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Installation and Startup Outline LSE-WS Ellipsometer

. Carefully unpack the Ellipsometer, handling the LSE-WS by its base and place it on a sturdy table

in a clean, low humidity laboratory - type environment.

Remove the red shipping bracket from the stage assembly. This bracket is used during
shipment to protect the stages from damage. -

Make all instrument and computer cable connections described below before you make any AC
LINE cord connections. The cables are unique so wrong connections cannot be made except for
the controller Axis 1 and Axis 2.

Connect the top smaller rotary stage attached cable to the controller Axis 1 and the free cable
from the larger linear stage to Axis 2 on the controller.

Connect the instrument cable to the right side module on the instrument and the 68-pin interface
card installed in the computer. This interface card powers the data acquisition of the instrument
and the alignment laser in the top module.

Connect the 24-pin IEEE-488 GPIB cable from the controller to the 24-pin PCI GPIB card installed
in the computer.

Do not turn on the separate black HeNe power supply without first connecting the white male laser
high voltage connector running from the left instrument module.

Verify that the red shipping bracket is removed from the stages and that all cables are
securely connected between the instrument, controller and computer.

. Plug the AC line cords into good, stable AC power outlets (a surge protector is recommended).

Turn on the computer, controller and the separate black laser power supply.

Run the WAFERSKAN™ software by double clicking on the GEMP Program Icon. The software
will automatically initialize the controller and move the stages for automatic scanning. Click on the
ellipsometer icon of the main page toolbar. This will open the Measurement and Calculation
screen from which scanning preferences can be selected.

The program contains a HELP utility button that explains many program features.

Refer to the instructions in the pages that follow for detailed operating information
and to any additional supplemental materials for safety, warnings and cautionary

information for this instrument.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



(L

L

H
[N
: 7

{
L
Y

SOLLAR CELL OR ROUGH SCATTERING SAMPLE MEASUREMENT

Measuring certain rough solar cells or other rough scattering samples requires more laser

light to be gathered by the analyzer aperture to more of the scattered light. However, a larger
aperture introduces more inaccuracy into the optical alignment making the measurement less
precise. The procedure below should be used to perform measurements on scattering samples.

1.

Set table height and table tilt using the reference sample or a normal polished sample
with the small pinhole aperture installed in analyzer since a rough sample makes setting

the table often impossible.
Remove the reference sample.

Remove the small pinhole aperture by unscrewing it from the analyzer plate and screw
it into the threaded hole below the aperture for safekeeping.

Chose a scattering sample of similar substrate thickness so that it is not necessary to
readjust the table height or the table tilt. The goal is to keep the same table alignment.
Place your scattering sample on the table and gently slide the sample on the table
surface without readjusting the table to locate an area that reflects as much of the laser
light beam into the analyzer opening as possible. It may be helpful to observe the
reflected scattering from the sample by holding a small sheet of white paper in front of
the aperture opening. Direct most of light into the aperture by sliding the sample on the

- table. Not all scattering samples are measurable. Some are simply too rough and scatter

too much light and cannot be measured.

Measure the scattering sample at several different regions to obtain a representative
value. For measuring silicon nitride on silicon enter your expected film thickness and
refractive index normally 800 Angstroms with an expected index 2.0 and 0 for K or simply
press the nitride shortcut key in the program. The program should make the
measurement. When the program encounters low light for the measurement it will say
insufficient power for measurement. Try a different location on the sample.

For measuring ordinary reflective samples or the reference sample reinstall the small
pinhole aperture and align the table for tilt and table height for best measurement

accuracy.
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LASER SAFETY CERTIFICATION

/% All laser Ellipsometers supplied by Gaertner comply with CDRH requirements 21CFR 1040 for a

) //'f‘f".“\

Class Il laser product emitting less than 1 milliwatt of low power radiation. As with any bright source
such as the sun or arc lamp, the operator should not stare directly into the laser beam or its reflection
from highly reflecting surfaces. Appropriate Warning Logotypes and Aperture Labels alert users and
service personnel of the presence of laser radiation during operation. Reproductions of these labels
are shown.

) WARRANTY

All optical, mechanical and electrical components of Gaertner Ellipsometers, including the lasers are
warranted for one year from the date of delivery. Gaertner will correct any defects in material or
workmanship at no cost. Shipping charges, travel and lodging costs incurred by service personnel are

( \}not covered by this warranty. Warranty on defects in material and workmanship for any computer,

~ computer monitor and printer supplied with the Ellipsometer is covered by its respective manufacturer
and is passed through onto the user. The computer manufacturer will, at their option, repair or replace
equipment that proves defective during the warranty period. Repairs necessitated by the misuse of
the equipment, including use of software or interfacing not supplied by Gaertner, are not covered by
this warranty. No other warranty is expressed or implied, including, but not limited to, implied warranty
of merchantability and suitability for a particular purpose.

