut
fuer Normung c.v.

Skewness: The symmetry of the profile about the mean hine. It
will distinguish between asymmetrical profiles of the same Ra or
Ry,

NOTE

'For the best results, the scan trace should be software leveled
prior to calculating any analytical functions.
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WAVINESS PARAMETERS

Arithmetic Average of Waviness: The average deviation of
waviness from the mean line {corresponds to Ra).

Maximum Deviation of Waviness: Measures the distance of the
furthest data point above or below the mean line from the waviness
profile (corresponds to Maximum Deviation of roughness).

Maximum Peak of Waviness: Measures the maximum height of
the highest peak of the waviness profile, above the mean line
{corresponds to Rp).

le-Mean-Squ:lm of Waviness: Determines the root-mean-

square (RMS) value of waviness (corresponds 1o Wa).

Maximum Peak to Valley of Waviness: The sum total of the

maximum peak and maximum valley measurements of waviness
(Wi=Wp+Wv).

Maximum Valley of Waviness: The lowest point, or the maximum
depth of the waviness profile below the mean line (corresponds to
Rv).

NOTE

The waviness analytical functions can only be accessed if the
DEKTAK V 200-5i is equipped with Software Version 1.12 or

higher.
profile

Waviness calculations will be performed on raw
data unless the low pass waviness filter has been
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STEP HEIGHT PARAMETERS

ASH

AVG HT

HSC

PEAK

PV

TIR

VALLEY

Delta Average Step Height: Used to obtain a step height
measurement in applications where roughness or noise is present
on the profile trace. It computes the difference between two
average height measurements.

Average Heighl: Calculates the average height of a step, with
respect to the zero line, using the R and M cursors 1o define the
area of measurement.

High Spot Count: The number of peaks that project above a line
that is parallel to the mean line.

Peak Count: The number of peaks that project through a selectable
band centered about the mean line of the assessment length

Maximum Peak: Calculates the maximum height above the
baseline, as determined by the cursorfirace inlercepts.

Maximum Peak to Valley: Calculates the vertical distance
between the maximum peak and maximum valley.

Total Indicated Reading: Calculates the vertical distance between
the highest and lowest data points between the cursors.

Maximum Valley: Calculates the maximum depth below the
baseline, determined by the cursorfrace intercepts.
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GEOMETRY PARAMETERS

Ares

Perim

Slope

Volume

Area-Under-The-Curve: Computes the area of a profile between
the K and M cursors with respect 1@ the hofizontal zero grid line.
The profile must be leveled for accurate results, I the profile is
above the zero line, area is expressed as a positive valoe in square
microns. If the profile is below the zero line, the result will be a
negative value.

Perimeter: Calculates the outside perimeter of a profile between
the B and M cursors. A horizontal reference line is created using
the R and M cursor intercepts. The profile must be leveled for
accurate resules.

Radius: A least-squares-arc is [itted 10 the data points and the
radius is calculated from the equation of a circle  The algonthm
does not distinguish beiween concave and convex shapes. To
maximize the accuracy of the results, the following factors must be
consideredt: (1) the sumple shope must approximate a sector of o
circle: (2) the stylus tip must traverse the apex of the sample if it is
a !.Ehem Using the largest radins stylus possible will help
mimmize the emor; (3) Repeatability errors may dominaie the
measurement if the chord rise is less than 100A for scans longer
than | mm.

Slope:  Calculates the arc tangent of the ratio of the wvertical
distance to the horizontal distance between the R and M
cursopfirace inlercepts. The resull 15 expressed in degrees. Slope
is useful only for relatively shallow slopes. If the stylus radius is
100 large or the step too steep, the stylus will contact the upper
edge of the step before the lower edge and the slope messurement
will be inaccorate.

Bearing Ratio: The percentage of points along the assessment
length that project nbove a line that is paralle! to the mean line.

Volume: The intepration-by-shells technigue is wsed to find the
volume of a solid. This is sccomplished by rotating the lamina
delineated by the scan trace and a line segment connecting the
cursor intercepts through | B0 degrees aboul a vertical axis which is
located half way between the cursors.
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EXERCISE
This exercise will demonstrate how 1o perfform an average roughness
measurement at the conclusion of a scan. For the sc of this excrcise, the

optically flat glass of the calibration standard provided with the system can be
used. The calibration standard should be positioned so that a 2 mm scan will
traverse across the glass portion of the standard without encountering a step (see
Figure 6-2),

1. Click-on "Windows" and click-on "Automation Programs”. The Automation
Programs screen will be displayed.

2. Chlick-on "File” from the menu bar, and click-on “new” from the menu. The
default scan routine will be entered into the current Automation Program.

3. With the stage positioned as shown in Figure 6-2, click-on "RUN". From the
main menu and chck-on "Run 5cRt Here" from the menu. The current
Scan Routine will be rin.

4. Omnee the scan routine has been run with the profile plotted, the trace must be
leveled. Click-on "Plot” and click-on "Level” from the menu. The trace will
be replotted and leveled.

NOTE
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Figure 6-1. Calibration Standard Pesitioning for a Houghness Measurement
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AVERAGE ROUGHNESS MEASUREMENT

Unce ihe scan is run and the profile trmeeis leveled, an analyties] function may be
ormed from the Daty Plot screen. The procedurs for executing the Average
Roughness (Ra) pnalytical function on the row profile doata 3 desenbed below
The analytical function will only be calculaied on the datn between the B and M
cursors. The cursors can be relocated if desired, but for this exercise, the defoult
cursor setting of 100 and 1900 microns should be approprints for a 2 mm scan.

. Click-on "Analysis™ from the menu bar and click-on "Amalytical Functions®
to display the dialogue box below {see Fipure 6-3)

B

The Analytical Fupctions Meou contains selections for seiting roughness,
waviness, hetghts, and peomelry parameters.  The roughness functions menu
lists nine differsnt parameters, click-on "RA". The RA parameter will be
highlighted.

3. Click-on the "measure” button provided in the roughness functions window
(selecting "medsure and program” aulomatically entérs the analytical function
inlo the Scan Routing program .

4. Click-on "Compute® and the window will disappear and the average
roughness will be caleulated. The result from the BA function will
displayed in the orea of the left of the Data Plot screen along with the cursor
locations. Node thal un nsterisk sppears next to the Ba, this indicates thal the
analytical function was caleulated on the row, unfltered data.
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Figure 6-2. Roughness Funclions Window
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RETERMINING THE CUTOFF WAVELENGTH

The DEKTAK ¥ 200-5i is equipped with shori pass, and long pass digital fillers
fow filtering oul high and Jow frequency signols. Inoeffect, the cuinfT frequencies
defines the mtended difference belween rmoughness und waviness. The filiers are

designed m accordance with the ANST Ba6.] specification on surface texture,
The wavelengths are user selectable from 1 to 200,000 microns.

The app'u!m'lh: cuteff wavelength will vary from application to application.
Hoaever, it 18 recommended that the scan length be at least 5-10 times longer
tham the cul-off wavelength. The cutoll valee will nol be accepted il fewer thao 8
data poinis are available per cutofT wavelengih. The "scan Resolulion” parameter
displayed on the Scan Bouting Screen provides the pumber of microns per sample
for o given san length and speed. The minimum acceplable cut-off wavelength
et be ag jeast eight tmes longer than the value listed as the sean resolution.
This can be otherwise defined ag; microns per sample X 8 = minimum acceplable
cut-off wavelength.

For example, the defaull scan routine used for the purpose of this exercise has a
scan lenpth of 2000 microns, a4 scan speed of medivm, and a scan resolution of
(.513 microns per sample. Multipbying 0.513 by 8 equals 4.10, so the minimum
acceplable cut-ofl wavelength is 5 microns, The scan length must be a1 least 5
times greater than the cut-off wavelength. Dividing the micron scon length
by 5 equals 400. Therefore, 2 cut-off value must be selected between 5 and 400

TMICEONE.

Three separate cut-off filters are provided for selecting the wavelength by pass
frequency. The three filters are descnibed below,

Short (High) Pass Filter

This flter is used for caleulating rooghness dota. [t filters out low Trequency
waviness signals und allows high frequency roughness data to pass throogh.

Long (Low) Pass Filters

This filter 18 used for coleulsing waviness dua. o filers oo high frequency
roughness signals and allows low freguency waviness dita i pass through.

Band Pass Filter
When the bund pass filter is selecied, both the short pass and fong filters will

be enabled 1o calculute the rooghness dota. | creates 3 band which filters oot
high frequency signols above the band and low frequency signals below e bamd.
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ACTIVATING THE CUTOFF FILTERS

To obtain accurate roughness measurernents, il is recommended that the short

pass [ter be actvated, The procedure for activating the short pass and long pass
filters is described below

Clhick-on "Analysis™ from the Dats Plot Screen menu bar, and click-on
"Cutoff Filters™ from the Analysis Menu, A dialog box will be displayed for
selling the roughness and waviness flters (see Figure 6-4)

2, UClick-on the box labeled “Short Pass Filter CotofT™ and enter a value of 20.

3. Click-on the box labeled “Long Pass Filter CutolT™ sand enter 4 value of 200

4, Check-on "OK" and the profile trace will be replotied with three separite scian
traces: The white trace represents the raw profile data, the yellow race
represents the moughness profile as determined with the short pass filter, and
the red trace represents the waviness profile as determined by the long pass
hillter.
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Figure 6-3, Roughness and Waviness Filter Dialog Box
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DATA TYPE SELECTION

The operator may select the type of data 1o be displayed on the data plot screen
The raw. moughness, and waviness profile data can be displayed either
individually or simultanecusly. The procedure [or selecting the data type 18
described below.,

1. Click-on "Plot” {rom the Data Plot Screen menu bar. The Plot Menu will be

displayed

2. Chlick-on “DoataType™ from the Piot menu. A window will be displayed
permitting the selection of raw, roughness, or waviness data type display.
All three selections should be activated as incheated by an “X" in their
respective boxes (see Figure 6-5)

3. Click-on the box labeled “waviness® to delete the "X” from the box. (The
box acts as a toggle to switch the datu type on and off.)

4. Click-on "OK". The Data Plot screen will be replotted with the roughness
and raw data profiles displayed and the waviness profile deleted.
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Cmce the short pass roughness filter is activated, perform the aversge roughness
analytical function a second time. Analytical functions con be entened info the
current scan routine from the Data Plot Screen to be avtomatically calculated
whenever the current scan routine 15 performed. The procedure for measuring the
Ra function and entering 1t indo the scan routing 15 descnbed below

. Click-on “Analysis" from the Data Plot Screen mend bar and click-on
'.ﬂrlaf}'lu;.'ar F:l.ru::[imn" Th.t ."I.ﬂ:l;l_:r'l_l!.'.:]: Fl:ll:'u;.'lil.‘.u'lh e diia wiill tlﬁ Llinﬂh}'ﬂ].

2. Click-on "RA" from the roughmess functions mend. The RA parnmeier will
be highlighted

3. Click-vn the "Measure gnid Program® bution provided in the Roughness
Functions window (see Figume 6-6).

4 Chick-on "Compute”. The Roughness Functions menu will disappear amnd the
pvermge roughness will be measured and eptered into the currend scan rowiine.
The result from the B function will be displaved i the area (o the left of the
dita plot screen. Note the different results from the first Ra citdculated on the
unfiltered row pfile datg omd the secomd Ra calcolatesd on the Dlered
mughness dota,
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Figura B-5. Analytical Functions/Data Plot Screen Entry
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ENTERING ANALYTICAL FUNCTIONS INTO A SCAN ROUTINE

Multiple analytical functions can be entered into the Scan Routine screen, to be
automatically calculated at the conclusion of the scan, The procedure for entering
analytical functions into the scon routine is described below.

]

Chick-on "Window" from the system menu bar, #nd click-on "Scan Routines”
from the Programs menu. The Scan Routine screen will be displayed.

Click-on "Edit" from the Scan Routing screen menu bar, and click-on
“Append Analytical Functions”. The Analytical Functions menu window

will be displayed.

Click-on "WA" from the Waviness Functions Window, “WA"™ will be
highlighted.

The cursors can be set at differemt locations [or each individual analytical
function. To adjust the cursor positioning, click-on the box labeled "R.
Cursor®, delete current value, and key-in 0. Then click-on the box
libeled "M, Cursor”, delete the current value, and key-in 2000,

Click-on "ADD". The WA function will be entered into the area on the right
of the Scan Routines screen labeled “Analyiic Functions™ (see Figure 6-7),
Click-on "“DONE" when complete.
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Figure 6-6. Analytical Functiona/Scan Routine Screen Entry
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ENT I

The short pass and long pass filters can be entered into the scan routine lo
automatically be activated for calculating roughness and waviness analytical

functions. The procedure for entering filter cutoffs into a scan moutine is
described below.

1. Click-on the data processing parameter labeled "Filter Cutoffs" from the
Scan Routine Screen. The filter cutoffs parameter will be highlighted.

2. Click-on the box labeled “Shon Pass Filter Cutoff™ and key-in a cutoff value
of 20 microns for calculating roughness,

3. Click-on the box labeled "Long Pass Filter Cotoff™ and key-in a cutoff value
of 200 microns for calculating waviness.

4. Click-on "OK" and the dinlog box will disappear and the cutoff values will
be entered into the scan routine.
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ENTERING DATA TYPE INTO A SCAN ROUTINE

The type of profile dam to be displayed at the conclusion of o scan can also be
predetermined by entering the sclected data types into the scan routine, The
procedure for entering the data type into a scan routine is described below.

. Click-on the “"Disp. Data Type" parameter from the Scan Routine Screen.
The Disp. Data Type parameter provides three options: mw, roughness, and

WIVINESS.

B

When the default Scan Routine is used, the raw profile data is entered as the
Display Data Type parameter. For the purpose of this exercise all three data
types will be displayed. The boxes containing the data type selections act as
a loggle for entering and deleting the selections. Click-on the boxes labeled
"Roughness™ and "Waviness™ to enter all three data types into the scan
routine {see Figure 6-9)

NOTE
The roughness data type cannot be selected unless the shorl
pass Mlter is Mirst activated. Likewise, the waviness data type
cannot be selected unless the long pass filter is activated.

COnee the Analyoeal ‘Functions, cutoff fliers, and display data types have been
entered into the cumrent scan routine, they will sutomatically be executed
whenever the current scan rouline 15 rurn.
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Figure 6-8. Display Data Type Parameter
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DELETING ANALYTICAL FUNCTIONS FROM A SCAN ROUTINE

When the Scan Routine Screen is displayed and an analytical function is entered,
the delete function can be accessed from the Analytical Functions Menu. The
procedure for deleting an analytical function from the scan routine is described
below.

1. Roll the pointing device o the right hand portion of the Scan Routines screen
where the entered Analytical Functions are stored. Click-on the desired
analytical function to be deleted. For the purpose of this exercise, click-on
"WA". The function to be deleted will be highlighted.

Click-on "Edit™ from the Scan Routine Screen menu bar and click-on "Delete
Analytical Functions”. The Delete Analytical Functions window will be
displayed.

3. Click-on "OK~ from the Delete Analytical Functions Window. The
highlighted analytical function will be deleted from the Scan Routine.

b
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Figure 5-9. Deleting Analytical Functions
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DESCRIFTION OF SMOOTHING FUNCTION

Whenever the smoothing function is activated. the roughness, waviness, or aw
profiles will be calculated using the smoothed data, The smoothing fumction is
used o reduce fgh freguency, low amplitude noise on @ tace.  Some
applications  mvolve  films. deposited ower rough substrales,  This - substrate
roughness “transfers” to the film surface, which can make measurements difficuh
of guestionable,

The DEKTAK ¥V 20051 offers three degrees of smoothing. The higher the
degree, the mire smoothing will be relized.

Depree 1 5-point smoothing.
Degree 2 11-paint smoodhing,
Degres 3; 23-paint smoathing.

Afwer the degree of smoothing is selected, o prompt asks for the value of the
vertical distance between the maximum peak o valley roaghmness,

Determine the maximum peak o vailley distapce of the high frequency low
amiplitude noise, and then enter this or a ter vilue (the TIR andlyncal function
can casily be used to determine the nose to be entered].

The smoothing function smoothes all data within the specified noise band by
examimnog cach data pomnt in turm and comparng it with the previous and
following points.

If Degree 1 5 selected, five consecutive data points are used in the smoothing
calculation and if they lie within the specified notse band, a running calculation is
started. A first-order curve is fitted o all consecutive points lying within the
noise band, As new points are exomined, the routine calculates the new value of
each point by looking ai the four closesy poimts that fie within the band.

When the algorthm encounters a point that Jics outside the band, the caleulation
is interrupted.  The new point 15 left "as 15" and becomes a center point of a new
noise band. If the next five points are within the new band, the calculation :i:.
restarted, I subsequent points lie outside. the band, they will be plotted "as is,”
and cach becomes o new reference poinl.  This technique is desirable to straight
filtening as the slope of the profile 15 maintained.

The smoothing function may be used in one of two ways. In spplications where
rough samples will be run on a regular basis, smoothing may be entered into the
Scan Rootine. [n this way, the imnuth:ng function will be performed on each
scin i:rrul':ll: putomatically. The smoothing function may also be selected after a
scin s been completed, Both methods for smoathing will be discussed on the
following pages.
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ACTIVATING THE SMOOTHING FUNCTION

Smoothing may be performed on profile data at the conclusion of a scan. The

procedure for activating the smoothing function from the Data Plot Screen s
described below

1. Click-on "Window" from the systermn mend bar, and click-on "Data Plot
from the Window Menu. The Data Plot Sereen will be displayed with the
profile data replotted.

I

Click-on "Annlysis™ from the Data Plot Screen menu bor, and click-on
“Analytical Functions™ to display the Amalytical Functions menu

3. Click-on "TIR" from the Height functions mnd click-on "Compute™. The toaal
indicaled reading peak to valley distance will be calculated

4, Click-on “Analysis™ from the Data Plot Sereen meny bar, and ¢lick-on
“Smoothing” from the Analysis Menu. A dinlog box will be displayed for
entering smoothing parameters (see Figure 6-11)

3. Three degrees of smoothing are avmlable.  For the purpose of this exercise,
enter "2" into the box labeled "smoothing depres"

6. Click-on the box labefied "Smoothing Band™ and enter a valoe equal o or
greater thon the value displayed as the TIR result. Click-on "OK" and the
raw profile data will be smoothed and replotied.
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Smﬁqmjhmmmﬂuwmmmmﬂljh

exccuted ot the conclusion of the scan. The procedure for entering smoothing
“into the scan routine is described below.

1.

2.
3.

Click-on "Window" from the system menu bar, and click-on "Scan Routines”
Click-on the "Smoothing” parameter from the Scan Routines screen.

The Smoothing Parameter window will hadiqﬂ:yedpmmu]n;mmhmg
o be entered. Three . of smoothing are available.
the desired degree either 1, 2, or 3.

The smoothing band value can be determined by performing the Total
Indicated Reading (TIR) anmalytical function on the scan to be smoothed.

