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1 Safety
Instructions

1.1 Message Boxes

Three message boxes are used in this manual. They are explained below:

Caution: This box is used to alert the user that an incorrect operation or
procedure could cause damage to the equipment.

Note: This box contains tips, hints, and useful information relating to the
procedure in which it is located.

1.2 General Safety Insiructions

e Keep hands/fingers/body parts away from the instrument while making
motor position changes. Pinch points may be applicable (see below).

M-2000® Hardware Manual ©2023 J.A. Woollam Co. 11



Figure 1-1. Potential pinch points.

e Ensure all system controls and power cables are tied/tucked
away/hidden/kept away/arranged such that persons walking around the
instrument area will not snag or trip on any of the cables.

e Replace bad fuses only with proper type and rated fuse.
e Never look into a tip of an optical fiber.

e Never look directly at an operating lamp, severe eye injury may result.
Wear UV protective lenses, such as a welder’s helmet, when working
around operating lamps.

e Permanent eye damage can result from looking directly into the beam. It
is best to view the beam using a piece of paper or business card.

e Before servicing this equipment, ensure that the power source is
disconnected.

e Before servicing the lamp housing, be sure to disconnect all cables. Make
certain the lamp is at room temperature (turn lamp off for at least 20
minutes).

e Compact arc lamps contain highly pressurized gas, and present an
explosion hazard even when cold. Wear face protection, such as a full-
face shield, gloves and a long sleeve shirt whenever handling lamps.

1.3 Environmental Operating
Range

e Temperature: 10°Cto 35°C
e Humidity: 20% to 80% (non-condensing)

12 ©2023 J.A. Woollam Co. M-2000® Hardware Manual



2

Hardware
Description

2.1

System Configurations

This manual covers the full line of M-2000 based spectroscopic ellipsometers
mounted on the auto-angle ESM-300 base.

MODEL SPECTRAL RANGE LAMP(S)

M-2000D(1) 193-1000 (1690) nm 30W Deuterium and 20W QTH
M-2000X(1) 210 (245)-1000 (1690) nm | 75W Xenon arc

M-2000U(1) 245-1000 (1690) nm 30W Deuterium and 20W QTH
M-2000V/(1) 370-1000 (1690) nm 50W QTH

Table 2-1. M-2000 models, spectral range, and lamp(s).

2.2

System Components

The M-2000 spectroscopic ellipsometer system is based on advanced Diode
Array Rotating Compensator Ellipsometer (DARCE™) technology from the J.A.
Woollam Co. This technology provides consistently accurate ellipsometric data,
independent of the sample characteristics.

Source Units

The following source units are used for M-2000 ellipsometers.

M-2000® Hardware Manual ©2023 J.A. Woollam Co. 13
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XLS-200 Source Unit

Figure 2-1. XLS-200 Source Unit.

M-2000D(1) and M-2000U(l) ellipsometers use the XLS-200 Source Unit. The XLS-
200 Light Source houses the D2 (Deuterium) and QTH (Quartz Tungsten Halogen)
lamps. Power for the lamps is supplied through highly regulated switching DC
power supplies located in the M-2000 XLS light source. The Source Unit also
contains the beam collimation optics, a fixed polarizer, and a compensator
located in a continuously rotating stepper motor.

30 watt D2 Lamp

Figure 2-2. D2 lamp.

The D2 (Deuterium) lamp supplies light from the UV to the visible region of the
spectrum. This lamp is mounted just behind the shutter aperture.

©2023 J.A. Woollam Co. M-2000® Hardware Manual



20 watt QTH lamp

Figure 2-3. QTH lamp.

The QTH (Quartz Tungsten Halogen) lamp supplies light from the visible to the
NIR region of the spectrum. This lamp is mounted just behind the D2 lamp
aperture.

FLS-860 Source Unit

Figure 2-4. FLS-860 Source Unit.

M-2000X(1) ellipsometers use the FLS-860 Source Unit. The FLS-860 Light Source
houses the 75W Xenon arc lamp and igniter circuitry. The Source Unit also
contains the beam collimation optics, a fixed polarizer, and a compensator
located in a continuously rotating stepper motor.

M-2000® Hardware Manual ©2023 J.A. Woollam Co. 15
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75 watt Xenon Arc Lamp

Figure 2-5. Typical arc lamp.

The Arc Lamp is a high pressure Xenon discharge point source lamp. It is filled
with Xenon gas at above atmospheric pressure. The lamp is mounted in an inner
enclosure within the source unit.

Nevutral Density Filter Wheel (Optional)

The Source Unit may include an optional neutral density (ND) filter wheel (auto
or manual). The auto filter wheel is controlled by the software and can be set to
auto select the intensity level by checking the "Auto" box. This is used to select
the optimum intensity level for the sample under measurement.

The intensity can also be set by the user to a specified value by un-checking the
"Auto" box and selecting the filter value from the drop down menu. This can be
helpful during system alignment.

| & CompleteEASE -

I|f Measurement rAnalyms rHardware r Options

Hardware Status
Waiting to Acquire Data
Controls

General Calibration rSystem rl'uhsn: |
Initialize Hardware

| Coarse Calibrate H Fine Calibrate |

| DC Offset ‘ | FPhase Sensor Info |

Intensity: [100.0% |+ | [¥] Auto
100.0% ||
Graph Typ 50.0%
: 20.0%
5.0%
3.0%
0.0%
vellow |~/

Figure 2-6. Auto Filter Wheel intensity selection option.
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The manual filter wheel option has eight (8) detent positions:

POSITION

INTENSITY

100%

70%

50%

20%

10%

5%

3%

N ounkhlwWN|FRLR|O

Yellow — Long Pass filter at 530nm

Table 2-2. Manual Filter Wheel positions.

Rotate the filter wheel to select the amount of light intensity needed for the

sample under measurement.

Filter shown at the 100%
light throughput position

Figure 2-7. Source Unit Manual Filter Wheel.

FQTH-100 Source Unit

Figure 2-8. FQTH-100 Source Unit.

M-2000® Hardware Manual ©2023 J.A. Woollam Co.
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M-2000V/(l) ellipsometers use the FQTH-100 Source Unit. The FQTH-100 Light
Source houses a 50W QTH (Quartz Tungsten Halogen) lamp. The Source Unit
also contains the beam collimation optics, a fixed polarizer, and a compensator
located in a continuously rotating stepper motor.

50 watt QTH Lamp

Figure 2-9. Typical QTH lamp.

The QTH (Quartz Tungsten Halogen) lamp is mounted just behind the pinhole in
the rear of the lamp housing.

Receiver Units

The following receiver units are used for M-2000 ellipsometers. There is also an
optional Internal Alignment Camera used for fast sample alignment.

MQD-Single Receiver Unit

Figure 2-10. MQD Single Receiver Unit.

The MQD Single Receiver Unit is used on the M-2000D, U, X, and V systems. It
consists of a stepper motor driven rotational stage which houses an analyzer.
There is also a four-quadrant detector used for alignment of the system. This
receiver contains one beam folding mirror and one fiber coupling lens (UV-VIS).

©2023 J.A. Woollam Co. M-2000® Hardware Manual



MQD-Dual Receiver Unit

Figure 2-11. MQD Dual Receiver Unit.

The MQD Dual Receiver Unit is used on the M-2000DI, Ul, XI, and VI systems. It
consists of a stepper motor driven rotational stage which houses an analyzer.
There is also a four-quadrant detector used for alignment of the system. This
receiver contains two beam folding mirrors and two fiber coupling lenses (UV-VIS
& VIS-NIR).

Fiber Optic Cables

_ _? < SMA Connector
Fiber

‘ 1\ Protective
Endcap

Figure 2-12. Optical fiber.

Fiber Optic Cables are used to couple the beam from the Receiver Unit to the
Detector(s) located in the M-2000 Detector and Lamp Power Supply Module.
The fibers have a 200 micron core diameter (standard), and are terminated on
each end with an SMA connector for easy insertion and removal.

One DUV fiber is used in M-2000D, U, and X systems. M-2000V systems use one
IR fiber since the spectrum is limited to 370nm. If the ellipsometer system has
NIR extension, a second fiber is used for the NIR Detector. Fibers are normally 2
or 3 meters long, depending on application.

M-2000® Hardware Manual ©2023 J.A. Woollam Co. 19
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Note: When the fiber is first installed it needs to be oriented for maximum

light throughput. This is covered in Chapter 10 Scheduled
Maintenance.

Caution: Proper handling of the fiber is necessary to ensure long lifetime.
When removing the protective rubber end cap, hold the end cap
and pull the SMA connector nut. Do not pull directly on the fiber.
Never allow the fiber tip to contact any other surface (fingertip,
tabletop, etc.). Always cover the tips with protective rubber end
caps when the fiber is not in use. The bend radius of the fiber
should never be smaller than two inches. Never use a tool to
tighten the fiber - it should only be finger-tight.

Detector/Lamp Power Conirol Module

LAMP DOOR/
OVERTEMP

Figure 2-13. M-2000 Detector and Lamp Power Supply Module.

The M-2000 Detector and Lamp Power Supply Module contains a UV-VIS
Spectrometer covering a wavelength range of 193-1000 nm and an optional NIR
Spectrometer that covers a wavelength range of 1000-1690 nm. It also contains
highly regulated DC switching power supply for the Light Source. The switching
power supply provides a very stable source of power for the system lamp(s).

Electronics Control (EC) Module

& e ®
% J.A. Woollam

ELECTRONICS CONTROL

Figure 2-14. Electronics Control Module.

The Electronics Control Module contains a 486DX2 embedded computer. This
computer is responsible for controlling the analog-to-digital (A/D) converter, the

stepper motor drivers, and communicating with the host computer via a network
card.
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Computer

The computer operates the CompleteEASE data acquisition and analysis
software. The main function of this computer is to communicate with the
remote computer located within the electronics control module. It also analyzes
all data acquired from the embedded computer and displays the results on the
computer screen.

Surge Suppressor

The system is shipped with either 110 or 220V surge suppressor(s). These are
provided to condition and filter the input AC power for the ellipsometer and to
provide a central location for the system’s AC power.

USB Camera (Optional)

The system may be shipped with an optional high resolution USB color camera.
This camera comes with a multi-element lens attached or alignment optics. The
CompleteEASE software allows the user to view and capture color images from
the camera.

Auto-Angle ESM-300 Base Unit

The M-2000 spectroscopic ellipsometer system on the auto-angle base comes in
three sizes depending on the mapping stage (if present).

e A small auto-angle base is used for systems with no mapping or a small
manual mapping stage.

e A medium auto-angle base is used for systems with 100-200mm mapping
stage.

e Alarge auto-angle base is used for systems with 300mm mapping.
The auto-angle base may also come with an optional rack mount table.

The base is for ex-situ use only. It brings together the Sample Stage, Source Unit,
and Receiver Unit. It is used for calibrating, sample mapping, and taking data at
various angles.
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[ J.A. Weellam |

T TEL

Figure 2-15. M-2000XI Medium Auto-Angle Base on table with 200mm X-Y mapping and Automated Tip/Tilt.

Power Control Module (Optional)

EMERGENCY OFF

\

SYSTEM  SYSTEM
POWER ON

®

Figure 2-16. Power Control Module.

Systems supplied with the optional rack mount table include an Emergency
Power Off Module. This module allows the user to Power Off the entire system
by pressing one button in an emergency situation. It also acts as a centralized
location for the system’s power. AC power is connected to the back panel and it
contains a 5Amp UL489 listed circuit breaker that has an AIC (Ampere
Interrupting Capacity) rating of 5KA. The EPM-221 model contains a 10Amp
circuit breaker along with additional 24VDC power and I/O interface.
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3 Installation

3.1 System Assembly

Preliminary

A good sturdy table is required, if the optional table is not included, that
can support at least 150 Ibs.

The table should be away from high traffic areas and near an electrical
outlet. The table should be placed such that there is at least 36 inches of
clearance provided on all sides of the system.

Open all boxes and/or crates.
Carefully un-wrap all parts to ensure all components are present.

Use a forklift to lift the ESM-300 base onto the supplied table. The fork
must be rated to lift 300 Ibs. and meet the requirements detailed in
Figure 3-1.

Position the forklift properly under the ESM-300 base and set the parking
brake on the forklift.

Lift the ESM-300 a few inches and pull the crate out from underneath the
ESM-300. Do not put any part of your body under the ESM-300 or
forklift.

Lift the ESM-300 to about 40" above the floor and properly position the
table under the ESM-300.

Lower the ESM-300 onto the table. Be sure that all persons are clear
before lowering the ESM-300 base onto the table.

Roll the table and ESM-300 base away from the forklift.
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MIN SPACING = 19.5" [495]
|MAX SPACING = 20.5" [521]

—t

LMAX FORK THICKNESS = [" [25.4] L‘i MIN LENGTH = 32" [813] 44

FORK DETAIL FOR LIFTING ESM-300M BASE ONTO TABLE

Figure 3-1. Forklift details for lifting the ESM-300 Base.

=)
— LIFT HANDLE
LIFT HANDLE

(R |
LIFT HANDLE {_J®32] =} Iiﬂg'_' LIFT HANDLE
LIFT HanDLE | [[ LT HANDLE

DO NOT
LIFT HERE

LIFT HERE

[600] ' ] [805]

Figure 3-2. ESM-300 dimensions with respect to forklift placement.
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- ESM-300 BASE

FORKLIFT_

AN
NFORKLIFT 7
FORKLIFT

Figure 3-3. Forklift placement with respect to the ESM-300 base.

Base Assembly

1. Remove the base from the shipping container (DO NOT LIFT THE BASE
USING THE ARMS) and set it the table.

Do Not Do Not
Lift Here - Lift Here

Lift Here F < B Lift Here

Figure 3-4. Lifting locations.
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2. Remove the angle of incidence locking screw located on the left side of
the base using a 4mm metric Allen wrench.

Figure 3-5. Angle of incidence locking screw.

3. Hold the arms at the center of the base to support the weight of the
tower (lift slightly) and remove the Z-stage locking screw located on the
right side of the base using a 4mm metric Allen wrench.

Figure 3-6. Z-stage locking screw.
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4. For systems with automated sample translation, the translator shipping
lock must also be removed.

i. Unplugthe vacuum quick disconnect on the left side of the sample
chuck assembly. Remove the sample chuck assembly by loosening
the (4) black thumb screws. (2) are at the front of the sample stage
and (2) are at the back of the sample stage.

Sample Stage
O

Figure 3-7. Vacuum disconnect and thumb screw locations.

ii. Lift the sample chuck off of the translator.

iii. Remove the (6) SHC screws to remove the orange shipping lock. The
top four require a 4mm metric Allen wrench, and the front/back two
require a 3mm metric Allen wrench.

M-2000® Hardware Manual ©2023 J.A. Woollam Co.
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|| Front of System

A . . =

Figure 3-8. Removing the shipping lock.
Replace the sample chuck, tighten the (4) black thumb screws, and
reconnect vacuum as shown in Figure 3-7.

Attach the source unit to the source tilt stage on the base using (4) M3
socket head screws with the cable connectors pointing to the rear of the

base.

Source Tilt Stage

Figure 3-9. Source unit mounting (FQTH-100 Light Source shown).

Attach the receiver unit to the receiver tilt stage on the base using (2) M3
socket head screws with the cable connectors pointing to the rear of the

base.
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Receiver Tilt Stage

Figure 3-10. Receiver unit mounting (MQD Single Receiver Unit shown).

AC Wiring

Caution: When installing equipment, ensure that access to the power
connection is unimpeded. In case of emergency, removing the
power cable from the wall socket will de-energize the equipment
and put it in a safe state.

1. Ensure all components are turned off before attaching AC power cords.

2. Attach the computer and monitor AC power cords to the surge
suppressor.

3. Attach AC power cords to the EC box, and the M-2000 Detector and Lamp
Power Supply Module.

4. Attach the other end of the AC power cords to the appropriately labeled
jack on the surge suppressor(s).

5. Attach surge suppressor(s) to the AC power outlet and ensure it is
switched ON.
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Computer  Monitor Vacuum

12V Supply

EC-400  M-2000 (optional)

Figure 3-11. (110V AC) Configuration.

Power sIurce CorIputer Molitor From Surge Supp #1 VacuIm

I g 2w

S 2 IR | T2

EC-400  To Surge Supp #2 M-2000

Figure 3-12. (220V AC) Configuration.

Caution: To avoid possible electric shock from small leakage current, ensure
the protective earth conductor is properly secured to the building
earth ground. DO NOT in any case bypass this ground conductor. It
is essential to the safety of the equipment and its user.

©2023 J.A. Woollam Co. M-2000® Hardware Manual



6mm Grounding Stud Location

© )

(ALN-200 |

MADE IN USA "I} J.A. Woollam Co., Inc.
£ — Lincoln NE, USA
33‘\ ng J3 M Model: EC-400
) 100/115/230/240V ~ 1/1/.4/.4A
a 77N E A 50/60Hz
Q' )

AC fuses

T2A(100V)
T2A(115V)
\ T1A(230V)
° © T1A(240v) E“A
40v  sv 12V Inrush )i of
(<]

Building Earth Ground

Figure 3-13. EC Earth Ground Connection.

Cabling

Connect cables as directed in Table 3-1 and shown in Figure 3-14 (some options
may not be available or applicable).

SYSTEM JACK CABLE PLUG CABLE PLUG SYSTEM JACK
LOCATION LABEL LABEL LOCATION

J1 (EC) P1 P2 J2 (Source Unit)

J3 (EC) P3 P4 J4 (Source Unit)

J5 (EC) P5 P6 J6 (Receiver Unit)

17 (EC) P7 P8 J8 (M-2000)

19 (EC) P9 P10 J10 (M-2000)

J11 (EC) P11 P12 J12 (M-2000)

J13 (EC) P13 P14 J14 (Base Option)

J15 (EC) P15 P16 J16 (Base Option)

J17 (EC) N/C N/C Optional Aux. Port
J19 (EC) P19 P20 J20 (Base Option)

J21 (EC) RJ-45 RJ-45 Network Card in PC
J23 /133 (M-2000) P23 /P33 P24 / P34 124 / 134 (Source Unit)
J25 (M-2000) P25 P26 126 (Receiver Unit)
J29 (EC) P29 P30 J30 (System Option)
J31 (EC) P31 P32 132 (System Option)
137 (EC) P37 P38 138 (System Option)
Computer USB usB P46 J46 (System Option)
UV (M-2000) UV FIBER UV FIBER SMA UV (Receiver Unit)
IR (M-2000) IR FIBER IR FIBER SMA IR (Receiver Unit)

Table 3-1. Cabling diagram.

Note: The IR fiber is only required for the NIR extension.
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J38

‘éCamera (optional

S
SMA 2
IR TV
Jo
= W= " = Camera lllumination —
y i Y T I = Front of System
®® 9. [ J M€
3 =il [ - Ll - !
[B] —
s J30 J32
i optional - not shown
/ /l’_'“—)'—L
J14 J16 J20

Vacuum

Figure 3-14. Connector locations.

Tilt-Camera USB
Z-Camera USB

Figure 3-15. Lookdown Camera option.

Note: If the Camera(s) is USB 3.0 (USB-C connector), it MUST be connected
to USB 3.0 or higher port on the PC.
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ALN-200
MADE \N USA ) .A. Woollam Co., Inc. Biigﬁz ;%%5503%@

meoln NE. USA DISCONNETING PLUG
129 T Model: EC-400
J31 AK) : J13 J5 100/115/230/240V ~ 1/1/.4/.4A

~ A P 50/60Hz

P
]

AC fuses DC fuses

T2A (100V)

T2A (115V)

(B T1A (230V)

° © TiA(220v)

=
433 T3A(100V) T2A(230V)
TIA(H5V)  T2A(240V)

IR
de o &
Made in USA " -

J. A Woollam Co., Inc.

J10 J12
Lincoln NE, USA
Model: DI

Ao/ 1Sr2307240v-222 111A .- =)
50/60Hz @) G
(€ :

®
®

Figure 3-17. M-2000 Detector and Lamp Power Supply Module Rear View (example).

Computer

1. Attach the monitor cable to the computer.
2. Attach keyboard to the computer.

3. Attach the mouse to the computer.

Rack Mount Table Option

1. Secure the base unit to the table using the (4) screws provided.

wi (1)

—

Front of System|

Figure 3-18. Mounting locations, left side.
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[ Front of System

Figure 3-19. Mounting locations, right side.

2. Mount the monitor arm bracket to the table using (3) screws provided on
the table.

3. Slide the keyboard, mouse, and monitor post onto the arm bracket.

4. Route the monitor power, monitor video, and USB hub cables through
the cable ties on the arm bracket and plug into the appropriate location
on the monitor.

5. Plugin the EMO Switch cable (DB-25) to the EMO box on the arm
bracket.

Monitor Post

Monitor Arm Bracket

[ JuA Woollam | EMO Box

Elo O [elie]

Figure 3-20. Assembled system (simulated).

34 ©2023 J.A. Woollam Co. M-2000® Hardware Manual



AC Wiring (for Rack Mount Table Option)

Caution: When installing equipment, ensure that access to all E-Stop (EMO)
buttons is unimpeded. In case of emergency, pressing the button
will de-energize the equipment and put it in a safe state.

1. Ensure all components are turned off before attaching the AC power
cord.

2. Attach a power cord protected by a 15 Amp breaker to the Power Control
Module. This power cord may not be supplied and must have an IEC-320
C-13 plug on one end. The cord must be rated for at least 12A
continuous.

3. Attach the other end of the AC power cord to the appropriately labeled
jack on the surge suppressor. (See Figure 3-22 or Figure 3-23).

4. Attach surge suppressor to the AC power outlet and ensure it is switched
ON.

IEC-320 C14 receptacle. Cord should have IEC-
320 C13 plug and 12A continuous rating .
]

J10 J19 Model: EPM-222
/i Voltage: 100-120/200-;
oC_Jo o Jo Freauency: 5080 e s
System Control Ixum”oul M""'” 'l‘“'" :@

Figure 3-21. Power Control Module back panel.

Power Control

Figure 3-22. (110V AC) Configuration.
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Power Control

Figure 3-23. (220V AC) Configuration.

Network/ :: + - + :u
USB Aux. i I Power
4 : : : J: / entry

ol e

Figure 3-24. Rack Mount Table connector locations.

System Enclosure Option

If the enclosure option is supplied, follow these instructions to
assemble/integrate.

1. Uncrate the entire system. Transport to final location.

2. Open the front door by lifting upwards by the handles as indicated.
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Figure 3-25. Open front door.

3. Remove top (2) side access panels and bottom rear panel by rotating cam
latches counterclockwise at the corners of each panel using a flat
screwdriver.

Figure 3-26. Panel latch operation.

4. Remove shipping restraints from the Base Unit. Install Ellipsometer and
connect cables as described in previous section.
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Figure 3-27. Panel removed for access to Base Unit.

5. Raise the light tree by first loosening the set screw from the access hole
on the outside of the enclosure using a 3mm Allen wrench. Push up on
the silver post from inside until all of the lights are exposed, and then re-

tighten the set screw to lock in position.

Light Status
All Off

All On

Red

Yellow

Green

Blue

White

Description

System power is off or software is not running
Hardware is on and software is initializing

EMO button has been pressed (alarm will sound)
System is on but could not be initialized

System is on and initialized

System is waiting for user input

System is busy

Figure 3-28. Light Tree and Status.

Monitor Arm Adjustment

This is setup for safe and convenient use at the Factory. If adjustments are
desired, below are brief descriptions. More detailed instructions are available on
the Ergomart website (https://www.ergomart.com).

©2023 J.A. Woollam Co.
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Figure 3-29. Monitor Tilt Adjustment.

Clockwise = Weaker Counter Clockwise = Stronger

Figure 3-30. Arm height position tension.

<

Figure 3-31. Arm swing tension.
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AC Wiring (for System Enclosure Option)

Caution: When installing equipment, ensure that access to all E-Stop (EMO)
buttons is unimpeded. In case of emergency, pressing the button
will de-energize the equipment and put it in a safe state.

1. Ensure all components are turned off before attaching the AC power
cord.

2. Attach a power cord protected by a 15 Amp breaker to the Power Control
Module by routing through the ‘Power Feed-thru’ port. This power cord

may not be supplied and must have an IEC-320 C-13 plug on one end.
The cord must be rated for at least 12A continuous.

K

| USB
'k/ NETWORK
<]

vet— POWER
’fy FEED-THRU

POWER ENTRY
Figure 3-32. Enclosure back panel connections.