Gaertner shall not be liable for consequential damages.
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) OPERATING INSTRUCTIONS

DO NOT turn on the power supply WITHOUT A LASER CONNECTED.
If you do, turn off the power supply and wait AT LEAST FIVE MINUTES before connecting the laser.

S

e

Make certain the power switch (front panel) is in the “ 0 “ ( off ) position.

2. Check that the voltage setting on the voitage selector switch ( rear panel ) matches the input voitage.

3.

Insert the line cord into the receptacle ( rear panel ).

4. Plug the other end of the line cord into an appropriate receptacle.
5. Plug the male high voltage connector from the laser head into the high voltage receptacle ( rear panel ).

This connection is a TIGHT FIT.
To prevent faulty operation, be sure the male connector is FULLY SEATED.

6. To prevent the possibility of electric shock, FULLY TIGHTEN THE HIGH VOLTAGE CONNECTOR

RETAINING SCREW (under high voltage receptacle ).

7. Turn the power supply on by switching the power switchto “ 1 “ (on ).
The INDICATOR LIGHT will tumn on IMMEDIATELY. There will be A THREE TO SEVEN SECOND SAFETY

O

~ DELAY before the laser turns on. On lasers equipped with a safety shutter, laser emission WILL NOT BE
VISIBLE UNTIL THE SHUTTER IS OPENED.

REMOTE CONNECTOR

WARNING - PREVENTION OF ELECTRIC SHOCK: To maintain the conformance of this unit with the requirements
of EN 61010 -1:1993, the power supply must be SWITCHED OFF AND DISCONNECTED FROM MAINS
POWER before removing the remote plug from the socket. The remote connector is provided as a safety feature to allow
REMOTE ACTUATION of the laser power supply if remote actuation is desired, ensure that the cable and remote
switch are RATED FOR THE SPECIFIED SUPPLY INPUT VOLTAGE AND CURRENT. The remote switch WILL

~—, ACTUATE THE POWER SUPPLY ONLY WHEN THE MAIN POWER SWITCH IS SWITCHED ON. As supplied,

f the polarized remote connector plug is WIRED WITH AN INTERNAL JUMPER. If the connector is to be used with a

remote external switch, modify the plug as follows:
Switch off power and disconnect power supply from mains power.

Remove remote connector plug from its socket ( rear panel ) by pulling straight out.
Press out the silver-colored locking pin.

Remove plug shell.

Remove the shorting wire from the plug terminals.

Drill or punch a hole in the flat end of the plug shell.

Slide the plug shell onto the remote connector cable.

Solder the cable leads to the plug terminals.

Insert the connector into its receptacle.

FUSING
1. The power supply is protected by an INTERNAL, NON-REPLACEABLE FUSE.
2. The fuse is rated 230 VOLTS, 1 %2 AMP, NORMAL ACTING.

IF YOU EXPERIENCE A PROBLEM ... CHECK:

That the indicator light is on. Indicating presence of line voltage.

That the laser shutter is open. If provided.

That the remote plug is firmly inserted in the remote connector receptacle.

That the remote switch is switched on- if used.

That the high voltage connector is firmly inserted in the high voltage receptacle.
That the voltage selector switch is set correctly.

g\ 2 If the power supply is not operated in accordance with these instructions, the function of essential
"""" . safety features may be impaired. The laser power supply has no user servnceable parts within and
requires no user maintenance.

)

CHNOT R ON -

I
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SAFETY DIRECTIONS

. Read the followihg safety directions in order to prevent injury to personnel and to this product.

Gaertner Scientific shall not be held responsible for any physical or material damage derived from

the violation of these basic safety directions.

DO NOT REMOVE THE COVERS TO GAIN ENTRY TO THE INSIDE OF THE UNIT

Only personnel authorized by Gaertner Scientific may remove the covers.

S There are no user serviceable parts inside.
DO NOT MANIPULATE THE CONNECTORS WITH THE UNIT CONNECTED TO AC POWER
- Before manipulating the connectors (mains, feedback, etc.) make sure that the
()
L)

et instrument is not connected to AC power.

USE PROPER AC POWER CABLES

To avoid risk, use only the AC cables supplied with this instrument.
VR
- ‘jAVOID ELECTRICAL OVERLOADS

In order to avoid electrical discharges and fire hazards, do not apply electrical voltage outside the
range operating by more than + 10%.

GROUND CONNECTION

In order to avoid electrical d;scharges connect the ground terminals of all the modules to the main
ground terminal. Before connecting the inputs and outputs of this instrument, make sure that all the

grounding connections are properly made.

BEFORE POWERING THE INSTRUMENT, MAKE SURE THAT IT IS CONNECTED TO GROUND

In order to avoid electrical discharges, make sure that all the grounding connections are properly
made.

