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L116S ELLIPSOMETER DESCRIPTION

LASER SAFETY
GOVERNING REGULATION

The Gaertner ellipsometer utilizes a helium-neon laser light source. The accessible radiation does
not exceed one milliwatt and, therefore, is classified as a Class [l laser product as defined
by Radiation Performance Standards 21CFR, Subchapter J {Federal Register, Volume 10 #148, July 31,
1975). Appropriate WARNING and Conformance labels are affixed to the ellipsometer to alert person-
nel of the presence of laser radiation during operation.

WARNING
Logotype

Attached to the polarizer arm and

APERTURE
Label

Attached to the exit aperture of the

reads: LASER RADIATION. DO NOT
STARE INTO BEAM.

| CAUTION

LASER RADIATION
DO NOT STARE INTO BEAM

polarizer module and reads:
AVOID EXPOSURE. LASERRADIATION
IS EMITTED FROM THIS APERTURE.

AN

TABER Aty A O
1§ EWATTED FROM

HELIUK-NEON/1mW
CLASS H LABER PRGDUCT

CERTIFICATION
Label
{Not Shown)

CAUTION

Attached to the left front face of
the vertical plate and reads:

THIS LASER COMPLIES WiTH DHEW/
CDRH RADIATION PERFORMANCE
STANDARDS 21CFR SUBCHAPTER J.

Use of controls or adjustments or
performance of procedures other than
those specified herein may result in
hazardous radiation exposure.

7109-C-229S 1-2
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L116S ELLIPSOMETER DESCRIPTION

1.0 SPECIFICTIONS (Continued)

This ellipsometer has the detented angles of incidence in the table below for measurement purposes.
There are also detents for 90°, but this angle is only for adjustments.

Standard Microspots*
$ Beam on Sample Beam on Sample
30° 1T mm x 1.15 mm 15 ym x 17.2 pm
ys5° 1T mm x 1.41 mm 15 ym x 21,1 ym
50° 1 mm x 1.55 mm 15 ym x 23.2 ym
55¢° I mm x 1.74 mm 15 ym x 26.0 um
60° T mm x 2.00 mm 15 ym x 30.0 ym
65° 1T mm x 2.37 mm 15 ym x 35,5 ym
70° T mm x 2.92 mm 15 ym x 43,8 pm
75° 1 mm x 3.86 mm 15 ym x 57.9 um
go° 1 mm x 5.76 mm 15 ym x 86.3 ym

*The Microspot Optics are optional components for
the polarizer and analyzer arms. See "Optional
Components", section 6.

Table 1-1 Standard and Microspot beam dimensions on the sample wafer.

7109-C-229S 1-4
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L116S ELLIPSOMETER DESCRIPTION

3.0 INTRODUCTION

This section describes the components of this ellipsometer and shows how the ellipsometer analyzes
the effect of reflection on the polarization of the laser tlight striking the surface of materials,
such as bare substrates, to acquire measurement data identifying properties critical to quality
control. Interpretation of the data vyields the optical constants of the material or, if the
material surface is film-covered, the thickness and optical constants of the film. Once initiated
by the user, analysis and measurement are automatic, utilizing a programmed, desktop computer inter-
faced with the ellipsometer. Parameters are entered by the user via the computer keyboard. Oueries
requiring operator/computer interaction and actual measurement data are displayed on the computer
screen., Measurement data may be printed for a permanent record. Optional equipment is in the
Optional Components section.

h.0 OPTICAL SYSTEM (Reference Figure 1-1)

Eflipsometric measurements involve illuminating the surface of a sample wafer with monochromatic
light of a known wavelength and polarization and then amalyzing. the polarization of the reflected
light. The light is projected along a fixed path or angle of incidence (¢). This ellipsometer
has provisions for precise, pin-located settings of the angle of incidence at 30°, #5°, 50°, 55°,
60°, 65°, 70°, 75°, 80° or 90°,

For measurement purposes, the angle of reflection is always set at the same angle as the angle of
incidence. (Since the two angles are always equal, it is usual to refer to both angles as angles of
incidence.) With the angles properly set, their _‘.mmvmn:<m optical axes intersect the vertical
center line of the plane of incidence at the same point. %7 sample_table is ralsed or lowered so

A oI it

.that the intersectlon of the incidence and reflective optical axes occurs on the sample surface.tand
that "the sample surface Is normal to the vertical centerline of the plane of incidence. “Fhis
ensures that the light from the polarizer aperture is reflected from the sample 'surface into the
m:m_<uo.. aperture.