3. Attach the other end of the AC power cord to the appropriately labeled
jack on the surge suppressor.

4. Attach surge suppressor to the AC power outlet and ensure it is switched
ON.

Power Control Module

Figure 3-33. 110V AC Configuration.
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Power Control Module

Figure 3-34. 220V AC Configuration.

5. Re-install bottom rear panel. System is assembled and ready for
operation.
Caution: After performing System Alignment, be sure to re-install top (2) side
access panels.

2 . " - - j VACUUM &
DIMMER LIGHT
CONTROL

SYSTEM
POWER

EMERGENCY
POWER OFF

ACCESSORY
DRAWERS

Figure 3-35. Assembled System — control summary.

Lamp Installation (if applicable)

The Xenon lamp housing requires the Xenon lamp to be removed during
shipping. See Chapter 10 Scheduled Maintenance for instructions on installing

the lamp.
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Electronics Control (EC)
Module Setup

The EC Module (and the network card in the PC if shipped with the system) has
been configured at the factory and should not need to be changed. If
components are repaired or replaced, the instructions below may be necessary.

Configuring the EC Module

Caution: Incorrect setup of the EC will prevent the system from operating.
Only qualified personnel should change the TCP/IP address if it is
necessary. Contact J.A. Woollam Co. if assistance is needed.

1. With the power off, press and hold the up and down arrows while turning
the power on.

2. Release the buttons when the screen displays “Select Control Type:”

Figure 3-36. Selecting control type.

3. Pressthe up or down arrow key to select TCP/IP.
4. Press the right arrow key to enter.

5. Using the up or down arrow keys select the TCP/ IP address and use the
right arrow key to enter.

Figure 3-37. Entering TCP/IP address.

6. Now using the up or down arrow keys select the TCP/IP mask and use the
right arrow key to enter.

Figure 3-38. Entering TCP/IP Mask.

7. The display will now ask “Control Type: TCP/IP?” Use the down arrow key
to select yes.
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Control

Figure 3-39. Verifying control type.

8. The display will now ask “TCP OK: xxx:xxx:xxx:xxx?” If it is correct use the
down arrow key to select yes.

TCR Ok

1921 1686

Figure 3-40. Verifying TCP/IP address.

9. The display will now ask “Mask OK: xxx:xxx:xxx:xxx?” If it is correct use
the down arrow key to select yes.
Maszk Ok: CYes—4s

- l

u I
-'li:i._n-":=E:E a‘:E."Z‘x
ol dm g, R P

Figure 3-41. Verifying Mask address.

10. The EC has now been setup for the TCP/IP address.

Note: The default TCP/IP address set at the factory is 192.168.000.002.
The default Mask is 255.255.255.000. In order to establish proper
communications between EC and the operator’s PC, the network
card in the PC must be set correctly also.

TCP/IP address in the hardware.cnf file

1. Using Notepad, open the hardware.cnf file located in the
C:\CompleteEASE\cnf directory.

2. The line under the [Hardware] section should say
‘Remote=TCP 192.168.0.2 300 0’

3. The first four numbers (192.168.0.2) need to be the same as the TCP/IP
address on the EC box.

4. If achange is made, save the file, and changes will be in effect the next
time CompleteEASE is started.

3.3 Operator Computer Setup

If the operator computer was not sent with the instrument, there are some
additional steps required.
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Software Installation

1. Install the software by following the on screen the instructions. See the
CompleteEASE Software Manual for more details regarding installation
and activation (if required).

2. Copy the configuration (*.cnf) files from the backup CD/Drive into the
‘C:\CompleteEASE\cnf’ sub-folder.

» This PC » Local Disk () ’[CDmFﬂEtEE;:'-.SE ¥ u:nf]

2 Mame

Liguids
[#Z] CompleteEASEhard.cnf
[5=] hardware.cnf

Configuration files (8] MOTORINFO.CNF

(example) (5] RANGEINFO.CNF
[ rce-cal.cnf

[ rce-comp.cnf
[ rce-de.cnf
[ rce-refl.cnf
| mzxflash.dsk
| MEKFLASH.S0

———

Figure 3-42. Configuration file location.

Windows Network Setup

Note: The Network Card address must be on the same subnet as the
Ellipsometer address.

The Ellipsometer is connected via TCP/IP communication to the Windows
Operator Computer. It is recommended that the instrument’s computer be
independent of any existing network. However, if it is necessary for the
computer to be connected to an existing network, two separate network cards
are required. One card to communicate with the network and another card to
communicate with the ellipsometer locally.

Note: It is recommended to use the primary Network Interface Card (NIC)
for the Ellipsometer connection, and then install the secondary card
for any external network connections.

1. In Windows Network and Sharing Center (Control Panel), select ‘Change
adapter settings’ from the left-hand side pane.
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2. Right-click the Network Card adapter, and then select Properties.

3. Disable all items except Internet Protocol Version 4 (TCP/IPv4).

[

_—

Control Panel Home

View your basic netw

[Change adapter settings] E.th
—
Change advanced sharing
settings PC127-B04

(This computer)

L S S

Figure 3-43. Change adapter settings.

@L}" [;i\ < Network and Inte... » Network Conne

Organize Disable this network device Diagn

K.

Unident

Ellipsorneter . Righi‘-c"ck

@ Intel(R)| ¥ Disable

Status

Diagnose
'EE' Bridge Connections

Create Shortcut

Figure 3-44. Select Properties.

:‘: < Metwork and L. » Network and Sharing Center

Delete
& FRename Option: rename to “Ellipsometer”
& _Properties Choose “Properties”

[ Ellipsometer Properties @

Networking | Sharing

Connect using:

& Intel(R) 82573LM Gigabit Netwaork Connection

This connection uses the following tems:

] 1% Cliert for Microsoft Networks

] SQOS Packet Scheduler

Mt | .gFlIe and Printer Sharing for Microsoft Networks
™| -t Intemet Protocal Version 6 (TCP/IPwE)

gl "t=et Frotocol Version 4 (TCP/IPv4) |

M Link-Layer Topology Discovery Mapper 140 Driver
] i Link-Layer Topoloay Discovery Responder

et | [ oot ]

Description

Transmission Control Protocel/Intemet Protocol. The default
wide area network protocol that provides communication
across diverse interconnected networks.

1111111

[ ok ][ cancel

Figure 3-45. NIC Properties.

4. With Internet Protocol Version 4 (TCP/IPv4) selected, choose Properties.

M-2000® Hardware Manual
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5. Select Use the following IP address and enter in 192.168.0.1 with subnet
mask 255.255.255.0 and select OK.

General

‘You can get IP settings assigned automatically if your network supports

this capability. Otherwise, you need to ask your network administrator
for the appropriate IF settings.

() Obtain an IP address automatically

> ik
IP address: 192.168 . 0 . 1
Subnet mask: 255,255,255, O
Default gateway:

Obtain DNS server address automatically
(@) Use the following DNS server addresses:
Preferred DNS server:

Alternate DNS server:

Validate settings upon exit

Lok J[ concel |

Figure 3-46. Internet Protocol Properties.

USB Camera
BIOS C-States Control

If equipped with a USB Camera(s), the “C-States Control” must be disabled in the
PC BIOS.

1. Restart the PC, and enter the one-time boot menu. Typically, by pressing
F12 on the keyboard during the boot sequence.

/ Preparing one-time boot

Figure 3-47. One-time boot menu access (example).

2. Select the BIOS Setup, find the C-States Control Setting, and then disable.
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9 BIOS Setup

Performance

he number of At available to the 0S The default value is set to the maximum number of Atom cores.

This setting allows you g

02
@ All Cores 0 i

When On,this feature he sy ynamically adjust p i
production.
& on

This feature enables the CPU's ability to enter and exit low power smes,wmoﬂ.idisabhsalostnnmmimbhalmumnﬁ\‘t
chipset/platformallows.
(D OFF —

N

Figure 3-48. BIOS C-States Control (example).

USB 3.0 Camera Driver

If the Camera (Imaging and/or Alignment Camera) is a USB 3.0 Camera (USB-C
connector), the Drivers must installed to run.

1. Runthe ‘ids_peak_x.x.x.x.exe’ installer from the
CompleteEASE\jar\Drivers folder.

| = Manage Drivers
Home Share View Application Tools
<« v This PC » Local Disk (C:) » CompleteEASE » jar » Drivers »
MName Date modifie

s Quick access

[ Desktop * ° m 964 ’
Drivers /13/2023 9

¥ Downloads  # VISTA_XP_2K /13/2023 %
Documents - 2372017 52
[&] Pictures - 27872010 10::
= ftdibus.cat 10/15/2009 1

>!3 ftdibus.inf 10/14/2008 3

£ frdiport.cat 10/15/2009 1

5] frdiport.inf 10/14/2009 3

[8 haspdinst.exe TA1/2022 4:2

3 This PC 143 ids_peak_2.3.0.0.exe 12/28/2022 1
_J 3D Objects =4 jawcousb.cat 471472016 B
I Desktop , JAWCoUSB.inf 471472016 8::
Documents JAWCoUSB.sys /2072002 2:;
Reinstall Drivers.bat F20/2012 2i

¥ Downloads k% uEye 49610.exe 47472083 2.2

Figure 3-49. IDS camera driver installation.
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2. When the installation is complete, a computer restart is required.

IDS peak - InstallShield Wizard

- m Installshield Wizard Complete
|
I = The Installshield Wizard has successfully installed IDS peak.

Before you can use the program, you must restart your
computer,

(®)¥es, T want to restart my computer now.

("I Na, T will restart my computer later.

Click Finish to complete setup.

< ==

Figure 3-50. Installation completed — restart required.

3. There may be a shortcut created on the Desktop.

£

-
Network

1D5p

Cockpit

Figure 3-51. IDS software shortcut.
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High Performance Mode

It is also recommended to set the Windows Power Options to High Performance.
Hard Disk, Sleep, and Hibernate settings as shown below.

& Power O ptions

Advanced settings

Select the power plan that you want te customize, and
‘{Q then choose settings that reflect how you want your
computer to manage power.

High perfermance [Active] Eo

= Hard disk ~
= Turn off hard disk after
Setting: Mever
Internet Explorer
Desktop background settings
Wireless Adapter Settings

Sleep
= Sleep after A

Setting: Mever
Allow hybrid sleep
= Hibernate after
Setting: Mever
Allow wake timers
USB settings
Intel(R) Graphics Settings
Power buttons and lid

0OEEE

1EBEEBE

Restore plan defaults

Concel | oo

Figure 3-52. Power Options.
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4 Preparing the
System for Use

4.1 Power up Procedure

Turn on the components of the M-2000 system in the following order.

1. Turn on the lamp power supply button on the M-2000 module. Wait 3
seconds and press the ignition button (not applicable on M-2000V and VI
systems). Hold a piece of paper in front of the Light Source unit to check
that the lamp is on. Light may also be visible through a vent on top of the
light source. If this intensity is weak, the lamp inside the lamp housing
may need to be adjusted or replaced. This information can be found in
Chapter 10 Scheduled Maintenance.

Note: Allow the lamp to warm up for at least 15 minutes.
2. Turn on the EC box.

3. Turn on the monitor and the computer (will turn on automatically with
power on a rack mount table system).

4. Double click the CompleteEASE program icon (or highlight the title bar
under the CompleteEASE program icon and press <enter>). A status
message will appear on the screen showing the initialization progress.

5. After the hardware is successfully initialized, the software will display
“Waiting to Acquire Data” in the Hardware Status panel. If the hardware
initialization is not successful, note the error messages that are displayed,
and consult Chapter 12 Troubleshooting.
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4.2

52

Conventions Used in this
Manual

The following conventions are used to describe features in the CompleteEASE
software, in order to help the user navigate this manual.

Tabs M 8 CompleteEASE -

—ﬂ( measurement | instu (TREOPI Harcware | Options |
Data sarmple!_ramp_up-down_#2 Model: Siwith Transparent Film
S [ oven |[ seve |[ mo |[ setrenses | | open |[ sme || okar |
creen Fit Layer Commands: Add Delete Grade Save Parameterize
Include Surface Roughness = OFE
Panels ‘ S “ LA H Sesgl | =|Layer # 1 = Cauchy Film Thickness # 1 = 319.82 nm (fit)
MSE = 14 943 A= 1.404 (fity B = 0.00960 (fit) C = 0.00088 (i)
Thickness # 1 = 319 §20.218 nm k Amplitude = 0.05125 (fit) Expanent = 2.019 (fit)
‘ ) A=1404100005 Band Edge = 400.0 nm
‘Buttons B =0.0096040.000343 - [Eubstrate = 51 Temp JAW {Temp Library]
C =0.00088£0.000062 Temperature = 34.10
kAmplitude = 0.05125+0.000928 Use Ext Temp from Parm Log = O
Exponent = 2.01940.0434 Angle Offset = 0.000
n@ 6328 nm = 1433 + MODEL Options
BFIT Options
- Perfarm Thickness Pre-Fit = O
/v Auto Wavelength Range = ON # of Compare Paints = 20
OpthﬂS Sublract Average = QN S or C Only = OFF
Use Global Fit = OFF

Fitweight = N.C.5
Limit Wl for Fit = OFF
+Inciude Derived Parameters = ON
- OTHER Options

Model —_ Wvl. Range Expansion Fit Increment (eV) = 0.50
» Try Alternate Models
Commands Parameter Unquenass

Add Opt. Const. to HTML Report = OFF
Configure Optiens

Figure 4-1. Software conventions.

Tabs such as Measurement and In Situ will be written in bold italics.

Screen Panels such as Data:, Fit:, and Model: (in the Analysis Tab above) will be
written in bold, blue text.

‘Buttons’ such as ‘Open’ and ‘Save’ (in the Analysis Tab above) will be designated
with single quote marks.

Model Commands such as Parameter Unigueness, which are found in the
Model: panel will be written in bold, underlined, red letters.

+FIT, +MODEL and +OTHER Options found in the Model: panel will be written in
bold black letters. The symbol preceding the text shows whether that section is
collapsed (+) or expanded (-).

Mouse-selected menus are indicated with (“BR) or (L“D) for Right and Left
mouse-buttons, respectively.

“Pipeline” descriptions of command selections: Command selection sequences
will be described as a “pipeline” in this order: Tab>Panel>‘Button’, (“DR), etc.
For example: the ‘Open’ button within the Model: panel under the Analysis tab
is described as

Analysis>Model:>‘Open’
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A more extensive discussion of CompleteEASE software features is available in
the CompleteEASE Data Analysis Manual, Section 1.3.

4.3

File Organization &
Manipulation

The CompleteEASE software is installed on the hard-drive in a single directory.
Within the CompleteEASE folder, there are several default subdirectories \DAT,
\MAT, \MOD, \cnf and \jar. Users can also add their own directories.

A more extensive discussion of the CompleteEASE file structure, as well methods
to save and manipulate files, can be found in the CompleteEASE Data Analysis
Manual, Section 1.4. The CompleteEASE Data Analysis Manual can be viewed by
selecting Options>Miscellaneous>‘Show Manual’

& Wama T CompiteEASE Sl
Cantrors

CompleteEASE™
Data Analysis Manual

By 4. A Woatam Co., Inc.
et 75, 200

Figure 4-2. CompleteEASE Data Analysis Manual.

4.4

Operation

The typical ellipsometric measurement involves the following steps:

Typical Ellipsometer Operation

Power up R Align .| Acquire Data
Procedure Sample Data Analysis

A 4

l¢ I
<

Figure 4-3. Flow chart.

The following definitions should be understood before operating the system:
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System Alignment

System alignment is the adjustment of the Light source and Receiver
components relative to the base of the M-2000 system (in the “straight-through”
configuration). The straight-through configuration is when the angle of
incidence is set at 90°; the beam of light will directly enter the receiver (the
sample is not needed in this case). It also refers to the "Lookdown" detector
alignment for the Auto Tip/Tilt option. It is required when the system is first
delivered, when first mounting the system onto the base, or whenever the
integrity of the alignment is in question.

Alignment with Filter Wheel Option

When performing the system alignment using a filter wheel, there are some
factors to consider. Since the straight-through position is included in the
calibration, the signal needs to be optimized throughout the entire spectrum. If
a higher density filter is selected, the DUV signal is lower with respect to the
overall average signal. As shown in Figure 4-4 and Figure 4-5, if a lower density
filter is selected and the iris(es) or filter position on the Receiver unit is closed
down to avoid ‘Overload’, the DUV signal is optimized. This results in a much
better calibration result at these lower wavelengths. This procedure also applies
to sample alignment for highly reflective samples (ex: Silicon wafer).

Examples of Source ND filter wheel positions vs. Signal Intensity:

4 CompuangEASE _E

Ave. AC Intensity = 10.095
UV AC Intensity = (

IR AC Intensity = 8.156
Gain=1.0

Ave. AC Intensity = 10.095, DUV AC Intensity = 0.158, UV AC Intensity = 0.522, IR AC Intensity = 8.156, Gain = 1.0

B0 l
1

£ \I !

i \
} Hlﬁh
//W\,’_ﬁ-

‘\
e G AP AW/

' |
. “JLMI‘
20

0 400
Bls [N

Figure 4-4. Filter position 6 with iris open.
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D Comomeiast Tad|

i Maasurems et Tme
Cancel: Raw Signal Display T

IR AC Intensity = 7.660
Gain=1.0

Ave. AC Intensity = 26.528, DUV AC Intensity = 4.473, UV AC Intensity = 9.272, IR AC Intensity = 7.660, Gain = 1.0

Figure 4-5. Filter position 4 with iris closed to avoid overloading the spectrometer.

&P CompletsEAsE ; ; z z el |
| Cancel: Raw Signal Dispiay, | e

(_(OVERLOAD) Ave. AC Intensity = 95.216 |
DUV AC Intensity = 22.678

UV AC Intensity = 47.002

IR AC Intensity = 38.741

Gain =1.0

Ave. AC Intensity = 95.216, DUV AC Intensity = 22.678, UV AC Intensity = 47.002, IR AC Intensity = 38.741, Gain = 1.0

Intensity

400 600 800 1000

0
200
| AR -

Figure 4-6. Overloaded spectrometer.
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Filter shown at the 100%
light throughput position

Figure 4-7. Xenon Source Unit Filter Wheel Option.

Figure 4-8. MQD-Single Receiver unit iris.

The MQD-Dual may be equipped with a manual ND filter wheel option that has
four (4) detent positions for each fiber coupler to optimize the Intensity for each

Detector:

POSITION

INTENSITY

100%

70%

50%

20%

Table 4-1. Manual Filter Wheel positions.
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POSITION INTENSITY

Figure 4-9. MQD-Dual filter wheel selection.

Sample Alignment

Sample alignment is required for each new sample to align the sample surface
with respect to the ellipsometer. This is done by adjusting (manually or
automatically) sample chuck tip/tilt and Z-Height.

System Check (Calibration)

A System Check must be performed every time the M-2000 hardware is re-
mounted on the ex situ base or in situ chamber. This is required to determine
the azimuthal angles of the polarizer, compensator, and analyzer optical
elements with respect to the plane of incidence. This step also determines the
in-plane and out-of-plane window effects when the system is mounted on a
chamber with windows present. The system will automatically fit the data to the
calibration wafer model. This confirms that the ellipsometer is working properly.
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System Alignment (with
Manual Tip/Tilt)

Note: Automated Tip/Tilt alignment is an optional accessory that may or
may not have been purchased with your system. If your purchase
included Automated Tip/Tilt, please see Section 4.6 for System
Alignment (with Automated Tip/Tilt).

System alignment is the adjustment of the source and receiver components
relative to the variable angle base of the M-2000 system. It is required when the
system is first delivered, when first mounting the system onto a base or
chamber, or whenever the integrity of the alignment is in question. Figure 4-10
shows the basic components of the M-2000 system, and this naming convention
will be followed throughout these instructions.

In the straight-through position (angle = 90°), the white light beam should be
centered on both the Receiver Unit aperture and the 4-quadrant alignment
detector that is located inside the Receiver Unit. This alignment is easily tested,
using the following instructions, which also describes correction to the
alignment. All operations will be performed from within the Hardware tab of
CompleteEASE.

Note: A System Alignment should only be performed when the instrument
is first delivered, after mounting the Light Source and Receiver
components onto a base or chamber, or if the integrity of the
alignment is in question.

Note: Alignment of the Light Source and Receiver tilt stages on the base
should only be adjusted when the base is in the straight-through
position. Any adjustment screw should never need to be turned
more than -1 full turn. If so, it is likely something is not
mounted/aligned properly; check previous steps to be sure they
were done correctly.

Note: Optional focusing optics must be removed before continuing (if
attached).
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Source Unit

o Im&.
St/
7

e ;

Source
Tilt stage

Sample
stage
i

Receiver Unit

Receiver
Tilt stage

i = R 15 g —
switch U

Figure 4-10. Nomenclature.

Source Unit Alignment

The lamp is housed inside the Source Unit, which is mounted to the system with

tip-tilt adjustment (Source Tilt Stage) to manipulate the beam direction. The

source beam alignment is verified in the straight-through position to ensure that

it is aligned on the Receiver Unit aperture.

1. Select Hardware>Controls>System>‘Angle’. Choose an Angle of 90°. The

base will move to the straight-through position.

| & completesase
Ilr Measurement rAnaIysis Hardware | Options
Hardware Status

Waiting to Acquire Data

Controls

fGeneraI rCaI\bration rSystem rMisc. ‘

Position Controls

Angle | Z-Stage |

| Install New Sample Stage |

Figure 4-11. Angle button.
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Move Angle

Fen Angle: |90 [] Transmission Mode
Home Angle | Ok || Cancel |

Figure 4-12. Move Angle dialog box.

2. Select Hardware>Controls>System>‘Z-Stage’. Choose 18mm. This raises
the Source and Receiver optics above the Sample Stage, so the beam can
be viewed traveling to the Receiver Unit. If in a well-lit room, it may be
difficult to view the light beam. Reduce room lights for next step of
operation.

| & completeease
Ilf Measurement | Analysis [ Hardware | options
Hardware Status

Waiting to Acquire Data
Controls

fGeneraI rCaIibration rSystem rMisc. |

Position Controls

| Angle | Z-Stage

| Install New Sample Stage |

Figure 4-13. Z-Stage button.

3. Move your eye close to the Source Unit to view along the same path as
the beam. This will allow you to see the beam entering the Receiver Unit
aperture as shown below.

4. If the beam is not centered, center the probe beam on Receiver Unit
aperture by adjusting the Source Tilt Stage using a 3.175mm (1/8")
English Allen wrench. When the beam is aligned, there should be a
uniform white halo around the aperture (shown below). Misalignment
results in a "crescent" halo that is larger on one side of the black
aperture.
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Figure 4-14. Centering the beam on Receiver Unit aperture.

Receiver Unit Alignment

After the Source Unit alignment has been verified, the light beam will be
centered on the front aperture of the Receiver Unit. However, this does not
ensure alignment through the Receiver Unit. The tip-tilt of the Receiver Unit
controls its optical axis and makes sure it is collinear with the beam as it travels
through the Receiver Unit. To verify alignment, a 4-quadrant alignment detector
is located inside the Receiver Unit. In this section, we will verify alignment and
adjust the Receiver Unit to the measurement beam if necessary.

1. Select Hardware>Controls>General>‘Align Sample’. The software will
ask “Would you like to perform a full sample alignment?” Select ‘No’.

£7 CompleteEASE

Hardware Status

Controls

Waiting to Acquire Data

[l Measurement [’Analysis Hardware | Options

l/GeneraI |/Calibrati0n rSystem |/Misc. |

Alignment

Other

Align Sample

| System Check |

Display Signal

| Move To Load Pos. |

Routine Test Measurement

Measure

Show Results |

Figure 4-15. Align Sample button.
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Sample Alignment

Would yau like ta perform a full sample alignment?. (Choose "Ro" to display the alionment screen only

Figure 4-16. Sample Alignment dialog box.

The following alignment screen is a generic screen shot. Refer to
the system test report for your specific intensity values.

& cmpncass I
Gancal Algnment

Sample Tilt
X=-04
Y=-03
Intensity = 8,122

Max Signal Intensity = 83.72
Average Signal Intensity = 83.70

Figure 4-17. Alignment Screen.

The alighnment screen shows gray areas to represent the intensity
reaching each of the 4-quadrants of the detector, with a cross hair to
show the position of the light beam inside the Receiver Unit.

a. If the Receiver Unit has the optional Internal Alignment Camera,
there is no “gray area” but the cross hair positioning is still valid.