Y
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. AMBIENT CONDITIONS

Maintain the temperature 20°C + 2°C and humidity 20% to 85% non-condensing.

DO NOT WORK IN EXPLOSIVE ENVIRONMENTS

In order to avoid risks, damage, do not work in explosive environments.

WORKING ENVIRONMENT

This instrument is ready to be used in laboratory or clean industrial environments.

x/\j INSTALL THE INSTRUMENT IN THE RIGHT PLACE

It is recommended, whenever possible, to install the INSTRUMENT so its power switches are at

a distance between 0.7mm (27.5 in.) and 1.7m (5.6 ft.) off the floor and away from direct sunlight,
hot air, coolants, chemical products, blowers as well as from relays, or high electromagnetic fields
(about 0.5m or 20 in.) that could damage it.

This instrument complies with the European directives on electromagnetic compatibility. Never the

\“} less, it is recommended to keep it away from sources of electromagnetic disturbance such as:

Powerful loads connected to the same AC power line as this equipment.
Nearby portable transmitters (Radio-telephones, Ham radio transmitters).
Nearby radio / TC transmitters.

Nearby arc welding machines.

Nearby High Voltage power lines.

Disturbance generating elements.

Etc.
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Symbols Which May Appear In The Manuals

.

& WARNING: Symbol

With associated text, indicating those actions or operations may hurt people or damage
products. ‘

./

Symbols That May Be On The Product

A WARNING: Symbol

With associated text indicating those actions or operations may hurt people or damage
products.

& “ ELECTRICAL SHOCK “ Symbol

Indicates that point may be under electrical voltage.

“ GROUND PROTECTION “ Symbol

@ Indicates that point must be connected to the main ground.
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WARNING
)

WARNING
The rotation of objects of all types carries potential risks for operators.

Ensure the protection of operators by prohibiting access to the dangerous area and by informing the personnel
of the potential risks involved.

() WARNING

Do not use this ellipsometer when its motor is emitting smoke or is unusually hot to the touch or is emitting any
unusual odor or noise is in any other abnormal state.

Stop using the stage immediately, switch off the motor power and then disconnect the electronics power
supply.

After checking that smoke is no longer being emitted contact Gaertner service facility and request repairs.

. Never attempt to repair the stage yourself, as this can be dangerous.
{0
‘g\v‘ g /i

WARNING

( Make sure that this ellipsometer is not exposed to moisture and that liquid does not get into the stage.
Ko

Nevertheless, if any liquid has entered the stage, switch off the motor power and then disconnect the
electronics from power supply.

Contact service@GaertnerScientific.com for service or repairs.
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WARNING

N Do not insert or drop objects into this stage, this may cause an electric shock, or lock the drive.

Do not use this stage if any foreign objects have entered the stage. Switch off the motor power and then
disconnect the electronics power supply.

Contact Gaertner service facility for repairs.

WARNING

@j Do not place this ellipsometer in unstable locations such as on a wobbly table or sloping surface, where it may
“~ fall or tip over and cause injury.

e

3

If this ellipsometer has been dropped or the case has been damaged, switch off the power and then disconnect
the electronics power supply.

Contact your Gaertner service facility and request repairs.

WARNING

" Do not attempt to modify this ellipsometer; this may cause an electric shock or downgrade its performance.

M
A s 8
o
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CAUTIONS

CAUTION

Do not place this ellipsometer in a hostile environment such as X-Rays, hard UV...in a vacuum environment

less than 10~ 2 Torr.

CAUTION

Do not place this ellipsometer in a location affected by dust, oil fumes or steam. This may cause an electric
/™ shock.

L

CAUTION

Do not leave this ellipsometer in places subject to extremely high temperatures or low temperatures. This may
cause an electric shock.

e Operating temperature: 20°C. within3°C

(
.

\
p - /

" CAUTION

Do not move this ellipsometer if its power is on.

— Make sure that the cables to the ellipsometer are disconnected before moving the ellipsometer. Failure to do
L Jso may cause damage and electrical shock.

CAUTION

Be careful that the stage is not bumped when it is being carried. This may cause it to malfunction.

CAUTION

When the carriage is in end-of-run position, it is strongly recommended not to go beyond this point by using the
manual knob as this may damage the stage mechanism.

CAUTION
f 7

‘-__Contact Gaertner service for any maintenance issues.
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ON / OFF toggle switch Top Module contains

for alignment laser shutter alignment laser diode
and position sensor Right Module contains
StokesMeter detector
Power ON yellow LED

Entrance Aperture
on inside plate

Left Module contains
/", measuring laser connects
“~{ to external power supply

( not shown )

68 Pin Connector
to computer card

———————————— — : Sample Stage tilt and
height adjustments
under table

Stage Controller

Rotary Stage

Linear Stage

2N

@,

LSE-WS STOKES WAFERSKAN™ ELLIPSOMETER

There are no user serviceable parts within the covers of the Ellipsometer and require no
user maintenance
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LSE- WS INSTALLATION

INSPECTION

Inspect the shipping container and the ellipsometer for shipping damage. Verify that

the sample wafer, controller, 3 loose interface cables, laser power supply, user manual with
CD’s software disks are removed from the shipping container together with the Ellipsometer
in addition to the computer equipment.