7109-C-2295 1-6
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L116S ELLIPSOMETER DESCRIPTION

4,0 OPTICAL SYSTEM (Continued)

A low-power (Class 11) laser-light source is employed; a helium-neon laser having a beam wavelength
of 632.8 nm. The 632.8 nm (red) laser is in the line of the optical axis, and the beam passes
through a polarizer prism. In passing through this prism, the beam polarization is converted from
circular to linear.

The reflected light, with its polarization altered by the optical properties of the sample, is cap-
tured by the Stokesmeter (SM) measurement head. The four detector-voltages of the Stokesmeter are
then computer-analyzed and converted into a measurement of the State-of-Polarization (SOP} of light
of the reflected light.

5.0 ELLIPSOMETER COMPONENTS

The main components of the single-wavelength L116S ellipsometer are shown in Figure 1-2.

5.1 Laser Assemblies

A red laser, with a fixed wavelength of 632.8 nm, has an attenuator that reduces the laser power to
Class 11, which is for under one milliwatt. A built-in quarter-wave depolarizer in the laser out-
put produces a circular polarization of the beam.

NOTE: When the beam attenuator (subsection 5.2) is pulled out, the laser beam strikes. the sample

wafer or table surface, both the polarizer and analyzer arms must be at the same angle of incidence.
Then the ellipsometer can make measurements and will be safe to work with.

5.2 Polarizer (Reference Figures 1-1 and 1-2)

Polarizer Drum and Prism. The polarizer prism, mounted in the polarizer drum, is a Glan Thompson
calcite prism that converts the circularly polarized light from the laser to linearly-polarized
light. Any given angle of prism orientation from 0° to 360° can be set by adjusting the polarizer
drum. The angle can be set to within tenths of a degree by setting a number in whole degrees
(indicated on the drum) just below zero {0) on the 0-to-1 vernier scale and then aligning a gra-
duation on the vernier scale to one on the drum scale. For automatic measurements, the user should
fix the polarizer drum at exactly 20° by inserting the locking screw into the drum's detent.

7109-C-2295 1-8
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L116S ELLIPSOMETER DESCRIPTION

SAMPLE MONITQR  EYEPIECE  EMISSION INDICATOR KEY-OPERATED AC
ASSEMBLY / \ \ ON/OFF SWITCH
. POLARIZER MODULE ARM : 39-POWER MICROSCOPE

r@ e\ @z~

(1]

\

BEAM ATTENUATOR LEVER

STOKESMETER

/ ANALY ZER
MODULE

ARM

MICROSPOT OPTICS
(Optional)

150mm DIAMETER TABLE

ROTATION STAGE

VACUUM HOSE

TRANSLATION STAGE

Figure 1-2 Front-view components of the L116S Ellipsometer,
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L116S ELLIPSOMETER DESCRIPTION

6.0 DETERMINATION OF PSI AND DELTA

The state of polarization of the beam is determined by the relative amplitude (amplitude ratio) and
the relative phase shift (phase difference) between the two component plane waves resolved from the
electric field of the beam. |If the phase difference between the components is either 0° or 180°,
the beam is linearly polarized. All other phase differences result in elliptical polarization.
When a monochromatic beam of polarized light strikes the surface of a sample, the reflection of the
light causes a change in the relative phases of the component plane waves and a change in the ratio
of thelr amplitudes.

The angle DELTA (4} is defined as a phase difference. PSI {¥) is defined as the arctangent of the
amplitude ratio. The phase difference (A) and the amplitude ratio (¥) thus characterize the ellip~
tically polarized light reflected from the sample surface. These parameters are used to calculate
the optical constants of bare surfaces (or substrates) and, if film covered, the thickness and
refractive index of the film. The refractive index (Nf) is used to determine the physical com-
position of the film and in the case of transparent films, to establish the magnitude of the period,
i.e., the thickness cycle before ellipsometric readings repeat.

Using measurement data obtained from the four detectors of the StokesMeter, the computer calculates

the Stokes parameters of the reflected light. This information, coupled with the known incident
state-of-polarization, is used to determine the surface parameters, PSl and DELTA.

7109-C-229S 1-12
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L116S ELLIPSOMETER OPERATION
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L116S ELLIPSOMETER

CAUTION (For 90° Angle of Incidence)*

If the L116S has Microspot Optics, rotate the 150 mm
table so that its lifting slot is under the analyzer
Move the table to the left and down so

Microspot.
that neither Microspot Optic will

when both of the arms are at 90°,

SAMPLE MONITOR
ASSEMBLY /

STOKESMETER /

ANALYZER
ARM

ELLIPSOMETER
TIME LAG
FUSES .80A

(115 or 230V)

OPERATION

contact the table

SAMPLE [LLUMINATOR CONTROL

POLARIZER DRUM

\

DRUM LOCKING SCREW

/

632.8 nm (RED) LASER

o

POLARIZER ARM

LOCATOR PIN
CLAMP SCREW

MICROSPOT STOPS (Optional}

GPIO SOCKET, FOR THE
CABLE TO THE COMPUTER

*The optional 200 mm diameter table cannot be moved out of the way of the optional Microspot Optics.
Therefore the arms cannot be set at 90° with both of these options.