Sample Tilt
X=02
Y=0.3
Intensity = 1.000

Max Signal Intensity = 41.99
Average Signal Intensity = 41.78

Figure 4-18. Alignment Screen — Receiver Camera.

b. The Alignment Camera image can be viewed by selecting
Hardware>Controls>Misc>‘Additional Hardware Functions’'.
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&P CompleteEASE

(Measurement I/ In situ rAnaIysis rHardware I/ Options |

Hardware Status System Information
Waiting to Acquire Data System: M-2000D! (EI
Controls Wavelength Range: -
[ General | calibration | system | Misc. | Angle Status: 90.00

Z-Stage Status: 18.71
Sample Tilt Status: X
Translator Status: X,
- - LT
F

Z-Stage Scan

Hard Functions X

I| Additional Hardware Functions

<

LU=

| Angle Offset Correction |

l| Show Tilt Camera l

| Check Probe Delta Offsets | E

| 3
| Close | |
W e e P | ™

Figure 4-19. Show Tilt Camera button.

3. |If the cross hair is not centered, adjust the Receiver Tilt Stage using a
3.175mm (1/8”) English Allen wrench until the cross hair is centered on
the alignment screen. Now, the beam should be aligned at both the front
aperture and throughout the Receiver Unit. If the beam is no longer
centered on the receiver aperture, repeat Source Unit and Receiver Unit
alignment.

4. Press Escape or click ‘Cancel Alignment’ when finished.

Verify Signal
Inside the Receiver Unit, the light is directed into a fiber optic cable(s) which

carries the light to the Spectrometer(s).

1. View the signal reaching the Spectrometer by selecting
Hardware>Controls>General>‘Display Signal’.

M &5 CompleteEASE

I|_r Measurement rAnaIysm IfHardware r Options ‘

Hardware Status
Waiting to Acquire Data
Controls

fGeneraI rCa\ibration rSystern rMisc. |

Alignment Other
Align Sample Systemn Check
Display Signal ‘ Move To Load Pos. ‘

Routine Test Measurement

Measure ‘ | Show Results |

Figure 4-20. Display Signal button.

2. This will display a plot of the magnitude of the signal from all detector
channels, as shown in Figure 4-21. The intensities below are typical for
an M-2000 in the straight-through configuration.
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Note: The following signal screen is a generic screen shot. Refer to the
system test report for your specific intensity values.

& complatast
Cancel Raw Signal Display

Ave. AC Intensity = 83.685
DUV AC Intensity = 9.190
UV AC Intensity = 33.906
IR AC Intensity = 37.690
Gain=1.0

300 600 900 1200 1500 1800
nm

Figure 4-21. Raw Signal Display screen.

3. Check the value of the Gain displayed at the top of the signal intensity
screen. In the straight-through position, the gain should be either 1 or 2.
Otherwise, the system is not aligned properly or the lamp needs to be
replaced and/or aligned. For your specific M-2000 intensity distribution
of all channels please refer to the system test report. A hard copy is
shipped with each system and a soft copy is included on the backup CD.

4. If part of the UV-VIS signal, optional NIR, or both is “Overloading” as
shown in Figure 4-22, the iris(es) or filter position on the Receiver unit
may need to be closed down until the signal is no longer “Overloaded” as
shown in Figure 4-21. If the system is equipped with the Source ND filter
wheel, this can also be adjusted to avoid the overload (see Neutral
Density Filter Wheel section, page 16).

Note: The following signal screen is a generic screen shot. Refer to the
system test report for your specific intensity values.
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7 CompleteEASE s
cancel Raw Signal Display L

[ (OVERLOAD) Ave. AC Intensity = 66.285 |
DUV AC Intensity = 9.116

UV AC Intensity = 33.789

IR AC Intensity = 47.250

Gain =1.0

Detector Overloaded

Ave. AC Intensity = 66.285, DUV AC Intensity = 9.116, UV AC Intensity = 33.789, IR AC Ilfll!ii‘v:47.2§ll. Gain = 1.0

(\
E 120 lrW\\H / |
é 60 L““‘J N\
m !
0 600 900 Mth‘

1200 1500 1800

Figure 4-22. Optional NIR spectrometer overloaded on M-2000 system.

0
30

Figure 4-23. MQD-Single iris operation.
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Figure 4-24. MQD-Dual filter wheel selection.

5. If necessary (to avoid detector overload), adjust the iris(es) by rotating
the small silver lever around the fiber coupler or filter position by rotating
the wheel. This will change the iris diameter/ND filter throughput
affecting the amount of light available to enter the spectrometer(s)
through the fiber(s).

6. Select 'Cancel Raw Signal Display' (or Press ESC) to exit the screen.

4.6 System Alignment (with
Automated Tip/Tilt)

Note: Automated Tip/Tilt alignment is an optional accessory that may or
may not have been purchased with your system. If your purchase
did not include Automated Tip/Tilt, please see Section 4.5 for
System Alignment (with Manual Tip/Tilt).

System alignment is the adjustment of the source and receiver components
relative to the variable angle base of the M-2000 system. It is required when the
system is first delivered, when first mounting the system onto a base or
chamber, or whenever the integrity of the alignment is in question. Figure 4-25
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shows the basic components of the M-2000 system, and this naming convention
will be followed throughout these instructions.

In the straight-through position (angle = 90°), the white light beam should be
centered on both the Receiver Unit aperture and the 4-quadrant alignment
detector that is located inside the Receiver Unit. This alighment is easily tested,
using the following instructions, which also describes correction to the
alignment. All operations will be performed from within the Hardware tab of
CompleteEASE.

Note: A System Alignment should only be performed when the instrument
is first delivered, after mounting the Light Source and Receiver
components onto a base or chamber, or if the integrity of the
alignment is in question.

Note: Alignment of the Light Source and Receiver tilt stages on the base
should only be adjusted when the base is in the straight-through
position. Any adjustment screw should never need to be turned
more than %:-1 full turn. If so, it is likely something is not
mounted/aligned properly; check previous steps to be sure they
were done correctly.

Note: Optional focusing optics must be removed before continuing (if
attached).

Align Unit
— Receiver Unit

Source Unit

Source
Tilt stage

T

Sample
stage

Vacuum
switch

Figure 4-25. Nomenclature.
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Source Unit Alignment

The lamp is housed inside the Source Unit, which is mounted to the system with
tip-tilt adjustment (Source Tilt Stage) to manipulate the beam direction. The
source beam alignment is verified in the straight-through position to ensure that
it is aligned on the Receiver Unit aperture.

1. Select Hardware>Controls>System>‘Angle’. Choose an Angle of 90°. The
base will move to the straight-through position.

| € completeEnst
|f Measurement rAnaWS\S

Hardware Status

Waiting to Acquire Data

Controls

fGeneraI rCaHbraIiun rSySIem rMisc. |

Position Controls

Angle u Z-5tage |

| Install New Sample Stage |

Figure 4-26. Angle button.

Move Angle

Mew Angle: (30 [[] Transmission Mode

Figure 4-27. Move Angle dialog box.

2. Select Hardware>Controls>System>‘Z-Stage’. Choose 18mm. This raises
the Source and Receiver optics above the Sample Stage, so the beam can
be viewed traveling to the Receiver Unit. If in a well-lit room, it may be
difficult to view the light beam. Reduce room lights for next step of
operation.

| € completeEase 7 e
|r Measurement rAnalySiS Hardware Options
Hardware Status

Waiting to Acquire Data
Controls

General | Calibration | System | Misc

Position Controls

r—
[ wee [ zsee |
Install New Sample Stage

Figure 4-28. Z-Stage button.
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3. Move your eye close to the source unit to view along the same path as
the beam. This will allow you to see the beam entering the Receiver Unit
aperture as shown below.

4. If the beam is not centered, center the probe beam on Receiver Unit
aperture by adjusting the Source Tilt Stage using a 3.175mm (1/8”)
English Allen wrench. When the beam is aligned, there should be a
uniform white halo around the aperture (shown below). Misalignment
results in a "crescent" halo that is larger on one side of the aperture.

Figure 4-29. Centering the beam on Receiver Unit aperture.

Receiver Unit Alignment

After the Source Unit alignment has been verified, the light beam will be
centered on the front aperture of the Receiver Unit. However, this does not
ensure alignment through the Receiver Unit. The tip-tilt of the Receiver Unit
controls its optical axis and makes sure it is collinear with the beam as it travels
through the Receiver Unit. To verify alignment, a 4-quadrant alignment detector
is located inside the Receiver Unit. In this section, we will verify alighnment and
adjust the Receiver Unit to the measurement beam if necessary.

1. Select Hardware>Controls>General>‘Align Sample’. The software will
ask “Would you like to perform a full sample alignment?” Select ‘No’.
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Note:

2.

£7 CompleteEASE
[l Measurement rAnalysis Hardware | Options
Hardware Status

Waiting to Acquire Data

Controls

rGeneraI |/Calibrati0n rSystem rMisc. |

Alignment Other
Align Sample | | System Check |
Digplay Signal | | Move To Load Pos. |

Routine Test Measurement

Measure | | Show Results |

Figure 4-30. Align Sample button.

Sample Alignment :

Would yau like ta perform a full sample alignment?. (Choose "Ro" to display the alionment screen only

Figure 4-31. Sample Alignment dialog box.

The following alignment screen is a generic screen shot. Refer to
the system test report for your specific intensity values.

& e I

Intensity = 8,122

Max Signal Intensity = 83.72
Average Signal Intensity = 83.70

Figure 4-32. Alignment Screen.

The alignment screen shows gray areas to represent the intensity
reaching each of the 4-quadrants of the detector, with a cross hair to
show the position of the light beam inside the Receiver Unit.

a. If the Receiver Unit has the optional Internal Alignment Camera,
there is no “gray area” but the cross hair positioning is still valid.

©2023 J.A. Woollam Co. M-2000® Hardware Manual



Sample Tilt
X=20.2
Y=03
Intensity = 1.000

Max Signal Intensity = 41.99
Average Signal Intensity = 41.78

Figure 4-33. Alignment Screen — Receiver Camera.

b. The Alignment Camera image can be viewed by selecting
Hardware>Controls>Misc>‘Additional Hardware Functions’.

€7 CompleteEASE

fMeasurement I/ In situ rAnaIysis I/Hardware I/ Options |

Hardware Status System Information
Waiting to Acquire Data System: M-2000DI (EI
Controls Wavelength Range:
(General rCaIibration rSystem I’Misc. | Angle Status: 30.00

Z-Stage Status: 18.71
Sample Tilt Status: X
Translator Status: X,
Hardl Functions X ;

| Z-Stage Scan

L=

I| Additional Hardware Functions

| <

| Angle Offset Correction |

I| Show Tilt Camera I

| Check Probe Delta Offsets |
|
T |

Figure 4-34. Show Tilt Camera button.

3. |If the cross hair is not centered, adjust the Receiver Tilt Stage using a
3.175mm (1/8”) English Allen wrench until the cross hair is centered on
the alignment screen. Now, the beam should be aligned at both the front
aperture and throughout the Receiver Unit. If the beam is no longer
centered on the receiver aperture, repeat Source Unit and Receiver Unit
alignment.

4. Press Escape or click ‘Cancel Alignment’ when finished.

Verify Signal

Inside the Receiver Unit, the light is directed into a fiber optic cable(s) which
carries the light to the Spectrometer(s).

1. View the signal reaching the Spectrometer by selecting
Hardware>Controls>General>‘Display Signal’.
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£7 CompleteEASE

[l Measurement [’Analysm Hardware | Options

Hardware Status
Waiting to Acquire Data
Controls

l/GeneraI rCaIibration rSystem |/Misc. |

Alignment Other
Align Sample | System Check |
Display Signal | Move To Load Pos. |

Routine Test Measurement

Measure | | Show Results |

Figure 4-35. Display Signal button.

2. This will display a plot of the magnitude of the signal from all detector
channels, as shown in Figure 4-36. The intensities below are typical for
an M-2000 in the straight-through configuration.

Note: The following signal screen is a generic screen shot. Refer to the
system test report for your specific intensity values.

& Comppuinss =EIE

Cancel Raw Signal Display

Ave, AC Intensity = 83.685
DUV AC Intensity = 9.190
UV AC Intensity = 33.906
IR AC Intensity = 37.690
Gain =1.0

Ave. AC Intensity = 83,685, DUV AC Intensity = 9.180, UV AC Intensity = 33.906, IR AC Intensity = 37.690, Gain = 1.0

o
300 500 00 1200 500 1800

Figure 4-36. Raw Signal Display screen.

3. Check the value of the Gain displayed at the top of the signal intensity
screen. In the straight-through position, the gain should be either 1 or 2.
Otherwise, the system is not aligned properly or the lamp needs to be
replaced and/or aligned. For your specific M-2000 intensity distribution
of all channels please refer to the system test report. A hard copy is
shipped with each system and a soft copy is included on the backup CD.

4. If part of the UV-VIS signal, optional NIR, or both is “Overloading” as
shown in Figure 4-37, the iris(es) or filter position on the Receiver unit
may need to be closed down until the signal is no longer “Overloaded” as
shown in Figure 4-36. If the system is equipped with the Source ND filter
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wheel, this can be adjusted also to avoid the overload (see Neutral
Density Filter Wheel section, page 16).

Note: The following signal screen is a generic screen shot. Refer to the

system test report for your specific intensity values.

& CompletsEASE

Cancel Raw Signal Display

| (OVERLOAD) Ave. AC Intensity = 66.285 |
DUV AC Intensity = 9.116

UV AC Intensity = 33.789
IR AC Intensity = 47.250
Gain=1.0

o' @

Detector Overloaded

Ave. AC Intensity = 66.285, DUV AC Intensity = 9.116, UV AC Intensity = 33.789, IR AC Ifﬂs"‘y =47.250, Gain = 1.0
180

Intensity

Figure 4-38. MQD-Single iris operation.
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POSITION INTENSITY

Figure 4-39. MQD-Dual filter wheel selection.

5. If necessary (to avoid detector overload), adjust the iris(es) by rotating
the small silver lever around the fiber coupler or filter position by rotating
the wheel. This will change the iris diameter/ND filter throughput
affecting the amount of light available to enter the spectrometer(s)
through the fiber(s).

6. Select 'Cancel Raw Signal Display' (or Press ESC) to exit the screen.

Sample Stage Alignment

Thus far, we have aligned the Source and Receiver Units to the Variable Angle
Base. Next, we need to align the Sample Stage to the Measurement Beam.
Once we have the sample stage aligned to the system, we will align the
Lookdown Detector to the sample stage to allow for automated sample
alignment for future samples.

1. Remove any custom mounts or samples and mount the 25nm Oxide on
Silicon Calibration Wafer directly to the sample stage. Make sure to
switch on the vacuum to hold wafer in place.
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2. Select Hardware>Controls>System>‘Z-Stage’ and move to +0.55mm as a

starting position for the thickness of the Calibration Wafer.

3. Select Hardware>Controls>System>‘Angle’ and move to 65°.

£7 CompleteEASE

[l Measurement rAnalysis Hardware | Options

Hardware Status
Waiting to Acquire Data
Controls

[ General | Calibration | System | Misc.

Position Controls
P ——

| Angle I Z-Stage I

| Install New Sample Stage |

Figure 4-40. Hardware>Controls>System.

4. Select Hardware>Controls>General>‘Align Sample’. The software will
ask “Would you like to perform a full sample alignment?” Select ‘No’.
There are two alignment detectors on this system. In the Alignment
Screen, change the Detector to "Receiver".

£7 CompleteEAS!
| Measurement rAnaIysis Hardware | Options
Hardware Status

Waiting to Acquire Data

Controls

l/GeneraI |/Calibrati0n |/System |/Misc. |

Alignment Other
| System Check |

Align Sample

Display Signal || Move To Load Pos. |

Routine Test Measurement

Measure | | Show Results |

Figure 4-41. Align Sample button.

Sample Alignment

Would you like to perform a full sample alignment?. (Choose "Mo" to display the alignment screen anly)

es Mo

Figure 4-42. Sample Alignment dialog box.

Note: The following alignment screen is a generic screen shot. Refer to
the system test report for your specific intensity values.
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Figure 4-43. Alignment Screen — detector selection.

5. The cross hair will not likely be aligned. We will adjust the sample stage
to align the cross hair, effectively matching the Sample Stage to the
System Alignment.

6. Align the sample Tip/Tilt by pressing the Up/Down/Left/Right Arrow keys
on keyboard. Tip and tilt the sample stage until the cross hair is centered
on the screen. You will have to adjust the Tilt Stage Motor Increment to
reduce the steps to get “fine” adjustment of the motors.

Align Mode  Detector otor Increments

O Autorngtic . O Lockdown J§ 7 Stage |05 |

@ Manual @ [Receiver  WTilt Stage |0.01 |w

0.1
Z Position H0.500mmp o5
Tilt Positiorfl= (-0.0740 g2
0.01
0.005
0.002

Figure 4-44. Adjusting tilt stage motor increment.

a. If the Receiver Unit has the Alignment Camera, no gray intensity
will appear. If the beam is not entering the Receiver Unit at all, it
will display ‘Out of Range.’

Sample Tilt
x= .

Y=03
Intensity = 1,000 QOut Of|Range

Figure 4-45. Cross hair example — Receiver Camera installed.
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7. Align the sample Height. Maximize "Average Signal Intensity" shown
across the bottom of the Alignment Screen by adjusting Z-height with
PageUp/PageDown keys. Change Z-Stage increment to smaller value and
ensure Max Signal is found.

Max Signal Intensity = 13.38
Average Signal Intensity = 13.38

/

Figure 4-46. Adjusting for Maximum Signal Intensity.

Note: Iterate between the "Tip-Tilt" and "Z" alignments until both are
optimized at the same time. When both are optimized
simultaneously, the sample stage is aligned to the Measurement
Beam.

Lookdown Detector Alignment

After the Sample Stage has been aligned to the measurement beam (previous
section), the Lookdown Detector can be aligned to the same sample before it is
moved. There are two options for Lookdown Detectors:

= Quad Detector (standard)
= Camera Detector (fast)

Note: It is very important that the sample remains in its aligned condition
from the previous section until after this step is completed. The
‘Lookdown’ Detector is secondary to the ‘Receiver’ Detector.
Therefore, if the sample is removed or the Sample Stage is adjusted,
please repeat previous section before proceeding.

Quad Detector Lookdown Alignment

The standard Quad Detector Lookdown is used to perform automated sample tilt
alignment. It uses an LED-based optical system to reflect the beam onto the
detector at normal incidence to the sample.

1. The Alignment Screen should still be open from the previous section. If
not, repeat steps in the previous section (Sample Stage Alignment) to
open the Alignment Screen again. In the Alignment Screen, change the
Detector to “Lookdown".
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Figure 4-47. Switching Alignment Screen to Lookdown detector.

2. The cross hair may not be centered, which shows that the Lookdown
Detector needs to be adjusted to match the Sample Stage (which was just
aligned in the previous section). Adjust the Lookdown Detector
adjustment screws (see Figure 4-48) on the tilt stage that holds the
Lookdown Detector to center cross hair on the screen.

Note: The adjustment screws should never need to be turned more than
%-1 full turn. If so, it is likely something is not mounted/aligned
properly; check previous steps to be sure they were done correctly.

Lookdown Tilt Lookdown Tilt
(no Camera) (with Camera)

Figure 4-48. Adjusting the Lookdown Detector (Align Unit).
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T T———
Sample Tilt
X=-02

Y=-1.1
Intensity = 1.221

Max Signal Intensity = 13.38
Average Signal Intensity = 13.36

Figure 4-49. Lookdown Detector alignment centered.

3. The Lookdown Detector is now aligned to the system. When samples are
mounted, this Lookdown Detector can be trusted to give the correct
sample tilt alignment. After this point, all sample measurements will use
automated alignment.

Camera Detector Lookdown Alignment

The Camera Lookdown is used for fast automated sample alignment. Itis
equipped with a Z-Camera, and an optional Tilt-Camera. The Z-Camera is also
used as the Imaging Camera to view the sample under measurement.

Figure 4-50. Lookdown Alignment Camera.

1. The reference sample must still be aligned from the previous section. If
not, repeat steps in the previous section to verify the sample well aligned
on the Receiver Internal Detector.

M-2000® Hardware Manual ©2023 J.A. Woollam Co. 79



2. Close the Alignment Screen. Select Hardware>Controls>
Misc>'Additional Hardware Functions’ to open the Hardware Functions
window. Select “Show Alignment Camera Setup Dialog”. This shows
both the Z/Image Camera and the Tilt Camera.

-
l £7 CompleteEASE Hardware Functions X

Ilr MEasurement r In situ rAnalysna r Hardhare

Hardware Status Angle Offset Correction

Waiting to Acquire Data
Cantrals

r General rCaIihralinn r Systern | Misc

Calibrate Z Alignment Camera

Calibrate Tilt Alignment Camera

Z-Stage Scan |

Display Sample Image | I Show Alignment Camera Setup Dialog I

Check Probe Delta Offsets

Additional Camera Functions |

I Additional Hardware Functions

Close

Figure 4-51. Additional Hardware Functions- Show Alignment Camera Setup.

3. Select the ‘Z Align’ check box to verify the Z LED is working.
4. Select the ‘Tilt Align” check box to verify the Tilt LED is working.

Note: For collimated beam (unfocused) measurements, the alignment spot
positions do not need to be centered.

5. If both alignment LEDs are ON, the alignment camera will function. Do
not make any hardware adjustments, only an offset calibration is needed.
If the image is out of focus and this is desired, see Chapter 7 for
adjustment instructions.

@ TilyZ Camera Alignment Utility X
Z/image Camera Tilt Camera

Tilt Camera
(may not be centered)

Z/Image Camera

ZPosition: | Tilt Position: [x = 0.0001,y =-0.0021
SetZ Position Offset Set Tilt Position Offset
e e ]
Lighting View Save Image
[¥] llumination @ Image | Freezeimage
[¥] Z Align O Alignment Spot |  Save ZImage

—
(¥ Tilt Align) |

| save Titimage

Close |

Figure 4-52. Tilt/Z Camera Alignment Utility window.
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6. Close the Camera Alignment window. Select Hardware>Controls>

Misc>'Additional Hardware Functions’ to open the Hardware Functions

window and calibrate the Camera Alignment Offset(s).

a. Calibrate Z Alignment Camera

b. Calibrate Tilt Alignment Camera

[ & completeeas

-
Hardware Functions I&J

‘ Angle Offset Correction

Calibrate Z Alignment Camera

‘ Calibrate Tilt Alignment Camera

‘ Show Alignment Camera Setup Dialog

Measurement | In situ | Analysis | Harcware|] of

Hardware Status

Waiting to Acquire Data

Controls

fGeneraI rCaIibration rSystem rMisc. |

Display Sample lmage |

Z-Stage Scan |

Additional Camera Functions |

I Additional Hardware Functions

‘ Check Probe Delta Offsets

Hardware Functions ﬁ

‘ Angle Offset Correction ‘

‘ Calibrate Z Alignment Camera ‘

Calibrate Tilt Alignment Camera

‘ Show Alignment Camera Setup Dialog ‘

‘ Check Probe Delta Offsets ‘

Figure 4-53. Camera Calibration.

7. Select ‘Yes’ to the message box for each selected calibration.

Camera Calibration

A A sample must be mounted and aligned before perfarming
a calibration. Do you wish to continue?

=

Yes

Mo

Figure 4-54. Camera Calibration message box.

8. Test the Automated Alignment by performing Sample Alignment, choose
“Automatic” Sample Tilt and “Automatic-Camera” Sample Height.
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Sample Alignment &J Sample Alignment &J
Align Options Align Options
Sample Tilt Alignment: .EAutumatic i - Sample Tilt Alignment:  Automatic A
Sample Height Alignment: ;Automatic-Camem v;

Sample Height Alignment: Skip
Manual
Sample Thickness: | 0. |Rddycl0s
Alignrment Angle: 65.00

Skip

Manual
Automatic-Quick
Autormatic-Robust
Use Sample Thickness

Sample Thickness: 0.

Alignment]

Ok
[: Autormatic-{Camera Backside)

Figure 4-55. Automatic Sample Alignment options.

9. The Camera Detector is now calibrated to the system alignment. When
samples are mounted, this Lookdown Detector can be trusted to give the
correct sample alignment. After this point, all sample measurements

may use automated alignment.

Note:

If a manual tilt sample stage (example: Rotator), the Tilt Camera

may still be used for sample tilt positioning — cross hair position

4.7
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Sample Alignment (with
Manual Tip/Tilt)

Note:

Automated Tip/Tilt alignment is an optional accessory that may or

may not have been purchased with your system. If your purchase
included Automated Tip/Tilt, please see Section 4.8 for Sample
Alignment (with Automated Tip/Tilt).