Enter a value equal to or preater than the TIR value. The smoothing function
ﬂlmmmminﬂ file data whencver the current scan
rouline is executed. mnntgu click-on the smoothing parameter
and click-on "NO".
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SECTION 7

SYSTEM MENU DESCRIPTIONS

SECTION 7 OVERVIEW

This section provides a brief description of the various menus and menu
selections available in the DEKTAK V 200-5:1 software. This section 15 mcluded
to provide additional information on the various menu items which may or may
not have been discussed in the previous sections of this manual. Items discussed
in this section include:

Systern Menu

File Menu

Run Menu

Profiler Menu

Setup Menu

Diagnostics Menu

Window Menu

Calibration Menu

Automation Programs Menu Selections
Scan Routine Menu Selections

The DEKTAK V 200-5i uses Microsoft Windows as the user interface.
Microsoft Windows is an extension of the DOS operating systems. Whenever the
DEKTAK V 200-5i file is accessed, the DEKTAK V 200-5i screen is displayed
(see Figure 7-1). Continually displayed at the top of the DEKTAK V 200-5i
screen is the system menu bar. The various menus included in the system menu
bar are described in the following pages. Individual screens such as the
Automation Programs screen and the Scan Routines screen, have a second, screen
specific, menu bar in addition to the system menu bar. These additonal menus
will also be described later in this section.
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SYSTEM MENU

The DEKTAK ¥V 200-51 uvser interface consists of a vanety of screens. The
system menu box, status bine and system menu bar are i:nnl:'im:::]l}r rli:-:p]n}'m:l ol
the top of each screen (see Figure 7-1).

System Menu Box

The small box in the upper left comner of the screen displays a pop-up window
when clicked on (See Figure 7-1). The window permits the user to exit the
DEKTAK ¥V 200-5i software and enter MS-DOS commands.

Status Line
A stams line 15 visible at all umes, located at the bottom of the screen. It
constantly displays screen specific status information and the corrent X, Y, theta
siage posiion.

System Menu Bar

The system menu bar provides access o the different types of operanions
available. The various menus contsined within the system menu bar come under
the headings: File, Run, Profiler, Setup, Dhagnostucs, Window, and Calibration.
A descripbon of the contents of each menu and instructions for accessing them
are provided in the following pages of this section.

B [  Wiadeiw (elilawis  Help

Wi v

(= T

Dektak V 200-Si

Surface Profile Measuring System

Sisam lechaslogy
& Sobs bl wy ol Veeos maoEsenis. ke
We-pos /.00
Copyrighs £ 1991 1995, Jlsen Techessdogy Mhdslan

Fim sy HIEITAE. YOIRAATE TR

Figure 7-1. System Menu Box



SRCTEOHE 7 - SYS e MEMNL DESCRIFTRING

FILE MENU

The File Menuo allows Automation Programs and other files to opened, saved or
printed. To access the File Menu, click-on "File™ (see Figure 7-2).

New
The "MNew" selechion replaces the existing aulomabion program with a new single
scan automnation program containimg the default scan parameters.

Open
I'he "Open” selection allows an automation program or other previously saved
[iles o be opened. Clicking-on "Open” displays a list of available [iles.

Save

The “"Save” selection saves any recent changes (o the current aulomation program.

Save As
The "Save As" selection allows an automation program to be saved under a
different lile name. Clicking-on "Save As" displays a list of current file names.

Export

The "Export” selection allows an automation program to be exported as a TXT
file. Chicking-on "Export™ displays a list of curment TXT files.
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FILE MENU (CONTINUED)

Print
Clicking-on *Print” displays a sub-menu providing sccess 1o o varely of print
functions described below.

Automation Program Index
Clicking-on "Auwo Prog Indes” produces s printout of an index of the current
Automation Progroms saved on the hard disk:

Automation Program Form

Clicking-on "Auto Prog Form” produces o printout of the filc name, deskew
poinis, datn destination options, snd scan routines entered imo the current
Automation Program.

Automation Program Summary (APS)

This print function provides a summary of the analytical results from a multiscan
Automation Program. The "Auto Prog Summary (APS)” selection can only be
pccessed when the APS function is activated im the Automation Program.

Expanded APS
This print fupction provides o more detailed printout of the results from o
multiscan Automation Program Summary. The "Expanded APS" selection con

only be scoessed when the APS function is sctivated in the Antomation Progrum.

Scan Routine Form
Chcking-on "Scan Roufing Form™ produces a prinfout of the scan parameters and
analytical functions entered into the current Scan Routine.

Scan Data
Cheking-on “Scan Data” produces o printowt of the plotted profile trace along
with the scan data summary.

Scan Data Summary

Clicking-on "Scan Data Summary” produces a printout of the parameters and the
analytical fupction results from the just completed Scan Routine, I provides a
semmiary of the scan data only,

Loader Process Status

Thiz selection can only be accessed if the DEKTAK ¥ 3200-51 s equipped with
the cassette loader, Cheking-on "Loader Process Status” produces o printoul of
the paraumeters from the londer process slams screen.

Print Active Screen
This prnt functicn acts @ & Prnt Screen command. It prints the entire curvent
active screen t0 an extermal printer. This operation will work with any raster-
type, Windows compatible printer, including all dot matris, Laserlet, Postscript
und even color priniers.

Calibration Faclors

Clicking-on "Calibration Factors" produces a printout of the current Galibration
km‘Fl:ﬂ' the DEKTAK ¥V 200-5i.



SECTION T - SYSTEM MENU DESCRIFTIOMS

AUN MENU

This pull-down menu is used to run a Scan Routine or an Automation Program
To access the Run Menu, click-on "Run” (see Figure 7-3).

Scan
When "Scan” is clicked-on, the stage moves the XY, Theta location of the current
Scan Routine, and runs a scan.

Scan Here
When "Scan Here® is clicked-on, the current Scan Routine is run at the current
K.Y, Theta stage position.

Auto Program
When “Auto Program™ is clicked-on, all of the Scan Routines in the current

Automation Program are run. beginning with Scan Routine #1.

Auto Program From

When "Auto Program From” is clicked-on, the current Automation Program is
run beginning at the selected scan routine

Auto Program By Index
This selection provides a printout of the Automation Program Header.

Continue
This command 15 used 1o conttnue the current Automation Program when the wait
between scan routine function has becn activated.
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PROFILER MENU

This pull-down menu is used for controlling profiler functions. To access the
Profiler Menu, click-on "Profile” (see Figure T-4%.

Tower Up
When "Tower Up® is clicked-on, the system tower will be mised all the way up.

Tower Down

When "Tower Down" 15 chicked-on, the stylus will be lowered all the way down
until it makes contact with the sample surface and then the stylus will be lifted off
the surface. The tower speed may be set in the Scan Routines screen at high,
medium, or low speed.

Stylus Up

When "Stylus Up® is clicked-on, the system maises the stylus off the surface of
substrate without raising the stylus tower. This allows the user o view the video
image of the stage surface while positioning the stage, without contact between
the stylus and sample.

Stylus Down

When “Stylus Down™ is clicked-on, the stylus will be lowered onto the sample
surface. The stylus is automatically raised off the sumple surface whenever the
sample stage 15 repositionsd,

Sample Positioning

Displays the sample positioning screen providing a video image of the sample
surface with & repositionable stylus reticule and feature alignment reticule
supenmposed. It permits Line sample positioning, theta rotation, and 2 sample
template for coarse positioning,.

Move to Scan Location
Moves the stage to the XY Theta location of the current Scan Routine.

Aotate
Displays a dialogue boa which allows adjustments in the thela rotation of the
sample stage,

Load
Translates the stage 1o the load position, centered directly below the stylus.

Unload
Translates the siage (o the front of the scan head, permilting convenient loading
and unloading of samples.

Auto Leveling
The auto levehng leature can only be accessed when the data plot screen is
displayed. It is used interactively at the conclusion of a scan 10 automatically

level the sample stage.

Power
Displays & dialogue box which permits motorized adjustments the level or tilt of
the sample stage up or down.
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Make Horizontal

This feature is useful o cormect rotational offsets in the positioming of skewed
samples on the sample stage.

Remove Backlash
This feature removes any backlash in the scan stage o assure sample positioning
repeatabulity

Optics

Clicking-on "Optics” displays a window which allows adjustments to the zoom
optics, sample illumination and camera focus (The optional remote control focus
mus! be installed 1o adjust the focus using the optics window)

Video Only

When this selection 15 clicked-on, the video image of the sample surface from the
DEETAK V 200-5i's 35-200X video zoom microscope is projected on the
monitor.

Graphics Only
When "Graphics Only” i1s clicked-on the graphic screen s displayed on the
momitor, without the video image.

Video and Graphics

When "Video and Graphics™ s chicked-on the graphic screen is supenmposed
over the video image of the sample surface
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SETUP MENU

This pull-down menu is used for setting up the DEKTAK V 200-5i (see Figure 7
).

Printer Port
Allows the priot sagnal to be transferred to the standand thermal printer port or o
the external printer port.

Wafer Template
Drisplays a listing of the various size wafer and disk template selections available
for the coarse posilioning sCreen

Working Directories
Allows the working directories w be altered.

Stylus Reticule

[hsplays a dialog box for adjusting the stylus reticule position on the screen

Default Theta Alignment
This selection can only be accessed with optional programmable theta installed. It
displays a dhalogue box which permits the default theta alignment 1o be changed.

Theta Resolution
This selection can only be accessed with optional programmable theta installed. 1
displays a dialogue box which permits the theta resolution 1o be adjusted.
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SETUP MENU {Continued)

Configuration Parameters
[Displays the factory set up parameters for software and hardwire options.

Set X Backlash Parameter

For optimal repeatability in stage positioning, stage locations should always be
selected for the left, i.e., move the stape o the lefi of the position desired and the
approach the position from that side before selecting it When the s is
automatically positioned for scanning, if the anti-backlash algorithm is enabled,
the location will also be approached from the left This eliminates repeatability
errors due 1o backlash in the gears. To enable the backlash algorithm, enter a
backlash distance in the "Distance” field. A value of 1000 is suggested. Enter 0 1o
disable the algorithm. The speed and acceleration values should not require
adjustments.

Set Deskew Offsets
This selection allows the user to correct for offsets in the deskew positioning or
resel the deskew points.

Password

This selection allows password protection o be enabled at various levels on the
DEKTAK V 200-S8i. The password security level is displayed in the "About"
dialogue box, accessible from the system menu.

Automation Program Options
This selection allows the Automation Program options of including a header or
exccuting options after an APS edit.

SECS Parameters

Semiconductor Equipment Communications Standard (SECS) cannot be accessed
without optional software installed. This selection displays a dialog box which
permits the setting of band rates, time outs, device 1.D., retry limit, and maximum
SECS blocks. It allows the DEKTAK WV 200-5i to be placed on-line.
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DIAGNOSTICS MENU

This pull-down menu is used for diagnostic testing and analysis of the DEKTAK
V 200-5i. To access the Dhagnostics Menu, click-on "Diag” (see Figure 7-6).

Toggle ON/OFF Debug Boxes
This selection acts as a toggle o tum the automatic display of debug boxes on and

off

View Diagnostics Messages
This selection displays the diagnostics messages on the screen.

Select Hardware Diagnostics
This selection allows the selected hardware diagnostics to be saved to file

Initialize and Home Stage
This selection initializes and homes the sample slage

Reinitialize Stage
This selection reinitializes the sample stage.

Initialize SP<->ATC Communications
This selection initializes the 5P to RTC communicalions.
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WINDOW MENU

his pull-down menu provides access @ the various DEKTAK ¥V 200-5i screens
{see Figume 7-T7)

Automalion Programs _
When "Automation Programs" is chicked-on, the Aulomation Program screen is

displayed which permiis aligrations o the Automation Programs.

Scan Houtines
When “5Scan Routines™ 15 clicked-on, the Scan Roubne program screen &
displayed. The Scan REoutines screen 15 used 1o enter all scan parameders.

Sample Positioning
This selectiom provides access o the semple positioming screen where ad ustments
o the X-Y -Theta siage position and the oplics can be made

Data Plot
I'he Data Plot selection con only be accessed once s Scan Boutine has boen run
and plotted. The daia plot screen displays the scale profile trace.

Automation Pragram Summary
Ihe "Auto Prog Summary™ can be selected when APS has been enabled, in the
Automation Program Screen, and the Automation Program has been run

Signon Screen

Thisselection displays the Signon Screen shown below
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CALIBRATION MENU

Calibrate Theta
Displays a dialog box for setting theta calibration. The programmable theta option
miust be installed to access this selection.

Cahibrate X,Y Axes
Displays a dhalog box for setting the X.Y calibration of the DEKTAK V 200-5i

Find Center of Rotation of Stage
Displays a dialog box for finding the center of a skewed sample on the stage.

Vertical Calibration
Displays a dialog box for setting and cleaning the vertical calibration of the
DEKTAK V 200-5i (see Section 10 of this manual)
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AUTOMATION PROGRAMS MENU SELECTIONS

When the Automation Programs screen 15 displayed, additional menu selections
are provided (sec Figure 7-9), These menus are briefly described below. A more
detailed description of the use and functions of the menu items s provided in
section 3 of this maunual.

Edit Menu
Selecting "Insert Default Scan R1* establishes the cumrent Scan Routine as the
defaull Scan Routine. Selecting "Delete Scan Rt" debetes the current Scan
Routine from the Automation Program. "Delete Scii Range” allows a range of
scan routings to be deleted. Selecting “Copy To" allows the current Scan Routine
o be copied 0 a reguested scan routine number. Selecting "Copy To Range®
allows the current Scan Routing (o be copied 10 a range of Scan Routine numbers.
aelecting "Auto Prog Header” displays a dislogoe box for creating an automation
eram header. Selecting "Buald AutoProg Index” displays a dialogee box for
ilding an automation program indesx.

Align Menu

Selecting “Clear Auto Prog Deskew Poinis™ clears the curfent detkew points
from the Automation Program. Selecting "Sel Aulo Prog Deskew Points™
provides instructions for entering new reference deskew poinis into the
Automation Frogram. The ~“Aulo Alignment™ selection can only be accessed if the
umit 15 equipped with sutomatic alipnment.

A = -

Figure 7-8 Automafion Program Menus
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SCAN ROUTINE MENU SELECTIONS

When the Scan Routines screen is displayed, additional menu selections are
provided (see Figure 7-10). These menus are briefly described below.

Edit Menu

The Edit M:nupﬂmuaﬂanu;nf:ndaﬂdmlmnmmwﬂdﬂmﬁhqldlﬂ
the scan routines within a multiscon Automation

Mﬁhﬂmmﬂ:mmﬂﬂtmww

Selecting "Previous” 5 the pr scan routing of the current Automation
Program. The "Go To" functi a selected scan routine to be displayed.
The "Append " selection permits analytical functions to be

mﬁ:mﬁnummm "Eai:tnhml Functions™ selection permits
thughbd:nﬂnkﬂﬁhﬂknsmhtﬂnﬁﬂumﬁ:mmmh:.

The Global Edit selection acts as a (o o activate and deactivate the Gilohal
Edit Mode. When the Global Edit is activated any changes to the
parameters of the displayed scan routine will effect all the scan routines within
the Automation Program.
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SECTION & - SCAN BOUTENE PARAME TER DESCEOTIONS

SECTION 8

SCAN ROUTINE PARAMETER DESCRIPTIONS

SECTION B O w

This section describes the various scan paramelers and display parameters of the
Scan Routine Screen (see Figure 7-10). Up to 200 different Scan Routines can be
entered into a single Automation Program File. Each Scan Routine within an
Automation Program contains all the necessary parameters for performing a
specified scan. These individual parameters are user selectable, providing
extraordinary flexibility o adopt the DEKTAK V 200-8i for a wide range of
applications. The Scan Routine paramelers discussed in this section include:

Location

Scan ID

Scan Length

Scan Speed

Scan Resolution
Measurement Range
Profile

Stylus Force

Tower Speed
Software Leveling
Reference Cursor
Measurement Cursor
Display Range
Display Data Type
Filter Cutoffs
Smoothing

All of the above parameters are user selectable and can be accessed from the Scan
Routine window. To display the Scan Routine window, click-on the "Window"
selection from the menu bar and click-on "Scan Routine” from the Window
Menu. The Scan Routine window will be displayed (see Figure 8-1).

IS
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SCAN PARAMETERS

The procedure for setting the various scan parameters is described below,
Location

This parameter displays the X,¥ Theta stage location at which the current scan
routine will be performed. The first oumber in the whplet represents the X

location, the second number is the Y location, and the third is the Theta location
expressed in degrees,
ﬂ:mg:lmﬂmmhalmudby:ﬂnﬁng—mﬂniu:ﬁm‘m.whm
w a box fOr entering each triplet k&
lyud(ur. B1) click-on one of the boxes labeled X, Y, or T
enter the desired coordinates using the DEKTAK V 200-5i numeric keypad.
Pmd:mhyhmﬂmm#m

Because the numeric value of the X.Y Thet location is often not known, in muost
cases the stage location will be entered by using the Sample Positioning Screen.

Scan D

This parameter permits a four digit scan identification filename or number o be
assigned. To enter the Scan LD, click-on the "Scan ID" parameter. When the
"Scan ID" parameter is highlighted, a box for entering the number is

Key-in the desired filename or number using the keyboard and press enter.
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Scan Length

The exclusive ScanStitching feature enobles Scan Lengths from 50 microns (o
300,000 microns {Eﬂ}nmfgl'n enter a scan length over fﬂhﬂm the ScanStitching
feature maust first be actvated by selecting “ﬂi’h in the box labeled “Stiching™.
To =et the scan length, click-on the “5can Length® parameter. When the "Scan
Length™ parameter i3 highlighied, a box for enlenng the length s displayed
Enter the desired scan length wsing the DEKTAE ¥ 200-5i numeric keypad, and
press the enter key, The scan length i expressed in microns

Scan Speed

The scan duration setting displays the amount of time it takes o complele a given
scan.  The horizontal resolution of a scan is determined by the scan duration in
conjunction with the scun lengith, The scan speed i directly related o the data
sampling raie. For example, o 50 second scon provides 15,000 data points. The
scan duration can be se1 from 3 seconds 1o 218 seconds for a moximum of 65,400
data points per scan, A longer scan duration should be selected for long scan
applications ond measurements of very fine surface rooghness which require the
highest horizontal resolution obiainable, When high throughput is the primry
conswleration, the a shorler scan duration can be used. For most applcations, a
10-20 second scan provides adesjuate resolution and throughpat.

To set the scan duration, chek-on the "Scin Duration™ parameter.  Fey in ihe
desired durstion in seconds. The resolution and sample points will automatically
be ndjusted in secordance with the new duration value.

Progeaes ¢ Griedy Sciar 1 1 ,ﬂ.
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Scan Resolution

The Scan Resolution parsmeter displays the horironial resolution for the scan
length und scan Ipnrr:mzmd into the Scon Routine. The scan resolution is
expressed in microns sanﬂ:u In other words, i1 provides the horizontal
distance between data points. points are the points nlong the scan path at
which dain somples are tiken. The more dota points taken during a given scan
fength, the shorter the distonce between samples. Therelore, a scan rouline with
the lowest number of microns per sample will provide the best possible horizontal
resolution,

Measurement Range

The available vertical resolution depends upon the measwrement range selecied
When measuring extremely fine geomeiries, the G5KA ranpe provides o vertical
hit resolution of 1A. For geneml applications. the 10A vertical resolution of the
655KA range = usually adequate. When measuring thick films or very rough or
curved samples, the 2620K A range with 20A resolution should be selected.