Figure 2-1 Rear and left view of the L116S Ellipsometer (with the standard table}.
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L116S ELLIPSOMETER OPERATION

EYEPIECE
EMISSION

INDICATOR
\ ON/OFF KEY
SAMPLE \\
ILLUMINATION
SN © [

\\\\\\l\l 39-POWER MICROSCOPE

h

OC

|

SAMPLE
MONITOR
CONTROL

Figure 2-2 Ellipsometer controls and indicators on the Sample Monitor Assembly.
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L116S ELLIPSOMETER OPERATION

1.3 Sample Table Vacuum and Alignment (continued)

2.

Observe the intersection of the two wide diagonal lines and the intersection of the narrow
crosshairs. Slowly rotate as needed the X- and Y-plane tilt adjustment controls (Figure 2-4)
to center the diagonals precisely on the crosshairs intersection. This makes corrections for
the sample surface out-of-flatness condition.

NOTE

The width/height of the intersection of
the diagonals is four arc minutes. This
may be used as a reference in determining
the approximate tilt adjustment needed.

Using the adjustment wheel under the rear of the table and the TMAX option of the program
STDS (Section 3, Standard Programs), raise or lower the table for the maximum reading
(Figure 2-5). A clockwise rotation of the wheel raises the table.

If the reading from the previous step overshoots the graph upper limit, or is too low, press
the "s" key on the computer keyboard to change sensitivity. Then readjust the table slightly
for a maximum reading. Repeat the adjustment of the drum and the table vertically, as needed,
for a maximum reading.

Repeat steps e through g as often as necessary to fine tune the sample table adjustment.
Tighten the sample table clamp screw.

See the standard single-point program instructions (such as STDS) in the Standard Programs
Section for the loading instructions, and use the Film program or subprogram. Proceed to make
a measurement.

Compare the thickness data measurement with previously acquired sample thickness data. The com-
pared data should be within #3 A (0.3 nm).

7109-C-229S 2-6
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L116S ELLIPSOMETER OPERATION

2.0 MEASUREMENT PROCEDURE

Place the sample wafer on the sample table, load the program software into the computer, and ini-
tiate the measurements. Once the measurements are started, press the keys as the screen and
instructions request, then measurements are automatic.

Some measurements can be made after a 15-minute ellipsometer warmup, the stability of the laser
improves after a few hours, which is better for important measurements. If the ellipsometer is in
use several times a day, the laser should operate continuously.

WARNING

To avoid the hazard of laser beam disper-
sion, the beam attenuator must be closed
while you adjust the polarizer or ana-
{fyzer arm, or when the two arms are not
at the same angle of incidence.

2.1 Standard and Optional Programs

Valid measurements are dependent upon the selection of a program applicable to the sample being
measured, and correct interaction by the user with the computer. The standard programs supplied
with the ellipsometer are in the Standard Programs section. The optional programs available by spe-
cial order are identified in the Opticnal Programs section, first page.

7109-C-229S 2-8
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L116S ELLIPSOMETER OPERATION

3.0 USER MAINTENANCE

These maintenance instructions are operator-level procedures for routine servicing, See the Service
Section regarding trouble analysis, adjustment, and replacement (qualified service personnel only)
of defective components. Instructions are not included for the replacement of any laser or polar-
izer fanalyzer optical or precision electro-mechanical components, Contact Gaertner Scientific
Corporation for the repair or replacement of these items.

3.1 Cleaning

Interior cleaning of the ellipsometer (i.e., the four detector measurement head, monitor assembly
and instrument power supply) should not be needed. These units are designed to keep foreign matter
out. When not being used, the ellipsometer should be enclosed by the dust cover supplied with the
instrument. Exposed optical surfaces may be cleaned with a camel-hair brush or clean, dry
compressed air (not to exceed 5 PSl1). All other external surfaces may be wiped clean using a soft,

lint-free cloth. I[f a solvent is needed, a cloth dampened with wood or isopropy! alcohol is recom-
mended.

7109-C-2295 2-10
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L116S ELLIPSOMETER STDS STANDARD PROGRAM
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STANDARD PROGRAM STDS L116S ELLIPSOMETER

1.0 INTRODUCTION AND SET UP

Gaertner Ellipsometer program software is supplied on two types of discs for use on the IBM PC and
PS5 Series Computers. The program software for the IBM computers are as follows:

e IBM PC and IBM PC XT Computers are supplied on discs compatible with a 360k-byte, 5-14" drive.
e The 1BM PS/1 Computer is supplied on discs compatable with a 1.4M-byte, 3-T17" drive.
¢ The IBM PC AT Computer is supplied on discs compatible with a 1.2M-byte, §5-14" drive.