Note:

This procedure must be performed every time a sample is mounted

on the ellipsometer, prior to measurement or calibration.

2. Place the sample on the sample stage.

3. Select Hardware>Controls>System>‘Angle’. Type 65 in the dialog box

and press ‘Ok’.

e Angle: (65

Home Angle

[ ] Transmission Mode

2k izancel

Figure 4-56. Move Angle dialog box.
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4. Select Hardware>Controls>General>‘Align Sample’. When prompted to
perform a full system alignment, select ‘Yes’.

Sample Alignment

Pd

Would you like to perform a full sample alignment?. {(Choose "Ro” to display the alignment screen anly)

Figure 4-57. Sample Alignment message box.

5. Under the Sample Tilt Alignment drop down menu, select Manual. Under
the Sample Height Alignment drop down menu, select Automatic-Quick.
Enter the sample thickness into the box. (Cal. Wafer = 0.55mm). The
Alignment Angle should be 65°. Press ‘Ok’.

Sample Alignment : [
Align Options

Sample Tilt Alignment: |ru15|nual |v|
Sample Height Alignment: |Autnmatic-@uick |v|

Sample Thickness: |.5 mim Current Fosition
Alighment Anale: |65.00

| Ok || Cancel |

Figure 4-58. Sample Alignment dialog box.

6. Adjust the sample tilt stage knobs until the cross hair is centered.

Note: The following alignment screen is a generic screen shot. Refer to
the system test report for your specific intensity values.

& ot

=00
Intensity = 2.858
Ave. Signal = 32.108

Figure 4-59. Cross hair centered.

a. If the Receiver Unit has the Alignment Camera, no gray intensity

will appear. If the beam is not entering the Receiver Unit at all, it
will display ‘Out of Range.’
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‘ Qut Of|[Range

7.

Figure 4-60. Cross hair example — Receiver Camera installed.

Select Cancel Alignment (or press ESC) to exit the screen. The system will
perform an auto Z height search to find the maximum intensity. If an
accurate sample height was entered into Sample Alignment dialog box
(see Figure 4-58), the alignment is likely complete. If not, these steps
may need to be repeated (iterate tip/tilt and Z height search) until the
sample is properly aligned. The software will enforce this action if
necessary. Two conditions must be simultaneously met for successful
sample alignment:

e The sample surface must be perpendicular to the plane defined by
the optical axes of the source and receiver (sample tip/tilt alignment).

e The sample surface must be positioned such that the light is reflected
into the Receiver Unit aperture (sample height alignment).

4.8

84

Sample Alignment (with
Automated Tip/Tilt)

Note:

Note:

Automated Tip/Tilt alighment is an optional accessory that may or
may not have been purchased with your system. If your purchase

did not include Automated Tip/Tilt, please see Section 4.5 System

Alignment (with Manual Tip/Tilt).

This procedure must be performed every time a sample is mounted
on the ellipsometer, prior to measurement or calibration.

Sample alignment on an auto-angle base with Automated Tip/Tilt alignment is

very simple.
1. Place the reference sample supplied with the instrument (~25nm SiO2 on
Si) on the sample stage.
2. Select Hardware>Controls>General>‘Align Sample’
3. Choose Automatic for Tip/Tilt. If sample thickness is known, enter this

value in the Sample Alignment dialog box and select “Automatic-Quick”.
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If sample thickness is not known, select “Automatic-Robust”. If equipped
with the Camera Lookdown, choose “Automatic-Camera.”

4. The ellipsometer will automatically align tip/tilt and Z such that the
following two conditions are met (required for successful sample
alignment):

e The sample surface must be perpendicular to the beam from the
Lookdown detector (sample tip/tilt alignment).

e The sample surface must be positioned such that the light is reflected
into the Receiver Unit aperture (sample height alignment).

Manual sample alignment options are still accessible for systems with automated
tip/tilt stage. Simply select “Manual” when prompted for tip/tilt or Z alignment
if desired (i.e. for low-reflecting samples). Use the Up/Down/Left/Right Arrow
keys on keyboard to tip and tilt the sample stage in Manual alignment mode.

Use the PageUp/PageDown keys to raise and lower the Z stage in Manual
alignment mode. Change motor increments in the upper right corner as need to
move in smaller or larger steps.

aaaaaaaaa gnment

Sample Tilt
X=-0.2

Y=-1.1
Intensity = 1.221

Max Signal Intensity = 13.38
Average Signal Intensity = 13.36

Figure 4-61. Cross hair centered and intensity maximized (beam centered on Receiver aperture).

Note: Follow Section 4.7 Sample Alignment (with Manual Tip/Tilt)
procedures when Lookdown detector is disabled.

4.9

System Check
(Calibration)

Note: A System Check must be performed the first time the system is
operated, or if the source/receiver units have been remounted. The
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1. Select Hardware>Controls>General>‘System Check’

2. Click ‘Yes’ to start the System Check.

Areyou sure yvol want to perform a System Check?

Figure 4-62. System Check message box.

3. When prompted, mount the calibration wafer (~25nm SiO2 on Si,
supplied with the instrument).

B4

Mount Sample

Maunt the calibration wafer and then press Qk

| @ || Cancel‘

Figure 4-63. Mount Calibration Wafer.

4. CompleteEASE will automatically open the sample alignment screen.
Align the sample as described in the Sample Alignment sections above.

(] Use Data Acguisiion Time

Sample Tilt
X=05

Max Signal Intensity = 13.24
Average Signal Intensity = 13.24

[

Figure 4-64. Alignment screen.

©2023 J.A. Woollam Co. M-2000® Hardware Manual



5. When finished with the alignment, click ‘Cancel Alignment’ to begin the
calibration.

6. System Check status will be displayed in Hardware>Hardware Status.

£7 CompleteEASE °

fhﬂeasurement |’In it rAnalyais

Hardware Status
Acq. Cal. Data, 6% completed

Figure 4-65. Hardware Status.

Evaluating Calibration Results

System Check Successful

If the system check is successful, the following message will appear.

B4

CompleteEASE

Systermn Check Successfull

Figure 4-66. System Check successful.

Take a quick look at the spectroscopic data graph to verify that the data fit is
good (Figure 4-67). If the model generated Psi and Delta data match the
Experimental data, the procedure is finished.

Spectroscopic Ellipsometric (SE) Data
60 100

90

80

Delta

70

60

50
0 300 600 900 1200 1500 1800
Wavelength (nm)

Figure 4-67. A good fit to system check data. It is good practice to verify the system check fit even when the

system check is successful.

If the system check is successful, basic testing is finished and the ellipsometer is

ready for general use.
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System Check Unsuccessful

If the System Check is not successful (that is, the error bars on the determined
parameters exceed the acceptance limits), a message box describing the error
will be displayed.

CompleteEASE

P4

® Systerm Check Errar: The model fit was not acceptable - See the hardware log far maore infarmation.

Figure 4-68. System Check error.

To view the calibration parameters, select Hardware>System Information>‘View
Hardware Log’

In most circumstances, the error bars on the Ps (polarizer), Cs (compensator),
and As (analyzer) azimuthal calibration parameters all should be less than £0.01°.
If the system check is not successful, check the following:

Note:

The system is aligned and the light intensity is adequate.

If the intensity is greater than 40, try reducing the intensity by half and
calibrating again. This will prevent the detector from being overloaded
with light at certain analyzer positions during calibration.

Read Chapter 11 Performance Checks and/or Chapter 12 Troubleshooting
for possible problems and solutions. If a successful system check still
cannot be performed, contact the J.A. Woollam Co. for assistance.

The SiO2 thickness varies significantly from wafer to wafer (20-
30nm). 25nm is the nominal thickness. Your wafer may have SiO2
thicker or thinner than 25nm.

4.10 Instirument Shutdown

88

P W NP

Save any necessary data and/or model files.
Select (L) Exit button B in upper right-hand corner of program screen.
Exit Windows.

Turn off the Computer, Monitor, EC box and the Lamp Power Supply
Module (M-2000 box). There is no particular order for the turning off
system components.
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5 Data Acquisition

5.1 Acquiring Ellipsometric

Data

Once the Performance Check is successfully completed, the instrument is ready

to collect data.

Note:

This section is generic. Options vary based on System Configuration.

1. Place sample on the sample stage.

2. Select <Prompt for Acquisition Parameters> from
Measurement>Measurement Controls>Recipe:

&% CompleteEASE

Recipe:

fMeasuremenl rhnalysis ’/Hardware r?p

System Status
Waiting to Acquire Data

Measurement Controls

=Prompt for Acquisition Parameters= |«

=5elect a Recipe=

=Prompt for Acquisition Parameters=
=Prompt for Recipe Components=
Test Measurement

| Choose From File Dialog |

| Create/Edit Recipe

Figure 5-1. Prompt for Acquisition Parameters.

3. Choose ‘Measure’.

4. |f ‘Save Data after Measurement’ was checked, the Save Data window
appears. Navigate to desired folder, give a filename and comment

(optional), and then choose ‘Save’.

M-2000® Hardware Manual
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]

& Save Data

File Location: : Files:
Recent | Projects | Libran Name Date Size
(1 Common
Browse File System ‘ ‘ Add Folder Link ‘ ! :
File Mame: [File Namé] |
Comment | |

Figure 5-2. Save Data navigation box.

5. The Acquisition Parameters Setup window will appear next.

B

Acquisition Parameters Setup

Data Acquisition Parameters

Data Type: ‘Standard |v‘
Acg. Time: (5 [w] High Accuracy Mode
Alignment Options
Sample Titt Alignment.  [Skip |
Sample Height Alignment: |Autnmatic~auick ‘v‘

Sample Thickness: |0.5 mm Current Position

Other Options
Do Mot Return To Sample Load Position

Do Mot Reposition Translator

| Load || Ok H Cancel |

Figure 5-3. Acquisition Parameters Setup window.

6. Under Data Acquisition Parameters, select ‘Data Type’ and enter ‘Acq.
Time’ (in seconds). With High Accuracy Mode checked, data is collected
with input polarizer set to +45° and -45° and averaged. This improves
data accuracy and is recommended for most applications.

7. Under Alignment Options, there are multiple selections.

©2023 J.A. Woollam Co. M-2000® Hardware Manual



For Sample Tilt Alignment: choose ‘Skip’, ‘Manual’, or ‘Automatic’
Automatic option only available for systems with automated tip/tilt
stage.

For Sample Height Alignment: choose an option:

Sample Alignment >
Align Options
Sample Height Alignment: [Automatic-Cuick -

Skip

Manual
Automatic-Cluick
ok |[Automatic-Robust

Sample Thickness: |0.00

Lze Sample Thickness ||
Automatic-Pinhole Camera

Figure 5-4. Sample Height Alignment options.

A “Quick” sample height alignment searches a narrow Z range
around the Z-height entered in the Sample Thickness box. This
option is recommended (to save time) if mapping or many
measurements will be made. Click ‘Set to Current Position’ to
enter current Z-position into the Sample Thickness box — useful if
a sample with similar thickness was last aligned.

A “Robust” sample height alignment searches the full Z range of
the base. This option is recommended if sample thickness is not
known, if the sample was not previously aligned, or if a sample
with similar thickness was not last aligned.

The “Pinhole Camera” option is the fastest alignment and works
well if the offset correction is valid.

‘Skip’ may be checked if the sample alignment has already been
completed. This is not recommended if the current sample has
not yet been aligned.

8. When finished, click ‘Ok’ to start the measurement sequence. The Align
Sample window appears (unless ‘Skip’ was selected for both tilt and Z
alignment). If manual alignment options were selected, perform the
alignment and click ‘Cancel Alignment’ when finished to close the
alignment screen. If automatic alignment options were selected, the
software will automatically perform the sample alignment and no action
is necessary. Ellipsometric data acquisition will start after the sample
alignment selections are executed.

9. System Status will show measurement progress.
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&7 CompleteEASE 2
Measurement | In situ [ Analysis | Hardwe

Systern Status
Acquiring Data at 65.00°...

Figure 5-5. System Status during data acquisition.

10. When the measurement is complete, the System Status will revert back
to ‘Waiting to Acquire Data’, and data will be displayed in the graph.

Variable Angle Spectroscopic Ellipsometric (VASE) Data

100 200
Psi (55 00, 65. OO 75.00°)
80 h“\“ﬁl\‘ ﬂ\ Delta (55.00, 65. 0(1‘\75 00°)
M // \A\X AN [
60 f

Psi
Delta

. e //\?%f N e
. WA\~
Wy v\

-100
0 300 600 900 1200 1500 1800
Wavelength (nm)

Figure 5-6. Example data after measurement.

11. Analyze data using procedures described in the CompleteEASE Data
Analysis manual.

5.2 Recipes

Data acquisition and analysis can be completed in one step by using a Recipe. A
Recipe combines Data Acquisition Parameters and an Analysis Model, allowing
data to be analyzed simultaneously with measurement.

Use of a Recipe requires that Data Acquisition Parameters and an Analysis Model
have been saved previously. An example drop-down list containing multiple
Recipes is shown below.
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Prompt for Recipe Components

#7 CompleteEASE

[’Measurement rAnalysis rHardware r?p

System Status
Waiting to Acquire Data
Measurement Controls

Recipe: |<Prompt for Acquisition Parameters= | w

tegs [=5elect a Recipe=

- |=Prompt for Acquisition Parameters=
=Prompt for Recipe Components=
Test Measurement

| Choose From File Dialog |

| Create/Edit Recipe |

Figure 5-7. Recipe selection.

To measure samples using previously saved Acquisition Parameters and Analysis

Model, select <Prompt for Recipe Components>. The Measurement Controls

panel will update to reflect <Prompt At Measurement Time> for Acg., Scan, and

Model. Click ‘Measure’ to open the Choose Recipe Components dialog box.

Choose desired Acg. Parms and Model and click ‘Ok’ to start the measurement.
(The Scan Pattern option in the figure below is available only for systems with

4% CompleteEASE

[ Measurement | Analysis | Hardware | Opfi

System Status
Waiting to Acquire Data
Measurement Controls

Recipe: |<Prompt for Recipe Components= ‘ b4 |

Save Data after Measurement

Measure

Load Sample

Figure 5-8. <Prompt for Recipe Components>.

optional sample translation.)
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Choose Recipe Components

Recipe

5cq.F'arms:‘SSEC_MM_CamAIign |vH EditiCreate ‘

Scan Paﬂern:‘mcm_mpt_(:ircle |vH EditiCreate ‘
Model:‘ZEanxideonSi |v‘

Additional Parameters

Folder for saving acquired data:

[ ] Save Results Only - No Raw Data

[] Export measurement results

| Load Existing Recipe ‘ | Ok || Cancel |

Figure 5-9. Choose Recipe Components.

Creating New Recipes

The instrument may have been supplied with a few default Recipes for use with
the calibration wafer, but customized Recipes will be required for specific sample
types.

To create a new Recipe using previously saved Acquisition Parameters and
Analysis Model, select “Create/Edit Recipe” (shown in Figure 5-7) to open the
Create/Edit Recipe dialog box. Choose desired Acg. Parms and Model and click
‘Save Recipe’ when finished. (The Scan Pattern option in the figure below is
available only for systems with optional sample translation.)

Create/Edit Recipe

Recipe
Acq. Parms: |{Seled an Acquisition Parameters Set= |v| | EditiCreate ‘
Scan Pattern: |N0ne |V| | Edit/Create ‘
Model:|N0ne |V|

Additional Parameters

Folder for saving acquired data:

[ ] Save Results Only - No Raw Data

[] Export measurement results

Load Existing Recipe | Save Recipe || Close |

Figure 5-10. Create/Edit Recipe.
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Creating New Acquisition Parameters

To create new Acquisition Parameters, select “Create/Edit Recipe” (shown in
Figure 5-7), then “Edit/Create” next to each recipe component in the Recipe
panel to open the setup window.

Create/Edit Recipe

Recipe
Acg. Parms: |{Se|ect an Acquisition Parameters Set= |v| | Edit/Create |
Scan F'atlern:|NUne |"| | Edit/Create |
Model:|None |v|

Additional Parameters

Faolder for saving acquired data:

| Bave Results Only - Mo Raw Data

[ | Export measurement results

Load Existing Recipe

Figure 5-11. Edit/Create Recipe.

Use the ‘Save’ button near the bottom of the screen after entering desired
measurement parameters. Saved Acquisition Parameters will now be available
for <Prompt for Recipe Components> or creating a new Recipe.

Load Save Zancel

Figure 5-12. Save Parameters (example).

Creating New Analysis Models

This is discussed in detail in the CompleteEASE Data Analysis Manual. View the
CompleteEASE Data Analysis Manual by selecting:

Options>Miscellaneous>‘Show Manual’ (or Press F1)

Using a Recipe

1. To measure and analyze a sample using a Recipe, select the desired
Recipe from: Measurement>Measurement Controls>Recipe:
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#¥ CompleteEASE

f Measurement rAnaIysis |/ Hardware | Op
System Status
Waiting to Acquire Data

Measurement Controls

Recipe: |Test Measurement ‘V|

Save Data after Measurement

Measure

Load Sample

Figure 5-13. Example Recipe.

2. After Recipe is selected, simply click ‘Measure’. The measurement
sequence will proceed normally, starting with sample alignment (unless
‘Skip’ is selected in the Data Acquisition Parameters).

3. After the measurement is completed, the data will be analyzed using the
Model contained in the Recipe. Notice that Model fit results are now
displayed in Measurement>Fit Results panel.

Fit Results
I
e s O e MSE = 19.282 —
it o deye o st ern s Oxide Thickness = 10289.26 £4.196 A e
g5 o Bt EMA % (Mat 2) = 0.6 £ 0.07 yiasansah
ol et ¢ ek ot Interface Thickness = 22.85£0.849 A [ sasasasaq!
em. T AngleOffset=-0.124 £0.0152 ‘ l

Measure

Loaa sample

Previous fussuts || Geapn Parsmeres

Variable Angle Spectroscapic Ellipsometric (VASE) Data

300
Psi (55.00, 65.00, 75.00°) —
— ——
7N ’

80| 5 v

/ // : y 200

s

/
B0

z T
40
i

20
o
0 300 800

100
900 1200 1500 1800
Wavelength (nm)

Figure 5-14. Example data after measurement with Recipe.

4. To view the Model used, switch to the Analysis tab. Note that the

Analysis>Data panel indicates the data filename given, or if the data has
not yet been saved.
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Data. 10000 SI02 o0 8i Made! Sample Test - Thick Ouke an S1 (Thin Grde on 3| model)

e | saw | - ogee

P Layer conmands: [l Delete Save
F i

Data: 1000nm SiO2 on Si

Model: Sample Test - Thick Oxide on Si (Thin Oxide on Si mode

‘ Open H Save |‘ SetRapges ‘

| Open H Saye H Clear ‘

Fit:

Oxide Thickness = 10289.26x4.196 A
EMA % (Mat 2) = 0.6£0.07
Interface Thickness = 22 8510 849 A

Angle Offset = -0.124+0.0152

Variable Angle Spectroscapic Ellipsometric (VASE) Data

MSE = 19282

Layer Commands: Bl Delete Save

Include Surface Roughness = OFF

Layer #2 = EMA Oxide Thickness = 10289.26 A (fit)
Layer# 1 = INTR_JAW Interface Thickness = 22.85 A (fit)
Substrate = SI_JAW

+

+ MODEL Options
+ FIT Options
+ OTHER Options

Configure Options
Turn Off All Fit Parameters

200

o §

600

00
Wavelength (nm)

1500 1800

Figure 5-15. Example data after measurement with Recipe — Analysis tab.

5.3 Data Types

Most applications will require only the Standard Data Type. However, some
applications benefit from or require Generalized Ellipsometry, Mueller Matrix, or
Reflection Intensity. Data Acquisition for each Data Type is briefly discussed

here.

Acquisition Parameters Setup

Data Acquisition Parameters

Data Type:

Acg. Time:

Scan Opti
Angle Sca

Standard

Standard

Generalized Ellipsometry
Mueller hdatrix
Transmission Intensity
Reflection Intensity

Figure 5-16. Data Types.

[w] High Accurs

| Bylso0

To view Acquisition Parameters, select “Create/Edit Recipe” (shown in Figure
5-7), then “Edit/Create” next to Acq. Parms in the Recipe panel to open the
Acquisition Parameters Setup window.

Standard

The Standard Data Type is used for most applications. This data type acquires
Ellipsometric Psi and Delta data, as well as reflectance and depolarization data.

M-2000® Hardware Manual
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&7 CompleteEASE
fMeasurement |/ In situ rAnaIysis rHaMware Optic

Hardware Status
Waiting to Acquire Data

Controls

Calibration | System | Misc. |

General

Initialize Hardware | DC Offset Calibration

Figure 5-17. DC Offset correction.

Mueller Matrix

Mueller Matrix data is required for complicated samples with both anisotropy
and depolarization. The M-2000 measures 11 Mueller Matrix elements.

Acqguisition Parameters Setup
Data Acquisition Parameters
Data Type: |I'u'|ue||er I atrix

Acg. Time: |10.00

Alignment Options
Sample Height Alignment: |.Automatic—0uick

|v|

Sample Thickness: |0.5489 | mm "Current F'osiﬁon”

Other Options
Do Mot Return To Sample Load Position

Do Mot Reposition Translator

| Load || Ok || Cancel |

Figure 5-18. Mueller Matrix data acquisition.

After measurement, data are displayed. To view Mueller Matrix elements, select

the Graph ‘+Data’ button, and select one of the Mueller Matrix Data options.
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Spectroscopic Ellipsometric (SE) Data

—Data  + Model 0.9

' © show Isatropic Items \ m;%
O Show GE Items n 06
® Show Mueller ltems ;C: \ M31
Wueller Matrix Diag % 0.3
Wueller Matrix Off Diag w \ mg;
X [ —]
IR £ 00 T VY ——
Select Mueller Matrix Elements = M24
MM-Jones Quality 5 03 o~ M42
Depolarization Index D M34
=]
WM Derived Parameter = M43
Show MM Graph Utility 06 ¥Model
¥ Calor Lines by MM Element Ctrl-y
- -0.9
CESHE 200 400 600 800 1000
Wore Options D Wavelength (nm)
-— o e [LELL

Figure 5-19. Mueller Matrix data.

To view specific Mueller Matrix elements, choose ‘Select Mueller Matrix
Elements’, and a new window will appear allowing the user to specify which
elements to display.

— Data + Model Mueller Matrix Element Selection
o Show Isotropic ltems / Selectthe desired Mueller Matrix elements
O Show GE ltems Mueller Matrix Elements
® Show Mueller ltems Owm1r Owmiz M3 M4
LGRS CIm21 m22 M23  [Im24

Mueller Matrix Off Diag
Mueller Matrix NCS [IM31 M3z M33 34|
Select Mueller Matrix Elements 4
MM-Jones Quality

L T I R | Clear Al | ‘ SelectAl |
MW Derived Parameter
Show MM Graph Utility | On-Diag. Blocks | ‘ Ofi-Diag. Blocks |

CIma1  [COm42  [IM43  [IMd4

¥ Color Lines by MM Element Ctrl-¥Y

[J Difference Mode

Mare Options ... 3

L T

Figure 5-20. Mueller Matrix Element Selection window.

Reflection Intensity

This Data Type measures the reflected intensity of the light beam. Baseline
intensity is measured from a reference sample (thermal oxide on silicon).

Note: Reflection Intensity is also measured with “Standard” Data Type,
but no baseline is used. Reflection Intensity Data Type is
recommended for best accuracy.

B4

Acquisition Parameters Setup

Data Acquisition Parameters

Data Type: |Reflection Intensity |V‘

PR [P oS

Figure 5-21. Reflection Intensity data acquisition.
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When the measurement is started, the user will be prompted to mount the
reference sample. The default is 25nm SiO2/Si, but can be changed using the
System Check Model setting.

b

Intensity Measurement

Mount Reference Sample far Baseling Measuremeant

Figure 5-22. Mount reference sample for baseline reflectance measurement.

Align the reference sample. The system will then acquire a baseline
measurement from the reference sample.

£7 CompleteEASE °

Weasurement | In sit | Analysis | Hardwa

System Status
Acquiring Baseline

Figure 5-23. System Status — acquiring baseline.

When the baseline measurement is completed, follow the prompts to mount
and align the sample of interest.

4

Intensity Measurement

haunt Sample far Measurement

Figure 5-24. Mount sample for reflectance measurement.

After the measurement, Psi and Delta data are initially displayed in the Graph.
To view Reflection Intensity data, select the ‘+Data’ Graph button and choose
“Intensity” from the Isotropic Items.