To set the megsurement reoge, click-on the "M. Ranpge”™ parometer, When the "M
Ranpe” paramelzr it highl: , three boxes will be displaved offering the three
measunerment ninge selections: BEEA, G35KA und 2620KA. Chick on 1he desined
megsurement range oenter the selection

Figure 8-3, Moaswoement Range Paramoatber
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Profile

The profile setting scales the measuremenlt range according 1o the profile selected.
Three different profiles ane owailable for o variety of sample surface
I I rm

Valleys) Provides 90% of the measurement range below
mesuring etched depths.,

— —I—- Hﬁihm.w&m upumll

| I (Hills) Provides 90% of the measurement range above
the horizontal grid line. Used primarnily for measuring

step heights.
To set the profile, click-on the "Profile” parameter. When the "Profile” parameter
hﬁighliﬁlhﬂbﬂmwiﬂh ; containing the various profile
options., the painting device to the desired profile and click-on the mouse

or trackball button. The selected profile will be entered imto the Scan Rouline
FProgram.

e e il e e i i — e e e i i s A S R = e

Figure B-4. Profile Paramoler
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Stylus Force

The stylus force can be set from 30mg. down to 0.5mg. force. The Scan
Parameters Dialogoe Box enables the stylus foree 1o be adjusted. To adjust the
force click-on either the up arrow or down armow within the “Stylus Foree™
selection of the dialogue box. When the desired stylus force is displayed click-on
the “OK" button to enter the stylus force into the scan routine

Minimum Inertia Force Adjustment

The inertia force can also be sel below D3mg by selecting the Minimum Inertia
Force selection. To set the inertia force al minimum, click-on the box labeled
“Mimimum Inertia Force™. An “X™ will appeur in the box when Mimmmum Inertia
Force 15 selected. Click-on the “OK™ button Lo enter the minimum inertia force
into the scan routine paramelers.

Tower Spead

The tower speed determines al whiat velocily the stylus tower 15 lowered onto the
sample surface. When measuring soft surfaces, the lower tower speed should be
selected 1o eliminate stylus impact damage to the sample, To increase throughput
a high tower speed can be selected when measuring hard surfaces.

To set the tower speed, click-on the "Tower Speed” parameter. When the "Tower
Speed” parameter is highlighted, three boxes will be displayed with the selections
of Low, Medium, and High tower speed. Chck-on the desired tower speed 1o
enter the selection

 Valeys r - Temposad ez
@ HillsdValleys L O Spabial CANCEL

Figure 8-5. Tower Speed Paramater
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DISPLAY PARAMETERS

The Scan Routines mmﬂudﬂ]mﬂlm“&ﬂ:h:ﬂm
“Display Parameters” vhkhﬂhwmmlﬂmufﬂ:m disploy
of the profile trace. The Display Parameters are described belo

Software Leveling
The DEKTAK V 200-5i can be programmed 0 sutomatically software level the

Enﬁltmuﬂtmmnhmhrﬂmmﬂumw

order to obtain and analytical calculations, the
uﬂmmlhemﬁmhuﬁpmuthwlmgmummmh
-scan routine. Cursor band widths can also be entered o perform 4-cursor delin

leveling.
To enter software leveling, click-on the "S. Leveling® er. If software
leveling is desired, click-on the Automatic Leveling

When Automatic Leveling is selected, two additional boxes will be displayed
(Figure 8-6). These boxes permit the cursor band widths 1o be adjusted and
entered into the software leveling parameter. If no bands are required, enter O,
and the default fine line cursors will be used to level the trace. If the desired
cmmdlhsmhn-n,lhthumdimumﬂ
represents the width of the reference corsor and
mensurement cursor width,

E
é
1
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Band Width Setting

Cursor band widiths can also be entered from the Dot Plot screen. Delin
averaging technique is used 1o provide & roughness average reading of the section
of the profile trace within the bands., The profile trace will then be automatically
leveled according to the two average readings.

When setting the cursor band widths and cursor locations, 1t 5 often helpful 10
first run 4 sample scan of the scan rouling o be leveled. OUnce the scan has been
completed ond the onleveled trace is displayed, position the cursors at two points
on the trace that run along the same horizontal plane

To set the cursor widith click-on the "Plot™ meng from the Data Plot screeEn menu
bar. Click-on "Band Width® and a window will be displayed permilting the
cursor band widths 10 be adjustied (see Figure 8-7). Once the desired band widths
are s¢t, click-on "OK."

To enier the new band wndths into the software leveling parameter of the Scan
Routline screen, pull down the Bands menu again and click-on "Enter Software
Leveling,” The selected band width valoe will automatically be eniered mto the
software leveling parameter,

— J"\I'Illl—li.l_ ¥ - Oinime § L] H:_II1II'I i
!ll Hlam ﬂ.l.-lhllu |‘HIl|u" ‘Il—- Pisg ‘Wheeew (miGrsim DeamfTiscy el
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Figure 8-7. Solftware Leveling Band Width
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ReferenceMeasurement Cursors

Ihe B, Cursor and M. Cursor parmmelers permit the reference and melsuremend
cursor locaiions in relation o the bonzoninl scale of the Daoim Plot screen o be
entered info o scan rouline. Unce entered, whenever the scan rodtine 1= execubed,
the cursors will autemebcally be posibioned 1o the programmed iocations. [The
cursor seltings are used 1o automatcally softwane level the profile trace,

If the desimed cursor seitings are known, they can be numerically entersd directly
o the Scan |'E|.'-ul||:||=I when the Scan Boobne screen |_|;|‘.-|1|u,_'9.'=1| This cian be
JI."E:I::IrIII:IIi\]'.I:'.II ||_':.I .'u|:|'||=.-|'.- 4.'|i1."u.|1|.t: o e "R, Ciuraoe™ or "M, Curas®™ fraf wrmeber,
and entering the desired cursor location.

Cursor locations can also be enlered into the current scan routing from the Data
Flot screen. To set the cursor locations fur leveling, i is recommended that a
wagnpile sesn be mun of the festume o be messoed]. Onee the sean s complete,
position the reference cursor ol 8 localion along the reference plane (e, the bose
of o step or the lip of an etched depth). To sccorsiely level the troce, the
rngasurement cursar should be posioped away from the reference cursor, el
alpanp the same horizontal plone

Onoe the cursors heve been properdy positioned, click-on "Edil” from the Data
Plot screen menu bar. Chick-on "Enter Software Leveling™ from the Bands menu
and the pew cursor locatbons will be entered into the scan mouline. The software
leveling Tunction will mow be performed at the specified cursor locations
whansver [he carmenl scan roalite s e seesbed,
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Figure 8- Cursor Pararmoders
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Display Range

The Auto Ranging feature sutomatically scales and ranges the profile race 1o fill
Bﬂinﬂh::huglntﬂtphj However, in some applications where repetitive or

like scans are :unpuﬂ.ilmyhﬂvmwmpmhgﬂpﬁcmﬂu

by numeric entry.

To set the chick-on the . When the ™
Raie” pavmcicir  Iaghlighic oo optics a2 displayed: AW and SCect,
nhanrman,dﬂ-m "Autn." To set the display range uuu‘nﬂﬂnd
value, click-on “Select.” The "Select” option provides two additional boxes for
e (o Ak g for e ppes hosmbay 1 o POt Dk P éater
se ;
Repeat the procedure to enter the lower boundary in the second box. =

Display Data Type
This parameter permils raw ﬁln:hﬂuwullumumu;lntnudmvhm

ﬁmhmhﬁhﬂ ms[nmﬁmulji o easily ::rdlhmtpmﬂhs. A

:hmlb:hhﬂmpum ul"!h:i'hnl:dm and use of the Display Data Type parameter is
provided in Section & of this manual.
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DATA PROCESSING

The DEKTAK V 200-5i provides ters for processing profile data for
specific applications. Wi nE: Wmmmmmm

mlhuﬂuﬂrﬂthm:l‘mg Huu:ﬁ:;'ﬂuupunﬂn’:pﬂnﬂi
Tter cutolfs and smoothing filters 10 be activated. Their use and function is
described in detail in Section & of this manual.

Filter Cutoffs

R:mghnmnnﬂuﬁuﬁlhrmhﬁmhmuﬂﬁm the Scan Routine
screen or the Data Plot screen. This its user selected cutolf values
hhmﬂrﬂﬁﬁﬂumm h:mmghih“:ﬂhhtg
calculating roughness analytical tions. long pass filter is avm .
calculating roughness analytical lunctions,

The smoothing parameter a smoothing filter to be activated. When the
using the smoothed datn. Thm: of smoothing are available. The higher
the degres, the more smoothing will be realized.
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STEP DETECTION / AUTOMATIC ALIGNMENT OPTIONS

The DEKTAK V 200-5i provides optional features for Step Detection and
Automatic Alignment. The instructions for opening these features is provided in
the appendix in the back of this manual.



SECTION 9

KEYBOARD AND ICON FUNCTIONS

KEYBOARD FUNCTIONS

The DEKTAK V 200-Si keyboard can be used for performing nearly all
Windows fuctions typically performed using the trackball. The comresponding key
functions are described in this section.

An external computer keyboard can also be connecied 1o the DEKTAK V 200-5i

for entering al

a-numenc commands. See Section | of this manual for external

keyboard mstallation instructions.

u

Key
0-9

CLR

ABORT

ENTER

REPLOT

ZERO

LEVEL

ARD
Function

(NUMERIC KEYPAD) Used in specifying numenc values for
programming parameters, cursors, boundaries and smoothing

functions.

(MINUS S1GN KEY) Used fur specifying negative values.

(BACKSPACE KEY) Erases any alpha-numeric data keyed in
but not yet entered. The Clear Key also acts as a backspace key
when making alpha-numeric keyboard entries,

("A" KEY) Inlerrupls a scan or automalion program and
progress. Also used to stop tower motion or siage translation.

(ENTER) Enters specified numenc data or ilenames.

(“C” KEY) Will replot the desired boundaries (1 through 9)
according 1o the boundaries saved. RPLT,0 will display the
original boundaries.

(“D" KEY) Places the R cursorfirace inlercepl on the zero
horizontal grid line.

(“E"” KEY) Levels a trace according to the R amd M
cursorfirace imlerceplts.  The R cursorfimce imtercept will
automatically be zeroed.
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Ay
DATAPLOT

MF, "GY Y, “NT KEY'S) When one of these keys is

BOUNDARIES pressed. #t activates the cormesponding boundary on the duta plot

LEFT
BOUNDARY

TOP
BOUNDARY

RIGHT
BOUNDARY

BOTTOM
BOUNDARY

display, allowing the huu.udiq' 10 be repositioned by pressing
the arrow keys or enlering numenic valoe.

("F" KEY) Activates the LEFT boundary on the data
plot display, allowing the boundary 10 be repositionad by
pressing the ammow keys or entertng numeric value.

(*G" KEY ) Activates the TOP boundary on the data
plot display, allowing the boundary o be repositioned by
pressing the arrow keys or énlering numeric value,

(“H" KEY) Activates the RIGHT boundary on the data
plot display, allowing the bouncary 1o be repositioned by
pressing the amow keys or enlering numenc value.

(“N" KEY) Activates the BOTTOM boundisry on the dita
plot dizplay, allowing the boundary 1o be repositoned by
pressing the arrow keys or enlering numeric value,

ARROW KEYS For cursor, boundary, and stage positioning, Select the desined

up

LEFT

RIGHT

DOWN

cursor keys, boundary kevs or stage key to reposifion using the
kieys described below,

1" KEY) For repositioning the top snd bottom boundares
(" and "N" keys) upward and positioning the stage (0 key)
50 that the video image of the sample on the screen moves
upward.

{“I" KEY) For repasitioning the left and rzhi bousdsries (“F”
and “H" keys) 1o the left and positioning the stage {*0)" key) so
that the video image of the sample on the screen moves to the
feft. Can also be used for moving the Refernce Corsor ("M
kiey) and Measurement Cursor (0" key) w© the Jeft.

{“K" KEY) For repositioning the left and right boundaries (*F"

and “H” keys) w the right and positioning the stage ("0 key)

50 that the video image of the sample on the screen moves to

the riﬁ]:L Can also be wsed for moving the Refemce Cursor
W key) snd Measurement Cursor (07 key) o the right

{(“L* KEY) For repositioning the top and botiom boundaries
(0" amd W keys) downward and positioning the- stage (07
key) so that the video image of the sample on the screen moves
downward.



FAST KEY

(“SHIFT" KEY) Speeds up stage, stylus tower, boundary or
cursor movemnenl. The Fast key also acts as the shift key when
making alpha-numeric keyboard entries.

NOTE

To move sample stage, cursors, boundaries, or stylus tower in
the fast mode, press and hold the appropriate arrow key and
then the FAST key (“SHIFT™ KEY).

R CURSOR

M CURSOR

TILT STAGE

STAGE

THETA

(“M" KEY) Press to adjust the reference cursor location or
width. Use m conjunction with the right and left armmow kmwm
position the cursor. Use in conjunction with the up and m
arrow keys to adjust the cursor width.

(“O" KEY) Press to adjust the measurement cursor location or
width. Use in conjunction with the right and left arrow keys o
position the cursor. Use in conjunction with the up and down
arrow keys to adjust the cursor width.

(“P" KEY) When this key is pressed, the stage can be
mechanically leveled by pressing the up and down armow keys
{“T" and “L" keys).

(STAGE POSITIONING) When this key is pressed, the
sample can be positioned along the X-Y axis by pressing the
armrow keys (“I", “I", "K", and “L." keys).

(THETA ROTATION) Permits the anIt stage to be rotated
by using the left and nght armrow keys (*J" and “K" keys).
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PRINT

AUTO PROG
LOAD

SCAN

FOCUS

LIGHTING

ZOOM

(“S" KEY) Controls three video display modes: Video only,
graphics only, or video/graphics overlay.

("T" KEY) Raises and lowers the stylus tower. Pressing the
“T key and the Fast key simultaneously raises and lowers the
stylus tower at high speed.

(*U™ KEY) Initiates a printout on the printer of the scan data
and plotted profile trace.

(*V™ KEY) Initiates the current aulomation program.

(“W™ KEY) This key acts as a toggle for loading and
unloading samples. Smkmg the "W key with the stage
posittoned below the stylus raises the stylus tower and moves
the stage all the way forward to the unload position at the Scan
Head door opening. Sinking this key when the stage is in the
unload position centers the stage under the stylus in the load
position.

(“X" KEY) Runs the current Scan Routine at the curment
X.Y . Theta location.

(YY" and *:" KEYS) Adjusis the video camera lens focus. The
optional remote control focus feature must be installed to
activale these keys.

(“Z" and “," KEYS) Adjusts the sample illumination. The “Z*
key increases the illumination and the “.” key decreases the
illumination.

(V" and “." KEYS) Adjusts the video camera zoom lens from
85-550X. The “\" key increases magnification and the “." key
decreases the magnification.



E

The Dektak V 200-Si Microsoft Windows user interface provides a series of easy
to use on screen icon buttons for performing repetitive functions quickly with
simple point and click ease. The description for these icons is provided below.

IEEREFEECEDED:

Function

Displays the Automation Program Window.

Displays the Sample Positioning Window.

Displays the Data Plot Window.

Displays the Automation Program Sumary Window

Displays the Scan Routine Window

Runs the current scan routine.

Runs the current scan routine at the current stage location.

Runs the current automation program.

Opens a new Automation Program.

Opens a saved file such as Automation Program or scan data.

Saves the current Automation Program or scan data.

Prints the current scan data and profile trace.

Displays the Help menus.
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(Only available on Scan Routine Window) Displays the next
and previous scan routines of a multiscan Automation Progam.

Displays the analytical funtions dialog box.

Enables and disables scan routine Global Edit Mode.

(Available in Automation Program Window only) Displays
dialog box for exporting scan data.

(Available in Automation Program Window only) Displays
dialog box for copying a single scan routine or a range of scan
routines into the current Automation Program.

(Available in Automation Program Window only) Displays
dialog box for deleting a single scan routine or a range of scan
routines from the current Automation Program.

{Available in the Data Plot Window only) Performs the
software leveling function on the scan trace.

(Available in the Data Plot Window only) Performs the
replot function on the scan trace used to enlarge a portion of the
tracec.

Dusplays the Loader Program Window.

{Available in the Sample Positomng Window only) Removes
stage backlash prior to entering scan sites and deskew sites into
an automation program.
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SECTION 10

CALIBRATION, MAINTENANCE AND WARRANTY

ON 10 OVERVIEW

Items discussed in this ssction inelwde:

Care and Handling

Vertical Calibration

Theta Calibration

XY Calibration

Find Center of Rotation of Stage
Changing the Time and Date
Formatting a Data Disk

Stylus Replacement

Numinator Lamp Replacement
Warranty

CARE AND HANDLING

Like any precision instrument, the DEKTAK V 200-5i requires care in handling
and operation. The following recommendations should be followed.

2

Allow the DEKTAK V 200-5i to0 warm up for approximately 15 minutcs
prior o use, o stabilize the electronics.

Do not use any leadscrew lubricants other than Veeco authorized leadscrew
lubricant PN 085280,

Alwzys position the sample so that the stylus is the only part of the stylus
arm ﬂ{ml touches the sample.

Always keep the Scan Head door closed when the DEKTAK V 200-5i is not
in use.

MNever connect or disconnect any cables when power is on.

Do not lower the stylus tower without the stage assembly in place.

Do not move a sample dunng a scan.

Avoid vibration and shock during measurements. (A common source of this
is an operator or observer touching or bumping a surface close w the

instrument or the instrument itself during a scan_}

Always raise stylus tower and optics assembly 1o the full up position when
the system is not in use, even when power is left on.
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VERTICAL CALIBRATION

The DEKTAK V 200-5i should be software calibrated regularly (ot least once a
month) to ensure vertical measurement accuracy. The [DEA calibration standard
supplied with the DEETAK WV HM-5i can be used for this purpose,  Additional
calibration standurds are ofso svailohle to calibrate the mstrument for o wide
vitriely of applications. . Step height calibrution standards cinge in thickness from
200 angstroms fo 100,000 angstroms.  All calibration standards are traceable
the Mational Institute of Standords and Technology nnd include a certificate of
calibration,

Vertical Calibration Help Window

The DEKTAK V 200-5i provides user instructions for sefling the wvertical
cafibration. This window can be displayed from sny screen but the Dota Plog

screen. [he procedure o display the Vertical Calibration Help window is
described below.

1. Click-on "Calibmte” from the system menu bar. The set-up menu will be
displayed

el

Clhick-on "Vertical Cabhbmtion™ and chick-om "5e1". The vemcal calibrabion
help window will be displayed (see Figore 10-1).
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Figure 10-1. Vertical Calibration Help Window
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SCANNING A CALIBRATION STANDARD

To set the vertical calibration, a scon must first be run using & calibration standarnd
and the average siep height function must be calculaied on the scan data. The
detailed instructions for sample positioning, and running a scan are provided in
Section 3 and 4 of this manual. For the purpose of discussion, the calibration
procedure described below will wse the 10KA calibration standard suppligd with
the DEETAK V¥ 20-5i.

1. Opena npew Automation Program and enter a scan length of 500 microns into
the defoult scon mouotine

]

Pozition the calibration standard 1o mn @ 500 micron scan over the center of
the "dog bone” shaped step of the T0KA calibration standand

3. Click-on "Scan Here™ from the Bun menu. The 500 micron scan will be run
and the profile will be plotied

4.  Auio level the stage, as descnbed in Section 4 of this manual.

5. Check-on "Scan Here® a second time, und software level the tmce a5 desenbed
in Section 4. The resulting profile should resemble Figure 10-2 below,
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Figure 10-2. Calibration Standard Step Height
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CALCULATING AVERAGE STEP HEIGHT

It 1 recommended that the cursor band widihs be set at approximately 100
microns for calculnting the averape step height analytical function. The cursor
bands can also be used for software leveling the trace. A detailed description of
the procedure for setting the widih of the bands is provided in Section & of this
manual,

. Toszet the cusor bands, click-on "Set Bands” from the bands meni and enter
band widths of 100 microns for each cumsor.

[ ]

With the reference cursor postbioned along the base of the siep, reposition the
measurement cursor to the center of the step (see Figure 10-3)

3. Chick-on “Analysis™ and chck-on “Append Analytical Functions™. The
Analytical Functions window will be displayed

4. Check-on "ASH" 10 acivale the averape step height parameter and click-on
"Compute”. The nverage step height wall be calculated and the result will be
displayed o the lefi of the Data Plot screen. Click-on "Done”
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Figure 10-3. Calkcuialing Average Step Height
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SETTING THE VERTICAL CALIERATION

Omece the average sep height has been calculated. the verical calibration can be

5L

1.