This system is set up according to Section 5, Installation.

1.1 Software Installation and Loading

See "Software Installation and Loading” in the Installation Section {5) of this manual.
1.2 The Sample Stage or Table Alignment

See "Sample Table Vacuum and Alignment” in the Operation Section (2) of this manual.

7109-C-2195 3-1
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STANDARD PROGRAM STDS L116S ELLIPSOMETER

2.1 S6S + G5S Film Subprogram

When the Film subprogram is selected, these are the "Default Values" (left side of Figure 3-1,

page 3-6):

Silicon substrate: Ng=3.85; Kg=-.02
Wavelength 63284 (632.8 nm)

SiOy (oxide) film: Estimated index, N=1.46%
Mode of measurement: Measure N and thickness
Angle of incidence: PHI=70°

Polarizer drum angle: POL=20°

*For the silicon nitride films, the estimated index is N=2.00.

NOTE: To change any parameter below, press SETUP (F3).

Any one of

the following can be selected by using the corresponding key in the Film program menu

(bottom of Figure 3-1):

Key Function

F1 (PRINT/DISP) This allows the choice of printed or displayed output.
F2 (TMAX) This activates the TableMax subprogram {Section 2}.
F3 (SETUP) This allows the setup of the input parameters.

F4 (SAMPLE) The user enters identifying numbers and/or letters.

F5 (OXIDE) This automatically fixes or measures index N.

F6 (NITRIDE) This is the same as the above except for nitrides.

F7 (N MEAS) This calculates index N and thickness.

F8 (N FXD) This fixes index N and calculates only thickness.

F9 (LIST) This gives a listing of all of the possible thicknesses

(periodic multiples).

F10 (MENU) This returns the main menu to the screen, where the

7109-C-2295
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STANDARD PROGRAM STDS L116S ELLIPSOMETER

2.1 S6S + G5S Film Subprogram (continued)

NMEAS (F7) and NFXD (F8): The automatic fixing or measuring of the index (N) can be avoided by
using function keys (Nfyq) and (N Meas). These keys fix the index (N) and measure the index (N}
respectively, regardless of sensitivity considerations, although sometimes answers may not be com-
puted. For example: if attempting to measure the index (N) of very thin films (under 100 Ang-
stroms or 10 nm) it may not be possible to compute an answer. But, if the index (N) is fixed, the
thickness will be computed. One oxide film example is this {appears in the center of Figure 3-1
while "Select optional from below" disappears):

SAMPLE ; xxx
THICK : Nf PSI: DEL:
1051 1.464 44,48 79.33

The LIST key (F9) gives the thickness and the eight smallest possible thicknesses with a given
period., One example is this (appears in the lower-right of Figure 3-1):

LISTING: (PERIOD= 28194)
1051 9508 17965
3870 12327 20784
6689 15146 23603

One nitride film example of a display is this (center of Figure 3-1}:

SAMPLE :nnn
THICK: Nf PSl: DEL:
264 1.986 15.81 106.07

The LIST key (F9) gives {lower right of the screen) the thickness and the eight smallest possible
thicknesses with a given period. One example is this:

LISTING: (PERIOD= 28193)
264 5691 11118
2073 7500 12927
3882 9309 14736

7109-C-~229S 3-5
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STANDARD PROGRAM STDS L1165 ELLIPSOMETER

2,2 Sub$S Substrate

Press F2 (SUBSTR) when the main menu is displayed (see subsection 2.0, "Standard Program") and sub-
program SubS is selected so that the optical constants (PSI, DEL, real Ng and extinction kg)} of a
bare substrate can be evaluated. These constants are needed before making any film measurements.
Pressing MENU (F5) enters the main menu.

The angle of incidence (70°) is selected automatically., Verify that the polarizer drum is at 20°.

® Angle of incidence: PHI=70°
¢ Polarizer drum angle: POL=20°

Any one of the following can be selected by using the corresponding key:

Key Function

F1 {PRINT/DISP) Allows the choice of printed or displayed output.

F2 (TMAX) Activates the TableMax subprogram.

F3 (PHI) Allows change of angle of incidence to other than 70°,

F4 (MEAS) Instructs the ellipsometer and computer to make a meas-
urement with the given input parameters.

F5 (MENU) Terminates the Substrate subprogram and returns the
program to the main menu.

F6 (SAMPLE) Allows identifying numbers and/or letters to be entered.