LOCATION CONSIDERATIONS

The LSE-WS Ellipsometer is designed for use in either a production or laboratory facility
under environmentally controlled conditions providing relatively constant room ambient
temperature at 20°C (68° F) and a dry, dust-free atmosphere. The ellipsometer requires

a clean, solid, level work surface. It is recommended, whenever possible, to install the
INSTRUMENT so its power switches are at a distance between 0.7mm (27.5 in.) and

1.7m (5.6 ft.) off the floor and away from direct sunlight, hot air, coolants, chemical products,
blowers as well as from relays, or high electromagnetic fields (about 0.5m or 20 in.) that
could damage it.

The LSE-WS Ellipsometer alignment laser and StokesMeter™ detector is powered by the
computer interface card that in turn is powered by the computer. The HeNe measuring laser
is powered by its own separate key operated power supply. The line voltage to the equipment
should be free of transients having harmonics in the range from audio frequencies to several
megahertz. A voltage surge protector is recommended for the system power.
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Stokes Waferskan™ Ellipsometer LSE - WS

The 300mm Stokes WAFERSKAN™ Ellipsometer Model LSE-WS is super fast measuring
49 sites on any size wafer up to 300mm in less than 49 seconds.

The Stokes WAFERSKAN™ Ellipsometer LSE-WS is a continuation of an entirely new line
of Ellipsometer based on the revolutionary StokesMeter technology (winner of Photonics
Spectra and R & D 100 best new products awards). The units' elegant design offers
unprecedented ease of use and Instantaneous measurement at a cost much lower that
conventional production control metrology systems.

Features

Tilt-free, focus free, hands-off operation for similar wafers.

Fastest possible instrument for thin film measurement.

Trouble-free, no moving parts patented StokesMeter™ measurement head.
Accurate, stable measurements using spectrally precise laser ellipsometry.
Simple, compact tabletop instrument - affordably priced.

An outstanding feature is the Stokes Ellipsometers compensation for small changes in angular
beam deviation caused by sample thickness changes.

This permits fast, uninterrupted scanning over the entire wafer surface without the need

to pause to correct for focus and tilt. When scanning similar wafers, tilt-free, focus-free;
hands-off operation at tremendous speed is the obvious benefit.
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High Accuracy and Ease of Use

. The model LSE-WS builds on the production proven Gaertner WAFERSKAN™ line of

s ‘_f Ellipsometer in widespread use throughout the world. From thin gate oxides only tens of
angstroms thick-to-thick polyamides and photo resists Gaertner has earned a reputation

for providing precise, reliable results. The model LSE-WS sets a new and even higher
performance standard to meet today's more demanding metrology applications.

Single Layer films such as oxides, nitrides and photo resists can be measured to sub-angstrom
precision. Two, three and four layer films, with know bottom layers such as poly on oxide and
oxide on poly on oxide can be measured for the thickness and refractive index of the top layer
or for both thicknesses. New Windows software enhances ease of use.

__ Speed and Stability

' The LSE - WS Ellipsometer measures by reflecting a polarized laser beam from the sample
surface at a 70° incident angle and determines the change in polarization caused by the sample
virtually instantaneously. Since there are no moving parts in the StokesMeter™ measuring head
the measurements are accurate and repeatable even after many months of continuous use.
Precision of measurement is further enhanced by the use of a stable, spectrally pure, high signal
to noise HeNe laser light source.

.

Great Graphics Quickly Made
- ‘} The LSE-WS Stokes WAFERSKAN™ is easily operated. The user interacts with a single main
program screen so the set up is easy to understand and the measurement can be quickly made.
Stored recipes are easily accessed for scanning different films and patterns. Similar wafers are
automatically scanned by simply pressing a single key.

A

2D Contour Map of Film Thickness 3D Contour Map of Film Thickness
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Operator Selectable

The operator can chose 1,5,9, 49 point measurement, diameter, X - Y, or Polar Scans
with up to 1000 measurement points and set the wafer edge exclusion.

The measurement results are displayed on the computer monitor and can be sent to a
printer. Results stored in a text data file are displayed in a 2D Contour or 3D Map and
can be rotated, tilted, reduced or enlarged for immediate viewing and interpretation.

High Precision Stages

High quality stepping motor stages provide precise and repeatable positions.

The wafer is held on the optically flat table by vacuum. The stages move automatically

in rapid yet precise steps under programmed computer control. Measurement time is less
that one second per point including stage travel. Step precision is better than 10 microns,
with the area of coverage and points within that area easily set for automatic scanning.
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DESCRIPTION OF TECHNOLOGY

This patented device uses no moving parts and no modulators to quickly and accurately
determine the complete polarization state of the measuring beam.