— Data + Model
T® snow setropic tems N Spectroscopic Ellipsometric (SE) Data
O Show GE ltems 50
O Show Mueller ltems B Intensity
Psi Cirl-P 40 |
Delta Cirl-D _,-\J'j
Re(rho) /\’\" L\\
Imirho) é" 30
N CtiH k@
[+ crc |- .ﬂc_.J / \
s crs | = 20 i
=Pseudo= Transforms .. 3
Intensity CtrH 10
Depolarization Cirl-Z
¥ Double Y Axis Cirl-y
ElEacncsiods 300 400 600 800 1000
More Options ... » Wavelength (nm)
T

Figure 5-25. Intensity graph selection.
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5.4 Routine Test Measurements

The Routine Test Measurement feature in CompleteEASE is useful for keeping
track of system performance over time. This feature can be accessed from the
Hardware tab (see Figure 5-26). There is an initial setup procedure required to
use this feature which is described in the Initial Setup section below. For this
feature to be useful it is important to always use the same sample for the
measurements.

£ CompleteEASE
Measurement | Insitu | Analysis | Harcware | Opti

Hardware Status

Waiting to Acquire Data
contrals

l/GeneraI rCaIibration rSystem rMisc. |

Alignment Other
| Align Sample | | System Check |
| Display Signal | | Mowve To Load Fos. |

~Eoutine Testhisaauianent
| Measure | | Show Resulis |I

Figure 5-26. Routine Test Measurement in the Hardware tab.

Initial Setup

This may be done at the factory, but can be changed for a specific application.

1. Create a Recipe for the sample to be used for the Routine Test
Measurement.

2. Create afolder called “Routine Test Measurement” in the
\CompleteEASE\Recipe folder and copy the “.recipe” and “.parms” files
created in step 1 into this folder. The model created in step 1 should be
placed in the \CompleteEASE\Mod folder or one of its sub folders.

3. From the Hardware tab, choose ‘Edit Hardware Config.” to bring up the
“Hardware Configuration” dialog box. Check the box labeled “Show
Advanced Config. Options” and then expand the “Routine Test
Measurements” section in the list on the left (see Figure 5-27). Select the
“Recipe=" item and type the name of the recipe in the “Edit: Recipe”
field at the top right. If you would like the software to prompt the user to
perform the test measurement at periodic intervals, set the
“Measurement Period” parameter to a value greater than 0. For
example, if the “Measurement Period” is set to “1” then the software will
prompt the user to perform a test measurement once per day.
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Hardware Configuration

Configuration Parms Edit: Recipe

o= Digta Acguisition
o= Marmal Calibration
o= Coarse Calibration

o= Systern Calibration |
¢ Routine Test Measurements

[»

[Test Measurement Recipe |

Feset Parameter to Default |

Measurement Period= 0.0 = Description
Save Results To Database = False FRecipe to be perfarmed when a routine test
Database Tahle Mame = JAWRoutine measurement is requested.

Recipe = Test Measureme...
o= \Window Effects
o= System Check Settings
& Parm. Return Yalues
& Channel Suhsets
o= Miscellaneous
o= Alignment Parameters

4]

Show Advanced Config. Options

Close

Figure 5-27. Hardware configuration dialog box.

Viewing Results

After completing at least two routine test measurements, the user will be able to
view the results by pressing the “Show Results” button in the “Routine Test
Measurement” section (see Figure 5-26). The results are displayed on a graph
with the parameters plotted versus date. An example is shown in Figure 5-28.

5]

Routine Measurement:

Curve 1: |Ave.AC Intensity "‘ Curve 2: ‘Native Cide |'|

Parameters vs. Date

10311 s A Intersity 16.860
10308 MNative Cxide A I
5 \ / w Vv ):,( / \ 116840 &
E 10302 ‘(\ [ A / §
NIV RA S ava ™
S

1V Y Vo

10.296

10.293 16.810

2009-12-07 (11:16:12)
2009-12-15 (16:15:57)
2009-12-23 (21:15:43)
2010-01-01 (02:15:28)
2010-01-08 (071814

Date

Close

Figure 5-28. Routine Test Measurement results.
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é Focusing Optics

Note: This chapter pertains to removable focusing optics, which is an

optional accessory that may or may not have been purchased with
your instrument.

6.1 General Overview

s '
Z- :
HS . (o] . >
VR
VS '
fi HR
- | ‘.'

C

S IS [ S——"

Figure 6-1. Focusing probes.
The focusing optics consists of the Source and Receiver tilt stages and two
focusing lens mounts. The tilt stages are used to translate the position of each
lens that is mounted in the end of the cone shaped lens mounts. Each tilt stage
contains a fine adjustment screw for the vertical position (VS and VR) and the

horizontal position (HS and HR). The tilt stages are also equipped with a view
port to view the light beam on the Receiver unit aperture.

Related configuration parameters can be viewed by selecting Hardware>System
Information>‘Edit Hardware Config’. Under Focusing Option, the Windows
option should be enabled (= true) and set to “Measure Offsets in ST” (= true).
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“Use Separate Angle Offsets” may also be enabled (if applicable) — see AOI
Correction section of this manual. Check ‘Show Advanced Config. Options’ to see
the window effects and delta offsets displayed. DO NOT edit these numbers
manually. These are calculated after the alignment is performed. The
configuration parameters should not change and do not need to be checked
each time the focusing probes are added.

B4

Hardware Configuration

Configuration Parms Data Acquisition

¢ Focus Option

Max. Angle Allowed =75

Probes Have Lenses = True

Use Separate Angle Offsets = true
Windows: Enabled =True

| »

Reset Parameters to Defaults

Windows: Measure Offsets in ST =true Description
Windows: Mo System Check Delta Offsets = False__| Default parameters for data acquisition

Windows: WinRet1 =0

Windows: WinRet2 =10

Windows: Delta Offset Mode = 2
Windows: Delta Offset1 = 0.101037
Windows: Delta Offset2 =-0.004379
Windows: Delta Offset3=10 L9
Windows: Delta Offsetd =0

Windows: Delta Offset Err. Tolerance = 0.5
Windows: Min. Delta Offset? Limit=0.2

| Windows: # of Hinher Order Terms = 1 | | |L
1 1l 4

Show Advanced Config. Options

Close

Figure 6-2. Hardware Configuration window.

Caution: The focusing lenses and their coatings can easily be damaged. Be
careful when handling the lens mounts so that nothing touches the
lenses.

6.2 Installation

Focusing optics should not be installed during the initial Alignment and
Calibration Procedures described earlier in this manual. If the system is ready for
general use, the focusing optics can be installed using the following procedure.

Caution: Remove any sample positioning pins from the X axis of the sample
stage prior to attaching the focusing probes. These pins may
prevent proper alignment of the focusing optics or cause damage to
the focusing tilt stages due to improper strain.

1. Select Hardware>Controls>System>‘Install Focus Probes’.
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£2 CompleteEASE

[ Measurement | Insitu | Analysis [ Harcware | Opt

Hardware Status

Waiting to Acquire Data

Contrals

rGeneraI rCaIibratiDn rSvstem rnﬂisc. |

Position Controls
| Angle ‘ ‘ Z-Stage ‘

| Translator ‘ ‘ Sample Tilt ‘

Install Mews Sample Stage
I Install Focus Probes I

Figure 6-3. Install Focus Probes.

2. Select Yes when prompted to step through the alignment procedure. The
system will raise the Z stage and move to the straight-through position
(90°).

B4

IE' Would you like the software to step you through the alignment procedure?

Figure 6-4. Probe alignment message box.

3. Each probe is labeled as Source or Receiver. CompleteEASE will prompt
for attaching each probe. This procedure may vary if the Alignment
Camera is present in the Receiver Unit.

Standard Receiver Unit

1. The first prompt is to attach the Receiver probe. Using the three captive
thumb screws, attach the Receiver focusing probe to the Receiver probe
tilt stage.

4

Focus Probe Installation

Aftach RECEIVER focus probe and install alignment target.
Adjustthe RECEINER probe tilt to center the spot on the Target.

[ oK || Cancel|

Figure 6-5. Adjust Receiver probe.
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(3) Captive Screws to attach probe

Figure 6-6. Focus probe mounting.

2. Unscrew the cone-shaped Receiver side lens mount and replace with
Alignment Target.

Figure 6-7. Focusing lens and target.

3. Observe the ellipsometer beam on the Alighnment Target. For better
visibility, reduce the ambient light if possible.

4. Carefully center the beam on the Alignment Target by translating the
target with the Vertical Receiver (VR) and Horizontal Receiver (HR)
adjustment screws. MOVE THE TARGET, NOT THE ELLIPSOMETER BEAM.
Click OK when finished.
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/7 Source Lens Adjust

Figure 6-8. Focus Probe Tilt Adjustments.

5. The second prompt is to attach the Source probe. Using the three
captive thumb screws, attach the Source focusing probe to the Source
probe tilt stage.

Focus Probe Installation

Aftach SOURCE focus probe. Adjustthe SOURCE probe tilt stage
to center the heam on the RECEIVER probe alignment target.

| ] || Cancel|

Figure 6-9. Adjust Source probe.

6. Again, observe the ellipsometer beam on the Alignment Target. For
better visibility, reduce the ambient light if possible.

7. Carefully center the beam on the Alignment Target by translating the
Source side lens with the Vertical Source (VS) and Horizontal Source (HS)
adjustment screws. MOVE THE SOURCE LENS, NOT THE TARGET OR
ELLIPSOMETER BEAM. Click OK when finished.

8. Follow the next prompt by removing the Alignment Target and replacing
it with the Receiver side lens. Click OK when finished.

Focus Probe Installation

Rermove the target from the RECEIVER prohe and attached the
RECEMNER probe lens.

] Zancel

Figure 6-10. Remove target.

9. Lastly, adjust ONLY the RECIEVER LENS (Vertical and Horizontal)
adjustment screws to maximize the Intensity. Click OK when finished and
go to Section 6.3.
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Focus Probe Installation

Adjust the RECEIVER prohe tilt stage to maximize the signal
intensity to camplete the alignment.

Intensity: 87.066

Figure 6-11. Adjust Receiver probe.

Alignment Camera Receiver Unit

1. The first prompt is to attach the Source probe.
| Focus Probe Installation X |

| Attach SOURCE focus probe. Adjustthe SOURCE probe tilt stage
to center the crosshair on the Alignment screen (shown after pressing OK).

| Ok || Cancel |

Figure 6-12. Adjust Source probe.

2. Using the three captive thumb screws, attach the Source focusing probe
to the Source probe tilt stage. Click OK when finished.

(3) Captive Screws to attach probe

Figure 6-13. Focus probe mounting.

3. Carefully center the cross hair by translating the Source side lens with the
Vertical Source (VS) and Horizontal Source (HS) adjustment screws. Close
alignment screen when finished.

Note: If the beam is not entering the Receiver Unit at all, ‘Out of Range’
will be displayed.
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X=-0.2

=03
Intensity =1.000

Qut Of|[Range

Figure 6-14. Cross hair example — Receiver Camera installed.

Figure 6-15. Focus Probe Tilt Adjustments.

4. The second prompt is to attach the Receiver probe. Using the three

captive thumb screws, attach the Receiver focusing probe to the Receiver
probe tilt stage. Click OK when finished.

‘FDCLIS Probe Installation
Aftach RECEIVER focus probe.

| @ H Cancel‘

Figure 6-16. Attach Receiver probe.

5. Lastly, adjust ONLY the RECIEVER LENS (Vertical and Horizontal)

adjustment screws to maximize the Intensity. Click OK when finished and
go to Section 6.3.

£ Focus Probe Installation X |
Adjustthe RECEIVER probe tilt stage to maximize the signal
intensity to complete the alignment.

Intensity: 13.910

Figure 6-17. Adjust Receiver probe.
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6.3 Lens Correction

1. The signal screen is displayed at the end of the installation procedure as a
chance to optimize the straight-through signal before the measurement
is taken. This may be necessary in some system configurations involving
the ND filter wheel (see Section 2.2 System Components). When
finished, or if no optimization is required, cancel to escape the signal
screen.

2. The software will acquire data in the straight-through position and fit for
the Delta Offsets introduced by the focusing lenses. These offsets will be
written to the Configuration as mentioned earlier.

Spectroscopic Ellipsometric (SE) Data

45.09 00
Psi X
45.06 | 7 7
Model o2
45.03 - | | Il {
& 45.00 - . . : T Y | & LN g 8
i AN NIRRT e (0 3
44.97
0.6
44.94
44.91 08
0 300 600 900 1200 1500 1800

Wavelength (nm)

Figure 6-18. S-T data example (Psi and Delta).

3. After the focusing probes are installed, the AOI will move to a safe
position (i.e., 70°) and the Hardware>System Information panel will
update as shown below.

Focus Probes: Installed
Window Effects: ON (Focus Option)

Figure 6-19. Focusing Probes installed.

4. If configured, the software will then automatically correct the Angle
Offset and the Receiver Alignment Camera Offset.

Note: With the focusing probes attached, the base cannot be operated in
the straight-through position. The limit switches behind the probes
prevent the stage from moving past 75° (or 65° in some
configurations). This prevents the probes from running into the
sample stage and damaging them.
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6.4 Sample Alignment &
System Check with
Focusing Optics

Focusing Optics reduce the measurement beam size to a few hundred microns
(exact size depends on system details), and sensitivity to the tip/tilt of the
sample stage is greatly reduced. However, sensitivity to Z-height position is
greatly increased. Tip/tilt adjustment may be skipped during sample alignment,
but Z-height (maximize intensity) should be performed carefully.

1. Place a 25nm SiO2/Si calibration wafer on the sample stage.

2. Select Hardware>Controls>General>‘Align Sample’. When prompted to
perform a full system alignment, select Yes.

B

Sample Alignment

Would you like to perform a full sample alignment?. (Choose "MNo" to display the alignment screen only)

Figure 6-20. Sample Alignment message box.

3. Inthe Sample Alighment dialog box, select Automatic-Quick in the
Sample Height Alignment drop menu. Enter the sample thickness
(0.55mm for calibration wafer). Enter 65 in the Alignment Angle box.
Press OK.

Note: With the focusing probes attached, the Sample Tilt Alignment does
not appear unless the system has the Auto Tip/tilt feature. The
system is not as sensitive to tilt with a focused beam on the sample.
Z height is very critical.
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Sample Alignment
Align Options

Sample Height Alignment: [Automatic-Cuick -

Sample Thickness: |IZI.5 I |CurrentF'|:|5iti|:|n

Alignment Angle: |BS

Qk Cancel

Figure 6-21. Sample Alignment dialog box.

4. The system will perform an Auto-Z height alignment.

a. If the Receiver Alignment Camera is installed, Automatic-Camera
becomes an option for fast Sample Height Alignment.

| Sample Alignment x|
|- Align Options

Sample Tilt Alignment: |Aut0matic |V| |
| Sample Height Alignment. |Automatic-Quick |v |

Ski
Sample Thickness: [0.00 -
—{Manual

Alignment Afutomatic-Quick
Automatic-Robust

Use Sample Thickness
Ok ||Automatic-Camera

Figure 6-22. Receiver Camera Sample Height Alignment options.

5. Select Hardware>Controls>General>'System Check’. Select Yes when
prompted to perform the System Check. Press Ok when asked to mount
the wafer.

6. In the Sample Alignment dialog box, select Automatic-Quick under the
Sample Height Alignment drop menu. If the calibration wafer has already
been aligned, click ‘Current Position’ to enter the current Z-height. Press
OK. This will take 1-2 minutes. If the System Check is successful, the
system is now ready to take data.

7. If the Psi and Delta data show a “step” at the Detector Switch Point (for
NIR systems), the Receiver unit may need to have the iris(es) opened up
(shown in Chapter 4). They may have been closed previously to avoid a
detector overload, but with the focusing optics present and off sample,
they can be opened to allow more light into the fiber(s).
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Figure 6-23. Difference plot — Psi/Delta data with step (IR iris not fully open).

8. Open the Receiver Unit irises (if equipped) fully and verify the signal is
not overloading the detector by viewing Display Signal screen
(Hardware>Controls>General>‘Display Signal’).

9. Take data again off of the 25nm SiO2 calibration sample and fit the data
with the same model. Now the “step” between UV-VIS and NIR
spectrometers should be minimized.

6.5

Focusing Optics

With Focusing Probes installed, very small changes in Z (sample height) can
cause the reflected beam to miss the Detector. Even an Angle of Incidence
change introduces small change in Z. Therefore, the Z alignment (sample height)
must be performed at each measured angle.

Data Acquisition with

An advanced hardware option should be turned on to prompt for Z alignment at
each measured angle. Select Hardware>‘Edit Hardware Config’ to open the
Hardware Configuration window. Check ‘Show Advanced Config. Options’'.
Under ‘Alignment Parameters’, verify ‘Focus Option: Z Align Each Angle = true’.

=

e SRR

Caonfiguration Parms

o Channgl Subsets
o Miscellaneous
9 Alignment Parameters

Z Alignment Intensity Threshold = 0.1

Z Alignrment Intensity Averaging = 0.0
Look Down Intensity Threshaold = 0.04
lterate Threshold =-1.0

Include Alignment Parameters YWith Data
Z Carmera Aligniert Error= 0.01

Tilt Camera Alianment Error= 0.0020
Camera Substract Background = False
Skip Map Point On Fail = True

Camera Align Debug Mode = False

IL ]

[4]

Showy Advanced Confin. Options

Edit: Focus Option: Z Align Each Angle

Parameter ON

| Reset Parameter io Default

Description

Forces a height alignment at each recipe
angle when the focus probes are attached

Close

M-2000® Hardware Manual

Figure 6-24. Hardware Configuration window.
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Angle Offset Correction

Due to alignment sensitivity, the angle offset may need to be corrected each
time the Focusing in installed. See section 11.6 Angle of Incidence Offset
Correction under the Performance Checks chapter. If equipped with Camera
Alignment, this will be done automatically when the Focusing is installed.

6.6 Removdl

To remove the Focusing Optics, select Hardware>Controls>System>‘Remove
Focus Probes.” The base will move to the maximum Z height position,
maximizing the space between the Focusing Optics and sample stage, and
minimizing risk of hitting the sample stage during removal and damaging the
optics.

A message will appear letting you know it is safe to remove the Focusing Probes.
Loosen the three captive thumb screws for each probe to remove. Store the
Focusing Probes with protective caps over the lenses.

£7 CompleteEASE
[ measurement | Insitu | Analysis | Hardware | Op

Hardware status

Waiting to Acquire Data
Controls

(General rCaIibratinn rSvstem rm‘lisc. |

Position Controls

| Angle H Z-Stage ‘

| Translatar H Sample Tilt ‘

| Install Mew Sample Stage |

Femuove Focus Probes

Figure 6-25. Remove Focus Probes button.

Focus Probe Removal

Remove the SOURCE and RECENER focus probes and press Ok

Figure 6-26. Focus Probe Removal message box.
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/7 Avutomated
Translation
(Optional)

Note: This chapter pertains to automated sample translation, which is an
optional accessory that may or may not have been purchased with
your instrument. This is a generic section; options may vary.

7.1 General Operation

General translator controls are located in the Hardware tab. Select
Hardware>Controls>System>‘Translator’ to open the Translator dialog box.

7 CompleteEASE

Measurement | Insitu | Analysis | Hardware | Optio

Hardware Status
Waiting to Acquire Data

Controls

General Calibration System | Misc.

Position Controls

Z-Stage

Translator

Install Mew Sample Stage

Figure 7-1. Translator controls.
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Absolute Position JDg contrals
¥=[nooood]  [em  y=[0.00000  [em

Move Translator

Image Controls

Camera Zoom:
& I srowors
- -
. - i & Show Beam Position
Home Translator

Figure 7-2. Translator dialog box.

The Translator can be moved by entering X and Y coordinates in the Absolute
Position panel, or by jogging the position left, right, up, and down in the Jog
Controls panel. The Jog Distance can be varied using the drop-down arrow.

If at any point the translator stage has been manually moved (using knobs on the
end of each translator), the software has lost the absolute XY position. To
restore, simply click ‘Home Translator’. Homing the Translator will move Angle
and Z height to a position “safe” for translation. The X and Y Translators will
then move to their maximum range, trip hard or soft sensor limits, and reset the
software translator tracking.

7.2 Scan Patterns

The primary purpose of the Automated Sample Translator option is to automate
sample mapping. This is achieved through a Scan Pattern, which is then used
with Data Acquisition Parameters and an Analysis Model in a Recipe.

To create a Scan Pattern, open the Scan Pattern Editor window. From the
Measurement tab, choose the Recipe option “Create/Edit Recipe”. Then, next to
Scan Pattern, click “Edit/Create”.

Scan F'atlern:|N0ne |'|| Edit/Create |

Figure 7-3. Edit/Create Scan Pattern.

Figure 7-4. Scan Pattern Editor.
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The Scan Pattern Editor contains all options available for Scan Patterns including
sample size (Substrate Dimensions), mapping locations (Point List) alignment
options (Alignment Position), scan offsets (Pattern Offset), and more.

Substrate Dimensions

The substrate dimensions can be drawn as a Circle or Rectangle. For circular
substrates, the diameter must be entered, and a Wafer Notch can be added if
applicable.

For rectangular substrates, the X and Y dimensions must be entered. Scan
Patterns for rectangular substrates can be easily set with (0,0) position at the
center of the sample, or at the corner of the sample.

Substrate Dimensions

Circle ‘v

Circle
Rectangle
[Redangle, (0,0} at corner

Figure 7-5. Options for Substrate Dimensions.

Scan Pattern Editor: (not saved) x
Substrate Dimensions
Circle |V| Dia. (cm}.’M [] Draw Wafer Motch
Point List (cm})
Cartesian Grid Fill
Polar Grid Fill
Line Fill
Point Commands:
Add Paint
Edit Foint
Move Up
Move Down
Delete Point
Delete All
Paste From Clipboard

[] Translate in R-Theta If Possible

Figure 7-6. Circular sample 10cm diameter.

Point List and Point Commands

The Point List panel is used to add mapping locations to the Scan Pattern. Points
can be added one at a time, or using a fixed spacing and grid style.

To add points one at a time, or from a preset list of coordinates, simply click ‘Add
Point’. A measurement point is added using X and Y coordinates or the current
Translator position. A list of coordinates created in another program can also be
added using the ‘Paste From Clipboard’ button.
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k4
" 1] W 0

| Llse Translator Position ‘

| Ok H Cancel |

Figure 7-7. Add Point.

As points are added, representative dots will appear in the diagram. Click on a
specific point in the point list to select for Point Commands. The selected point
appears blue in the diagram.

Scan Pattern Editor: (not saved)

Substrate Dimensions

|circte |+ | Dia (cm)[1000000] (] Draw Wafer Notch
Point List (cm)

1: 0.00000, 4.50000 = Cartesian Grid Fill

2: 2.70000, 3.50000 _

3 1.80000, 3.60000 = Polar Grid Fill

4: 0.90000, 3.60000 1 Line Fill

5 -0.00000, 3.50000 Point Commands:

5 -0.90000, 3.50000 :

7: -1.80000, 3.50000 Agd

8: -2.70000, 3.60000 Edit Paint

9: -3.60000, 2.70000

10: -2.70000, 2.70000 Move Up
11: -1.80000, 2.70000 L Tiove Down

12: -0.90000, 2.70000 —

13 0.00000, 270000 D

14: 0.90000,2.70000 Delete Al

15: 180000, 270000 |

16 2700002 70000 - Paste From Clipboard

[] Translate in R-Theta If Possible

Figure 7-8. Highlighted point in point list.

Use ‘Edit Point’ to change selected point coordinates.

P
o |9.00000 ¥ |3.00000

| Ok || Cancel |

Figure 7-9. Edit Point.

Use ‘Move Up’ and ‘Move Down’ to move selected point up or down on the

Point List. The sequence of the point list is the order in which locations will be
measured.

‘Delete Point’ removes the selected point from the Point List. ‘Delete All’
removes all points from the Point List.
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Grid and Line Fill

To add points using a fixed spacing and grid style, use the ‘Grid Fill’ and ‘Line Fill’
buttons. Each option opens a different window.

For a Cartesian Grid Fill, the Grid Spacing, Grid Margin, and Grid Style (i.e. Square
or Hexagonal) must be specified.

Cartesian Grid Fill

Grid Spacing {cm): (1.00000 Grid Style: | Square -
Grid Margin (cm): |0.50000 Extend Grid to Margin

[] Scan Region of Interest (cm)

x

Figure 7-10. Cartesian Grid Fill.