F7 (POLRZR) Allows the input of the polarizer drum setting {nor-

mally 20°) for the best overall sensitivity. By
setting the polarizer drum close to the value of
PSI, sensitivity and stability can be increased.

At ¢ = 70°, one substrate produced these measurements {middle of the screen):

SAMPLE :Sss
Ns: Ks: PSI: DEL
3.791 -0.153 9,99 173.21

7109-C-229S 3-7
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STANDARD PROGRAM STDS L116S ELLIPSOMETER

2.3 S7S5 Two Angle (continued)

The LISTING key (F7) gives all of the possible thicknesses [within the minimum (0) and maximum
(20000) entered] for 70° and 50° from which the actual thickness is matched. Different maximum
values can be selected; a listing will appear on the right side of the screen. Following is a
listing obtained using the above minimum and maximum;

THICKNESS LISTING:

PHI=70 PHI=50
265 268
2057 1981
3849 3694
5641 5407
7433 7120
9225 8833
11017 10546
128G9 12259
14601 13972
16393 15685
18185 17398
19977 19111

For films, of thicknesses less than #400R or within 400A of a periodic multiple, the index will
be fixed at 1.46 for oxides and 2.00 for nitrides. Any other default index may be entered as
prompted.

7109-C-229S 3-9
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STANDARD PROGRAM STDS L116S ELLIPSOMETER

NOTES:
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L115C/D WAFERSKAN ELLIPSOMETER OPTIONAL PROGRAMS - WSI11A

8.0 WORKING IN THE ENGINEERING MODE

To start the Engineering Mode press the F2:Engineering key in the Main Menu. A screen similar to
Figure 4-6.2 appears.

WST1A: SETUP file: Default Solve: Kf index

Film parameters for the Polysilicon on Oxide or Nitride:

Poly -Thick (exp): ? Nf (fxd}: #.060 Kf (exp): -0.049
Oxide -Thick2(fxd): 0 Nf2(fxd): 1.460 Kf2(fxd): -0,000
Substrate -Ns: 3.850 Ks: -0.020
INSTRUMENT PARAMETERS 5-Point WAFERSKAN PARAMETERS

Wavelength (A) : 6328 Plot: Thickness

Phi : 70.00 Wafer diameter-mm: 150,00

Ambient : 1,000 Quter meas dia-mm: 132.00

Polarizer Angle : 45,00 Measure center point: Yes

STATUS

Figure 8-6.2 Typical parameter box section of the Engineering Mode screen,
Enter these parameter values in the following order:

Poly thickness v v e e . expected thickness entry is required in the initial film setup.
Poly Ne(fxd) . . . . . . default value=4.060 at 6328 K.

Poly Kf(exp) . . . . .. default value=-0.049 at 6328A.

Oxide: Thick2{fxd) - -« entry is required in the initial film setup.

B wNn o
L N ]

.

7109-C-230F-Rev. 4-6.2
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L115C/D WAFERSKAN ELLIPSOMETER OPTIONAL PROGRAMS - WS11A

4.0 WORKING IN THE ENGINEERING MODE (continued)

. Choose any option of the Engineering Mode in any order as needed:
Key Function
F1:Pmtrs Set or change the values of the parameters (section 4.1).
F2:Exe Execute a measurement with the current status of the parameters being displayed

F3:SetupFiles

F4:Sample
F5:PrtON/OFF

F10:Exit

("active set of parameters"). A menu choice is available between single-point
and wafer scan measurement {section 1.2 of the WS instructions).

Save an active set of parameters or delete an existing set (section #.2).

Assign a sample ID to a graphic screen.

This is a toggle function.

Press: Menu Display: Printer Response:

F5:PrtON F5:PrtOFF a. Automatically print the measured value after
each measurement {during the Execution). OR
b. When the current parameters are displayed,
press F5:PrtON, choose the corresponding options
from the F1:Pmtrs menu and press F10:Exit to
print the parameters.

F5:PrtOFF F5:PrtON The printer is deactivated.

Terminate the Engineering Mode and return the WS11A Main Menu to the screen.

B.1 Setting Parameters

Use the F1:Pmtrs key to review and set/change the sample parameter values. The Engineering Mode
menu is replaced by the Parameters menu when the F1:Pmtrs key is pressed (Figure 4-6.4),

7109-C-230F-Rev.
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L115C/D WAFERSKAN ELLIPSOMETER OPTIONAL PROGRAMS - WST1A

5.1.1 Film Parameters

Choose the F1:Film option from the Parameters Menu (Figure #-6.4) and the Fi!m Parameters Menu
appears at the bottom of the screen. Reference Figures 4-6.5 and 4-6.6.