Pl

[

Click-on "Calibrate” from the svstem memnu bar located above the Duta Plot
screen.  [he colibraton meno will be displayed

Chlick-on “Set Vert, Calibration™ from the meou. A dialog box will be
displayed permitting the vertical calibration o be set (see Figure 10-4)

The dinlog bax displays the measurernent runge of the current Scan Eoutine
The “Set Optons™ salections permit the vertical calibration (o either be set
for the comrent measurement range, or for all three mnges: 65KA, 655KA
ondd 2620 KA. This feature allows the various runges to be set osing differcmt
size step height calibration standards. . For the purpose of this exercise, click-
on “Set for All Ranges.”

The "Measured Step Height” value is actually the average step height value
calcofuted on the just copcluded scan. In the box lobeled “Actoal Step
Height,” enter the ¢ertified step height value prinied on the certificate of
calibmtion and on the bock of the cose provided with the 1DKA colibrntion
standard

Click-on "OK" to set the vertienl calibmtion. ‘When the scon roufine s rerum
and the averspe step height function s ance again cabealated . the ASH result
should equal thot of cermtified valoe
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Figure 10-4. St Vertical Calibration Dialog Box
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CLEARING VERTICAL CALIBRATION

Whenever the vertical calibration is set, the old values are automatically cleared
and replaced by the now parameters. However, in some cases, it may be desirable
to clear individual ranges or all ranges. This procedure is described below.

Click-on "Calibrate" snd clhick-on "Clear Vert. Calibrabon™ from the menu,
the clear vertical calibration dialog box will be displayed (see Figure 10-5)

2. The dialog box permits the vertical calibration to be cleared from the various
display ranpes either individually or from all the ranges. Click-on the range
or ranges to be cleared and chck-on "CLEAR" and chok-om "OK®, The
vertical calibration will be cleared from the selected range or manges.
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Figure 10-5. Clear Vertical Calibration Dialog Box
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THETA CALIBRATION

The calibration procedures described im the next few pages calibrale the
DEKTAK V 200-5i for Deskew and machine-to-machine compatibility. The theta
and X.Y calibration selections are as well as the find center of the stage rotation
procedure can all be accessed from the Calibration Menu

Select "Calibrale Theta® to set Encoder Counts per degree of theta stage. The
default valee is 1000 and can be reset by selecting the “Reset” bution. The
procedure is described below

|

Select "JOG TO XD,Y0" then jog to a poinl. The tower will null when you
click o stop jogging. Repeat this process until the point is accurately selected.

Sclect "Rotate 360°. The stage will rotate approximately 360 degrees. If it
rofated exactly 360 degrees we would be back to the start point. Maost hikely
we will be off.

Select "Rolate -* or "Rolate +°, dependent on having gone o far or not far
enough, respectively, until the reticule is again aligned with the start poinL
The degrees ofl and encoder countsidegree will be displayed.

Select "OK" 1o accept the new value or cancel to keep the old. In either case
the stage will rotate back o 0.

The accuracy of the calibration can be checked by agmn selecting the
"Calibrate Theta® menu, and the stlecting "Rotale 360°, this tme the stage
should wind up exactly back at the stant point after the rotation.

Figure 10-6. Theta Calibration Dialogue Box
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SET AXIS CORRECTION FACTOR

Select this menu 0 calibrate the angle between the X and Y axes. The default 15 90
degrees and can be set by selecting "Reset to Default”. The calibration procedure
is described below for both motorized and programmable theta

1.

If using the programmable AutoTheta, select “Jog to X0,Y0" to position to
the intersection of a pair of straight lines known to be at 90 degrees to cach
other (orthogonal). The tower will null when you click o stop jogging.
Repeat until the point is accurately selected.

Select "Jog to X1,Y 1" to position to the end point of the honzontal line.

Select "Rotate”. This will rotate the stage so that the selected line is
horizontal. The stage will move back close to X0,Y0.

[f using motorized theta, the line can be made horizontal by using the "Slew Stage”
operation under the "Profiler Menu".

MNow that a horizontal line has been established.

1

Select “Jog 1w X0,Y0" to move back to the intersection. Again the tower will
nill when you chick to stop jogging. Repeat until the point B again accurately
selected.

Select “Jog to X2,Y2" 1o position w the end of the vertical line. The tower
will null when you stop jogging. Repeat until the point s accurately selected.
The angle between the axes will be displayed.

Select "OK" o accept the value, "CANCEL" o quit without changing the
correction factor.

Figure 10-7, Calibrate X,¥ Axis Diaslogue Box

. Y



SCTION 10 - Cal IREATHON. MADNTENANCE AND WARRANTY

TION OF STAGE
1. Select "Jog to X0.Y0" to select a point which you will be able to easily re-

identify once the stage is rotated [0 degrees. The tower will nuil when you
stop jogeing. Repeat until the point is accurately selected.

Select "Rotnte 180,

Select "Jog o X1,Y 1" and find the same point as in step 1. Again, repeat until
the point is accurately selected. The center of rotation of the stage will be the
mid point of the line segment connecting X0,Y0 with X1,Y1.

Select "New center” o use this value as the center.
Select "Go to Center™ to move 1o the center.

Adjust the sample under the stylus so that an easily identifiable point comes
into the fGeld of view,

Repeat steps 1 throogh §. This time the selected point should stay within the
field of view because it is close to the center. [f it is not, pck a point closer to
the center or adjust the sample so that the point is closer to the center.

Visually identify a point close to the center. Select *Rotate 180" and watch the
point as it moves around the supposed center. It should maintain a constant
distance from the center as it rotates, If it does not, repeat from step 7, except
sclecting "Average Center” instead of "New Center”, until you are satisfied
that the point you pick is maintaining a constant distance from the center as it
roLates.

vd Cenler o olation of Slnge
Find Center of Rolation of Stnge

Figure 10-8. Find Center of Aotation of Stage Dialogue Box
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ANTI-BACKLASH ALGORITHM

For optimal repeatability in stage positioning, stage locations should always be
selected from the left. Le, move the stage to the left of the position desired and
then approach the position from that side before selecting it. When the stage is
automatically positoned for scanning, if the anti-backlash algorithm is enabled,
the location will be approached from the left also. This eliminates repeatability
ermors due (o backlash in the gears.

1. To enable the anti-backlash algorithm, select "Setup” from the menu bar. The
DEKTAK V 200-5i Setup Menu will be displayed.

2. Select "Set X Backlash Parameter” from the Setup Menu. The X Stage
Backlash Parameter dialogue box will be displayed (see Figure 10-9),

3. Enter a backlash distance in the “Dhstance” field. A wvalue of 1000 is
suggested. (Enter 0 to disable the algorithm.)

4. The speed and acceleration values should be left alone. Select "OK" 1o enter
the backlash parameters.

Figure 10-3. Stage Backiash Paramelers Dialcgue Box
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AND DATE

The DEKTAK V 200-5i has an infernal clock which keeps the time and dute.

Whenever a printout is produced of the scan data or the scan data summary, the

tirne and date are recorded on the printoul. Resetting the clock s accomplished in

:It Ha;dﬂlﬂ executive window. The procedure for setting the time and date is
ESCTI W,

Exit the DEKTAK V 200-5i application by clicking-on the System Menu
Box located in the uppermost left comer of the screen.  Click-on "Swilch To"
from the systerm meEou and dooble click-on "Program Mangger™. The

program neinager will be displayed.
If the main menu is not displayed, double click-on the "Main" menu icon.

Double click-on the "Contol Panel® kon from the Mon Menw and the
control panel will be displayed (see Figure 10-10).

Double click-on on the “Time/THate™ icon. To change the time or date, click-
on the item to be changed (for example, minutes). The item will be
highlighted and arrows will be displayed 10 increase or decrease the number.

Once the desired time and date is set, click-on "OK"™ and click-on the control
pancl menu box and click-on "Close.”

To return w0 the DEKTAK V 200-5i application, click-on the System Menu
Box and click-on "Switch To" and double click-on the DEKTAK V 200-5;

application.

Figure 10-10. Time end Daie Conirol Panel
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FORMATTING A DATA DISK

DEETAK V 20-5i Automation Programs and Scan Data Files can be stored on
external micro disks rather than on the bard disk drive. The DEKTAK V 200-5i
"AT drive is a 3% inch disketie drive. An optional 5% inch floppy disk drive is
available, which can be used & the external or "E” drive. Belore o disketie can
be used, 1 must be formatted. The procedure for formaitting a 3% inch disketie in
the DEKTAK WV 200-5i “A" drve & described below.

. Exit the DEKTAK V 200-5i application by clicking-on the System Menu
Box, and clicking on "Switch To" and double click-on “Program Manager”.

2. Il the main menu i not displayed, double click-on the "Main"™ menu icon,

3. Dowble click-on the "File Manager™ icon from the Main Menuw. The File
Manager will be displayed.

4. Click-on "sk” from the File Manager memu bar and click-on *Format Disk"
from the disk menu. A dialog box will be displayed for selecting the disk
drive, Insert a new 33 inch diskette into drive A~ located in the upper left
comer of the DEKTAK ¥V 200-5i computer cansole.

5. Select disk drive "A” and click-on "OK.” The diskene inseried into drive
A" will be formatted.
. CAUTION N .
iﬁ‘iimttlmg a disk erases any data that currently exists on Ihr.-l
b :

DELETING FILES

Automation Program Files and Scan Data Files can be deleted from the hand disk
from the File Manager.,

|. Swiich o the File Manager from the Dekink V 200-5i application by
following the procedure described above in steps 1-3. File Manager will be
displayed with a listing of the gaved files. Click-on the desired file to open it.

2. Click-on the file 1o be deleted, the selected file will be highlighted.

3. Click-on "File® from the meno bar, and click-on “Delete” from the File
Meno. A dialog box will display the file o be deleted. Click-on “"OK" to
delete the file.

4. Once the desired files have been deleted, retumn o the Dekak vV 200-Si
application clicking-on the System Menu Box and chicking-on “Swich To"
and double clicking-on the DEKTAK V 200-5i application.
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STYLUS REPLACEMENT

All DEKTAK V 200-5i styli have the same shank size, They differ only in the
radius of the diamond tip. The procedure to remove and/or replace a stylus is
described below.

CALTION
The stylus suspension system is delicate,

1. Click-on "Stylus" and click-on "Tower Up” w0 raise the stylus and optics
tower to the full up position.

2. The "Quick Release” stylus mechanism enables fast and easy stylus
replacement. To remove the stylus, simply pull down on the stylus shaft (see
Figure 10-11). The stylus is held in place magnetically.

3. To install a new stylus, position the stylus within the groove at the bottom of
the sensor until the magnet locks it into position. Slide stylus all the back.

4. Use the stylus position adjustment knobs to align the video image of the
stylus tip with the on screen reticule.

STYLUS POSITION
ADJUSTMENT KNOBAS

TO REMOVE STYLUS, GRAR SHAFT OF STYLUS REMOVE STYLUS SHIPFING PAPER
WITH TWEEZERS AND PULL DOWN GENTLY PRIOR TO USE

Figure 10-11. Low Inertia Sensor Head
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ILLUMINATOR LAMP REPLACEMENT

CAUTION
Do not touch lamp while power is on. The bulb is extremely
hot. |

1. Click-on "Profiler” and click-on "Tower Up” 1o optics tower 1o the full up
position.
2. Tum off the DEKTAK V 200-5:.

3. Remove the screw attaching the cover plate o side of the illuminator and
remove the cover plate.

4. Pull the lamp straight out.

5. Place a new bulb in the socket and check the reference dimension. For
optimum illumination, set the bulb filament parallel to the filter (see Figure
10-12). If the new lamp does not light, check the lamp wire connection at
the rear of the optics bridge.

6. Replace the illuminator cover plate.

Figure 10-12. llluminator Lamp Replacement
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LEADSCREW LUBRICATION

Scandrives that are in clean rooms and being used many hours per day require
fresh lubrication often. The maintenance personnel must determine the frequency
of lubrication depending upon the amount of use. A little too much oil will not
hurt as it can be cleaned up after it falls off the scandnive. This will not
contaminate samples since this area is under the chuck.

On the other hand, if a leadscrew runs dry, the machine will hang up during
homing or sample positioning; also, the leadscrew can be ruined and must then be
replaced.

Grease on the scandrive rods is all right but, DO NOT get it on the leadscrew.
Universal Leadscrew il (Sloan Part Number is DB5280) 1s the only approved oil
that can be used on the scandrive leadscrew. This oil can also be used on the Y
and X drive leadscrews. Leadscrews that have been coated with teflon, will
require periodic cleaning of the anti-backlash nut to remove the teflon residue
(once a year) The scandnve rods require a light grease. DO NOT apply this
grease 1o any leadscrew.

Suggesied frequency for fresh lubnication based upon heavy use of a

machine:
|. Scandnve leadscrew...............monthly
2. Scandrive rods........................bi-monthly

3. XorY leadscrews.................every 3 months
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SERVICE CONTRACTS

To maximize equipment uptime and avoid major repairs, Veeco offers
customized service contracts (o meet customer needs. These contracts can be
used 10 exiend the one-year factory warranty. Service contracts include routine
maintenance (o keep the equipment up Lo factory spec.

For more information on service contracts, call the Veeco Service Center near

you.
Santa Barbara, CA:  (805)963-4431
Plainview, NY: (516)349-8300
Milpitas, CA: (408)263-0700
Santa Ana, CA: (714)631-6484
MAJOR REPAIRS
WARNING

Sl

be opened when connected to the primary power source.

Major service should only be performed by qualified, factory
trained, Veeco Service Engineers.

The DEKTAK V 200-5i cannot be readily repaired after major component
failures withowt the assistance of specialized test equipment and software
routines. In the event of equipment failure, please call the Veeco Service Center
near you for assistance.

Before calling the Veeco Service Center, check the following:

I.  Reboot the DEKTAK V 200-5i by first closing the Windows application and
turning the system off, and then taming the power back on.

2. Are all cables properly connected and free of obvious damage?
3. Is the power cord connected properly?
4.  Is the sample illumination properly adjusied?

5. Does the stylus tower move up and down when "Tower Up" or “"Tower
Down" is clicked-on?
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WARRANTY

All new catalog-listed standard equipment sold andfor mamufactured under
Veeco's [abels, 15 warranied by Veeco w be free of defects in material and
workmanship if properly operated and maintained. This warranty covers the cost
of necessary parts and labor (including, where applicable, field service labor and
field service engineer ransportition) during the warranty penod.

The warranty period is one (1) year.

Warranty period tnkes effect upon date of shipment. Except as excluded below,
these warranties extend to parts which are manufactured by persons other than
Veeco which are components of standard catalog items. Purchased ipment
ncorporated into any item supplied by Veeco will be covered by manufacturer's

i
warranty.

Expendable items, including but not limited to styli, lamps. and fuses, are
specifically excluded from the foregoing warrantics and are not warranted.  All
'!mui_Equipmt i5 sold on an "as is, where is” basis without warranty, express or

Equipment made or modified to Purchaser's specifications on specinl order shall
carry the above warmanties with respect to material and workmanship, but shall be
Enciﬁcal!y excluded from any other warranties, express or implied, includi

ose related w0 performance specifications, and any special components sha
only carry the original manufacturer's warranties.

Warranty Claims

Veeco's obligation under these warmanties is limited 1o repairing or replacing at
Vieeco's option defective non-expendable parts. Veeco's oblipation shall not
extend o defects that do not impair service. No claim will be allowed for any
defect unless Veeco has received notice of the defect within thiny days following
its discovery by Purchaser.

Claims for Shipment Damage

Mo cliim will be allowed [or Equipment q.h.tn:‘fd in shipment sold under
standard terms of F.O.B. Factory. Within thiny days of Purchaser's receipl of
Equipment, Veeco must receive notice of any defect which Purchaser could have
discovered by prompt inspection of Equipment. In any event, Veeco shall have
the option of inspection al Purchater's premises or at Veeco's plant. before
allowing or rejecting the claim.
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Warranty Eligibility

To be eligthle for the above wamantics, Purchaser must perform preventative
maintenance in accordance with the schedule set forth in the Opemtion and
Maintenance Manual provided. WVesco assumes no liability under the above
warranties for Equipment or system failures resulting from improper operation,
improper preventative maintenance, abuse or modifications of the equipment or
system from the original configuration.

This warranty is in lieo uf.iﬁ other warranties, expressed or)
implied and constitutes fulflillment of all of Veeco's liabilities o
the purchaser. Veeco does nol warrant that the system can h-e-
used for any particular purpose other than that covered by the

applicable specifications. Veeco assumes no liahility in il'l]f
event, for consequential damages, for anticipated or lost

profits, incidental damages or loss of time or other hﬂﬁi
incurred by the purchaser or any third party in '.:umlu:umli

el e e e e e

Service

Field Service is available nationwide. Service and installations are performed by
factory trained Veeco service enginecrs.

Contact the Veeco Surface Metrology sales/service affice, for prompt service.

WESTERN REGION EASTERN REGION
Veeco Surface Metrology Veeco Instruments Inc.
602 East Montecito St Terminal Drive

Santa Barbara CA 93103 Plainview, NY 11803
Atn: Service Center Almn.: Service Center
Phone: (B05)963-4431 Phone: (516)349-8300

Fax: (805)9650522 Fax: (516)349-8321



APPENDIX A

DEKTAK V 200-Si OPTIONS, ACCESSORIES AND

OPTIONS
Item

Stress Measurement

Software

Extended Optics

Remote Keyboard

SECS/GEM

Motorized Focus

DekMap 2
DekMap 2 Workstation

Pattern Recognition

REPLACEMENT PARTS

Can calculate tensile or
compressive stress on processed
wafers. Includes special
fixturing for three-point
suspension of wafer.

85X 1o 550X.

Standard PC/AT 101 keyboard

used in place of integral keyboard.
Allows two-way communication
between the DEKTAK V 200-51 and

a host computer.

Motorized variable focus for high
magnification applications.

3-D image rendering software.

Includes Pentium computer with

DekMap 2 software and 17" monitor.

Cognex automatic alignment system.

Part No,
508908

044230

010074

508869

516906

508941
508948

563150



AFPENIHX A - OFTIONS, ACCESSDRIES AND REFLACEMENT PARTS

ACCESSORIES

ftem

Styli

Calibration Standards
Set

Individual Calibration
Standards

Descriprion

Color Code  Size

Black 25 micron radius
Red él.ﬁ micn::h r_ad.ius
Orange micron us
Gray 2.5 micron radius
Green Sub-micron radius
Five Calibration Standards.

Sloan certified nominal 200A and
500A, and NBS traceable nominal

1KA, SKA, and 50KA measuremenis.
May be used with all Siylus Profilers.

Includes a Centificate of Calibration
and Hardwood Case.

MNominal 200A measurement
MNominal 500A measurement
Mominal 1 KA measurement
Nominal SKA measurement
Nominal |0KA measurement
Nominal SOKA measurement
Nominal | 00KA measurement

Facitory Recertification of Sloan Calibration Standard(s) available.

VLSI Calibration
Standards

VLS| Roughness
Standards

Printer Paper

Clean Room Paper
Sample [luminator Lamp
Leadscrew Lubricant

Nominal 180A measurement
Nominal 440A measurement
Nomuinal 880A measurement
Nominal 4500A measurement
Nominal 9400A measurement

90A (0.354um)

220A (0.866um)

440A (1.732um)

2250A (8.858um)

4700A (18.504um)

Complete se1 (90A, 220A, 440A,
2250A. 4700A)

OmmPrint 426 Model

All other Omm Models
All Omm Models

Replacement Bulb
113 Flud Oz.