Abstract

A photopolarimeter for the simultaneous measurement of all four Stokes parameters of light.
The light beam, the state of polarization of which is to be determined, strikes, at oblique angles
of incidence, three photodetector surfaces in succession, each of which is partially spectrally
reflecting and each of which generates an electrical signal proportional to the fraction of the
radiation it absorbs. A fourth photodetector is substantially totally light absorptive and detects
the remainder of the light. The four outputs thus developed form a 4 x 1 signal vector |, which is
linearly related, | = AS, to the input Stokes vector S. Consequently, S is obtained by S=A(-1) 1L
The 4 x 4 instrument matrix A must be nonsingular, which requires that the planes of incidence
for the first three detector surfaces are all different. For a given arrangement of four detectors,
A can either be computed or determined by calibration.

The clean, compact StokesMeter™ replaces a typical rotating analyzer assembly consisting of
a drum, prism, encoders, switches, motor and detector and their associated electronics.

In addition, the waveplate mechanism on the polarizer arm is eliminated. This results in a fast,
precise, stable no moving parts ellipsometer.
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) LSE-WS CONTROLLER

Specifications

Function:
Integrated motion controller and driver.

Number of Motion Axes:
2 with phase stepper motors, up to 48 VDC, | A per axis.

—,  Trajectory Type:

Trapezoidal velocity profile.

S - curve velocity profile.

4 MHz maximum encoder input frequency.
Digital PillFF servo loop, 0.4 ms update rate.

Stepper Motor Control:
Up to 1000 micro step resolutions per full step.

(7 Computer Interface:

" |EEE488.

16 bit digital inputs / outputs user definable, in blocks of 8.
Remote motor off input (interlock).

User Memory:
64 KB program memory 512-byte command buffer

Operating Modes:

Local mode — stand — alone operation, executing motion from the front panel.
Remote mode - executing commands received over the computer interface.
Program execution mode - execution of a stored program.

/
Ry

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Dimensions:
3" (2U)Hx16.5"Wx12" D (75x412x 300 mm)

™

Power Requirements:
100 - 240VAC +/-10%, 50/ 60 Hz.
4A max.

Fuses:
.T4A | 250VAC.

Weight:
12 |b. max. (5.4 Kg max.)

O
Operating Conditions:

Temperature: 0° C to 40° C.
Humidity: 20% to 90% RH, non — condensing.

Description of the ESP300 Controller

The ESP300 is an integrated controller and driver in one chassis that simplifies system
hookup and provides improved reliability. The ESP300 drives and controls two axes of motion
using stepper motors.

Technology

The ESP300 uses a 32-bit, floating point, DSP processor for high precision synchronized

control. A digital PID-FF (feed-forward) servo loop ensures precise velocity profile tracking
O and accurate positioning. A 1000x programmable micro - step resolution provides ultra -
smooth low - speed stepper positioning capability, and 18-bit DC motor command output
ensures improved stability for precision applications.

An advanced origin search routine includes encoder index pulse consideration for precision
homing. Backlash and linear error compensation eliminate repeatable system errors.

. Auto - Configuration
The ESP300 motion controller will automatically configure itself so no user intervention or
programming of the controller is necessary other than cable connection and power up.
Motion control of the stages is performed by thru the GEMP Mapping program.
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REAR PANEL DESCRIPTION

Axis Connectors (Axis 1 & 2)

There are two 25 pin D - Sub connectors on the rear panel.

Axis 1 connects to the top rotary stage on the ellipsometer.

Axis 2 connects to the linear bottom stage on the ellipsometer.

IEEE — 488 GPIB Connector

This is a 24 pin D - Sub connector for connecting to the GPIB card in the computer.

NOT USED

- Motor Interlock

Connector

RS232-C

GPIO

Serial No. Label

AUX Encoder

IEEE - 488

Axis 2 Axis 1

Axis Connectors

Power Entry
Module
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MEASUREMENT

The model LSE — WS STOKES ELLIPSOMETER is constructed using optical and solid state
components and contains no mechanical moving parts (apart from the sample stage).

This insures highly reliable measurements and long-term stability. The LSE - WS uses two
low power lasers (less than 1 milliwatt) for sample measurement and for alignment.

The HeNe 632.8 nm measurement beam, after reflecting from the sample, enters a patented
arrangement of 4 stationary photodiode detectors that instantaneously determine the
polarization state of the reflected measuring beam. A separate solid-state alignment laser
beam having a wavelength of 670 nm reflects from the sample at near normal incidence
sending the beam to a position sensor permitting the sample tilt and height to be adjusted
via an alignment screen on the computer (see diagrams).