WS11A: *SETUP file: TEST3 Solve: Kf index
Film parameters for the Polysilicon on Oxide or Nitride:
Poly ~Thick (exp): 500 Nf (fxd)}: 4.060 Kf [exp): -0.049
Oxide -Thick2(fxd): 100 Nf2(fxd): 1.460 Kf2(fxd): -0.000
Substrate -Ns: 3.850 Ks: -0.020
INSTRUMENT PARAMETERS 5-Point WAFERSKAN PARAMETERS
Wavelength (A) : 6328 Plot: Thickness
Phi : 70.00 Wafer diameter-mm: 150.00
Ambient : 1.000 Outer meas dia-mm: 132.00
Polarizer Angle : 45.00 Measure center point: Yes
STATUS
Select film parameters:
2:Poly Layer 3:Oxide Thk 4: sNitride 10:Exit

Figure 8-6.5 Example of the Film Parameters option screen. The second laver is an Oxide.
Key Function

F2:Poly Layer Enter new value(s) for thickness, refractive index and/or absorption
of the Poly Layer (Top Layer).

F3:0xideThk/Nitride Thk Enter new thickness for the second layer. The F3 key label is changed
automatically when the Fi key is toggled.

F4:+Nitride/+Oxide Toggle function: Change the second layer from Oxide to Nitride (press
+Nitride) or from Nitride to Oxide (press +Oxide).
F10:Exit Terminate the Film Parameters option and return the Parameters menu

to the screen.

7109-C-230F-Rev. 4-6.6



L*9-h "ADY-H40EZ-D-601L

*8PIJIIN B S| JoAR| PUODdS By) -usaJds uopdo suejawedeyq wil4 sy Jo ajdwex3 9 9-y IJnbj4

Hx3:01 PIXO* i YL SPIJIIN:E dahe Ajod:g
:sJdo1awesed wji} 109)sS
SNLVLS
S9A :lutod J3JUBD BUNSEI 00°st : @|Bbuy uasz)aejog
00°cgl -ww-elp seaw J3INQ 000°1L * lusiquy
00°0S1 :‘wWw-J3l2welp J43jepm 00°0L yd
ssawoIyl  -0id 8z€9 : (V) wibuajaaey
SHILIAWVUVC NVISHIAYM Iulod-§ SYILIWVHVd LNIWNYLSNI
0Z0°0- s 088°& SN~ 9leAISgNg
000°0- :(PX3)ZN 000°Z :(PX4)ZIN 001 (PXJ)THDIYL- SPIJHN
670°0- :(dx®) 3 090°h :(PX3) SN 00§ :(dxa) 3oIyi- Alod
I9PIJIIN J0 BPIX( U0 UOD|[ISA|0d Yl J40) sajoweded wijry
xXopul 3y -eAjog €LS3I1 “®ll} dNi3SH ‘YiLSM

(PeNUIIUOD)} sJddwWeRJIRd W[4 |*L'k

H3LIWOSAITII NVISHIdVM d/DSLLT VIISM - SWYYD0udd TVYNOILJO



L115C/D WAFERSKAN ELLIPSOMETER OPTIONAL PROGRAMS - WS11A

8.2 Setup Files

The active set of parameters can be stored into a SETUP File and used later in the Production
Mode. Press the F3:SetupFiles key in the Engineering Menu (Figure 4-6.3) to display the SETUP

files list.

Disc Drive C:N\OOTTT 5 files

Files currently on disc

File name Date Store Option Film Mode

RED1 : 05-22-1995 SETUP DATA WS

RED2 : 05-22-1995 SETUP DATA ws

TESTI : 12-06-1995 SETUP DATA WS11A

TEST2 12-06-1995 SETUP DATA WS11A

TEST3 : 12-06-1995 SETUP DATA WST1A
<<<< End of File List >>>>

Select option:

1:Store 3:Delete 7:Up 8:Down 10:Exit

Figure 4-6.7 Example of an Engineering Mode SETUP files list screen (DIRECTRY.00TTT).

Key

F1:Store

F3:Delete

F7:Up

F8:Down
F10:Exit

7109-C-230F-Rev.

Function

Store the active set of parameters to an externa! SETUP file to use later.
Only WS11A film mode files can be created and then used in the Production
Mode with this WS11A optional program.

Delete any existing SETUP file in the list (WS, WSI11A or any other
optional program film mode, i.e., WS6A, WSSA, etc.).

Roll the screen up. The number of files in the list appears in the upper
right corner. Screen capacity is 14 files. If more files are available,
the legend "++++ more -«::" appears at bottom of the page.

Roll the screen down.

Terminate the SETUP Files program and return the Engineering Mode menu
to the screen.