138365
138366
138367
138368
138369
138370
138371

(85350
085351
085352
085353

085354

085370
085371
UR5372
085373
085374

085360
085542
085549
085556
140229

085280



APPENDIX B

STRESS MEASUREMENT

DESCRIPTION OF STRESS

The stress algorithm creates a stress cwrve, made up of stress values for every data
point on the scan trace, If a pre-stress scan data file was saved, then the calculation
proceeds {on all the scan data points) as follows:

I. The pre-stress scin data is loaded and smoothed using a running average with
n window size of 1710 the scan length.

[ 19

The smoothed data & further smoothed using a prece wise tard order
polynomial interpolation technigue

3. The curvature race 15 derived from the bt amd second denvatives of the
smoothed daita mee.

4. Steps 1-3 are then applied to the post stress scan data, producing a curvature
trace for the post stress scan datn

5. The siress curve is then computed from the curvaiure races.

6. The maximum amd average compressive and tensile siresses are calculated
from the siress curve, and displayed in the Stress Results dialog box. Only
those values of the stress curve berween the cursors are considered

Three-Point Substrate Suspension

To compensate for substrate deflection created by grovity or by a vacunm hold
stage, the stress option kit provides three-point substrate suspension. Three 25
tach deatiseter steel ball beanngs are used to suspend the substrate above (he stape
surface. These ball bearings are inserted into the p holes on top of the sage. A
magnet is also provided for removing the ball beanings from the stage.

Stress Reference

Prior o calculating stress, a reference must be established. Stress can either be
calculated using a straight line aslhcmrem.mhypﬁxhcmg:mhmﬂq
reference scan on the sample prior to proc m In order o accuralely measure
stress, the reference scan and the scan p after thin film deposition, must
have identical scan parameters, including corsor locations (siress is compuled on
the data between the reference and measurement cursors). For this reason, it is
recommended that the scan used o the onginal meference
scan be saved inan ﬂurmnum?fmlﬂﬂihugmm file to Itlﬁu;fid!f!'t:r d:puﬁEljnmt

Once the reference scan is produced, it must be saved in a data file. The data file
is then used as the reference for comparison and stress calculation,



APFENTHX W STHESS MEASUREMENT QiFfoDs

To program stress, first, position the B and M cursors o enclose that part of the
scan Irace over which to collect stress statistics. Il a reference scan s being used
o compute stress, then the same scan parameters used o produce the reference
scan st be used 1o produce the scan on the subsirale after deposition. Whether
the defaull straight line reference or a reference scan is bemg used 10 caloulase
siress, the substrate mast also be scaneed afier thin Alm deposition.  Once the
scan has been produced on the substrate afier deposition, the charsciengiics of the
substrate being measured for siress must be entered inlo the stress caleulation

| Hun the scan on subsirate alter deposition. The scan will be ploited
2 Chick-om " Analysis”™ from the Dais Flot screen meno bar

3. Click-on "Compute Stress” from the Anplysis Menu:. The siress dinlog box
will be displayed (see Figure B-2)

4. The "Thin Film Substrate” portson of the siress dialog box displays the
rmatenal, arentalion, and elastcity of the thin film substrate. Severnil Lﬂ:['mll.-.
ane stored in memory b0 compuie siress in oo vanety of apphcatons. To view
the preprogrammed thin film subsimile selections click-on "Options.”  The
f:l-.|1||11||-. meny will be 1!i.-.p|..'|:,l=:! {5 Filtlllil B-1)

5. Click-on thethin film substrite tobe measured for stress and click-on "OK."
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APPENTIX B - STRESS MEASUREMENT QOFTIOMN

ENTERING STRESS PARAMETERS

Uince the subsirate matenal and onentation has been identified, the other siress
mirameters can be entered.

I Ii the slasticity of the substrate 15 known to be différent than the value
displayed m the box labeled "Elasticity,” click on the box and enter the
correct value

;9 ]

Click-on the box labeled “Substrate Thickness®” and enter that value in
Microns

3. Click-on the box labeled "Film Thickness™ and enter that value in microns.

4. If the siress is to be measured against the default straight line reference click-
on "URK” and the stress result will be displayed

5. II the stress is o be measured against a reference scan produced earlier and
saved in a data file, click-on the box labeled “Stress Data File.” Enter the file
name under which the reference scan prolile data was saved and click-on
"OK." Stress will be computed and the stress resull window will be
displaved (see Figure B-3).
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Figure B-2. Stress Measurement Dialog Box



The statistical results are displayed in the Siress Results dialog box. These
results can be viewed at any time after stress has been computed by sclecting the
Analysis menu from the DataPlot window and selecting *Stress Results” item.

A primt out of stress results can be obtained by either selecting the PRINT button
from the Siress Results dialog box or as part of the Scan Data Summary print ouL.

Upon the completion of the stress computation, the stress and smoothed scan data
traces are shown. Whenever a stress curve is displayed, the vertical scale changes
from Angstroms to Dynesfcm?. The following types of stress plots can be selected
from the Stress Curves dialog box obtained from the Plot Menu in the Data Plot
screen by selecting the "Stress Curves™ menu itemn:

{. Pre siress scan data, curve fil, and siress.
Scan data curve plotted in white, curve it in cyan, stress curve in green.

2. Post stress scan data, curve fit and stress.
Scan data curve plotted in white, curve fit in cyan, stress curve in green.

3. Pre and Post siress curves, and siress difference curve.
Post stress scan data curve in white, pre stress curve in cyan. post siress
curve in green, and stress difference curve in orange.

4. Remove all stress curves.
Removes all stress and curve fit curves, and restores the vertical scale 1o
Angstroms.

Constraints and Limitations

1. The stage should be hardware leveled, and in the same leveled position for
both the pre and post stress scans.

2. Both pre and post stress scans muost have the same sumber of data points.
That is, don’t abort either scan before completion.

3. The algorithm will work best on a flat wafers. Surface features will throw
off the curve fitting algorithm, and produce invalid maximum stress values.
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APPENDIX C

DEKTAK V 200-5i AUTOLOADER
INSTALLATION AND OPERATION INSTRUCTIONS

The DEETAK V 200-58i cassette 1o cassette Autol.onder provides autometic ransfer and
orientation of wafers up o 200mm (8"). Single cassette and dual cassette configurations
are available.

INSTALLATION

Cinee the loader is unpacked and connecied 1o the Dekiak ¥ 20-5i, the arr and vacuum
lines must be connected and the system leveled

Air Pressure and Vacuum

If the Autol.oader is 1o be located in front of a wall, be sure 10 leave enough room (about
two feet) between the wall and loader for easy access (o the air pressure and vacuum
connectors before moving the loader 1o its permunent location.

Air Pressure

The Dektak V 200-5i with Autol.oader is built upon a vibration isolation table and
requires no less than 100 psi, 10 operste property. The air pressure connector is located on
the back side of the loader. Connect the external air pressure using a 1/4" dia. hose by
simply pushing it straight in and then pulling back 10 make sure the hose & secure. The air
pressure may now be turmed on. Allow at least 5 minutes for the isolation table (o fully
engage.

Air Vacuum

The loader robot and vacuum chuck require no less than 24 inches Hg. of vacuum. The air
vacuum connector is located on the back side of the loader. Connect the external air
wacuum using a 1/M" dia. hose by simply pushing it straight in and then pulling back to
make sure the hose is secure. The air vacuum may now be turned on.

Leveling

When the unit is moved o s nl location it must be leveled 10 insure proper
vibration isolation. Place the level on the robot mounting plate as close 1o the center of the
machine a possible. Use 2 wrench 1o turn the blots located on the bottom side of each
frame kg clockwise until the wheels lifi off the loor. Check the level o see witch leg
needs more or less adjustment. When the table appears level, check each comer of the
table by Fmshin%tdﬂwn gemly. If the table is not floating freely on each comer, more
adjusiment moy be necessary,
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QPERATION OVERVIEW

Loader Program fles permit o number of cassette configumations to be programmed and
stored on the hard disk. The user can create o program to use a single cassette 1o tmnsfer
up to 25 samples, o double cassette to transfer up to 50 sampics, or cassette 10 casselle 1o
gel substrates from the first cassette and put back in the second cassetic,

The Dekink W 2000-50 Scan head can be uged with or without the Austoloader. 'When the
maching 18 Tirst powered up, the Programmable Sample Stage moves 1o the robot load
position, The user can ignore the loader and wse the Scan bend by itsell by picking
"Unlmud” from the menu., This wiall move the Prograsmmable Sarmple Stage o the front fos
mamsal loading.

NOTE
The stupe should be as level o possible before wsing the)
(Autiloader, If o mistake is made in the leveling process, every
(alttempt should be mui!mluw.iﬂumhﬂumlmngﬂ!
Autoloader, Run a Loader Test program before running an|
Cautomation program with the Autoloader, Do mid attempt to run|

.8 loader program until the scan stage is properly leveled. |

CREATING A LOADER PROGRAM

Before running the AuteLoader, a loader program maust be created to reflect the curment
conditions. An Auto Load program can be set up in three different configurations:

Single Cassette

The standard Auto Loader is set up with o single cassette. Substrates are taken from the
tassette and piaced on the Preafigner. Alter the substrate is aligned. it is placed on the
profiler scan stage. when the sutomation routine is finished, the substrate is placed back in
the cassetie

Daubln Ces=ette

The double cassette configuration is identical o the single cassette configurstion, but
allows you to process up to 50 substrates al o ime. the loader routine stans on cassette #1
and Tinishes on cassete #2,

Cassetie to Cassette

The Cassete to Cassette routine tukes the substrates from cassetie 1, lower maost position,
pta]igm:bmsuhshﬂcmdg:ﬂlh:sﬂhsﬂhunlhnpmﬁlﬂmm e
tutmation Prograim is done, robot removes the substmie from the scan stage and puts
the substrate in cassetic 2 in the highest most position. This routine is ideal for clean
operations.
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AD PROGRAM
Using the track ball, chck on "Window" in the menu bar and select “Program Loader™.
The Loader Program dialogue box will be displaved (see Fpure E-1). This window

provides several selections for setting up the system. The Loader Program window is
described below.

Cassette 1

This selection controls the activity of cassette 1. Clicking on the slot numbers will activale
or deactivate those slots.

Cassetie 2

This selection controls the activity of cassette 2. Chcking on the slot numbers will activaie
or deactivate those slots,

Cassette Config

Select: SINGLE CASSETTE, DOUBLE CASSETTE or CASSETTE TO CASSETTE
for desired loader routine.

Substrate Size

The sample size 15 set i the factory and can not be changed by the user a1 this timee. Call
Veeco/Sloan Technology cusiomer service for assistance.

Substrate Shape

This selection does not apply to flat panels and therefore can not be nocessed.

Print Final Process Status

When this item is selected, the printer will print 2 report of the loader siafuz at (e end of a
loader routine, or after the program has been aborted.

Display Process Status

Process Smtus provides a e n:pn:s:nmnun of the loader status during a
Iuc::E:Iptugrum NO - Status will nmE]Estmwn at any time. ALWAYS - shows the status
_Bg operation and toms off during the scanning AFTER EACH
TRATE I’HD-EI:.bSI*.]] shows the status only after a 5uﬁ has been processed
and for a specific amount of time. AFTER FINAL SUBSTRATE PROCESSED -
shows the status only after the last substrate is processed and for a !:p:mﬁ: amount of
time. DISPLAY DURATION - allows the user to the amount of ime 1o E[ﬁ:ﬂ.ﬂ
the status when “AFTER EACH SUBSTRATE PROCESSED” or ©
SUBSTRATE PROCESSED" are activated.
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TUTORIAL

The default setup shows cassette [ fally loaded with 25 samples and cassette 2 with nooe,
"Cassente Configuration” is set at | cassette, and "Display Process Sanis”™ is st to always.

we will creste g 5 five substrates, Go o the
"CAEEEI"[IE " eolurmm and click on the FE?HE}C"K H(’ERN"JEEI'EI::M This will muke it easier to
check on only five pasitans insiead ol checking off 20 positions. Now dick on positons |
through 5. All the other parameters are preset (o the configuration we need, Now you can

save this program,

Saving a Program

To save a new or modified loader program, click-on the "SAVE FROGRAM" button. A
new window will sppear with i list of existmg pro . You can choose one of these Or
Save a5 B new propron by fyping oo aew nome. t' chick on "OK” The new

program is now saved to the hard disk. The 'I_-I:JA.IJEH. PROGEAMS™ window wall
reappear. When you are finished, click on "DONE", The loader i now ready (o run a
Inader program with your current scan attomalion program,

| nnder Program: <Untitked>
CWalers o Process —————— 1 r Casarfe Configuration |
“Cassefle |~ rCasselfle 2= E@‘I Casanbe
w2s OJ2s (2 2 Cassettes
{ E 24 g 24 |0 Cansefie 1o Cassetie |
] 21 23 =
22 Clar leﬂ:'TT —==  rShape
=2 O e {0 ”
- 2 B0 mm % 1 Flal
=120 Cm
=19 s D12Smm | [ Fus
& 18 04 3 150 mm 2 Notch
l‘r.F (O & 200 mm
El 6 O1e =
615 Ni1s WWaler Motation
Elia 1 BrizSon argle: L!Iil ]iEgTEr
E13 O3 Speed: @ Fast 2 Slaw I
i B2 iz -
| @ I F'rm::“-ﬁl:!m-
3 1a Clia 2 Do nul display
| Ea Os ' ;Wﬁﬂﬁw |
El i -| Cie - Dieplay aMer esch woles in processed
7 Or ) Display after final waler is processed |
il Os Displmy duration I |moc=
|Ei ; g: e — —— Dﬁfmﬂnﬂmnﬂﬂ
&3 i! O3 [ﬁ m
Bz {L1z
— = i

Figura C-1. Loader Pragram Dlalogus Sox
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LOADER PROCESS STATUS

To view i graphic representation of the current loader program, click on “Window™ in the
menu bar and Select "LOADER PROC. STATUS™. A window will appear showing the
current |oader setup. This window can be made smaller and moved around to make a
resized "DISPLAY PROC, STATUS" window by using standard Windows technigues.

Setting Up a Double Cassette Load Program

Setting up a double cassette load program is identical to setting up o single casseite
program with the exception of chicking on *“DOUBLE CASSETTE" in the "CASSETTE
CONFIG™ menu and sdding substraies o the Cassetie 2 column.

Setting Up a Cassette To Cassette Load Program

Scifing up a casscite fo casseifc program s similar to setiing up o double cassette
program. For example, to setup a five substraies cassetle (o casseile program, YOu must
chek on the Tive slots 10 be processed m the casseite 1 column and then chek on any Five
slots m the cassetle 2 columm. It 15 mot necessary o click on the same five slots for
cassette 2, but you must have at least 5 slots selected.

N T S - -

e = = e b s
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Figure &-2. Loader Process Siatus Window
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BUNNING A LOADER PROGRAM

Run Loader Program Test

The user can run the current loader program without running a scan routine by clicking on
"RUNT in the menu bar and picking "RUN LOADER PROGRAM TEST". This allows the
program o be check without waiting for a scan.

Run Loader Program

To start a loader program with the current scan astomation program, click on "RUN" in
the menu bar and pick "RUN LOADER PROGRAM®. The loader program will
mmmediately start.

Aborting a Loader Program

A loader program can be aborted at any time by hitting the "ABORT" key on the
key panel, or by hitting the "A" key on the external ke All process will stop and the
robot will go w it's home position. The user can use this time for several things;

l. Muodify the scan automation program, check the magazine tray, etc.,
then resume with the program. To resume a program, click on "RUN"
in the menu bar and pick "CONTINUE". The program will continue
from the same point it was aborted at.

2, Completely abort the scan and loader programs. Afier clicking on the
"LOADER PROGRAM ABORTED"™ message, click on "RUN" in the
menu bar and pick "RECOVER LOADER". This tells the machine to

find all substrates still left in the loader process and o put them back in
the caszette.

Running the Last Loader Program
To run the last loader program, click on "PROGRAMS" in the menu bar and pick

"LOADER PROGRAM". The lasi program will be disotayed. Oick on "DONE" o reset
the last program and start the program as before.
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RECOVER LOADER

Afier picking "RECOVER LOADER”, the scan stage will move to the robot load position
and the "LOADER OPERATION" window will appear.

Thiz wmdow will show the cument stats of the losler program. Check o make sure the
information in the window reflects the true current stajus. 11 all informatson s comect,
click on "GO" and the robot will put the substrutes back in the cassette, starting with the
last substrate to enter the load process. Keep clicking on "G0" until the last subsirate i
back in the cassette. When oll substrntes are back in the cozsette, elick on "DONE” to exit
"RECOVER LOADER".

Incorrect Status

The "RECOVER LOADER" program will no allow you 1o move 3 subsirsle 1o a location
it beieves is almeady occupied by another substrate, and it also will not pick up & substrame
if it befieves theme is no sobstrate present. The user can override the program by using
“FO OVERRIDE", For example, of the substrate 15 on the Pre-aligner but the loader status
shows the substrate on the losder arm [, the user musi click on "GO0 OVERRIDE" to
force the mobot to carmy out the commund. Always make a vigual check of the situation
before using "GO0 OVERRIDE®, Attempting to move a substrate 10 a location that is
already occupied will result in damage to the substrate and robot.

MNever turn off the muchine andfor vacoum when the robot still
has a substrate on the arms. This may result in damage to the

substrate. Use "ABORT" sparingly to avoid creating difficult or
confusing situations.

Recover Loader Used as a Utility

Riecover loader can be used as 4 ufility to mowve substrates manually. This is helpful when
checking o see if the profiler scan stage is level enough to work well with the loader,

For example, if the user wants (o move the third substrate from eassetie | (o the profiler
scan stage, click on "RUN" m the menu bar prd select "RECOVER LOADER™, When the
Loader mion window ars, click on “CASSETTE 1° and type o siot "3" in the
*GET BSTRATE ER box, Mext. elick on "PRO " m the "PUT
SUBSTRATE TO" box and click on *GO" to start the process.

When the substrute has been put on the profiler stuge, click on *DONE". The lier can
be used (o move the stage, start o scan, ctc. When finished, click om "RECOVER
LOADER" in the "RUN" menu agam and click on "GO" to retumn the substrate to it's
original locuion
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APPENDITX [ - 3-00 RENDERING OFTION

APPENDIX D

3-D RENDERING OPTION

DEK-MAP II, the Dektak Rendering Option is an add-on software package that
allows Dekiak surface profiler customers to view and analyze data in 3
dimensions (X, Y, and Z), instead of only 2 dimensions (X and Z) that the current
products provide. Dektak surface profilers collect 3D data through the use of
mapped scans. The mapped scan data is then converted into data files that are
usahle to both the standard Dekiak analysis routines, and the 3D rendering

package.

Overview

DekMap 11, the Dektak Rendening Option will run as a stand-alone analysis tool
on any computer that meets the system confliguration specifications. As a stand
alone applhication the program is called up by the user through one of the standard
Microsoft Windows application starting mechanisms (double-clicking an icon.
using a shortcut, ic.).

Recommended System Configuration to Run DekMap I Software

Hardware

486DX-66MHz o Pentium based IBM compatible PC with:

B Megabyies of RAM {minimum)

100 Megabytes hard drive capacity

Microsoft compatible mouse or trackball pointing device

VGA Color subsystem capable of B00x600 pixels and 256 colors
VGA Color Monitor capable of B00x600 pixels

Software

Microsoft Windows 3.1 or Windows for Workgroups 3.11 under DOS 6.2 or
greater or Microsoft Windows 95

The package will be network compatible based on the network compatibility of
the underlying operating system. This typically mcludes remote file system
storage and retrieval, along with remote printing.