For a Polar (R-Theta) Grid Fill, the Radius and Theta values must be specified.

R-Theta Grid Fill

Radius Values (cm): [0.00000 |- [5.00000 | by [1.00000 |

Theta Values (°) [0.0000 | - [360.00 | by [30.000 |

Use Equidistant Theta points: spacing (cm)=|1.00000

*

Figure 7-11. R-T Grid Fill.

For a Line Fill, the Line Direction, Grid Spacing, Grid Margin, and X or Y Axis
Coordinate must be specified. Multiple Line Fills can be added.

Line Fill

Line Direction: @ Horizontal () Vertical

Grid Spacing: |[1.00000 | cm Grid Margin: (0.50000 | cm
Y Axis Coordinate: |0 cm

M-2000® Hardware Manual

Figure 7-12. Line Fill.
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Test Scan

The measurement locations can be tested using the ‘Test Scan’ button. Click this
button to observe the translator movement before committing to a full
measurement. Use ‘Move to Next Point’ to step through all points in the scan.

@ Scan Patter Test X

Camera Image

Patiern Offset
X:|0.00000 | Y:|0.00000 | Theta (%):|0.0000 Use Initial Position

Transmission Intensity Baseline
Use Point For Transmission Baseline  X:|0.00000 |Y:|0.00000

Pad (Measurement Point) Alignment
Do Pad Alignment

Scan Pattern Image Controls

Camera Zoom:
Show Translator Dialog Test Scan

% 2 ax 8

Show Grid ] Show Beam Position

Position Controls

Current Point |0: -4.00000, 0.00000 | v

| move To ext Point

Close

Figure 7-13. Scan Pattern Test.

Note: A 180° Pattern Offset may be required for correct orientation of
wafers with wafer notch. Use the ‘Test Scan’ function to confirm
desired orientation.

Pattern Offset
A {0.00000 | ¥:(0.00000 | Theta (%) (0.0000 Use Initial Fositit

Figure 7-14. Pattern Offset options.
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Alignment Position

Alignment options must be specified for each Scan Pattern. Available alignment
options are found in the Alignment Position panel, shown in the figure below.
The ideal alignment option can depend on several factors including desired
measurement time, flatness of sample, and uniformity of sample”

o For measurements on a flat semiconductor wafer, with uniform film, and
normal light beam (no focusing optics), full alignment at the center
location only may be adequate.

o For measurements on a wedged substrate, full alignment at all points
may be necessary.

o For measurements with Focusing Optics, a Z alignment at all points is
likely necessary, as the focused beam is highly sensitive to small changes
in Z height.

Alignment Position

wlon  [vloo Align at this pasition anly |v

Align at this position anly
Deskew FPaints Full aligh at each point
[]DoDeskew  X1: |EFUH al!gn at 1st pt., tilt a.llgn other pts.
“IFull align at 1st pt., £ alian other pts.
[ ] Record Image At EagFull align atthis pos., Z align other pts.

Figure 7-15. Alignment Position.

Save

When all Scan Pattern options have been specified, click ‘Save’ to save the Scan
Pattern for use in a Recipe.

|

Figure 7-16. Save Scan Pattern.
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7.3 Rotator Option

Figure 7-17. Sample Rotator.

The Sample Rotation Stage is an available option to allow for the sample to
rotate during measurement. The sample tilt is manual.

Note: The Lookdown Detector option is always included with the Rotation
Stage to allow for wobble correction and can be used for sample tilt
alignment.

When creating a scan pattern, using the R-Theta option may also be considered.

Scan Pattern Editor: (not saved)

Substrate Dimensions

|Circle |V| Dia. (cm); [10.00000| [] Draw Wafer Notch

Point List (cm})

Cartesian Grid Fill

Polar Grid Fill

Line Fill
Point Commands:
Add Point

Edit Point

Move Up

Move Down

Delete Point

Delete All

Paste From Clipboard

h |
l [] Translate in R-Theta If Possible l

Figure 7-18. Scan Pattern Editor — R-Theta option.
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Wobble Correction

In order to measure without aligning at each rotator (theta) angle, the wobble
must be removed from the sample stage.

1. Mount and align the sample (refer to Section Error! Reference source not
found. Error! Reference source not found.) with the theta position at 0°.

2. Select Hardware>Controls>System>‘Translator’ (or ‘Rotator’) and move
the theta position to 180°.

Absolute Position Jog Controls
Xx=|o.ooooo  |em y=|oooooo  |em ’T‘
J
Theta =[180 : ‘ < | | > ‘ E

| Move Translator | v

Image Controls

Camera Zoom:
C [ ] show Grid Save Ir

Show Beam Position

1x 2x Ay 8x

| Home Translator |

Figure 7-19. Translator Position dialog.

3. Adjust the Sample Tilt to move the Lookdown cross hair position half of
the distance it has changed.

Figure 7-20. Sample Tilt adjustment.

4. For example, if X=8, Y=-6.5 : adjust so X=4, Y=-3.25.
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Note: If it is too far off (not detected), the Receiver Detector (or visual
beam position) can be used as a coarse alignment.

5. Move the theta position to 0° and confirm the cross hair position has not
changed.

6. Repeat until the position is stable (typically within £2 units).

7. Loosen the tilt stage lockdowns (2 on front and 2 on back) and adjust the
tilt plate so the cross hair is centered.

Loosen lock-downs and
adjust tilt plate

Figure 7-21. Bottom Tilt Plate adjustment.

8. Confirm the procedure, lockdown the bottom tilt plate, and the sample is
ready for measurement.
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8 Sample Camera

This chapter pertains to an optional accessory that may or may not have been
purchased with your instrument. There are two types of imaging cameras
covered in this Chapter. Each of which has different capabilities and alignment
procedures.

Note: Instructions in this chapter are assuming focusing lenses are
attached in order to view the measurement beam on the sample.

Figure 8-1. Standard Camera example (may vary based on model).

lllumination Control

There are (2) types of illumination on the Standard Camera — “Ring” and “In-
Line.” These can be used to view the sample image using the camera.

e Ring lllumination — useful for non-reflective (rough) surfaces.

e In-Line lllumination — useful for reflective (“mirror-like”) surfaces.
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8.1 Marking the Measurement
Beam Position

Note:

1.

126

This is only necessary once, unless the configuration files have been
lost (done at the factory setup). The Camera adjustment should be
done so the measurement beam is positioned on the center of the
camera image.

Align the 25nm calibration wafer on the standard sample stage. The
Sample Tilt position is now set.

Flip the sample over so the rough side is facing up, or use a glossy
business card (recommended). If the business card is used, place it on
sample stage. Then, perform an intensity-based (Automatic-Quick) Z
height alignment (be sure to SKIP the tilt alignment).

Sample Alignment [&J
Align Options
Sample Tilt Alignment: | Skip -
Sample Height Alignment: | Automatic-Quick -

Sample Thickness: |.35| mm Current Position

Alignment Angle: |70.00

\ (o) [nee ] 'J

Figure 8-2. Sample Alignment — Intensity-based Z only.

Select Hardware>Controls>Misc>‘Additional Camera Functions’ to open
the Camera Functions Window. Select ‘Mark Measurement Beam
Location’. This is going to be used to set the “beam size” and not the
“beam position.” Use the appropriate camera adjustment so the beam
position remains in the center of the image.

M &2 CompleteEASE
I Measurement | insitu | analysis | Harcware | of

Hardware Status

Waiting to Acquire Data
Controls
rGeneraI rCa\ibratwon rSystem rMisc. | I ilatighlacsLiemantBeamlocatiog I

| Measure Camera Field Of View |
Display Sample Image |

I Additional Camera Functions

Additional Hardware Functions |

Figure 8-3. Additional Camera Functions — Mark Measurement Beam Location.
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Note:

M-2000® Hardware Manual

The objective lens is fixed, but the digital zoom may be used if

desired.

Set Beam Position

Camera Image

Use the mouse to drag a rectangle over the measurement spot to mark
the current beam position and size. Press OK

(]

Figure 8-4. Set Beam Position window.

Standard Camera. If necessary, tilt the standard camera to center

the beam on the screen. Use the diagonal adjustment screws of

the camera tilt stage, shown in Figure 8-5. If the camera image is
not in focus, adjust the Z height of the camera by turning each

adjustment screw on the tilt stage by the same amount.

Turn all (3) adjustment
screws by the same
amount in the same
direction to move the
cameraintheZ
direction.

Figure 8-5. Standard Camera adjustment.
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b. Z Align/Imaging Camera. If the camera image is not in focus,
loosen the lock-down on each side and adjust the Z position of the
camera by turning the adjustment screw. Tighten the lock-downs.

Z position (focus)

Figure 8-6. Z Align/Imaging Camera Z position adjustment.

i. If necessary, translate the Z/Imaging Camera to center the
beam on the screen. Remount the business card and
perform Intensity-based Z alignment again or flip
calibration wafer over to rough side.

Loosen lock-downs and Translate

Figure 8-7. Z Align/Imaging Camera translation adjustment.
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@ Ti/Z Camera Alignment Utility —

Z/lmage Camera

Z/Image Camera

Measurement Beam

Z Position:
—_—
Set Z Position Offset

Lighting View Save Image

[7] HNumination @ Image
[T] Alignment Alignment Spot Save Z Image
[ i Aligré Save Titt Image

Clos

Figure 8-8. Measurement beam on Z/Image Camera.

ii. After translating the camera, the offset(s) must be
calibrated again.

iii. Mount the 25nm calibration wafer on the standard sample
stage. The Sample Tilt position remains as it was in Step 1.
Perform the Sample Height Alignment only, but selecting
Hardware>Controls>General>‘Align Sample’. When
prompted to perform a full system alignment, select ‘Yes'.

Sample Alignment

B4

Would you like to perform a full sample alignment?. (Choose "Ho" to display the alignment screen anly)

Figure 8-9. Sample Alignment message box.

iv. Under the Sample Tilt Alignment drop down menu, select
‘Skip’. Under the Sample Height Alignment drop down
menu, select ‘Automatic-Quick’. Enter the sample
thickness into the box. (Cal. Wafer = 0.55mm). Press ‘Ok’.
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Sample Alignment

Align Options
Sample Tilt Alignment: :Skip

Sample Thickness: .35

Alignment Angle:

Sample Height Alignment: :Automatic—Quick v:

mm Current Position

'

70.00

Figure 8-10. Sample Alignment — Intensity-based Z only.

v. Select Hardware>Controls> Misc>‘Additional Hardware
Functions’ to open the Hardware Functions window and
calibrate the Camera Alignment Offset(s):

a. Calibrate Z Alignment Camera

b. Calibrate Tilt Alignment Camera

Hardware Functions

=)

S/ IENMREIEERSEE: = e

Angle Offset Correction

Calibrate Z Alignment Camera

Calibrate Tilt Alignment Camera

Show Alignment Camera Setup Dialog

Measurement rlm situ rAma\ysm rHardware @

Hardware Status
Waiting to Acquire Data
Controls

rGenEra\ rCahhralmn rSvatem Misc.

Check Probe Delta Offsets

Cizplay Sample Image ‘

Hardware Functions

(o]

Z-5Stage Scan ‘

| Additional Camera Functions ‘
l Additional Hardware Functions

Angle Offset Correction

Calibrate Z Alignment Camera

Calibrate Tilt Alignment Camera

Show Alignment Camera Setup Dialog

Check Probe Delta Offsets

Figure 8-11. Camera Calibration.

4. Tore-open the ‘Set Beam Position’ dialog (if necessary), select
Hardware>Controls>Misc>‘Additional Camera Functions’ and choose
‘Mark Measurement Beam Location’.

5. Follow the instructions at the top of the window: “Use the mouse to drag a
rectangle over the measurement spot to mark the current beam position and
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size.” This may be performed as many times as needed; it will not save
until the window is closed.

Set Beam Position B9 || SetBeam Position g
Camera Image Camera Image

Use the mouse to drag a rectangle over the measurement spot to mark
fthe current beam position and size. Press OK.

Use the mouse to drag a rectangle over the measurement spot to mark
the current beam position and size. Press OK.

Digital Zoom Control

Image Controls Image Controls

Camera Zoam: Camera Zoom:
] Show Grid Save Image ] Show Grid Save Image

]/Show Beam Position ]/Show Beam Position
x 2 ax 8 x 2 ax 8

Close Close

Figure 8-12. Set Beam Position.
6. Close the window when finished.

Lookdown Camera LED Spot vs. Measurement Beam Location

If the sample under measurement is a small area, it is critical to verify that the
alignment LED spot(s) is co-located with the measurement beam.

1. Align the 25nm calibration wafer on the standard sample stage. The
Sample Tilt position is now set.

2. Flip the sample over so the rough side is facing up, or use a glossy
business card (recommended). If the business card is used, place it on
sample stage. Then, perform an intensity-based (Automatic-Quick) Z
height alignment at the desired AOI.

[ Sample Alignment li:hr
Align Options
Sample Titt Alignment: | Skip -
Sample Height Alignment: | Autornatic-Quick -
Sample Thickness: |.35| mm  [Current Position|
Alignment Angle: | 70.00

A U
ok || cancel | J

Figure 8-13. Sample Alignment — Intensity-based Z only.

3. Block the measurement beam to view only the Alignment beam(s).

4. Verify the Tilt Align Beam first. Select Hardware>Controls>
Misc>‘Additional Hardware Functions’ to open the Hardware Functions
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window. Select “Show Alignment Camera Setup Dialog”. Select the “Tilt
Align” check box only.

@9 TiVZ Camera Alignment Utility - )

Z/image Camera Tilt Camera

Z/Image Camera

Z Position: Tit Position: |x = -0.0498, y = 0.1372
Set Z Position Offset Set Tilt Position Offset
Lighting View Save Image

[ mumination = @ Image
]z Align ) Alignment Spot Save Z Image
[v] Tilt Align Save TiltImage

Close

Figure 8-14. Tilt Align Beam on business card — not centered.

5. Adjust the Camera Position to the Tilt Align Beam using the “Imaging
Camera Translation” (left side access holes) to center.

Imaging Camera Translation Z LED Adjust

Figure 8-15. Camera Fine Adjustment access holes.
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r
€9 Til/Z Camera Alignment Utility -

Z/image Camera

Z/Image Camera

Z Position:
Set Z Position Offset
Lighting View Save Image

[ llumination @ Image
[1Z Align () Alignment Spot Save Z Image
Tilt Align Save TiltiImage

Figure 8-16. Tilt Align Beam centered on Imaging Camera.

6. Verify the Z Align Beam next. Select the “Z Align” check box. Adjust the
“Z LED Adjust” (right side access holes — see Figure 8-15) to center.

r
&2 Ti/Z Camera Alignment Utility - @ Ti/Z Camera Alignment Utility -

Z/lmage Camera

Z/Image Camera Z/Image Camera

Z/image Camera

Z Aligh Beam

Tilt AlignBeam

Z Position: Z Position:
N — S
Set Z Position Offset Set Z Position Offset
Lighting View Save Image Lighting View Save Image

Dl Wumination | | ® image [ Wumination | | ® image

[¥] Z Align ) Alignment Spot Save Z Image ] Z Align O Mlignment Spot Save ZImage
[v] Tilt Align Save TiltImage [w] Tilt Align Save Tilt Image

Clos Clog

Figure 8-17. Z Alignment Beam centered on Imaging Camera.

7. Unblock the Measurement Beam. Repeat the previous section, Marking
the Measurement Beam Position, to verify the Camera position.
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8.2 Field of View Calibration

134

Note: This is only necessary once unless the configuration files have been
lost (done at the factory setup). So, the “point and click” function
can simply be verified before performing the calibration.

1. The previous section (Marking the Measurement Beam Position) should
be completed before proceeding.

2. Select Hardware>Controls>Misc>‘Additional Camera Functions’ to open
the Camera Functions Window. Select ‘Measure Camera Field of View’.

| €2 completeEasE

| Measurement | i st | Analysis | Hardware | Of
Hardware Status

Waiting to Acquire Data EE LD S
Controls

‘ Mark Measurement Bearm Location |
rGeneraI rCaIibration rSystem rMisc. |

| Measure Camera Field Of View

Close

| Display Sample Image

Z-Stage Scan

Additional Camera Functions

| Additional Hardware Functions |

Figure 8-18. Additional Camera Functions button — Measure Camera Field Of View.

3. Adjust the illumination, if applicable, so the sample surface is visible.
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Camera Image

Camera Image

Left Mouse Click * :
here (on feature

Translator Jog Controls

Mark a visible feature on the image by clicking it with the mouse, then =

move the translator to position the feature at a different x,y ~

Translator Jog Controls

ove the translator to position the feature at a different x,y
ccoordinate and click on the feature again. Press OK.

ftMouse Click here
e feature)

Jog Distance (cm) Jog Distance (cm)
Image Controls
camars 7o The translator  .n
Q————————— [JshowGrd | Saeln ste p size may [] Show Grid
x x 4x 8x 2 4x 8x
be adjusted if
necessary. [oc ][ cancel |

Figure 8-19. Field of View calibration procedure.

4. Follow the instructions at the top of the window: “Mark a visible feature on
the image by clicking it with the mouse, then move the translator to position the
feature at a different (x,y) coordinate and click on the feature again.” Use a
fine tip marker to “create” a feature if necessary. (See Figure 8-19)

5. Press OK when finished.

Note: If not performed correctly, or not sure, just press Cancel and start

again.

6. To test the feature, open the Translator Window by selecting
Hardware>Controls>System>‘Translator.’

£7 CompleteEASE

[ Measurement | Insitu | Analysis | Hardware | Op
Hardhware status

Waiting to Acquire Data
Controls

(General rCaIibratiDn rSystem rMisc. |

Position Controls

Angle

Z-Stage |

Translator | Sample Tilt |

‘ Install Mew Sample Stage ‘

‘ Install Focus Probes ‘

Figure 8-20. Click ‘Translator’ to open Translator window.
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7. Click on the feature and the translator should move it to the Beam
Position.

Figure 8-21. Field of View calibration test result.
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In Situ

Note: In situ mounts are an optional accessory that may or may not have
been purchased with your instrument.

If components are available and it is desired to move the system in situ on a
process chamber, the software must be configured correctly. There is line
option in the hardware.cnf file to allow this function (AllowlInsitu=Yes). If
present, the user can specify that the instrument is to be used in situ on the next
initialization. This is done to avoid the error messages regarding the AOI, Z-
Stage, and other optional motors. The software will not attempt to move these
motors until the in situ function is reversed.

Mj hardware.cnf - l =aaEEl X

File Edit Format View Help

[system] -
Translator=esM200
LargeTranslator=yves
pefaultstage=Translator
Stageoptions=Translator
AllowInsitu=yes
stageIDAvailable=yes
zZalignadjustment=0.5
ZalignadjustmentFocus=0.
LookDownPresent=No
Focusoption=yes
Align200Camer aPresent=Ye
HomeonInit=Yes

m

4 L 2

S

Figure 9-1. Example hardware.cnf file.

1. Select Hardware>Controls>System>‘Activate In Situ Mode’ to start the
function. A message will be displayed.
Controls

rGeneraI rCaIibration rSystem Misc.

Position Controls
| Angle | | Z-Stage |

| Translator || Sample Tilt |

| Install Mew Sample Stage |

Install Focus Probes

| Activate In Situ Mode I

Tt it

Figure 9-2. Activate In Situ Mode button.
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Activate In Situ Mode

In situ mode will be active when the software is restarted.

Figure 9-3. Activate In Situ Mode message box.

2. Consult the In Situ Operation Manual to install the system onto the
process chamber.

3. If ex situ operation is desired, the ‘In Situ Mode’ must be deactivated.
Select Hardware>Controls>System>‘Deactivate In Situ Mode’ to start the
function. A message will be displayed.

P4

Deactivate In Situ Mode

In situ mode will be deactived when the software is restarted.

Figure 9-4. Deactivate In Situ Mode message box.

4. The next time the software is started, it will initialize the ex situ base
motors (AOI, Z-Stage, etc.) as normal.
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10 Schedvuled
Maintenance

The J.A. Woollam Co. M-2000 ellipsometers are low maintenance instruments.
The only required maintenance is to change the lamp(s) as needed and to check
the alignment of the system.

10.1 D2 & QTH Lamps (M-2000D,
DI, U, & Ul) in XLS-200

The lamps must be replaced after a certain period of time. As a lamp
approaches the end of its useful life, intensity levels can fluctuate and spectral
intensity can be reduced, both may result in poor or noisy data.

LAMP VENDOR MODEL# COLOR RATING TYPICAL
TEMP. LIFETIME
QTH ILT L9404 2900°K 2000 3000 hours
hours
D2 Hamamatsu | L10804 N/A 2000 3000 hours
hours

Table 10-1. Lamps and typical lifetimes.

Lamp Installation/Replacement

1. Turn off the M-2000 Detector and Lamp Power Supply Module. Allow
lamp(s) to cool for 2 hours.

2. Remove the (2) M3 SHC screws (2.5mm Allen wrench) and remove the
cover on the light source.

3. Puton latex gloves and safety goggles.
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Figure 10-1. Disconnecting the lamps.

4. Disconnect the D2 lamp by unplugging it from the circuit board.

5. Using a 2.5mm Allen wrench, remove the (2) M3 SHC screws under the
lamp holding the D2 lamp in place.

Figure 10-2. M3 SHC screws under D2 lamp.

6. Remove the D2 lamp by sliding out of the mount.

7. Toremove the QTH lamp, press the lever slowly down and the QTH lamp
will slide up out of its base.

Caution: Do not touch the quartz portion of the lamps. Fingerprints and oils
can shorten the life of the lamp. If you do get a fingerprint on the
lamp, clean the fingerprint off with alcohol.

8. Place the new D2 lamp in the mount and replace and tighten the (2) M3
SHC screws back into place. Plug the D2 lamp connector back into the
circuit board.
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9. Insert the new QTH lamp into the holder and ensure it is seated down
fully. Note the polarity of the lamp connectors and the base; the lamp
will only go in the base one way.

10. Replace the cover.
11. Tighten the SHC screws to lock the cover closed.

12. Reset the hour meter by pressing the reset button located on the front of
the M-2000 Detector and Lamp Power Supply Module.

Note: When a new lamp is installed, it must be aligned so that the
maximum amount of light is available for sample measurement.
The optimal position should not change much from lamp to lamp,
but fine adjustment is needed to achieve best results.

Lamp Alignment

After the lamp(s) has been replaced it is recommended that the lamp housing be
aligned for maximum intensity. For the XLS-200, no lamp adjustment is
necessary.

1. Turn on the lamp power supply. Allow the lamp to warm up for at least
20 minutes.

2. Ensure the Base is in the 90° (straight-through) position and the Z-
position is raised such that the sample stage will not block the beam from
hitting the receiver unit’s aperture.

3. Slightly adjust the source unit tilt stage to center the beam on the
receiver aperture if necessary.

4. Open the alignment screen by selecting
Hardware>Controls>General>‘Align Sample’. Choose No when
prompted for the full system alignment. If your system has Auto Tip-Tilt,
ensure 'Receiver’ is selected in the Detector panel at the top of the
screen. Verify the cross hair is centered. If not, slightly adjust the
receiver unit tilt stage to center the cross hair. See Chapter 4 for more
details.

10.2 Xe Lamp (M-2000X, XI, X-
210, & XI-210) in FLS-860

This section describes installation/replacement, alignment, and cleaning of the
lamps used in the FLS-860 Light Source (for M-2000X, XI, X-210, and XI-210
systems).
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The Xenon arc lamp must be replaced after a certain period of time. As a lamp
approaches the end of its useful life, power levels can fluctuate and spectral
intensity can be reduced, both result in bad or inaccurate data.

LAMP MODEL # RATING TYPICAL
LIFETIME
Hamamatsu L2174-01 1000 hours 1500 hours

Table 10-2. Arc lamp rating and typical lifetime.

Lamp Installation/Replacement

1. Turn off the M-2000 Detector and Lamp Power Supply Module. Allow

lamp(s) to cool for 2 hours.
2. Puton latex gloves and safety goggles.

Loosen the captive screws (Flat screwdriver) and remove the access panel
on the light source.

Lamp Access Panel

Figure 10-3. Lamp access pane on Light Source.

4. Loosen the thumb screw and remove the anode holder from the “old
lamp”.
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"\ Anode Holder

Release Lever

Figure 10-4. Anode holder.

5. Pull the lamp release lever in the direction of the arrow in Figure 10-4, no
more than %”, and carefully remove the old lamp.