4-6.8
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L115C/D WAFERSKAN ELLIPSOMETER OPTIONAL PROGRAMS - WSI1A

5.0 WORKING IN THE PRODUCTION MODE ({continued)

Disc Drive C:N\OOTTT 5 files

Files currently on disc

File name Date Store Option Film Mode

RED1 : 05-22-1995 SETUP DATA WS

RED2 : 05-22-1995 SETUP DATA WS

TEST? : 12-06-1995 SETUP DATA WS11A

TEST2 : 12-06-1995 SETUP DATA WS1T1A

TEST3 : 12-06-1995 SETUP DATA WST1A
<<<< End of File List >>>>

Filename to retrieve (for a WS1!'A only)? RED1
Not a WS11A file ! <ENTER> key & retry.
To Exit, press just <ENTER> key.

Figure 8-6.9 Example of an attempt to retrieve an out-of-mode file. RED1 is a WS Film Mode
file and cannot be retrieved while working in the WS11A optional program. Only files TEST],
TEST2 and TEST3 can be retrieved at this time,

7109-C-230F-Rev. 4-6.10
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L116S ELLIPSOMETER INSTALLATION

INSPECTION

Thoroughly inspect the ellipsometer for shipping damage. |If there is damage from transit, notify
the carrier,

A key should be installed in the keylock switch located on the right side of the Sample Monitor
Assembly {above the sample table); it should be off. Check that good a fuse is in the ellipsometer.
Verify that all applicable items have been included in the shipment.

LOCATION CONSIDERATIONS

The Gaertner ellipsometer is designed for use in either a production or laboratory facility under
relatively constant room temperature and a relatively dry, dust-free atmosphere. The ellipsometer
requires a clean, level solid work surface sufficient to also accommodate the interfaced computer.
The input ac line voltage must be free of large transients having harmonics in the range from audio
frequencies to several megahertz. Do not obstruct the ventilation holes on any of the equipment.

INTERCONNECTIONS

DO NOT plug or unplug any component into or from ac power or make connections to other equipment
with its power ON/OFF switch ON!

The ac line cable for the ellipsometer is on the left side, near the rear of the instrument power
supply and is labeled INPUT POWER. The ac line cable for the helium-cadmium laser assembly is
at the rear of the laser power supply.

CAUTION
Verify that the power switches on all of the components are
OFF before connecting or disconnecting the interface cabling.

An interconnection diagram for the ellipsometer is shown in Figure 5-2,
Ellipsometer and Computer See Figure 5-3 (ellipsometer rear view), and Figure 5-4 (IBM PS/1

computer). See Figure 5-5 {A/D interface card), and Figure 5-6 (A/D interface card with cable
adapter removed).

7109-C-2298S 5-2
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L116S ELLIPSOMETER INSTALLATION

Computer and Printer

Connect the Centronics Interface Cable (7108-E-239t) to the parallel receptable on the rear of the
computer and at the connector on the printer. See Figure 5-3 (ellipsometer rear view), and
Figure 5-4 (IBM PS/1 computer). Hand tighten the connector thumb screws.

SOFTWARE INSTALLATION AND LOADING

NOTE: Wherever in this instruction the prompt is to type in some specific characters, the charac-
ters are in boldface and just after "type". Type in the characters, and press Enter.

Software Installation on the Customer-Supplied Computer:

The computer will load DOS from the hard disc (which must have at least three megabytes of free
space), drive C,

a. & Turn on the computer, allow it to "boot-up", and insert the program disk into drive A.

¢ The screen should show that drive C is the default by displaying, for exampie, the following:
"C:N>". Type a: and press Enter to make A the default, i.e., "A:N\".

® Type install and press Enter. All of the files on the program disk will then be put on hard
disc C.

® Remove the program disc. Go to step c. for installing any optional programs.
b. NOTE: The following occur during the software installation:

1) A directory is created: c:“\gsc.

2) All of the driver and executable files are copied in that directory.

3) Autoexec.bat and config.sys files on c:\ root directory are created. If the autoexec.bat
and config.sys files already exist on c:\ drive, it copies them to autoexec.bak and
config.hak before installing new ones.

c. OPTIONAL PROGRAM INSTALLATION: If one or more optional programs has been ordered, place

each optional program disc into drive A. The default drive should be A, If it is not, type a: and
press Enter so that A is the default. Type install and press Enter. Remove the program disc.