[ 1L
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SETTING UP A 3D MAPPING PROGRAM

In order to set-up a 30 mapping automation program, the arca on the sample
surface 1o be mapped must first be defined. This is accomplished by physically
moving the sample stage to define the corners of the area w be mapped. The
procedure for entering the mapping area from the sample positioning screen is
described below.

1.

From the sample positioning screen, position the sample so that the software
reticule is located at one of the four corners of the area to be mapped.

Click-on "Edit™ from the bar and click-on "Enter Map Area”.

Using the software reticule as a reference, roll the trackball along the scan
direction to determine the length of the scans used in the map, and click-on
the left button of the trackball. Next, roll the trackball perpendicular to the
scan direction and click-on the desired location o define the Y extent of the
map. The Enter Scan Map Region dialog box will be displayed {Figure D-1).

To accept the scan length and Y extent. click-on "OK" from the Enter Scan
Map Region dialog box. The Map Program dialog box shown in Figure D-2
will display detailed map parameters.

8w T [ ——
R W i". =

Figure D-1. Enter Scan Map Region Dialogue Box
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N EHIMNLG

The Map Program dialog box shown in Figure D-2 contains the parameters for a
3-1) map set-up in the previous step. Prior to running a 3D mapping program it is
recommended that a mapping data filename be selected. Click-on the Mapping
Data Filename “select...” button from the map program dialog box to enter the

desired filename. To enter the filename and accept the map program parameters,
elick-on “OK".

The mapping parameters can also be changed via the dialog box to allow

individual parameters to be altered as desired, In most instances the mapping

mmu:mwhmw&mmﬂ
the "Map Entry” button to go back to the Sample Positioning Screen.

The Map Program dialog box can be accessed at any time by clicking-on
"Mapping Parameters™ from the Automation Program screen field.
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RUNNING A MAP PROGRAM

To execute & mapping program, simply run an automation program containing the
desired mapping parameers,

I, To run the current sutomation mepping program, select the Fun Menu wmd
selecting the "Auto Program™ meni item

2. The current automation mapping program will be . The Data Plot screen
will be disployed and plot each scan in real time.

3. Onece all the scans in the automation mapping program are complete, the 30D
Propection Screen will be displaved with the three dimensional rendered
image penerated from the multi-scan mapping program.

The user can also select to have the image displayed as either o wire frame or
scen line image, with Z color rendening. In this window the wser is able to either
scrofl the Phi and Theta angles with a slide bar, or by directly entering in values
for these angles. The mage is instantly opdated 1o reflect the users” selections.

At pnytime, from the small scréen, the user can enlarge the image with the
stindard MS5-Windows Maoximize button or command. When maximized the Z
color rendered image fills the entire display. All previously selected user options,
viewing angles, axis display options, are used when displaying the maximized
imige. The user is still provided with the Phi end Thetn sliders on this screen.

w I0 Projecios - DEMH MG o x
Ceiete . Shie Opioss  Huip

Imnge AEsobelian

Tadlasr

Phaf -15. Shorer

Figura D-3. 3D Projection Window
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DEKTAK RENDERING OPTION SOFTWARE

T'he DekMap 11 icon 1s displayed in the lower left of the Duta Plot screen once a
mapping automation program has been run and the rendered image 15 displayed
Double clicking on the icon opens the Dektak Rendering Option software which
permits additional data analysis

Title Screen

CUnce started, the package will display a title screen that incorporates both a menu
bar and a toolbar for command selection. The title screen will display the version
number of the Dekiak Rendenng Option software that 15 currently runming. The
user then uses the ttle screen as a home base for performing data analysis,
transformations, and image presentation.

File Open

I'he File, Open command opens a scanned 1mage file, and transfers the data into a
working data buffer (current data set) for use by the package. All data analysis,
transformations, and image presentations are then performed from the current
data set

ek Vlap

AL i I'N aleha

T L BT

Figure D-4. Dektak Rendering Option Main Title Window
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File Browsa

The File, Browse command allows the wser 10 visually browse through directones
of images. When this command is invoked the wser is prompted with a stapdand
file dialog box (see Figure D-3 ), The file name that the user selects becomes the
starting point for that directory. Eighteen (18) image files starting with the file
name s=lected are then displayved 10 a wop down £ color rendenng on the screen
simultineously in odjacent locotions within the browse window. Below cach
imige s listed the file mame of the image and the text from the comment Held
when the imaze was saved (see section Summary Information) The user can then

click the mouse on any mage thot is displayed, and that image will losded into
the current data set.

The browse window contains [wo menu commands, Nexf and Prewious, The
commands display either the next or previous eighteen (18) images respectively.
If there nre fewer thon eighteen imagzes lefi then if the command 5 "Previoes” the
first image & the first file listed in the directory, and then the nest seventeen (17)

irmage Tiles feoam there., [T the command is "™ext” all unised images will be shown
a% hlank.

I

Figure D-5. Image Browse Window
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File Save

The Fite, Save As command allows the user to save an fmage. This command &5
typically used when the user has tmansformed the data set and wishes to save the
results of the tunsformation independent of the mw data set.

Summary Information

The File, Swrymoey (oo command allows the wser to either sdd o edit the data set
summary information. The summary information conststs of 4 three user editable
fields. These are a ‘Comment’, "Keywords’, and "Description” fields. The
comment ficld is & forty (40) character text field that is displayed in the browse
window along with the image. The keywords feld is a forty (40) character text
field that is o hook for o yet to be developed feature whereby the user will be able
o limit the browse or o find sereen © only image files thal contain cenain
keywords. The description field is 2 free foom, multi-line text field of unlimited
bength. This field allows the user to enter 3 lengthy descoption of the contents of
this imapge file. The summury information window also displays the file name of
the image, the date that it wes sconned, and the scan line resolution of the curment
data set in display only felds.

File Export

The File, Expost o TFF command transfers the coment data set inio 2 TIFF version
6.0 file, The user i prompied with a standard file dialog box, o enter the name
and location of the TIFF file 1o be created, Cace the user enters this mformation
and presses the OK botton, the current data set is transloted into o top down
rendered image using o 28 color gray scale, and stored into the file the user
specified.

Printing

Anywhere within the package the user is capable of printing the current window
on an amached printer. There are three print options available; the entire display
colents, the current window, or the client ares of the eurment window. The entire
display meuns exactly that, every pixel shown on the monitor is sent o the
printer. The cument window is defined as the current active MS-Windows
window, this includes the window border, sizing handles, tide bar, menu bar, and
window client area [contents), The client aren is the portion of 3 window thar
excludes the utle bar, meny bar, and window border, if any.

To print the current window press Ctri+P, to print the entire screen press Cirl+S,
to print the current client arca press Cirl+Shift+P keys wogether. The requested
portion of the screen is then sent to the cumment default printer as defined by M3-
Windows ond the user. The page orienmtion of the owtpot s sotometcably
changed so the largest possible image is printed on a page
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Two Dimensional (Top Down) View

Throughout the packape, when the data et 15 presented 1o the user it i always
presented in a Z height color rendering with a viewing angle of straight down,
looking from directly overhead of the image plane. This image rendering is called
a top down view. A number of the top down displays include the X and Y scales
shown elongside the image. The top down image is shown whenever the user
transforms thot data set so there is a visual indication of how the ransform
effected the image, such as changing the color palette.

Intensity and Contrast Control

The user has the capability of adjusting the intensity and contrast of an image.
This is accomplished by altering the range, and color increments within a palette.
Slider controls are provided to the user 1o adjust the intensity o contrast of the
unage (see Figure D-6). Adjusting image intensity and contrast is equivalent to
adjust the color palette, Increasing the intensity has the effect of pushing the color
band up towards the top (or higher ¥ heights); decreasing lowers the band.

Increasing the contrast has the effect of narrowing the color band with the palette;
decreasing widens the band.

Figure D-6. Two Dimension View Window
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User Definable £ Color Palettes

Available from both the 2D and 3D viewing windows is a command that allows
the user to alter the £ height color definitions or £ color palette

The 7 color palette design window is displayed whenever the user executes the
Polefte command from one of the view windows, The screen 15 organized into
two areas, and design and preview. The design area contains several clements.
The first is a plot of the RGB colors as a function of intensity against the Z
height. The next element is a palette of the corrent Z height colors, displayved
along with a scale. The last sct of elements are RGB color selection buttons that
allow the user 1o change the current RGH pen. and a “Smooth” command button.
These buttons work in conjunction with the RGB plot. When the user hes selected
a color pen they are able 1 click or drag the mouse through the plot ohject. The
currenily selected color then traces the psers movement, and is re-plotted, and
displayed in the z color palette. The smooth command “smoothes™ the RGB plot
with a data smoothing al gorithm.

The preview area is provided so the wser can pet an instant fee]l for how the
palette will lpok with their image, withot having o retum o & view window
The preview area consists of a wop down image, along with & command button
that allows the user 10 preview or view Lhe current palette.
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Figure D-7. I Height Color Palette Design Window
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Predefined Color Palettes

The user can select a Z color palette from a number of predefined palettes in the
systemn, The user is presented with o predefined palette selection window when
the Select menu command is executed A selection window then displays a
selection of six () different primary colors, each with the option of full mnge or
saturated color, and two (2) rainbow color palettes. The primary colors are
defined as red, green, blue, yellow, cysn, and magenta The full range and
safuration options for each of these colors mfers to whether the color palette
becomes fully saturated with the pnmary color at the end or in the middle on the
way o white (all color saturation). If the color paleties finishes with the primary
color being fully saurated this is called “saturated™. If the color palette finishes
with white, then this is called “Toll range™

The two runbow palettes are labeled Spectrum for full color spectrum, and
luminance for distinct bands of black, blue, red, magenta, preen, cvan, yveliow,
snd white

Closing this window automatically selects the currently selected predefined color
palette.

Figure D-B - Predefined Z Height Color Palelte Selection Window
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Storage and Retrieval of User Defined Palettes

The £ color design window also allows the users to record and retrieve paleties
through the File menu command. The user selects either the File, Save Polefte As,
or File, Open Polefte menu commands to save or open a palette file, respectively.
The user is then presented with a standand file dialog box where the palene file
name s specified. The palene file is then either loaded and displayed on the Z
color design window, or saved into the file specified.

Default Palette

The package utilizes a default palette. This palette is used whenever a new image
is loaded into the package. It is also used by the Browse, and Fast Fourier
Transform windows. In these windows multiple top view images are presented.
With the color limitation of 236 colors (due to Microsoft Windows, and the
hardware specifications), only a single 128 color palette can be utilized, and this
is the default palette.

The default palette 15 typically the “Fire™ palette. This palene starts at black and
extends through to white with intensity of red increasing first, then green, and
finally blue. The total effect is a palene that starts at black, goes to red, crange,
yellow, and finishes at white. The fire palette is also known as the standard
palette and can be instantly recalled by executing the Stondord menu commuand.

The user has the ability to change the default palette through the File, Chaonge
Defoult menu command. This command takes the current palerne and saves 11 as
the default. The user can then load the current default palette with the File, Lood
Defoult menu command.

165
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2 Dimensional Light Shaded Imaging

The user is able o light shade the image. Light shaded images are shown in the
top down format with adjustabie light source coordinates, and contrast

To light shade an image the user brings op a2 maximized 3D view window . Menu
commands o either Slope Shade or light shade the image. When the Ught
Shading menu commmand 15 invoked it presents the wser with a window that shows
a top down view of sphere (see Figure D-9). The user the drags the mouse pointer
I a position on the sphere (2 fudicial mark follows the mouse pointer). The
position on the sphere then becomes the position of the light source. The closer to
the outside edge of the sphere the light source 15 the lower to the horizon it is.

The user can then click on the View Lighted Image area of the screen and be

presented with a top down wiew of their image with light shading. A scroll bar
also appears that allows the user to adjust the contrast of the image

Hie=li
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Figure D-9, - Light source positioning window
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ANALYTICAL FUNCTIONS

A number of data analysis functions are provided through two sets of interfaces.
Une interface provides analvsis of area @nd 30 roughness. The other interface
provides snalysis of distances, heights, angles, and 213 roughness.

Area Analysis

The asrez analysis or histogram window provides the vser with the ability o
perform roughness analysis on the data sel. The roughness related analysis
festures include reporung of the Average Height, RMS Deviation, K., Maximum
Deviation, 8., R, R, ﬁ‘:, Skewness and Kurtosis of the entire scanmed area

A number of ploting features are also available through this window, These
include X height histogram, Z height histogram infegral, roughness frequency,
bearing ratio, autocorrelation and contowr line (14) plots. The user is also able to
retrieve and record both moughness freguency and autocomelation plots. These
two types of plots can then be simultaneously compared against other plots of the
same Lype.

The histogram window also allows the user o manipulate the data via selected tilt
comrections, dat smoothing and Z height truncations

EEE R

Figure D-10. - Histogram Analysis Window, Showing the Z Height Histogram Plot
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Z Height Histogram Plot

The Height Histogram command displays a histogram plot of the observed 7
heights, shown with the vumber of obsa~ations & the Y axis and the Z hetght &
the X axis {see Figure [-11), When the mouse podnter & positioned within the
plot, the cumment location of the pointer, expressed in the X and Y coordinate
sysiem values, is displayed on the screen.

Z Height Histogram integral Plot

The Histogram Integral command displayvs a plot of the 2 height histogram
integral, shown with the integral result range of 0 o | as the Y axis and the &
height as the X axis. When the mouse pointer 15 positioned within the plot, the
currcnl location of the poimter, expressed in the X sod Y coordinate system
values, is displayed on the screen.

Z Height Gaussian Fit Plot

The Z beight gaussion fit command i only available mmedistely after the Z
height mstogram commind hoes beéen executed Executing this command will
guperimpose @ gaussion Function plot over the histogram plot. The Y axis
continued o be defined a5 the number of observations, bul will be displayed with
the 1, 2, ond 3 sigma divisions. The X axis will continue to be defined as the Z
height When the mouse pointer is positioned within the plot, the eurrent location
of the pointer, expressed in the X and sigma coordinate system values, 13
displayed on the streen

Bearing Ratio Plot

The Bearing Ratio command displays a plot of the bearing matio, shown with the
ratio (expressed as a percentage from 0% to 1O0%) as the Y axis, and the Z height
s the X oxis. When the mouse pointer is positioned within the plot, the cumment
Incatiom of the pairder, exgessed in e X mnd Y coondinate system values, is
ihaplayed on the screen,

Autocorrelation Plot

The Autocomelation command displays a plot of the autocorrelation function for
the duts set. Autocorrelation s the reverse Fourier trunsform of the moughness
frequency, The Y axis is defined a8 the gmplitude, and the X axis is the
displacement. When the mouse pointer i3 positioned within the plet, the current
location of the pointer, expressed in the X and Y coordinate system values, is
disployed on the screen. When the autocorrelation plot is on the screen, the user
cun choose to display another previousiy saved autocormelntion plot. This is done
by selecting the Lood commind from the menu. The autocormelation plat cin zkso
be zaved so that it can be re-displayed af o later Gme with the Sove menu
command.
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Houghness Frequency Plot

I'he Roughpess Freguency command displays a plot of the spatial frequencies vs
the log of the power amplitude. This s calculated by @king the power spectral
density from the Fourer transform of each scap line, The Y axis is delined as the
log of the power amplinde, and the X axis is the spatial frequency shown in pm’
{or the appropriate inverse distance umits)

When a roughness frequency plot 15 being displayed the user has the ability 1o
ioid gnother roughness frequency plot and overlay on top of the current plot. This
is done with the Ltood command from the menu. The user is presented with a
standard fAle dialog box and the selected file is then shown on the current plot
with a legend, and using a different line color, The user can select up © five other
roughness plots to be shown agamst the current plot at any one tirme

The curment data sets™ roughness frequency plot can be saved so that it can be re-
displayed ai a later time with the Sove menu command. This command presents
the user with a standard file dialog box, and allows the user i0 enter the nome of
the file to save the current plot into.
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Figure 0-11. Rowghness Freguency Plot with Additianal Roughness Parameters
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Average Z Height
When the histogram window is displayed the observed R, will be displayed. The

average Z height is the Z coordinate of the center plane, that extends outward in
X and Y to infinity.

Rl

When the histogram window is displayed the observed R, will be displayed. The
R,, or Mean Deviation, is calculated as the average deviation from the center
plane

RMS Deviation

When the histogram window is displayed the observed RMS deviation will be
displayed. The RMS deviation or root-mean-square roughness is calculated as the
RMS deviation from the center plane.

Skewness
When the histogram window is displayed the observed skewness will be

displayed. “Skewness is 2 measure of symmetry of the surface about a mean
plane.”™ In the 2D sense skewness is defined as:

w

.'ﬂzwne.u—-l—iz g
RINA

where;

R, = RMS deviation

N = pumber of data poims

¥, = Z height of a data point

Kurtosis
When the histogram window is displayed the observed kurtosis will be displayed.
“Kurtosis 15 a measure of the amplitude density function sharpness. It
q:antitatively describes the randomness of a profile’s shape relative 1o that of «
perfectly random surface which has a kurtosis of 3.

< 1 1«
Kurtosis = F F E.' .1’:4

L |
where:
R, = RMS devianion

N = number of data points
¥, = Z height of a data point

i g
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Maximwm Deviation

When the histogram window is displayed the observed maximum deviation will
be displayed. The Max Dev or Maximum Deviation, is the furthest data point
above or below the mean image plane.

R

F
When the histogram window is displayed the observed R, value will be
calculated and displayed on the screen. The R, or Roughness Peak, is the
maximum height or highest peak of the profile roughness above the mean plane.

R
When the histogram window 1s displayed the observed K value will be
calculated and displayed on the screen. The R or Ten Point Height, is the

average distance between the five maximum peaks and the five maximum valley
measurements.

R,
When the histogram window is displayed the observed R value will be
calculated and displayed on the screen. The B or Maximum Valley, is the lowest
point below the mean image plane.

R,
When the histogram window is displayed the observed R, value will be
calculated and displayed on the screen. The R, or Average Height Difference, &

the average difference in height between the five highest peaks and five lowest
valleys relative to the mean plane.

ke & |
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IMAGE ANALYSIS

The data point analysis or “image analysis” window provides the users with the
ability o cross section the data, and then select two points and review the
locations, distances, angles, and vector distances for these two points.

The data point analysis window also serves as a gateway to standard Dektak 2D
analysis functions once the user has selected a cross section of the 3D data
resulting in a 2D data set.

Figure D-12. Image Analysis Window
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Cross-Sectioning of Data

The mmage aoalvsis window allows the user to cooss section the 3D data sct in
three: different ways, “horzontel”, “vertical”, and “diagonal™. These terms make
sense if you view the duts set as 8 top down image, bor their real defimitions are;

Horizontal - a cross sectioning of the dats along the Y uaxis (y is kept constant)
for X equal o 0 to the scan length.

Vertical - o cross sectioning of the data along the X nxis (x i5 kept conssant}) for
Y equal o0 o the scan widih.

Diagonal - & cross sectioning of the data between two uwser defined ponts watkin
the scin. This means the cross section is of varable XY slope, and vanable

length.

In all cross sectioning methods the X, Y, or XY coordinates are transiated o the
X nxis {or length), and the Z heights are ranslated o the Y axis, resulting in a 2D
representation of the data, This resultant data i3 then plotied in a separae plot
object (heren refermed 0 as the cross sectiomn plot) on the window with the cormect
scades placed along the axis. The aspect mtio of plot defaults to the length by the
maximum observed ¥ height. A scroll bar positoned to the right of the plot
allows the wser 10 adjust the aspect retio by a vuriable, yet unknown amount,
When the data point analysis window 15 displayed 1t defacls o taking a
bodzontal cross section, of the Y mid-poinl or scon width / 2.