Laser Safety

Prior to turning on the ellipsometer please refer to the diagram noting the location of the laser
beam exit apertures and the entrance aperture. The measuring beam exit aperture is located
on the left module inside plate and the alignment aperture is on the top inside plate. Although
the design of the instrument makes direct laser contact with the eyes unlikely; the use of low
power lasers under 1 mW (less than the power output typically found in handheld laser
pointers) further adds to the safety of the instrument.

Regardless: please observe laser caution to prevent any possible eye damage from
looking into the laser beam or its specular reflection.

Sample Measurement
Locate and remove the red bracket used during shipping from the stage assembly.

Familiarize yourself with the sample table. Operate the two sample table tilt knobs and the
table height adjustment ring located under the table. Freely manipulate the table adjustments
until these adjustments are understood and easily performed. The table adjustment is the only
subjective user adjustment directly affecting the accuracy of the measurements.

1. For laser safety, verify that the laser shutter switch (toggle, located on the top left module)
is in the off position by gently moving it to the left. The separate HeNe laser power supply
should not be turned on without first connecting it to the HeNe laser (Refer to the
OPERATING INSTRUCTIONS on a separate sheet).

2. Turn on the computer, controller and the separate black laser power supply.
The computer interface card supplies power to the alignment laser located in the top
module and the StokesMeter™ detector located in the right module. The yellow LED
will turn ON indicating possible alignment laser emission. Actual alignment laser emission
is controlled by the laser shutter toggle switch.
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3. Turn the alignment laser on by gently moving the shutter switch located on the top of the

left instrument module to the right. The measurement point is indicated by the alignment
laser beam spot on the table surface. This beam location will be difficult to see on very clean
samples but easily seen on the table surface itself. The table position can be used as a
reference. Do not turn on the separate HeNe power supply without first connecting the white
male high voltage connector from the left laser module to into the high voltage receptacle of
the separate black power supply. With the HeNe laser connected, turn the power supply on.

Open the mechanical laser shutter located at the HeNe laser exit aperture if closed.

Piace the reference sample on the table. The sample may be centered using the table rings
as a reference if necessary.

Verify that the red shipping bracket is removed from the stages.

Run the WAFERSKAN software by double clicking on the GEMP program icon.

The software will automatically initialize the controller and stages for automatic
measurement. Run the GEMP measurement software. Refer to the Help Utility found
on the GEMP program toolbar for more detail about this program.

. Enter the Measurement and Calculation window by clicking on the ellipsometer icon on

the GEMP program toolbar.

. Prior to any measurement, the sample table must be adjusted. This is done by clicking

on the Sample Alignment button with your mouse to enter the alignment screen.

First adjust the tilt by working the 2 sample table tilt knobs located under the table until
the target cross is centered on the screen (see diagram). Note that tilt should always be
adjusted first. Second adjust the height by working the sample table adjustment wheel
or ring to obtain maximum power to the detector. This occurs when the longer horizontal
bar reaches and is even with the shorter index bar. The shorter index bar indicates the
maximum power that has been obtained thus far, while the longer index bar indicates the
actual power that is currently entering the aperture. Raise and lower the sample table
through the maximum to mark the maximum power position. For a preliminary table
height alignment, observe the location of the laser beam at the 1 mm entrance aperture
located on the right module inner plate and adjust the sample tab e height until the
measurement laser beam enters this aperture.

. Return to the GEMP program Measurement and Calculation window. Execute the

measurement by clicking the Measure and Calculate button or one of the Shortcut
buttons (e.g. Thin Oxide, Thin Nitride). Refer to the Help Utility and the GEMP
Calculation Mode section on the pages that follow for further information.
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Adjustment of the sample table is done using the GEMP program and clicking on the Sample
Table Adjustment button. The sample table power bar and cross target tilt adjustment screen
are both displayed on the computer monitor.

Place the wafer on the table. The table rings serve as a useful reference to help center the
wafer, For a preliminary " ballpark " alignment observe the laser beam reflection at the 1mm
entrance aperture located on the right module inner plate. Adjust the table tilt and height until
the beam enters the aperture by following the steps below.

First adjust the sample tiit by turning the tilt adjustment X and Y plane knobs under the tabie
until the target cross is centered within the TILT screen. The tilt is always adjusted first.
Wedge shaped samples may require additional shimming between the sample and table
surface if more tilt is required. For these samples the tilt can be " ball parked " by observing
the reflection of the top alignment laser beam against the inside top plate. The reflected beam
should reenter the top plate hole in order for the tilt alignment sensor to detect the sample tilt.

Next adjust the table height by loosening the table lock screw about half turn counter clock
wise and then turning the vertical adjustment wheel fo raise the power bar and the shorter
index bar to their highest position. The maximum position is marked by the shorter index bar
when the table passes thru the maximum power position. The table height is correct when the
power bar is approximately even with the shorter index bar. Be sure to tighten the Table Lock
screw during scanning to keep the table in a fixed position.
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€) COMPUTER SCREEN SHOWING SAMPLE TABLE OUT OF ADJUSTMENT.