6. Remove the new lamp from its protective packaging, touching only the
metal ends of the lamp.

Caution: Do not touch the quartz portion of the lamp. Fingerprints and oils
can shorten the life of the lamp. If you do get a fingerprint on the
lamp, clean the fingerprint off with alcohol.

Anode Cathode
(+) )

_E - -.'I.:.‘rﬁ;m:?!rﬁﬁ%r__
B B e

R
Figure 10-5. Typical arc lamp.

7. While pulling the lamp release lever, carefully insert the cathode of the
lamp into the cathode holder.

8. The lamp position is very important (see below). The molded point of the
glass, which has a wire next to it, should be away from the mirror (back
side) in the lamp housing. This is to ensure both that the light is not
blocked by the wire and that the molded point (weakest part of the glass)
is never positioned “up” as the heat can weaken the glass!!
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Molded point of the glass

Figure 10-6. Lamp position - for most configurations.

9. When the lamp is in position, release the lever and the lamp will be
secured.

Figure 10-7. Lamp installed.
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10. Place the anode holder onto the anode of the lamp, and then tighten the
thumb screw.

11. Replace the access panel cover and tighten the captive screws to lock the
rear access panel closed.

12. Reset the hour meter by pressing the reset button located on the front of
the M-2000 Detector and Lamp Power Supply Module.

Note: When a new lamp is installed, it must be aligned so that the
maximum amount of light is available for sample measurement.
The optimal position should not change much from lamp to lamp,
but fine adjustment is needed to achieve best results.

Lamp Alignment

1. Turn on the lamp power supply and ignite the arc lamp. Allow the lamp
to warm up for at least 20 minutes.

2. Ensure the Base is in the 90° (straight-through) position and the Z-
position is raised such that the sample stage will not block the beam from
hitting the receiver unit’s aperture.

3. There are two small adjustments screws located on the back of the light
source. These are used to control the position of the reflecting mirror
inside the light source.

Mirror Adjustment Access Holes

Figure 10-8. Light Source adjustment screws.

M-2000® Hardware Manual ©2023 J.A. Woollam Co. 145



146

Note:

Note:

Turning off the lights in the room may help facilitate the next few
steps.

While holding a business card in the path of the beam, adjust the
adjustment screws using a 5/64” English Allen (2mm Metric) wrench until
the beam is visible (a properly aligned lamp produces a very bright,
bluish-white beam).

Only slight adjustment is needed to give the beam a uniform spot on
the business card. It may be necessary to iterate between the two
adjustment screws for best uniformity and intensity.

Once the beam is visually bright, use the ellipsometer to perform the final
alignment of the lamp: Open the alignment screen by selecting,
Hardware>Controls>General>‘Align Sample’. Choose No when
prompted for the full system alignment. If your system has Auto Tip-Tilt,
ensure 'Receiver’ is selected in the Detector panel at the top of the
screen.

& Cormppart st e @

Cancel Alignment

Sample Tilt
X=-0.0

Y=-1.1
Intensity = 1.105

Max Signal Intensity = 25.87
Average Signal Intensity = 25.62

Figure 10-9. Alignment screen.

Adjust the lamp adjustment screws to maximize the Average Signal
Intensity displayed at the bottom of the Alignment Screen

Adjust the Source unit tilt stage slightly so the beam’s spot is centered on
the receiver unit’s aperture.

Using the Receiver unit tilt stage, adjust so the cross hair is centered on
the alignment screen.
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9. lIterate these steps until no further improvement is achieved. The beam
should be round and uniform, along with the maximum signal
achievement.

10. Verify the System Alignment as described in Chapter 4 of this manual.

Arc Lamp Disposal

1. Wrap lamp in 10 to 15 layers of paper towels.
2. Insert wrapped lamp in a plastic bag and seal the bag.

3. Wearing personal protective equipment, smash center part of the glass
bulb with a hammer.

4. With no pressure, the lamp (wrapped and still in the sealed bag) is safe to
dispose.

Mirror Replacement

The reflective mirror can be contaminated over time which could cause loss in
signal intensity. This can be monitored by the Ellipsometer and/or visually
checked when the lamp is changed. The mirror is low cost and easy to replace if
it is suspected to be contaminated.

MIRROR JAW P/N DESCRIPTION TYPICAL
LIFETIME
JAW CUSTOM 10408001 CUSTOM PL/CC 3000 hours

Table 10-3. Mirror Part Description.

1. Remove the cover plate from the back of the Lamp Housing.

2. Loosen the screw which mounts the retainer clip. Rotate the retainer clip
so that it is no longer contacting the mirror. The mirror is loose fit such
that gravity will allow this to “fall out.” An adhesive surface or optical
vacuum wand can be used to pull it out.

3. Install the new mirror (reflective side down) and rotate the retainer clip
such that it is centered on the back of the mirror. Tighten the retainer
clip screw to hold the mirror in place. Check that it is applying enough
pressure to hold the mirror stable.
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Mirror Cover Plate Screws
Retainer Clip

Figure 10-10. Reflective Mirror replacement.

4. Align the mirror using the same instructions from the lamp replacement

section above. This can be done at the same time the lamp is changed.

10.3 QTH Lamp (M-2000V & VI)
in FQTH-100

This section describes installation/replacement, alignment, and cleaning of the
lamp used in the FQTH-100 Light Source (for M-2000V and VI systems).
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The QTH lamp must be replaced after a certain period of time. As alamp
approaches the end of its useful life, power levels can fluctuate and spectral
intensity can be reduced, both result in bad or inaccurate data.

LAMP MODEL # COLOR RATING TYPICAL
TEMP. LIFETIME

ILT L7417 3000°K 2000 hours 3000 hours

Oriel 6332 3300°K 50 hours 300 hours

Table 10-4. QTH lamps and typical lifetime.

Lamp Installation/Replacement

1.

Turn off the M-2000 Detector and Lamp Power Supply Module. Allow
lamp(s) to cool for 2 hours.

Put on latex gloves and safety goggles.

Remove (2) SHC screws (2.5mm Allen wrench) to remove the cover.
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(2) SHC screws to remove cover

Figure 10-12. QTH mount.

4. While holding the QTH bulb, lift up and pull it out of the socket. A slight
side to side rocking motion may facilitate this.

5. Remove the new lamp from its protective packaging.

Caution: Do not touch the quartz portion of the lamp. Fingerprints and oils
can shorten the life of the lamp. If you do get a fingerprint on the
lamp, clean the fingerprint off with alcohol.
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Note:

Figure 10-13. Typical QTH lamp.

Carefully align the two legs of the lamp into the two holes in the socket.
There is no polarity on this lamp.

Gently push the bulb down into the socket until it is fully seated.
Replace the cover and tighten the SHC screws to lock the cover closed.

Reset the hour meter by pressing the reset button located on the front of
the M-2000 Detector and Lamp Power Supply Module.

When a new lamp is installed, it must be aligned so that the
maximum amount of light is available for sample measurement.
The optimal position should not change much from lamp to lamp,
but fine adjustment is needed to achieve best results.

Lamp Alignment

1.
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Turn on the lamp power supply. Allow the lamp to warm up for at least
20 minutes.

Ensure the Base is in the 90° (straight-through) position and the Z-
position is raised such that the sample stage will not block the beam from
hitting the receiver unit’s aperture.

Select Hardware>Controls>General> ‘Align Sample’. Choose No when
prompted for the full system alignment.

Locate the Average Signal reading (bottom of the alignment screen) and
make a mental note of the signal value.

There is a small adjustment screw located on the bottom of the lamp
housing. This screw controls the vertical position of the lamp inside the
lamp housing. Using the 1/16” Allen wrench, adjust the screw until the
signal reading is maximized.
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Access hole in the bottom of
cover to adjust lamp height

Figure 10-14. Lamp height adjustment.

10.4 Optical Fiber

Upon original installation and anytime the optical fibers have been removed,
they should be adjusted for maximum light throughput.

This is achieved by slightly loosening the fiber and slowly rotating it while
monitoring the Display Signal Screen for maximum intensity. When this is
achieved tighten the fiber down. Perform this for each fiber.

10.5 Cleaning

The entire system may be cleaned using a soft cloth and mild detergent or
isopropyl alcohol. However, only filtered compressed air or “canned air” should
be used to remove dust from any of the optical components.
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11

Performance
Checks

Use the procedures in this chapter to verify that the instrument is operating
properly and determine potential problems, if any. The sections below outline
verifications/tests in order of increasing complexity. If the first test (Calibration
Wafer & Straight-Through Measurement) passes, it is unlikely that any further
testing is needed. Similarly, if the second test (System Check) passes, it is
unlikely that additional checks are needed.

11.1

Calibration Wafer &
Straight-Through
Measurement

The quickest way to verify ellipsometer operation is to measure the calibration
wafer and take a straight-through measurement of air. A thermal oxide (SiO2 on
Si) calibration wafer is included with every instrument.

To measure the calibration wafer:

1. Follow the Sample Alignment Procedure as described earlier in this
manual.

2. Acquire “Standard” Ellipsometry data at a few angles (i.e. 65°, 70°, and
75°).

3. Use the built-in analysis model for Thermal Oxide on Silicon to analyze
the data (see CompleteEASE Data Analysis Manual for details).

4. Confirm that a good fit to the data is achieved.
To measure straight-through (air):

1. Select “Measure in Transmission Mode” in the Acquisition Parameters
Setup box. A high accuracy, 5 second measurement is recommended.
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Psi

Acquisition Parameters Setup

Data Acquisition Parameters

Data Type:|8tandard |v|

Acg. Time: |5

Scan Options
Angle Scan: To

Alignment Options

Measure In Transmission Mode

High Accuracy Mode

By

Sample Tilt Alignment: |

Sarnple Height Alignment: |

Sample Thickness:
[ Align At First Angle

Other Options
[] Do Mot Return To Sample Load Position

[] Do Mot Reposition Translatar

mm | SetTo Current Position

Alignment Angle:

| Load || Ok || Cancel |

Figure 11-1. Straight-Through acquisition parameters setup.

2. Evaluate the straight-through measurement. Confirm that Psi and Delta

meet the following specifications:

e Psi=45°10.075 for 95% of the measured wavelengths

e Delta=0°10.05for 95% of the measured wavelengths

Spectroscopic Ellipsometric (SE) Data

45.06 0.25
45.03 ' 1020
| -10.15

45.00 |

-0.10
44 97 \ | RU

—0.05
44.94 N ~0.00
44 91 -0.05

0 300 600 900 1200 1500 1800

Wavelength (nm)

Figure 11-2. Example S-T measurement (M-2000DI).
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Successful calibration wafer and straight-through measurement is a strong
indicator that the tool is working properly. If the measurement is not successful,
a System Check should be performed.

11.2 System Check

A System Check is another easy way to verify that the instrument is operating
properly. A System Check can be performed instead of simply measuring the
calibration wafer. A System Check should be performed if the calibration wafer
or straight-through measurement is unsuccessful.

A System Check executes a quick calibration of the ellipsometer optics and
measurement of the calibration wafer. The System Check procedure, and
discussion for successful vs. unsuccessful System Check, is described in Section
4.9 of this manual.

Successful System Check is a strong indicator that the tool is working properly.

11.3 Verify Sample Alignment

Proper operation of the instrument relies on proper sample alignment. If the
sample is misaligned, measured data (and results) will not be accurate. The
Sample Alignment must be performed for each sample that is mounted on the
ellipsometer, prior to acquiring data.

Successful Sample Alignment requires that the following conditions are
simultaneously satisfied (see Chapter 4 for complete details):

e The tip/tilt of the sample should be aligned such that the sample surface
is perpendicular to the plane defined by the optical axes of the source
and receiver; alignment screen cross hair should be centered.

e The Z height of the sample should be aligned such that the Receiver Unit
is collecting the reflected beam; the beam is centered on the Receiver
aperture and intensity is maximized.

e Alignment should be maintained with angle change (the cross hair should
not move more than 15 units in X or Y on the Receiver unit Detector).

Note: Reflected intensity is a function of angle; therefore, the intensity
will change as angle changes, but the reflected beam should remain
centered on Receiver Aperture for all angles.

If these conditions cannot be simultaneously satisfied, the System Alignment
should be verified.
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11.4 Verify Signal/Lamp

Intensity

Intensity can vary from lamp to lamp, and system to system. There are no set
intensity cutoff values where the lamp intensity becomes too low for operation.
It is good practice to monitor intensity under consistent conditions (i.e. straight-
through (90°), or same sample (at same angle) over time. To view intensity,
select:

Hardware>Controls>General>‘Display Signal’

If experimental Psi and Delta data appear noisy in all or part of the spectrum, the
lamp may need to be changed. See rated lifetimes for lamps in Chapter 10
Scheduled Maintenance.

The lamp intensity should not overload the detector. If the ‘Display Signal’
screen indicates that the detector is overloaded, reduce the intensity by
adjusting the iris on the fiber tube (located on Receiver Unit) or the ND Filter
Wheel (if available). Detector overloading can be a sample phenomenon. If the
ellipsometer is used for highly reflective samples (i.e. metallic substrates) and
low reflecting samples (i.e. bare glass), the intensity may need to be adjusted on
a sample-by-sample basis.

11.5

156

Verify System Alignment

Note: A System Alignment should only be performed when the instrument
is first delivered, after mounting the Light Source and Receiver
components onto a base or chamber, or if the integrity of the
alignment is in question.

Note: Alignment of the Light Source and Receiver tilt stages on the base
should only be adjusted when the base is in the straight-through
(90°) position.

If the previous checks outlined in this chapter are unsuccessful, the System
Alignment should be verified. System Alignment is described in Chapter 4 of this
manual. If the System Alignment is changed, a System Check MUST be
performed when completed to calibrate the ellipsometer optics.
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11.6

Angle of Incidence Offset
Correction

This function can be used to correct the systematic offset from the nominal
angle values of the opto-mechanical system.

Note: This function should not be performed if there is any question in the
integrity of the System Alignment.

1. Mount and align the 25nm SiO2/Si calibration sample.

2. Select Hardware>Controls>Misc.>‘Additional Hardware Functions.” This
will bring up a message box. Select ‘Angle Offset Correction.’

| & CompleteEASE
| Measurement | Analysis | Hardware | Options |
Hardware Status
Waiting to Acquire Data
Controls

General Calibration System | Misc.

Hardware Functions

Display Sample Image

| Angle Offset Correction ‘

Z-Stage Scan

Additional Camera Functions Close
Adaitional Haraware Functions | )

Figure 11-3. Additional Hardware Functions.

During the process, the system acquire data at angles from 45° to 85° every 10
degrees. After the measurement, the system will automatically update the
hardware.cnf file with the new offset values.

This correction may also be done with the Focusing Optics attached (if available).
The AOI range will be set based on the allowed range. The angle corrections are
separate from the unfocused corrections, so will not affect the AOI when the
Focusing Optics are removed.

11.7

System Calibration

A System Calibration is performed when the wavelengths of the instrument are
known to be incorrect or the compensator or spectrometer has been changed.
These situations occur if the M-2000 box or light source has been replaced. This
document describes the System Calibration procedure for determining the
wavelengths and compensator calibration coefficients.
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Note: DO NOT attempt this procedure unless instructed to do so by a
representative of J.A. Woollam Co.

Overview

Performing a System Calibration involves iterating between two steps - the
System calibration and the Wavelength calibration. The first step measures the
positions of the optical elements and the Retardance of the compensator at the
currently accepted wavelengths. The second step measures a wavelength
correction by acquiring data on three known samples and fitting the data to a
model assuming the wavelengths are not known exactly. The first step is then
repeated using the newly measured wavelength correction.

Note: Before starting the calibration, make sure that the 2nm, 10nm,
25nm, and 1000nm oxide samples are available. Certain systems
will also require the 60nm oxide sample.

System Calibration

Note: The System Alignment and Sample Alignment must be correct and
understood by the user before ever attempting a System
Calibration. If done incorrectly, the system may not be functional.
The System Calibration will not fix any hardware problems. If these
problems exist, fix them first before performing a System
Calibration.

1. Load the Factory Setup model from the Calibration Wafers folder located
in the CompleteEASE\Library folder.

Note: Only the System Calibration and Wavelength Calibration sections
will be used. The other sections are used for initial setup of the
Ellipsometer at the factory.

7 completeEASE

Measurement | Analysis | Hardware | Options
Data: Mo Data Loaded Model: Factory Setup (Factory Setup)

Open Save Info Set Ranges Open Save Clear

Fit: AOI =

+Wavelength Calibration

+ System Calibration

+ Sample Tests

+ Leng Term Precision

+ Hardware Tests

+ Delta Offset Calibration
Create Report
Clear Test Results

Figure 11-4. Factory Setup model loaded in the Model panel.

2. Verify System Calibration Settings - View the settings for the System
Calibration by expanding System Calibration section. These settings are
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dependent on the base type and the wavelength range of the instrument.
If the settings are incorrect, change them in the hardware configuration
dialog which can be accessed by choosing ‘Edit Hardware Config.” from
the Hardware tab.

AOIl =65.0
+ Wavelength Calibration
BSystem Calibration
Settings From Hardware Configuration:
Sample #1 = 25nm Oxide on Si
Sample #2 = 10nm Oxide on Si
Sample #3 = <Straight-Through>

Cal. Mode = 3
Acquisition Time = 2.0
Perform m Calibration

+ Sample Tests

+ Long Term Precision

+ Hardware Tests

+ Delta Offset Calibration

Create Report
Clear Test Results

Figure 11-5. Example of configuration settings for a multi-angle system.

3. Press Perform System Calibration and follow instructions to complete
the System Calibration. If asked about performing a full sample
alignment, choose Yes and enter a sample thickness of 0.55mm for the
calibration wafer.

[

Sample Alignment

Would you like to perform a full sample alignment?. (Choose "MNo" to display the alignment screen only)

Figure 11-6. Choose Yes to perform a full sample alignment.

RCE System Calibration

Areyou sure yau want to perform an 'Of-Sample’ System Calibration?
£ standard reference wafer (2508 5i02 an 50 should be mounted and aligned hefore proceeding.

Figure 11-7. Last chance to opt out of system calibration.
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Measurement | Insitu | Analysis rHaruwarE ’/Optmns ‘ Current User is ivandiersiice Log Out
Data: Data Not Saved Model: Factory Setup (Factory Setup)

[ open |[ swe || SetRanges | | Open || sae |[ clear | 0pen Snapshot || Save Snapshot |
Fit: Al =65.0 =]

+Wavelenth Calibration

- System Calibration
Settings From Hardware Configuration

Sample #1 = 25nm Oxide on Si
Sample #2 = 2nm Oxide on Si
Sample #3 = <Straight-Through>
Cal Mode =3
Acguisition Time = 2.0

+ Sample Tests

+ Long Term Precision

+ Hardware Tests I

Create Report =

Graph Type

2nd Sample Psi/Delta

40 180
a5 N\
\J‘ 1160
30 \ o
B 25 ] 140 g
20
/ 120
15 /
10 100
0 300 600 900 1200 1500 1800

Wavelength in nm

Figure 11-8. Calibration finished.

4. The system calibration is finished when the graph title shows “2nd
Sample Psi/Delta”.

System Calibration with ND filter wheel option

When performing the system calibration using a filter wheel, there are some
factors to consider. Since the straight-through position is included in the
calibration, the signal needs to be optimized throughout the entire spectrum. If
a higher density filter is selected, the DUV signal is lower with respect to the
overall average signal. As seen below, if a lower density filter is selected and the
iris(es) or filter position on the Receiver unit is closed down to avoid ‘Overload’,
the DUV signal is optimized. This results in a much better calibration result at
these lower wavelengths.

Examples of filter wheel positions vs. Signal Intensity:
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B Comploerase = |

e
Ave. AC Intensity = 10.095
DUV AC Intensnty 0.158
sity =

IR AC Intensny 8. 156
Gain=1.0

Ave. AC Intensity = 10.095, DUV AC Intensity = 0.158, UV AC Intensity = 0.522, IR AC Intensity = 8.156, Gain = 1.0

Figure 11-9. Filter 6 with iris open.

& Comparnease e |

Cancel: Raw Signal Display insersron

| _Ave. AC Intensity = 26.528
| DUV AC Intensit§ = 4,473 |
UV AC Intensity = 9.272

IR AC Intensity = 7.660

Gain =1.0

Ave. AC Intansity = 26.528, DUV AC Infensity = 4.473, UV AC Intensity = 9.272, IR AC Intensity = 7.660, Gain = 1.0

Figure 11-10. Filter 4 with iris closed to avoid overloading the spectrometer.
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. Weasurament Tim:
Cancel: Raw Signal Display oo

(OVERLOAD) Ave. AC Intensity = 95.216 I

DUV AC Intensity = 22.678
UV AC Intensity = 47.002
IR AC Intensity = 38.741
Gain=1.0

Ave. AG Intensity = 95.216, DUV AG Intensity = 22 678, UV AG Intensity = 47.002, IR AG Intensity = 38.741, Gain = 1.0

= 100
) MHMMA
0
- 200 400 €00 800 1000
B -0 e] A

Figure 11-11. Overloaded spectrometer.

Filter shown at the 100%
light throughput position

Figure 11-12. Source unit filter wheel option.

Figure 11-13. MQD-Single Receiver unit iris operation.
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50%

jm__ |
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Figure 11-14. MQD-Dual filter wheel selection.

Wavelength Calibration

1. Expand Wavelength Calibration section — do not change items in Wvl Cal
Model section unless given instructions to do so.

AOI =65.0
Bwavelength Calibration
2nd AOI =75.0

Acqg. Time = 4.00
+ Wvl Cal Model
Perform Wavelength Calibration

+ System Calibration

+ Sample Tests

+ Long Term Precision

+ Hardware Tests

+ Delta Offset Calibration

Create Report

Clear Test Results
Figure 11-15. Wavelength calibration model.

2. Press Perform Wavelength Calibration and follow the instructions.
When the process is completed successfully, you will be asked if you want
to write the wavelength correction values to the hardware.cnf file,
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choose ‘Yes.” A System Calibration must be performed again after the
software finishes reinitializing the system.

&7 CompleteEASE o g B
Measurement | In situ | Analysis rHardWare ’/Optmns ‘ CurrentUser is jvandersiice  Log Out
Data: Data Not Saved Model Factory Setup (Factory Setup)

‘ Open H Save “ Set Ranges ‘ ‘ Open H Save H Clear ‘ Gpen Snapshot H Save Bnapshot ‘
Fit A0l =850
‘ Generate | | Fit Dynamic H Reset ‘ - Wavelenth Calibration
2nd AOI = 750
Acr. Time = 4.00
+ Wyl Cal Model
+ System Calibration
+ Sample Tests
+Long Term Precision
+ Hardware Tests
Create Report
Clear Test Results
Fitting Wavelength Calibration Data...
Iteration #18, MSE=1 388
Graph Type Data Set [#2. we_10000 [ =] [ oramh Al [ snowoae |
Variable Angle Spectroscopic Ellipsometric (VASE) Data
100 300
80 Indh fA I\
M/ A 0.\ N
_ 60 S
2 WNg N S 11 3
40 : a1
\ f\ // \\ Psi (65.00, 75.(
20 u uu U(J ] Y;Zf Delta (65.00, 71
0 I -100
0 300 600 900 1200 1500 1800
Wavelength (nm)
Figure 11-16. Performing wavelength calibration.

&2 CompleteEASE o' g X
weasurement | In situ | Analysis | Hardware | Options | CurrentUser is pandersiice Log Out
Data: Data Mot Saved Model: Factary Setup (Factory Setup)

‘ open H Save ‘ ‘ Set Ranges ‘ | open H Saye H Clear ‘ Open Snapshat H Save Snapshiot
Fit: AOI= 650
-Wavelenth Calibration
General FitD Reset
[oomarae ][ ][ rumrome ] [mem | | - Wavsioren s
WSE = 1.396 = Acg. Time = 4.00
Native = 17.634£0.0230 + Wyl Gal Model
Thermal = 221.60740.0345
Thick = 10170.928+1 3936 + System Calibration
Thick Intr = 22 407+0.3198 = |+ Sample Tests
EMa % (Mat 2) = 0.7+0 02 +Long Term Precision
AngOffd = 0.02+0.001 + Hardware Tests
AngOff1 = -0.01:0.00063664 | create Report
BrcWidth = 4.150+0.0165
w0 = 0.00961:0.043465 Select an Option [Ex]
wi = -000386<0 00081505
— 0144040 001356 E Do you vrant o wiite the wavelength carrection values 1o the hardware cnffle?
(This will require  system calibration to be performed)
Grapn Tye Data Set | #3. we_1001 Show Data H
0.05
c -0.00 —
c \
c
= -0.05
o
£
3 \ /
O -0.10 \/
-0.15
300 600 900 1200 1500 1800
nm

Figure 11-17. Wavelength calibration was successful.
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12 Troubleshooting

12.1 General Procedures

Check for the following LED indicators on the system components:

%’KXWQHOOO

<

E

SPECTROMETER
POWER

MADE IN USA

331929 g3 1 33

@@ ——

AC fuses

/ |
7 419°
' i °°~_~ o0l = -]

Figure 12-2. EC Module power LEDs.