Data Point Selection

In the cross section plot thers are two vertical lnes, one red, the other blue, Their
defuult positions at 1/3 the X range from the start. and 1/3 the X range from the
end, Theése iwo lines denote the iwo measmrement poinds that are used for all
subhsequent calculations, The aziual daa peints are Jocaied wiere these vertical
indicaters intersect the plotted line.

To move etther vertical mdicator the wser drags the mouse near one of the lines
and moves it either to the left or nght. All up, down motion is ignored. The user
does not have o position precisely on 1p of one of the indicator lines o select it,
just near it The red [left hand) mdicator 15 prevented from moving to the fght
side of the blue [right hand} indicator, and vice versa. Due to the preceding rule
clicking with the mouse to the left of the red indicator always selects the red
indicator and vice versa. In the situation where both indicators dre exqidistant
from where the user clicks the moose, the blee indicstor will be selectsd. Onee
any indicator 15 moved the coondinates, distances, mgles, and vector distances
displays will be updated based on the selected points.
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Selected Point Coordinates

Al all times the current X, Y, and Z coordinates of the two selected points are
displayed with appropriate tutles.

Delta XY, and Z

Al all times the distances between the two selected pomnts are displayed,
expressed as the delta for each X, Y, and Z axis.

2D and 3D Vector Distance

Al all times the two dimensional and three dimensional vector distances between
the two selected points 15 displayed. The two dimensional vector distance is
calculated as the XY vector distance points. The three dimensional vector
distance is calculated as the XYZ vector distance between points.

Theta Angle

At all umes, the Theta angle defined by the two selected points are displayed.
These are labeled Theta. Theta is defined as the angle from the XY plane {or the
3D vector between the two points. This can also be considered the angle defined
by the two points as shown on the cross seclion plot, since the X axis is always
parallel to either X or Y plane. Theta is expressed in degrees. If the two cursors
intercept the cross section plot at the same vertical height, then Theta would be
defined as 0°.

Phi Angle
Phi is defined as the 2D vector angle (X and Y) of the two points in 3D space.

This can also be considered the angle defined by the cross section line as shown
on the top view image, Horizonta! is 90°, and vestical is 0°.

e F |
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Side by Side Image Comparison

The oser con compire. the wp down view images of two dita sets side by side on
the displwy. A cursor is- then shown in both images of the same melstive
coordinates to nssist the user in determining feature dilferentiation. The user i
also has the ability b subtrsct, add or divide one image from/by the other. To use
displays 4 window can show two images side by side, hotizontally on the screen.
The user is then selects the data set to be displayed in the left hand image with the
Select Lelt menu command. The user then selects the dota sot to be displayed in
the rght hand imoage with the Select Right meny command, Once both images are
displayed the oser can then choose to add, subtect, or divide the dats sets and
display the resullant image with the Sum Imoges, Sublroct moges, of Divide
Imoges menu commands. These communds we the foliowing algorithms for their
operution:

Sam: left(x, ) = laft{ z. ¥) + right{x. ¥)
Subtract:  Mf{ g, v} = I, ¥) — Aghelx, )

. lefilx, v)
I wiichie: Efils vy = ————
¥ B ke

Contour Plotting

The user & able o have the system overlay a contoor plol on op of a W view
image af two locations within the package. In the 3D view window, when the
scroen is maximized, the user has the option of dividing the £ height range mto 4,
6, 10, or 16 equal beight increments; ind contour lines are then super imposed
over 4 top view image using the color green. In the histogram window the user
can select the Contour meny command o divide the Z height range into 14 equal
beight increments, and contour lines ore then super imposed over o lop view
image using the color green.

Data Tranafermations

A number of data transformations are offered through the functions such as
cormection, filtering, smoothmg, convolution, scaling, image touch up and
mugnilication. Once manipulated the dags can then be transformed and saved & &
new and separate image file.

Edge Fit

The user is ahle 1o remove plamr tilt from an imoage using an algorithm known as
‘Edge Fit’. Edge fit tilt removal cabeulates the X and Y tlt by finding the avernpge
height on all four sides of the image. From these averages the X and Y slopes are
calculated and then subtracted from the dota set.

I'Ta
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Three Point

The user 15 able to remove planar il from an mage using an algorithm Enown as
“Three Point'. Three point tilt removal allows the user to select three points
within a data set. A plane is then defined that contains these three points and is
subtracted from the data set.

Parabolic

The user is able v remove parabolic dishing from #n image using an algorithm
called *Parabolic’. With parabolic tilt removal a third order polynomial function
for a parabola is calculated based on the data set. This polynomial is then
subtracted from the data set.

Parabolic in Y Only

The user is able w remove parabolic dishing in each individual scan line, on a line
by line basis with an algorithm called *Parabolic Line by Line'. With this it
removal a thind order polynomial function for a parabola is computed for each
line. The polynomial for each line is then subwacted from that line. The overall
effect 18 0 remove & curvaiure that resembles a slice taken out of a can, 1if you cut
the can from top to bottom.

Line by Line Averaging in X Only

The user 15 able to remove the DT offset in the X direchion from each scan line,
on a line by line basis with an algonthm called ‘Line by Line H'. This it
removal algorithm effectively flattens the image along the Y axis by removing the
C component from cach scan line. This 15 accomplished by finding the average
height of each scan line and then subtracting that height from each point in that

line. This type of tilt removal is only recommended for surfaces that are known
be flat

Line by Line Averaging in ¥ Only

The user is able o remove the DC offset in the ¥ direction from each line, on a
line by line basis with an algorithm called 'Line by Line V', This tilt removal
algorithm effectively flattens the image along the X axis by removing the DC
component from each line in Y. This is accomplished by finding the average
height of each line and then subtracting that height from each point in that line.
This type of tilt removal is only recommended for surfaces that are known o be
fat

'E. P
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Line by Line Averaging in X Only with Data Rejection

The user is able o remove g portion of the DC offset in the X direction from esch
scan ling, on 4 line by line basis with an algorithm called Histogram H. The user
additionally selects’ one of three opticas from Hills, Hills ond Valleys, and
Valleys, This option determines how the average height of a scan line is
computed. For Yalleys, the overage height is calculated by taking the average
height of lowest 33% of the data set. For Hills and Valleys, the avernge height is
calculated by taking the avernge height of the lowest 30% of the dom ser For
Hills it-i5 66% of the dnin sei. Once the average height is caloulated the ol gorithm
works the same as Line by Lineg H. This type of tilt removal i3 only recommended
[or surfaces that are known to be flat.

Line by Line Averaging in ¥ Only with Data Rejection

The user is able to remove o portion of the DC offset in the Y direction from each
Line, oo a ling by line basts with an slgonthm called Histogram V. Thas works i
the same manner gs Histogram ¥, excepl in the ¥ direction mstead of X, This
type of dlt removel 15 only recommended For surfuces thot are known io be flai

Streak Hemowval

The user can remove horizontal or vertical soeaks from the image with &
Retouch, Steok Remowal meny commomd. Stenk removal allows the oser fo
select o rectanpular aren from 4 top view image. Coce selecied the dota points
above and below the X edges (top and boitom) are interpolated through the Y
renge of scan lines, eliminating the aciunl dati bound by the rectanghe, and
replacing il with the interpolaed dota, The top view imapge is then updated with
the transformed data

Spot Remowval

The user con remove horizontal or vertical sirenks and unwanted particles with
the Retouch, Spot Remowval menu command. Spot removal allows the user o
select o rectangular area from a top view 1mage. Once the area has been selected
the data points with the rectangle sre interpolated in both the X and Y dircctions
between all edges of the rectangle. eliminating the actual data bound by the
rectongle, and replacing it with the interpolated dota. The wop view image 18 then
ipated wath the wransformed data se1
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Smoothing

The uvser can smooth the data with the Retouch. Smoolhing mend commuand.
Smoothing & the same as applying & low pass filter to the data. This commind
allows the iser to seledt sither 3, %, or 9 point averaging for the smoothing
transform. The higher the point number the higher the frequency of the filter is.
The entire datn set is then imnsformed and displayed in a top view image.

Convolution

The user can convolve the data set with either predefined or user defined
transforms, and display the results with a series of commands. Data convolution
can be explained as the process of converting a data set to the frequency domain,
applving a filter, und then re-transforming the datn beck into the XY domain.

To convolve the duts the wser first selects the Retoich, Select Filker menu
command 1 bring up a dialog box that allows them 1o select from matrix s1zes of
Ix3, 5x5, Tx7, %x9, 11x11, or 13x13; select from 4 predefined timsform from
either n rectongulor low poss filter, & goussion Jow pass filter, on edge
enhancement transform, an edge defection transform, a band pass filier, or a
allows the user to create their own matrix or transform values. The size of the
matrix determines the frequencies that will be involved in the convolution; the
larger the matrix, the lower the frequency.

To convialve the daa using the selected transform mairix, the user then selects the
Apply Filter command. This command then applies the transform to the data set,
replacing the original data set with the transformed data. Next the transformed

image 15 displayed a3 a top down image.
Data Zoom

The vaer s able o select o square porfion of the dalo st thal o magaibed and
becomes the new data set, with the Zoom commiand. The user selects a s
area of the data set from a 10p view image. Onee selected the portion of the data
el 15 reproduced at the original resolution ooginal data 22t For example, if the
onginal dato set 15 defined as 100 elements by 100 elements, and the user selects a
20 by 20 region, the 20 by 20 datn is re-scaled to 100 by 100 clements. The
missing duts points are interpolated so the image does not appesr pixelated. The
requirement that a square are be selected s cnforced by the package as the user
clicks mnd drags the monse during the zoom command.

While the wmer is drugging the mouse 0 select the ares v magnify. the current
size of the selected-ared it displayed on the screen,

-
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Z Height Truncation

On the Z height histogram plot the user is able to select a command that truncates
the Z height information down to a specified range. Z height data above or below
this range is truncated to the new minimum or maximum heights respectively. To
use truncation the user first selects the menu command Truncotion, Cursors. This
displays two vertical cursor lines within the histogram plot. The cursor on the
right serves as the cut off point for the maximum height, and the left cursor as the
minimum. The user then selects the menu command Truncation, Aclion Lo
transform the data set.

{rd ]
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2 Dimensional Fast Fourier Transform

The user is able to apalyze and filter frequencies from an image, through the
fourier ransform analysis feature. This feature is provided by a separate window
that can transform the data set from its spatial XY domain into a frequency
domain. The real and mmaginary components are then plotied along with the
power spectral density (or sum of the squares of the real and imaginary
componenis). The user is then allowed lo erase components from the [requency

content of the data, and then re-transform the data back into the XY domain,
resulbing in a ransformed image.

2T A P

Figure D-13. Fast Fourier Analysis Window
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Excluding Freqguency Data

To tansform the XY domain dats inio i frequency domain the wser imporis the
into the FFT amalysis window with the “Import Data” command butlon. From
there the date can be  tansformed inw the frequency domaan with the
*Transform”™ command button. The redl and imaginary components of the FFT
are plotted on XY charts with the color (or imiensity) of cach data point
determined by its scale. A power spectral density (PSD) plot is shown with the
color of coch dotn point determined by the amplitude of the frequency
component

The user is now able to sehect either #n ellipsoidal or rectanpular area on the PSD
gricph. The center of either tvpe of object is the exact center of the graph or OHz
To select either type of shape the user presses either the “Ellipse Zone™ or “Rect
Zone™ commaond buttons, and then clicks and drags the mouse with the PSD
graph to dmw the shape. The user pow has the option of either excluding the
frequency data within or outside of the arex welected. To exclude Frequencies
vutside of the selecied area, the user selects the Exclude Outer command button.
To exclude frequencies inside of the selected area, the user selects the Exclude
Inner command bution, Both command boftons then erase, or zero, the
frequencies 1o be excluded from the data sel. The cutofT s a sharp distinet cutoff
filter. If the user instead wants a gradual filtering a Gaussian Cul commiind button
can be used o implement a gaussian roll-off of the amplitudes starting at the
frequency {or frequencies) defined by the edge of the selected area. before using
either the exclede inner or puter commonds,

The user can exclude a specific frequency and onentation {with respect 0 X or Y)
with an eraser. Two sizes of erasers are available; smoll, and lnrge. To erose a
frequency component the user selecls the appropristely sized eraser from the
Erose menu command, and then clicks and drags the eraser over the PSD graph
Whenever the mouse button is depressed all informaton under the eraser will be
craseid.

To convert the frequency domain data back into the XY domain, and resulting in
o recovered imoge then user selects the Retrapsform comemand bution. The real
and imaginary component dats, along with the frequency information removed by
the user, 15 re-ransformed into an image which is shown along side the orginal
image. The user then has the option of exporting the re-trinsformed Image into
the current waorking data set for the rest of the program with the Export Tmage
command button.
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Amplitude Scaling

To assist the user in determining the frequency components of an image, menu
commands to scale the amplitudes up or down are available. When the amplitude

s scaled down, the mode dominant frequencies will remain bnghter on the PSD
graph, while the less dominant will dim from exisience. The effect can be
reversed by either scaling up or using the Scoling, Reslore menu command to
restore the onginal scale. The scale must be restored if a comparable image to the
original is desired, otherwise the Z heights of the re-transformed image will be
scaled according o the difference between the selected scale factor and the
ariginal.

Tutorial or Experimental Mode

The FFT analysis window also allows the user the expenment with using FFT
transforms and filering frequencies. The user is able o generate a number of
sample image paiterns and noise patterns of both random and fixed frequency.
The user can then perform the transforms and data filtering as normal with these

generated images. This then give the user a better feel for the meaning of the PSD
graph, and what factors should be consider when fltering information for
achieving specific results.

On-line Help
The package offers on-line help to the user through the standard MS-Windows
help system. The package includes the recommended MS-Windows help menu

that allows the user to select the help file contents. search the help file index, and
help on how to use the help system.

The on-line help describes how each command 15 used. and outlines the general
procedures and principals involved in using the package.

Y
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APPENDIX E

STEP DETECTION SOFTWARE OPTION

The DEKTAK V 200-5i 5tep Detection Cption enzbles the amtomatic
computation of analytic functions on scanned features. This 15 accomplished In a
two step process.  First, the Siep Detection algorithm will locate the leading and
trailing edge of each scanned festure. Dekiaks' Reference and Measurement
Cursors can then be sutomatically positioned at a relative distonce from each
detected edge, where chosen analytic functions (ie. Average Step Height, Slope,
Poak, Valley, Peak o Valley, etc.) will be computed. The Step Finder can be
thought of as a filter that accentuntes the edges of a scanned feature where a high
varation (high frequency) between data points exist

— NOTE -
!Su-pﬂehnim‘nunpljuml feature that must be installed in
|_'lh: DEKTAK V¥ 200-5i prior to use.

How does it work?

A least squares fit algorithm has been employed 1o accomplish the location of
feature edges. The following variables will be used by the least sguares it
dlgorithm 1o determine the Ginng cotena of a line 1o scanned data points.

Detection Method

Flirat Step Wil pusthion the B and M cursors for selected A nalytical
Functions relative to the beginning of the first step that
matches the Step Descripiion parameters.  If a matching

is found, the ASH of the left edge and the nght edge
ill be the first two entries in the Analytic Resulis window.

Every Step Wil position the R and M cursors for sclected Analytical
Functions relabive o every step thal matches the Siep
Description pararneters.

Feature edges sre determined by the relative change in slope of each line segment
and the proximity (minimum width) from other line segments.

The operation procedure for Step Detection is described in the following papes.

&3



The Stcp Parnmeters Window displays all the necessary porameters for
performing the Siep Detection function. When the window is first displayed it
will contain the default values for the “Every Swep” detection method {see Figure
E-1). The step parameter values may need to be changed depending on the sweps
being measured. A description of the parameters contained in the “Every Step”
Paramcters windows is provided below.

Min. Step Height (A): Indicates the minimum height (in angstroms) of leatures
w be measured. Decimal values can be entered to indicate sny portion of
ANgSroms.

Max. Step Height (A): Indicates the meximum height (in angstroms) of the
features 10 be measured. The default value indicates the

Smoothing Factor: The mimimum edge height used 1o search for potential steps,
in angstroms,

+ Step: When selected, Step Detection will search for the first positive step
- Step: When selected, Step Detection will search for the first negative step
matching Step Description parameters.
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EVERY STEP PARAMETERS WINDOW DESCRIPTION (Cont.)

Detection Range
Start Position: The position, in microns, 1o start searching for a step.
End Position: The position, in microns, to end searching for a step.

Enable Step Detection: When checked, will perform Step Detection as specified
on a completed scan. This check box is only available in program mode.

Analytical Functions

ASH Compute Average Step Height function.
Slope Compute Slope function.

AvgHt Compute Average Height function.

Peak Compute Maximum Peak function.

Valley Compute Maximum Valley function.

PV Compute Maximum Peak o Valley function.

Compute Average Compute the average of all results of an Analytical
Function.

Automatic Leveling - When selected will cause leveling to occur automatically
with the R cursor placed at a relative distance before the first detected step and
the M cursor placed at a relative distance from last detected step. Relative
distance will be determined from the first selected analytical functions’ Distance
to Step value or 30pum if no analytic functions are chosen.

185



A ion of the parameters contained in the “First Step™ Parameters windows
15 ided below (see Figure E-2), e

Step Description
Height (A):  The desired height of the step to detect, in Angstroms.
Distance to Step
R:  The relative position of the R Cursor to the left of potential
step being detected.
M: The relative position of the M Cursor to the right of
potential step being detected.
Band Width
R:  Width of R Cursor positioned to the left of 1al
; posi potential step
M:  ‘Width of M Cursor positioned to the right of potential step
being detected.
=i .
i 1] oo

*  Figure E-2. Dialog Box For First Step Parameters
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FIRST STEP PARAMETERS WINDOW DESCRIPTION (Cont.)
Width(A): The desired width of the step to detect, in Angstroms.

Noise Level: The minimum edge height used to search for potential
steps, in Angstroms.

Tolerance: Emor factor used for calculating the height and wadth of

the matching step.
+ Step: When selected, Step Detection will scarch for the first
positive step matching Step Description parameters.
- Step When selected, Step Detection will search for the first
negative step matching Step Description parameters.
Detection Range
Start Position The position, In microns, W start searching for a step.
End Puosition The position, in microns, to end searching for a step.
Enable Step Detection

When checked, will perform Siep Detection as specified on a completed
scan. This check box is only available in program mode.

Save Changes To Scan Routine

When checked, all entered Step Detection parameters will be saved to the
current scan routine. This check box is only available in compute mode,
when step detect has been imtiated from the Data Plot screen.

Analytical Functions
ASH Compute Average Step Height function.
Slope Compute Slope Tunction.
AvpHt Compute Average Height function.
Feak Compute Maximum Peak function.
Valley Compute Maximum Valley function.
PV Compute Maximum Peak to Valley function.

Compute Average Compute the average of all results of an Analytical
Function.

LET
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FIRST STEP PARAMETERS WINDOW DESCRIPTION (Cont.}

Cursors

Function: Selects an Analytical Function and displays the
corresponding curser values in the gnd below it.

Distance To Step (R)

The relative distance from the beginning of the detected step at which to place the
R Cursor prior 1o 15-:;:r.l’«::u:'rl!iing the comresponding Analytical Function. Negative
values fall to the left of the beginning of the step, positive values to the right. Up
to 10 distances may be entered for each Analytical Function.

Distance To Step (M)

The relative distance from the beginning of the

Band Width (R)

M Cursor Band Width used when performing Wﬁing Analytical Function.
Up to 10 widths may be entered for each Analytical Function.