Note power bar is not even with maximum power indicator and cross target is not centered.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



COMPUTER SCREEN SHOWING SAMPLE TABLE IN ADJUSTMENT.

Note power bar is even with maximum power indicator and cross target is centered,
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SOLLAR CELL OR ROUGH SCATTERING SAMPLE MEASUREMENT

Measuring certain rough solar cells or other rough scattering samples requires more laser

light to be gathered by the analyzer aperture to more of the scattered light. However, a larger
aperture introduces more inaccuracy into the optical alignment making the measurement less
precise. The procedure below should be used to perform measurements on scattering samples.

1.

Set table height and table tilt using the reference sample ar a normal polished sample
with the small pinhole aperture installed in analyzer since a rough sample makes setting

the table often impossible.
Remove the reference sample.

Remove the small pinhole aperture by unscrewing it from the analyzer plate and screw
it into the threaded hole below the aperture for safekeeping.

Chose a scattering sample of similar substrate thickness so that it is not necessary to
readjust the table height or the table tilt. The goal is to keep the same table alignment.
Place your scattering sample on the table and gently slide the sample on the table
surface without readjusting the table to locate an area that reflects as much; of the laser
light beam into the analyzer opening as possible. It may be helpful t6 observe the
reflected scattering from the sample by holding a small sheet of white paper in front of
the aperture opening. Direct most of light into the aperture by sliding the sample on the

- table. Not all scattering samples are measurable. Some are simply too rough and scatter

too much light and cannot be measured.

Measure the scattering sample at several different regions to obtain a representative
value. For measuring silicon nitride on silicon enter your expected film thickness and
refractive index normally 800 Angstroms with an expected index 2.0 and 0 for K or simply

press the nitride shortcut key in the program. The program should make the
measurement. When the program encounters low light for the measurement it will say

insufficient power for measurement. Try a different location on the sample.

For measuring ordinary reflective samples or the reference sample reinstall the smaill
pinhole aperture and align the table for tilt and table height for best measurement

accuracy.
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Gaertner Ellipsometer Measurement Program (GEMP)
CALCULATION MODE

The GEMP software acquires data from the ellipsometer and calculates the ellipsometer
values of Psi and Del for the measured sample. The Calculation Mode in the software
offers 6 choices for converting the results of the Psi & Del measurement into a user-
constructed model of the sample. The user simply clicks on the desired Calculation Mode
with the computer's mouse pointer and then clicks the Calculate button after individual
entries of film Thickness, film refractive index Nf and absorption Kf are entered into the
sample model fields. The individual values in the setup or construction of the sample model
can be repeatedly changed and recalculated until a best-fit solution for the sample is found.

Although the GEMP software permits up to 4 layers with 14 individual values to be entered
into the setup fields for modeling of the sample only the 1 or 2 top unknown values can be
calculated since only 2 values (Psi and Delta) are returned from the measurement.

The number of unknowns can never be greater than the number known. Usually the
unknowns are the top film Thickness1 and the film refractive index Nf1 with all of the other
bottom 12 values entered as known parameters or fixed values. The calculated Thickness
value is dependent on the accuracy of the entered known fixed values and will reflect any
error in these values.

e AutoFix Nf1 - Calculates Top Film Thickness1 and automatically measures the film
refractive index Nf1 if it is in a good measurement range. If the index value is weak and
unstable then it automatically defaults to the entered value and is fixed. The index value
is important because its value is used to calculate the optical path or film thickness.

An example would be 500A Si02 film layer on a Silicon wafer measuring Psi 21.37 and
Delta 98.713. The software would calculate a film refractive index of 1.458 and Thickness
1 of 456.50A. Since Si02 is completely transparent at the measured wavelength of 6328A
the absorption Kf1 is zero. This same Si02 oxide film if etched down to 100A would
measure a Psi of 11.25 and Deita of 151.778. In this thickness range the refractive index
measurement is unstable so this calculation mode permits the software to fix the index at
its entered default value of 1.46 and calculate the thickness. A similar fixing of index
would occur if this oxide were within a few hundred angstroms of the period value of
2800A. Again the index measurement is unstable in this thickness range (within about
25% of zero thickness or period value). Conversely the best thickness range for index
measurement is mid period 1400A for Si02 and 900A for Nitrides which have a period
value of 1800A.

e Thickness 1 & Nf1 - Always returns a measured film refractive index Nf1 no matter
how unstable and incorrect. Since the calculation of top film Thickness1 is dependent on
this index value it will also be incorrect. This measurement mode is used to find an
approximate value of film refractive index and thickness.
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* Thickness1 & PsiC/DeltaC - Always uses the entered value of film refractive index

Nf1 to calculate the Top Film Thickness1. In addition the software also calculates one of
the measured values of PsiC or DeltaC. The agreement between the measured Psi or
Delta and the calculated values of PsiC or DeltaC gives an indication of the correctness

of the value of index and other values in the model of the sample. This mode will give the
best repeatability in thickness and if the index value is correct then this mode also gives the
best and most stable film thickness measurement. This mode can be used to measure very
thin films down to 1A as well as near period films.

e Thickness1 & Thickness2 - Calculates the top film Thickness1 and the film
Thickness2. All other values are fixed in this calculation. An example would be a 600A
Nitride layer Thickness1 on 400A of Oxide Thickness2 on a Silicon substrate.