Debug File

To facilitate a quicker response, start by sending a debug file along with a
detailed description of the problem and any related symptoms and error

messages.

Select Options>About CompleteEASE>‘Create Debug File’ to create a debug file.
The file created is located in C:\CompleteEASE\CompleteEASE_Debug.zip.

M-2000® Hardware Manual

©2023 J.A. Woollam Co. 165



About CompleteEASE

Version : 6.36
@ ©1999-2018 This software is only for use by
JA Woollam Co., Inc. J.A. Woollam Co. Customers

Loaded Configuration: Default (Modified)
Hardware Firmware Version: 17.024 (17.037)

Heap Memory: Used =77.90MB, Max=9322MB
Mon Heap Memory: Used =38 35MB, Max =-00MB

License Details:
License Type: perpetual

Create Debug File l Vigw Error Log

Figure 12-3. CompleteEASE options tab.

12.2 Common Screen Error
Messages

Phase Sensor Error Message

CompleteEASE

® The phase sensaris not operating properky!

Figure 12-4. Phase sensor error message.

This message is generally caused by one of the following:
1. RCE motor (Source side motor) is not running

2. Phase sensor malfunctions inside the Source motor control module has
electronic problems (motor driver, etc.)

3. Electrical connections between J1 and J2 or J3 and J4 are not secured —
check the cable connections and that the pins on the connectors all look
normal.

User key points: Is the Source side motor spinning (vibrating) to the touch?
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Polarizer Homing Error Message

CompleteEASE N |

® Could not Home Polarizer!

Figure 12-5. Polarizer home error message.

This message indicates that the analyzer’s home sensor is not working. Possible
causes are:

1. Sensor malfunctions inside the Receiver side motor

2. Electrical connection (cable) between J26 and J25 — check the cable
connections and that the pins on the connectors all look normal.

3. Power to the analyzer motor is not delivered / electrical connection
between J6 and J5 — examine the connectors and reconnect the cable.

4. EC control module has electronic problems (motor driver, etc.).

User key points: Listen/feel — Is the Receiver side motor turning?

Spectrometer Is Not Scanning

CompleteEASE

® The spectrometer is not scanning properky!

1]

Figure 12-6. Spectrometer error message.

Examine the cables and cable connections at J7 and J8, J9 and J10, and J11 and
J12. The cable connects J7 and J8 is the spectrometer power cable. J9 and J10,
J11 and J12 are spectrometer digital line cables with color code. Be sure to
connect them correctly.

User key points: Is the spectrometer power LED ON? — located on the front of
the M-2000 detector box.

Communication Problems

If the software will not communicate with the system (EC), the following
parameters need to be investigated. The software will NOT give an error
message, it simply will not initialize because the TCP/IP link cannot be
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established. This can be verified by viewing the log file (Options>About
CompleteEASE>‘View Error Log’).

Example:

2009-6-23 [12:52:24] - initSocket Error, Connection timed out: connect

Compare the IP address displayed in the error message box with the one
displayed on the LCD on the EC front panel. If they are different, correct one
displayed on the EC to match the other one by following the procedures
described in Section 3.2 Electronics Control (EC) Module Setup.

e If there are two network cards in the operator’s computer, make sure
that the other network card has a different IP address than the one used
for the ellipsometer.

e Check the IP settings on the network card for ellipsometer in the
operator’s computer as described in Section 3.3 Operator Computer
Setup.

12.3 General Problems

SYMPTOM

CAUSE

SOLUTION

The cross hair
on the
alignment
screen jumps
around during
System
Alignment or
Sample
Alignment

Misalignment

Perform System Alignment or Sample Alignment
procedures described in this manual. The cross
hair becomes stable only if there is signal. If
there is no light hitting the detector, the cross
hair will be jumpy. Therefore, when performing
the alighment, the first step is to make sure
there is light hitting one or more of the four
quadrants by looking at the intensity (grey area)
on the screen. Ignore the cross hair position
until all 4 quadrants receive some amount of
the light.

No white light Check lamp and light problems chart.
One or more Loose connection | Check all cable connections.
motors do not | Blown fuse Check fuses on the EC.

turn.

Bad Motor Driver
in EC

Check/Replace Driver. This can be verified by
looking at the drivers to see if there are red
LEDs next to drivers. If so, the driver may be
defective.

Alignment not
sensitive to the
sample tilt.

The sample is not
properly aligned

Re-align the sample, ensuring that the beam is
centered on the aperture of the receiver unit.
Use of optional Focusing attachment reduces
sensitivity to sample tilt.

©2023 J.A. Woollam Co.

Table 12-1. General problems.
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12.4 Software Problems and
Error Messages

SYMPTOM CAUSE SOLUTION

CompleteEASE | Cables are not Ensure all cables are inserted and fastened.
does not plugged into

initialize. computer or EC.

Recent hardware
changes to
computer such as
a network card.

Remove recent additions to computer. Then,
correct hardware settings of new cards such
that they don’t conflict.

Table 12-2. Software problems and error messages.

12.5 Calibration Problems

SYMPTOM

CAUSE

SOLUTION

Calibration fits are
not acceptable.

Sample is not aligned
properly.

Re-align the sample.

Signal intensity is weak
on some channels due
to sample reflection
properties. Detector(s)
Overloaded.

Use the standard SiO2 on Si
reference sample supplied with the
instrument for calibration. Close the
respective iris or choose a higher
density ND filter (if equipped).

Software installed

and results are not
correct.

on a new computer,

Calibration files not
installed on the new
computer

Copy cnf files from the previous
computer into the
C:\CompleteEASE\cnf directory of
the new computer

Table 12-3. Calibration problems.

12.6 Signal Screen Problems

SYMPTOM

CAUSE

SOLUTION

Signal screen shows flat
lines on all channels.

scanning problems.

Cables not connected
properly. Electronic

Make proper cable
connections. Call J.A.
Woollam Co. for
instructions.

M-2000® Hardware Manual

Table 12-4. Signal screen problems.
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12.7 Lamp and Light Problems

SYMPTOM CAUSE SOLUTION
No White Light from the Lamp is not on Turn on lamp power supply.
light source Lamp power supply Call J.LA. Woollam Co. to obtain
failed the trouble shooting guide for
the power supply.
Lamp is out of Align lamp.
alignment
Lamp intensity fluctuates Lamp is out of Align lamp.
or is weak. alignment
Lamp may be mounted | Check lamp mount (after
loosely in housing or power off and cool down for
expired. 1hr) or replace lamp.

Table 12-5. Lamp and light problems.

M-2000DI/UI B 4
‘Lamp Interlock/Overtemp’ indicates that the lamp JA%
housing cover is not installed completely and/or

the lamp power cable is not connected and/or the i 3 M-2000DI]
temp. sensor has tripped (likely cooling fanissue) .

M-2000XI

‘Lamp Door’ indicates the lamp access door and/or £

mirror access panel is not latched and/or the %J.A. Wotien Cos. Inc.
temp. sensor has tripped and/or the lamp power T Ssomeny Soutons

cable is not connected.

‘Overtemp’ indicates that the lamp power supply
inside the M-2000 temp. sensor has tripped (likely
cooling fanissue).

The LED statusis “latching” so power must be
reset to change the state

M-2000X1

M-2000VI J.A. Woollam Co., Inc.
The Lamp Power switch LED will indicate if the ’ : S
lamp is ON. If not, the AC power, lamp power o

y M-2000VI

cable, or lamp housing cover is not present.

Table 12-6. M-2000 Lamp Indicator LEDs.
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12.8 USB Camera

The USB Camera(s) must be connected and have the correct driver assigned in
order to operate properly. Windows Device Manager is an easy tool to confirm
it is connected and operating properly.

File

& Computer Management

Action

View Help

ez | nFEBE B XE®

v it

@
=1

& Computer Management (Local

System Tools

(D) Task Scheduler
2] Event Viewer
] Shared Folders

& Local Users and Groups|

(%) Performance

& Device Manager
Storage

7 Disk Management

F Services and Applications

~ & DESKTOP-PREFDUS
i Audio inputs and outputs
[ Computer
[ Delllnstrumentation
= Disk drives
[ Display adapters
¥ Firmware
[ Human Interface Devices
§ DS USB3 Vision Cameras
§ DS Imaging Development Systems GmbH / U3-388xLE-C / 4104443644 / 1
= Keyboards
[ Mice and other pointing devices
[ Monitors
P Network adapters
§ Ports (COM &LPT)
0 Print queues
[ Processors
7 Security devices
¥ Software companents
B Software devices
i Sound, video and game controllers

<

$a Storage controllers
= System devices
~ § Universal Serial Bus controllers
§ Generic USE Hub
Generic USB Hub

Intel(R) USE 3.20 eXtensible Host Controller - 1.20 (Microseft)

"N USB

¥

| 4

9 uEye UL T466LE Series

§ USE Composite Device

§ use RthHub(USBlD)‘\ USB

149xx

Actions
Device Manager

More Actions

3.0 camera

2.0 camera
also available)

M-2000® Hardware Manual

Figure 12-7. Windows Device Manager.

RED - power, not booted
- Flashing GREEN - booting
Solid GREEN - connected, ready

Solid O RANGE — connected, low power
(likely USB 2.0)

Figure 12-8. USB 3.0 Imaging Camera Status.
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13 Specifications

Exact specifications may vary depending on configuration. These details along
with schematic documentation are available upon request. Below are the most
commonly used components

13.1 Components

All AC Mains components are European Type approved, CE marked and UL listed
All AC Mains components are connected with 600V rated wire and insulated terminals

All PCBs and components are RoHS Compliant

Electronics Control (EC) Module

Input Voltage: 100/115/230/240VAC.
Frequency: 50-60Hz.

Current: 1A1A/.4A/.4A.

Fuses: (2) T2/T2A.

Line/Neutral fused in Power Entry Module

{130) Power Entry Iodule {430) 11" Female Spade Texninal

Wewark Part # D2MB716 e wark Part # 3703061

TE Connectivity # 3EGC1C-2 (33) 25" Fernale Spade Texminal 12 AW 600V 105°C Blue Wire (14 Inches Long) MOLEZ Part # 190020013
Back panel Newark Fart# 3705050 Digi- Key Part # 42 1031-100-ND

WIOLEX Part # 19002-0001 Alpha Part # 3075-BLO0OS

Neutral 1% BWG 600V 105°C Brown (14 Inches Long)
Digi Key Part # A2 103L-100-ND —OL e
Loz Alha Part# 3075-BRODS -
By GND/ 18 AWG 600V 105°C Chreeni¥ellow Wire (4 Inches Lang) Mo Pt 4 LB ARG
— Digi-KeyPart # A2103E-100-ND ec ’ A
ACLINE FILTER }\Alpha Part # 3075-GY005 Powe;‘ri?;glall DPDT
) .

T2A (100-240V) \&Y) Chassis GND
T2A (100-240V) #2 Ring Texminal

— Digi-KeyPart# 41061-ND

TE Comnectivity # 31390 3E) 1BAWG Fernile, 14 Srara, Red

Aumerican Eleetzal Part # 1121010 12 AW 600Y 105°C Brown (7 Inches Long)
Digi-Key Part # A2105L-100- ND
Alpha Part # 3073-BROOS

Linel
- 18 AW 600V 105°C Blue Wize (7 Inches Long)
F1
To Low Voltage Circuitry e Diigi Key Part # A21071-100-ND
40VDC \_fo— Line (e
a4

Alpha Part # 307 3-BLOOS

44 5X20rara SLO-BLO Fuse
Digi-Key Part #F2421-HD Earth GND
Litllefuse # 0218004 HYF

13 AW 6007 105°C Green/Yelow Wire (4.5 Inches Long)
Drigi- Key Part # A2 103E-100-ND
XP Power Part #CMP250PS36 l Alpha Part# 3073.GY005
(O) Chassis GND
(1) #8 Ring Terminal
— Digi-KeyPat #41061-HD
TE Connectivity # 31800
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Detector / Lamp Power Supply Modules

Input Voltage: 100/115/230/240VAC.

Frequency: 50-60Hz.

Current: 1.2A/1.2A/0.6A/0.6A.

Fuses: (2) T2A/T2A.

M-2000D(1), M-2000U(1)

Line/Neutral fused in Power Entry Module

(1) Power Entry Module
JMK Part # EF-0223.3B

(1) 0,156 Center Crip Terraial Housing
NI

11951701
Lazap Clontrol FCB

Digi-Key Part § Wh2113-ND
Tuiolex Part # 09-50-8043

Back panel I = 4 Heutal v 2
S
Hentral [ - Lins Com |2
Line ek 2 L pwhonD 2y [-S
1 10 Wal B To T Swiohing Pawer Sugply
L Earh GND/ ! Astodyne Pant# ATC-12D

ACLINE FILTER A\. 128 AWG 600V 105°C Grreen/Vellow Wire (4 Inches Long) A\

Low Voltage
Control Circuitry

DPDT 5 250 VAC Pover Relay
Digi-Key Part # Z4748-HD 2 el

Omon Part # G2R-24-DC24

1

{1%) 0.156 Center Crip Termnal Housing
Dig+KeyPart# WM2L12-ND
Malex Pzt #09-50-8033

18 AWEG 600V 105°C Brown (8 Inches Long)

Digi-Key Part # £2103L-100-ND
Alpha Part # 3075-BRO0S

18 AWG 600V 105°C Blue Wire (6 Inches Long)
Digi-Key Part # 42103N-100-ND
Alﬂ Part #3075-BLO0S

T2A (100-240V) \C) DigiKeyPut# 421 (3E-100-HD o)
T2A (100-240V) Algha Part #3075-GYD05
Chassis GND Chassis GND
#3 Ring Termairal #8 Ring Temuinal
Digi-Key Part #41061-ND Digi-Key Part # AL 061-ND
ANIP Part #31890 AP Patt #31890
MAPS0-1024G {132) 0 136 Center Crip Terminal Housing
Digi-Key Pat # WM2125-HD
Wslex Part #09-50-8051
To Low Voltage Circuitry Linel 1 =i
24VDC
h. Line2 (Neutral) 3 [ e—
Earth GND 5

©2023 J.A. Woollam Co.

18 AWEG 600V 105°C GreenVellow Wire (6 Inches Long)
Digi-Key Part # 42103E-100.HD
Alpha Part # 3075-GV005

M-2000® Hardware Manual

T —




M-2000® Hardware Manual

M-2000V(l)

Ling/Neutral fused in Power Entry Module

(1X) Power Entry Module
JMK Part # EF-0283-3B

Back panel
7 \

(4X) .11" Female Spade Terminal
Newark Part #37C5061
MOLEX Part # 19002-0013

B e S

*_O\,N:
| o

e

Neutal funi ]
Line e ™
Earth GND | 1

AC Line Filter
T3.15A (100V)
T3.15A (115V)
T24/(230V)
T2A (240V)

) |
{©) Chassis GND
#8 Ring Terminal
= Digi-Key Part # AL061-ND
AMP Part #31890

Linel
To Low Voltage Circuitry

12VDC

Line2 (Nuetral)

Earth GND

MAPS55-1012

M-2000X(l)

Line/Neutral fused in Power Entry Module

| = —
- )—f) —.{

Idec Part # LA2L-A1063-G
Power Switch DPDT
Front panel

(1X) 0.156 Center Crip Terminal Housing
Digi-Key Part # WM2125-ND 18 AWG 600V 105°C Brown (7 Inches Long)
Molex Part #09-50-8051 Digi-Key Part # A2103L-100-ND
Alpha Part #3075-BR0OS
-

18 AWG 600V 105°C Blue Wire (7 Inches Long)
-ND

18 AWG 600V 105°C Green/Yelow Wire (6 Inches Long)
‘ Digi-Key Part # A2103E-100-ND
. Alpha Part # 3075-GY005
L)) Chassis GND
L (1) #8 Ring Terminal
= Digi-Key Part # A1061-ND
AMP Part # 31890

SSB-600-07.04

(1) 1156 Center Crip Terminal Housing
Digi-Key Part & \».'\Azrx-wn N Lamp Control PCB
(1) Power Entry Maule Molex Purt # 09-50-8051
IMK Part # EF-0283-38
Back panel -1 Line mav [
Hios —I 2 el Neutral Com |
Neutral =3 —] | T Emae v £
P 0 Wt AC To DC Switching Power Siipply
Exmh GND 1 Hadlii e b o "
18 AWG 600V 105°C Green/Y ellow Wire (4 Inches Long) ?"‘_“f;::l‘f:"'\‘\:,';s’l‘i“mw"
Digi-Key Part % AZ103E-100-ND 5 el Pt 4 =
AC LINE FILTER ‘Apha Purt # 3075-GY00S Low Voltage
T2A (100-240V) o ‘Chassis GND Control Circuitry
T2A (100-240V) L4 Ring Terminal . (%)
= Digi-Key Purt # AL061-ND Chassis GND
TE Comnectivity # 31890 #8 Ring Terminal -
Digi-Key Part # A 1061 -ND=
TE Connestivity # 31890 e 0
e
o il
DPDT 84 250 VAC Power Relay !
Digi-Key Part # 255-1600-ND 5
Panasonic Part # DK2A-24Y
3
{1X) 0.156 Center Crip Tesminal Housing
Digi-Key Part # WM2112-ND
o Molex Part # 19-50-8033
2 ontact #f SVH-21T-P1.
Hamamatsu C11522-00-54 (1X} JST Housing # VNR-3N 1% AWG 600V 105°C Brown (13 Inches Long)
B Digi-Key Purt # A2103L-100-ND
Alpha Part i 3075-BRODS
CNL (Meutral) 1 ——
To Lamp 2 18 AWG 600V 105°C Blue Wire (13 Inches Long)
. Digi-Key Purt # A2103N-100-ND
1 CN1(Line) 3 fll— Alpha Part # 3075-BLO0S

Hamamaisu P/N C1522-00-54
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Power Control Module
Input Voltage: 100-120/200-240VAC.
Frequency: 50-60Hz.

Current: 5A MAX. (10A for EPM-221)

Circuit Breaker: UL489, 5A. (10A for EPM-221)

g 5 P Switch G Off Switch
EPM'224 AC B lOCk Dlagram Enlndicator Po(v’:veirlmvi‘i/z;tor EM:Swizh Off Irr;liccator
| | 1 | |
10 19 J20 P10 P8 PO P7
Remote External EMO PIO24 Interfice Sys_On Sys Pow EMO Sys_Off
Syslgg lc;{mm DBOF DB 36M
EPM-220-05.02
B External Interface PCB
ontrol Logic
P5 NC EC60320
Control Logic AC Outlets
(8X) PX0675/PC
EPM-220-01.01
AC Distribution PCB
P2 P3 Pé
Line  Neutral MAP42 24y

(2X) 25" Female Spade Terminal
MOLEX Part # 19002-0001

r

16 AWG 600V 105°C Brown
Alpha Part # 3077-BR0O05

16 AWG 600V 105°C Blue

SlpbsRe AL 18 AWG 600V 105°C Brown

Alpha Part #3075-BR0O0S

(2X) #3 Ring Terminal
TE Connectivity #31890

0.156 Center Crip Terminal Housing
MNMolex Part # 09-50-8033

Switched +24v | |

] L2
ins
Ci ctor
{0 FILF-06 4
6

GND

2
24vDC Output
ILine Input

" MAP42-1024

24VDC1.7A

Mai
onta
LF
7
@ (@) #3 Ring Terminal 18 AWG 600V 105°C Blue
TE Connectivity # 31890 Alpha Part # 3075-BL00S

(4%) 25" Female Spade Terminal
MOLEX Part #19002-0001

16 AWG 600V 105°C Brown
Alpha Part# 3077-BR0O0S

I 5AMP 2| SCREW-RING

16 AWG 600V 105°C Brown
Alpha Part # 3077-BR005

16 AWG 600V 105°C Blue
Alpha Part #3077-BL00S

ABC60-1024G

ez

IEC60320 Circuit Breaker | TErM. PCB
AC Power Inlet AM2RD3LCO7TDU 52 i (2%) 25" Female Spade Terminal
703W-00/08 3 4 | EPM-220-10.01 MOLEX Part #19002-0001
H 16 AWG 600V 105°C Blue e
#3 Ring Terminal Alpha Part # 3077-BL005 : -
TE Connectivity # 31890 - 2 16 4wG 600V 105°C Green/Yellow EPM-224 AC Block Diagram
Alpha Part # 3077-GY005 Sie. A Part
C};‘ is GND Revision 2 Number EPM-224
assis File FPM-224 Rlack Diasram-2 GCH | Date 3772014

3 JA. Woollam Co., Inc.
/ -Ellipsometry Solutions-
Lincoln, Nebraska
Phone (402) 477-7501 Fax (402) 477-8513
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: 5 Power Switch g Off Switch
EPM'22 1 AC BIOCk Dlagr am Oulldiceiog Power Indicator EMOl el Off Indicator
| I | |
J1o 119 2o P10 P8 P9 P7
Remote External EMO PI024 Interface Sys On Sys_Pow EMO Sys_OFf
System Control DBSF DB36M
DBI1sF
EPM-220-05.02
b External Interface PCB
Control Logic
P5 IEC60320
Control Logic AC Outlets
(8X) PX0675/PC
EPM-220-06.02 EPM-220-01.01
24 VDC Distribution PCB e
AC Distribution PCB
= P2 P3 P6 P6
LPS255 Main Line Neutral MAP42 24v MAP42 24v

16 AWG 60OV 105°

24vout  (3%) TE Connectivity # 36152
46 Ring Termit

LPS255C

24 VDC 10A

16 AWG 600V 105°C Green/Yellow
Alpha

Alpha Part # 3077-GY005

16 AWG 600V 105°

IEC60320
AC Power Inlet
703W-00/08

#8 Ring Terminal
Sl (4X) .25" Female
TE Connectivity # 31890 Mot s
16 AWG 600V 105°C Green/
Alpha Part # 3077-GY005

Alpha Part # 3077-BR00S

Alpha Part # 3077-BR005

16 AWG 600V 105°C Blue
Alpha Part # 3077-BL00S

P
I

(6X) 25" Female Spade Terminal
MOLEX Part # 19002-0001

°C Brown

18 AWG 600V 105°C Brown
| Alpha Part # 3075-BR00S

Molex Part # 09-50-8033

16 AWG 600V 105°C Blue
Alpha Part # 3077-BL0O0S

18 AWG 600V 105°C Blue
- Alpha Part £ 3075-BL00S
TE Connectivity # 31890

g8 Rz iTenmmal 16 AWG 600V 105°C Blue
Alpha Part # 3077-BL00S

C Brown

0.156 Center Crip Terminal Housing

*

2
24v DC Output

"MAP42-1024

24VDC1.7A

ABC60-1024G

Line
1

1 10AMP <2

Circuit Breaker 16 AWG 600V 105°C Brown
I;EBZ—BVSMIOVIVAZH‘%‘C Alpha Part # 3077-BR00S

(2X) .25" Female Spade Terminal

Pl

Title:
Spade Terminal  MOLEX Part#15002-0001 EPM-221 AC Block Diagram
19002-0001
Size: A Part
[Yellow Revision-2 Number: EPM-221

£ 1A Woollam Co., Inc.
~Ellipsometry Solutions-

Li raska
Phone (402) 477-7501 Fax (402) 477-8513
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Pm 1: Fused +24 volts from mtemal power supply. Always on. 172 amp capacity.
Pmnl: Ground

Pin 3: No Comnection

P 4: EMO cirewt

Pmn 5: EMO cirewt

Pins 6-9: No Connection

Power and ground are provided to power potential interface cireuitry. 12 amp maxinnm draw.

Opening switch or relay connected to pins 4 and 5 will activate EMO, shutting down AC power.

For the External EMO to be finctional, an mtemal jumper located next to the EMO Interface connector nmst be in the Enable’ position.

™ EPM-220 Series External EMO Interfa

Size Humbar
A
D PEMa00T

Surge Suppressor

Supplied by manufacturer.

Computer

Supplied by manufacturer.

Monitor

Supplied by manufacturer.

13.2 Environmental Operating
Range

e Temperature: 10°C to 35°C

e Humidity: 20% to 80% (non-condensing)
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