Band Width (M)

M Cursor Band Width used when performing corresponding Analytical Function.
Up to 10 widths may be entered for each Analytical Function.

Automatic Leveling

Options Display the Automatic Leveling Dialog Box.



AFPFENINY E - STE DETECTION GFTION

STEP DETECTION SET-UP

Step Detection s typically used for finding and measuring steps when performing
ulti-scan operatons, It epables like features &t multuple locations on multiple
samples to be scanned with the step height measured automatically, Pnor to asmg
Step Detection in-a multi-scan operation, it is recomended that a sample scan be
created of the feature o be messured 0 aid m setting up the Step Detection
parameters. Lising the scan shown in Figure E-3 as an example of a sample scan,
the following pages will demonstrate how o set-up and perform Step Detection
on a scan data file

Figure (5-3 shows a scan across a feature with steps located at approximately
300um and 1400um. The procedure to invoke Step Detection on an existing scan
data file is provided below

1. With a scanned profile of multiple steps displayed on the data plot screen,
click-on the Analysis Menu from the menu bar (gee Figure E-3).

2. Select “Step Detection. ™ from the analysis meno and the Step Parameters
window will be displayed (see Figure E-2).

i e PP .
| ik i iBE = L H--': “ ._."F ]
J-: - > - {alelnl
':""“'"_-'—._l; [ Hetz & |
! [ = metem [[W]T]™
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Figure E-3. Typical Scan of a Step

| B
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PERFORMING STEP DETECTION OM A SINGLE SCAN

With the Stiep Porameters Window displayed, select the Step Detection method
{First 5tep or Every Step) from the Siep Parnmeter Window, Select the desired
parameters for the scan o measure the scanned siep or sieps. Click on “Enahle
Step Detection™ and click on “OK",

The resulting scan after Step Detection has been enabled will perform redisplay
the plotted profile end detect and measure the steps which apply to selected Step
Dietection parameters.

The selected wnalyncal funtions such as ihe ASH measurement will be performed
on the detecied sieps. The stepe will be detected causing the ASH measurement
i be computed with B and M cumsors positioned on either side of the step amxd
displayed 10 the left of the plotied profile.

You can now astomatcally locate the corsors o their cormesponding positen by
highlighting the desired Analytic Result

The result of selecting both cursors (both B and M cursor buttons  indented) will
allow simultaneous movement of cursers and stimultuneous modificaton of cursor

band widths, To select both cursers hold the control key (<Cird>) down while
clicking with the left mouse button op the ® or M cursor butfon that s not
indented. Clicking on either the right arrow or left armow will then couse both
cursars o move simultanegusly, Clicking on the up amow or down armow wil]
cause both cursor bands to simultansously expand or contract,

Nevw that an accentable $tep detection crileria for locating feature edpes on &
single scan data file has been detonmined, the same critera can be used for
performing step detection on similar Fealires during subseguent scans.

To enable Step Detection duning a scan, select the Window-»>5can Roiatimis
menu item to display the Scan Rootines Window,

From the Scan Roubines Window, invoke the Step Detection dindog o by
clicking the left mouse bumon on the Duta Processing-»>5tep Detection... ifem.

This displays the Data Processing-»5tep Detection... dislog box with default
vizlues displayed.

Step Detection Enabled - must be selected (X in box} to enable Step Detection

while scanning.
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The Automation Program Summary (APS) can be used with step detection lo
automatically compute standard deviation and mean valves of chosen analytic
functions at each detected step for a series of scans.

To program a series of scans with Step Detection select Automation Programs
from the Window menu.

First, invoke the APS dialog box in order 1o enable the computation of

Automation Program Summuary information. To do this, click with the left mouse
button on the DATA DESTINATION OPTIONS->APS screen ilem.

Then, click with the left mouse button on Compute And Display to cause the
check box o display an X.

Then, create a copy of the previously developed scan routne by selecting Copy
To... from the Edit menu item.

Enter scan routine location where copy will be created.

Double-click the left mouse button on the newly created scan routine o allow
modilication of the new scan routine location.

Click, with the left mouse button, on the SCAN PARAMETERS->Location
item

Change the Location X: and Y: values appropriately and then click on the OK
button.

Retorn e the Automztion Program Window by selecting the Window-
>Automation Program menu item so that we can run the automation programs.

Select the Run->Auto Program From... menu item after highlighting the first
Auto Program o be executed.

The resulting Automation Program Summary with Mean, Standard Deviation,

Mimimum, Maximum and Range values for ASH measurements at each detected
step.

1%1
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APPENDIX F
PATTERN RECOGNITION OPTION

The DEKTAK V 200-Si Paitern Recognition Option allows a multi-scan
automation program o be run on multiple samples by automatically deskewing
substrates prior to measurement. The procedure for Auto Alignment is described
in the following pages.

NOTE
Pattern ﬁttngl:uhnn is an optional feature that must be
installed in the DEKTAK V 2(0-5i prior to use.

Auto-Align Program Eniry Sequence

1. Load the Reference snbstrate. Using the DEKTAK V 200-5i cassette
loader with the prealigner 18 recommended. This assures continuity with
subsequent program execution operation.

2. "Square-Up" the substrate. Rotate stage to orthogonally align features
using the "Make Horizontal” funcion in the DEKTAK V 200-5i sample
positoning screen.

3. Set Alignment targets. Locate, train and test alignment targets. [lumination
source is user selectable.

4. Name and save the program and its elements.
3. Assigntoa DEKTAK Automation Program.

Reference Substrate Orthogona! Pre-Alignment

l. Load reference substrate onto chuck. Using the DEKTAK V 200-5i auto
loader for the placement of the imitial substrute onto the chuck is
recommended.

2. Position the stage in the "Load” position so the center of the stage is located
in the center of the Low magnification optical field of view.

3. Using the "Make Horizontal” function, locate two points in the image that are
to be aligned to the same orthogonal axis.

4. Angle is calculated, and the stage is rotated as required.

5. Use the default theta alignment to set the comect stage rotation.
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ALIGNMENT TARGET MODELS FLOW CHART

Create A New
Target Model

Not Good

=

Figure F-1. First Alignment Location Flow Chart
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Locate Stage to the second
alignment site using Optionally
Low Ilngnlﬂunﬂnn

(Fmammmmmum ) —

I

( Modify Search F'arame{ers)
Yes
Change
No Search
ﬂ Parameters
Create A New
Target Model
Train Model
Not Good
Test Model
Good

( Save Model
& Program

Exit Program

- Figure F-2. Second Alignment Location Flow Chart
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OVERVIEW

The DEKTAK Automatic Alignment option  enshles operator-free snbstmie
plignment for execution of sutomation programs When combined with
automated substrate handling, fully automated operation s possible.

Substrite aligmment is useful for replicating a programmed measurement
sequence (Automation Program) on many substrates which may be placed on the
DEKTAK stage in slightly *arying onentations.

The DEKTAK Automatie Aligament option  provides the DEETAK suifice
profilers ihe ability i use a hardware patfern recognition sysiem o align a est
substrate to a predefined rejerence. 1t replaces the mnnual deskew operation
traditionally used for subsirate alignment.  The advantages of the hardware
sysiem over the human operator is betler conststency (read repeatability), and
faster through-put.  Different alignment technbijues are dvailable with the
hardwire patiern recognifion system thal optimize the performance for bath
alignment speed and repeatability

Avtomatic alignment can be performed on a global level, where common
alignment offsets wre applied 1o all scan sites in the automation programi. of ofn o
local level where prior to o scan un slignmeni operaton can be performed o
peovice offsets (o be applied 1o that particular scan.

The DEKTAK Automitic Alignment oplion uses a vision processor manufactured
by COGNEX to perform the image patlemn recogmition. An optics unit is attached
ta the DEETAK sensor head which provides two fixed mn,gmt'mmm and both
dark and bright field Hllumination for each magnification

Basically, a set of reference video images and other propertiss are learned
{n'.:innd'ﬁfurlgiv:n plignment program.  The operator specifies alignment
locanons-and 15 guided through the alignment model creation and test Process.
Thmsuup:spn‘fm-m:dmm: same time the automation program scan siles are
:lhgnnl:nl;lngnm::&l:nﬂh:h:dldﬂi:nﬂtmmh:ﬂmgﬂm
50 when the automation is executed, the alignment program is executed
it the proper time. = 'he automation program instructs the alignment
m:mt:itb=Mngmmmduﬁmmgnm=m:nt.mdd::
rmwudar nment methods are executed, ’l"h:.mg:u anally comected,
F‘UE jlgum:nl! stte is programmed, then ﬂ.ig::ﬂrltmﬁmr?m.i and the
a:ligmmm process conbmies unil compleed. Th: balance of the automation
program 15 then exccuted.  IF ensbled, & local alignment progrom would be
selected and executed just prior (o scanning.
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SUBSTRATE ALIGNMENT

The DEKTAK Automatic Alignment option allows the user to specify both the
alignment targets and their locations on the substrate. This flexibility is required
t0 accommodate the vanous shapes and sizes of wafers, flat panels. and other
substrates. In general, alignment targets that are separated as far a5 possible, and
at roughly 45 degrees from one another work the best sinee the corrections for
rotation are optimized. Substrate alignment can be accomplished using both
global alignment and local alipnment. In most cases, the global alipnment is
adequate, however for applicanions where small features are to be measured, the
apphcation of a local alipnment to that feature may be desired.
The global alignment operation is a composed of a two point coarse alignment
(using a low magnification), which removes the rotational offset of the substrate
and determines the X and Y offsets to be applied 1o all scan sites within the
Automation Program. To further refine the alignment, the DEKTAK Automatic
Alignment option provides the choice of either a single or two point fine
alignment which wses a higher magnification. The coarse alignment optics
provide a field of view (FOV) of roughly 10mm horizontal and 8mm vertical --
izel resolutions of about 18-19 microns. The fine alignment optics provide a
V of roughly 750 microns horizontal and 625 microns wertical -- pixel
resolutions of about 1.3 microns.

The DEKTAK Automatic Alignment option uses image pattern recognition
technigues 0 find ahgnment targets (models) on the user's substrates o
determine the substrate’s alignment relative © a stored reference. The stored
meference 15 trained from a real part.  The alignment program and the
measurement programs are credated at the same time to establish the reference.
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PATTERN RECOGNITION CONCEPTS

The alignment reference 15 composed of two ar more pattern recogmition models
that are extracted from the reference substrite.  Pattern recognition models are of
pwor classes:  prayscale (linear) and intensity gradients or edge (non-lingar)
models, The choice of which to use is dejermined by the application,

Crayscale models or linear models, use 8 pommalized cross-comrelation technigue
that provides robust search operation for applications that may be subject to linear
changes in the 1 . If we consider the model to be an object oo a background
with some contrast ;:twn:n them, then linear changes would encompass varying
illumination and process changes that affect the contrast lineardy.

Image misnsity gradients or edge based models are best utthzed when either non-
linear contrast changes are expected, or less than 100% of the mode] s expectad
to be in the tost image. Mon-Ii contrust changes can occur in manufacturing
E’Dﬂ::ﬂ:u Yarying etches of materal that change reflectivity as a function of

ickness for example, cause non-linear changes to contrast — sometimes this can
inchude contrast reversals.

In enther case, all pattern tion mizdels ire some conirast in the |
o ol gy e gL
neither pattern recogniticn scheme will work In general, it is recommended 10
use the grayscale models unless there s compelling need w use edge based
models. Grayscale model seirches are faster and more obust than edge based
model searches. They are more tolerant of rotational shifts.

Along with feature contrust, the alignment feature chosen must be unique within
the entire image ficld of view, This inclodes the bordering: arcls surroonding the
image. If the aligpment mode! is not unigque, then the aliznment system will fail
due o the ambiguity.

Ideal Alignment Setup

The wles! alignment setup would have the alignment models placed on a diagesal
(ohout 45 degress) ond spresd as for apan as possible. The alignment features
chosen to be the target model would have high contrast {use your eyes as a gauge.,
if it looks good to you, it will be great for the vision system), and be pmigque (o
both the immediote image wnd 1o the surrounding area as 'well. Furthermore, the
selected femture will be present in good quality on all substrutes 1o be esed, In
some cases, @ manufociurer may wanl o desipn their masks with  patien
recognition in mind — plscing slipnment features in locotions tha! sre not
subijecrex] o changes as Inyers areé processed.
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ALIGNMENT PROGRAM CREATION

The creation of an Automatic Alignment program is performed through the
DEKTAK Alignment Program Entry application. This application guides the
user through the steps required to locate, train and test alignment models. It is
recommended that you first create a measurement program (Automation
Program), then while the substrate 5 still on the stage, create an alignment
program.

This application is launched from within the main DEKTAK application by
selecting the Create Alignment Program menu item under the Align menu. The
Align menu s found in either the Automation Program Setup window, or the
Sample Positioning window to display the Automatic Alignment Window.

To create an alignment program, select the New Alignment Program menu item
under the File menu in the Alignment Program Entry application (see Figure F-3)
— or key press F2 (function key F2). This begins the program creation. A dialog
box will appear asking you to select the alignment program options (see Figure F-
4). These include coarse andfor Gne alignment, and selection of prayscale
(default) or edge based model creation. Then based upon your selections. the
program guides you through the operations of model location, training, and
testng.

Figure F-3. Creating A New Allgnment Program
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COARSE ALIGNMENT

The steps to create a coarse alignment program are as follows:

1 Select coarse alignment from the Alignment Program Options dialog box
(see Figure F-4).

Alignment Program Oplions

pr—
Coarse Alignment Oparations

® Two Points. X ¥ and Theta Comrection.

- Fine Alignment Operations
' Mo Fine AlignmenL
@ One Point. X and Y Carrection Only.
" Two Paint. X ¥ and Theta Correction

[ Use .E::lgn-E;ﬁ-L-:-Iinnls
_cANCeL | | powe |

Figure F-4. Alignmen! Program Oplions Dialog Box.

Fud

When Coarse Alignment Operations is selected from the Alignment
Program Options dialog box the Coarse Alignment Entry #1 dialog box

will be displayed (see Figure F-5). Click on “Locate Alignment Feature”
and “Continoe”.

Coarse Alignment Entry 51

m— e P e m e -

™ Locate Alignment Feature'
I Creaie Alignment Model

Figure F-5. Coarse Alignment Entry 81 Dialog Box
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LOCATING COARSE ALIGNMENT FEATURES

Locate the alignment feature on the subsmate. This is accomplished by using the
positioning controls in the stage contmol window which austomatically comes up
after you make you program oplions. You can jog to position by using the armow
buttons. You can also position by double clicking on the stage template, or
manually entering the location into the stage location boxes and press the Move
Stage button. From withig this window, you can also adjust the llumination to
optimize the image contrast. Pressing DONE will complete this step. The
“Coarse Alignment Entry #1" dialog box will be redisplayed. Click on “Create
Alignment Model” and “Contmue™ {zee Figure F-7).

Note: It is recommended that the stage be positioned such that the desired
feature i located direcily under the crosshair on the display. This allows the
system o lokerate the maximum vanabons in subsirate placemeant.

Flgure F-6. Stage Contral Window
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CREATING THE ALIGNMENT MODEL

Create the alignment mode] by using the COGNEX Trackball o move a box on

the screen until it compleiely covers the desired feature(s). To change the shape

of the box, press the MIDDLE BUTTON on the COGNEX Trackball — it anchors

the upper left corner and allows changes to the bottom and right boundaries.
TJ:: LEFT BUTTON to accept the location and shape of the box.

Note: The dimensions of the box must be kept small (less than 2 x 2
inches on the video display) or the vision system will error.

e Aligr '|l'l||-i niry -ﬂ-|
B Locate Mignmant Featirm
B Create Alignment Model

Coniinns |
redo | | concei |

Figure F-7. Create Alignment Model Selection

After you have acoepted the box location and shape, the application automatically
trains and tests the model for both contrast and umqueness. The test resulls are
Ilk#ﬂ-'l}l'ﬁ| in the next dinlog box w apfca.r (see Figure F-8). If the score
rence between the chosen model and the pext closest is large enough, then
vou should choose 1o accept it and continue on. If not, in the message window,
suggestrons will be dhsplayed o saccommodate usage of the selected model,

Mote: [t is recommended that unless it is absolutely nocessary, if more
than one occerence of the movde] is found, you should choose to create a
new model, Complete egnigucness 5 the best solution, and will provide
the most robust operation.

I rabnlag Heglan

'I:‘nﬂmduu.hi_ ng region. use the
Middle button
toggles between rectangle movement
modes; Left bution exils Cognex

trackbell mode.
l{uﬁm actba I | DOME I

Figure F-8. Training Region Dialog Box
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FINE ALIGNMENT
The steps to create u fine alignment progrum wee as follows:

L

Select fine alignment from the program option dialog box. If coarse
alignment is dmul:nd.fnﬂm&ﬁ:mmfmmahgm:m Eim
Afer of both coamse ahgnment models, the
:u:nnuﬁnlym;uiﬁngrmﬂmmﬁm&umm:mﬁm‘ﬂ?
models.

Mote: The steps to create fine alignment models are exactly the same as with
coarse alignrnent, socept the addfivicn of  Iocwiing the alignment feature first
through the coarse optics.

Locate the alignment feature on the substrate u!-:in#!mm optics.  This &
pccomplished by using the positioming controls in siage confml window
which nutoamintically comes up afier you make yoo options.  You cun
jog to position by using the armow button, double click on the sage templite;
or manually emter the location into the stage location boxes. From within this
window, yon can adjust the illomination o optimire the imsge contrast
Pressing DIONE will complzie thiz step.

Note: It is recommended that the smge be positioned such that the desired
feature is located directly under the crosshair on the lay. This allows the
sysiem to tolerate the maximum variations in suhstrze ni.

. Locate the alignm:nl. feature oo the substrale using fine optics, This is

accomipl ished by using the positioming controbs in the siage control window
which automatically comes up after you muke uu ram options. Y ou can
JoE 10 position by using the arrow button, chck on the stage template,
or manually enter the location inio the stage lu-;.ltmu boxes. From within this
windhow, can adjust the illumination to optimize the imadge contrst,
Pressing IﬁNE will comiplete this step.

pete: It is recrinmended that the stage be positioned such that the desired
feature i3 located direcily under the crosshair on the display.. This allows the
&vilem o tolerte the makimum varations in substrate placement,

Create the alignment model, This s done by using the COGNEX Trackball to
move a box on the screen until it completely covers the desired featumi(s), To
change the shape of the box, press the MIDDLE BUTTON on the COGNEX
Trackball -- it unchors the upper left cormer and allows changes o the botiom
and nght boundaries. Press the LEFT BUTTON 10 accept the location and
shape of the box.

Note: The dimensions of the box must be kept small (less than 2 x 2 inches
on the video display) or the viston System will ermar,



APPENINX F - AUTO ALIGNMENT OFTION

AUTOMATIC ALIGNMENT MODEL ACCEPTANCE

After you have accepted the box location and shape, the application automatically
rains and tests the model for both contrast and uniqueness. The test results are
displayed in the next dialog box to appear. If the score difference between the
chosen model and the next closest is large enough, then you should choose 1o

it and continue on. [f not, in the message window, suggestions will be
displayed to accommodate usage of the selected model.

Note: [t is recommended that unless it is absolutely necessary, if more
than one occurrence of the model is found, you :hnu{d choose 10 create a
new model. Complete uniqueness is the best solution, and will provide
the most robust operation.

AUTOMATIC ALIGNMENT PROGRAM ENTRY

After the alignment program is completed, you will close DEKTAK Automatic
Alignment Program Entry application (File/Exif) and return to the main
DEKTAK application. The final step would then be to assign the alignment
to the automation umm you created previously. Save the Automation
and return the s to the carrier. Now you are ready to perform
automated measurement programs with alignment.
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