In this mode the Thickness2 behaves much like the index and becomes unstable and
difficult to measure in thinner ranges of thickness.

* Thickness1 & Kf1 - Calculates the top film Thickness1 and the top film absorption Kf1.
An example would be a polysilicon film with a approximate Thickness1 of 4000A a known
index value Nf1 of 4.0 and an absorption Kf1 of about 0.3 over a 1000A known oxide layer
on a Silicon wafer. In this example the oxide layer Thickness2 and refractive index must be
accurately known. The polysilicon must be known to within 800A since its high film index

~gives it a period value of only 800A. In most cases the absorption Kf1 of the polysilicon is

more volatile not as well known as the real refractive index Nf1. Since the Nf1 is more
stable, the Nf1 is fixed and the absorption Kf1 is measured.

* Substrate - Calculates the real Ns and imaginary part of the refractive index Ks of

a bare substrate. Although the measurement itself is simple the results are more
complicated because most substrates including silicon form a thin native oxide layer

on the surface of the substrate when exposed to air. This offsets the calculated values.

In addition, microscopic surface roughness introduces polarization errors that influence the
Ks value. For uniformity and simplicity well known published " book " values are generally
used in place of individual user measured values. A good substrate will be flat, stable, have
a smooth highly reflective surface with a different index than the film layer being measured.
If the substrate is transparent like glass or fused silica then care must be taken so that the
light reflected from the bottom surface does not enter the ellipsometer.

A transparent substrate can be thicker than 6mm, or have its bottom surface roughened to
scatter the light or placed in optical contact with a thicker layer to absorb the unwanted
bottom reflection. A 10mm thick polished fused silica plate is an example of a good
Substrate.

i .artisantg.com
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Following is a printout of the Gaertner Ellipsometer Measurement
Program (GEMP) help utility screens, which are accessible from
within the program.

Measuring and Calculation Command or Button on Toolbar

The Measuring & Calculation command or button pops up the Measurement & Calculation
Dialog Box over the application window.

The Dialog Box is grouped into the following four sections:

Measurement & Calculation Control

Calculation Setup Waferskan Setup

Waferskan Data

Measurement and Calculation Control

Through this dialog group, the user can:

Set Instrument and Sample Parameters

Set Film Parameters

Save the current active parameters setting into a CSF (Calculation Setup File) file

Load a parameters setting from an existing CSF file

Save the Measured Data and current setup to a SMD (Store Measured Data) file or a TXT
(Text) file

Open a saved SMD file to the applications document area by loading, or

Get the Psi & Delta and two solutions and put them into the applications document area.

Align Sample Table Button:

Align sample table Prior to Measurement via an alignment graphic screen. Prior to any
measurement, the sample table must be aligned. First adjust the tilt by working the Sample
Table title screws until the target cross is centered on the screen. Note that tilt should always

be adjusted first. Second adjust the height by working the Sample Table height screw to obtain

a maximum power to the detector. This occurs when the longer horizontal bar reaches and is
even with the shorter Index Bar. The shorter Index Bar indicates the maximum power that has
been obtained thus far, the longer Index Bar indicates the actual power that is currently entering
the aperture. Raise and lower the Sample Table through the maximum to establish the maximum
power position. For a preliminary table height alignment, observe the location of the laser beam in
relation to the 1mm entrance aperture located on the right module inner plate and adjust the
Sample Table height until the measurement laser beam enters the aperture.
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Artisan Technology Group is an independent supplier of quality pre-owned equipment

Gold-standard solutions We buy equipment Learn more!

Extend the life of your critical industrial, Planning to,upgrade your/current Visit us at artisantg.com for more info
commercial, and military systems with our equipment? Have/surplus equipment taking on price quotes, drivers, technical

superior service and support. up’shelf'space? Well give'it a new home. specifications, manuals, and documentation.

Artisan Scientific Corporation dba Artisan Technology Group is not an affiliate, represéntative, or authorized distributor for any manufacturer listed herein.

(217) 352-9330 | sales@artisantg.com | artisantg.com TECHNOLOGY GROUP

We’re here to make your life easier. How can we help you today? Vl ARTISAN