7109-C-2295 5-4
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L116S ELLIPSOMETER INSTALLATION

[+
T
o | )
[o] P
“oY0 aﬂ
o o
[ «] o O
Q
o0 o RED (632.8 nm) LASER
Q
o[
0
o e MICROSPOT STOP
ELLIPSOMETER . Q
SLOW-BLOW
FUSE, .75A
(115 or 230V) /
GP!10 SOCKET, FOR THE

CABLE TO THE COMPUTER

TO AN AC OUTLET

Figure 5-3 Rear and left view of the L116S Ellipsometer with the 6-inch diameter table and the

632.8 nm helium-neon laser.
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L116S ELLIPSOMETER INSTALLATION

COMPUTER CIRCUIT BOARD INSTALLATION
INTRODUCTION

NOTE: If the computer was supplied by Gaertner along with the L116S, then the circuit boards men-
tioned here were already installed. Ignore this and the next two pages.

These instructions are -for installing the A/D and GPIB Interface Cards and Cable assemblies into
the IBM PS/1 computer for use with the L116S Ellipsometer for tests.

A/D INTERFACE CARD

The A/D Interface card with cable adapter
disassembled prior to installation
the Rear View of Figure 5-6

is shown in Figure 5-5. This unit must be partially
in the computer. Begin by removing the stand-offs indicated in

STAND-OFFS

—p—

mIr

A

DxIAAEE

FRONT VIEW REAR VIEW

Figure 5-5 Photograph of the A/D Interface Card.

7109-C-229S 5-8
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L116S ELLIPSOMETER OPTIONAL COMPONENTS

TABLE OF CONTENTS Page
Hand Positioning stages, LT16HXY6 and LT16HXY5. . . « « + « « &« « & « « 6-1.1
Micrometer Positioning Stages, L116MXY6 and L116MXY5. . . . « « « . . . 6-1.1
Fine Motion Height Adjustment L117FM . . . . & & v ¢ ¢ ¢« ¢« s o o s o + « 6-1.1
Microspot Optics, LTI6MS . & & & 4 v 4 4 ¢ o« o o o o o o o o o o o o o o 6=1,2
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Video Monitor LTIIS5VM & & ¢ v 4 4 v 4 4 ¢ ¢ o o o o o ¢ ¢ o o o o o =
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OPTIONAL COMPONENTS L116S ELLIPSOMETER

HAND POSITIONING STAGES

L116HXY6 - This stage accepts 6-inch samples and enables the sample table to be moved by hand
in X,Y and o directions to facilitate measurement at any desired point on the sample surface, The X
and Y coordinates translation facilitates measurement on a rectangular or grid pattern; zero (0) to
2 inch left-to~right translation (X direction), 1 inch in the -Y direction from center, and 1/32 inch
in the +Y direction. Total rotational travel (9 direction) is 0° to 360°, [f the white plastic
retainers are removed from the table, translation in the +Y direction is increased to 1 inch.

L116HXY5 - This stage is identical to the L116HXY6 stage except that this table will allow measure-
ments on samples 5 inches in diameter or less. The front-to-hack translation (Y direction]) is #1
inch from the center.

MICROMETER POSITIONING STAGES

L116MXY6 - This stage is identical to the LT16HXY6 stage except micrometer thimbles are added to
allow fine motion translation in the X and Y directions to facilitate positioning within rectangular
scribe lines. One division on the thimble equals 0.001 inch. This stage is especially useful with
the Microspot Qptics L116MS accessory.

L116MXY5 - This stage is identical to the L116MXY6 stage except that this will allow measurements on
sample wafers no greater than 5 inches in diameter.

FINE MOTION HEIGHT ADJUSTMENT L117FM

This feature may be added to any type of sample stage and consists of a rotatable inclined plane
acting through a transfer plate and the standard height (vertical position) adjustment to raise or
lower the table 0.010 inch maximum (from the mid-position reference) after setting the standard
vertical position. One half turn of the knob moves the table 0.010 inch. The knob is at the mid-
position when the center line of the reference hole on the knob is at the centerline of the table
clamp screw. A clockwise rotation of the knob raises the table (CCW lowers the table}. See
pages 6-2.1 and 6-2.2 for detailed information.

7109-C-229S 6-1.1



z'1-9 S6CC-D-601L

*o06 18 swue ayy Bulllss J0J) |2 jeyl suollondlsul Aue
aJoub] snyy !a|bue aduspIoul L,06 B 1B 195 g uED AdY] 1BUl OS SwJE OM] AUl JO 1IN0 2|ge} SiYl SAow 0}
a|qissod jou s1 M ‘sondQ jodsoud|y Byl pPue 3jgel 42jdwWeIp ww oz © sey Jsawosdijd ue j] 310N

*9|ge1 siyt jo maiA doy e a0} |*j-9 9anbBl4 295
*SJUIWDJINSEIW WL} JOJ SIDJeM WW Q07 PU2 WW 5] “‘ww 7| “ww gg] “‘(ww gz) ug 404 si a|gel 4=2bae| sy

378vL ITdNVYS (4318weip saydouy g°L) ww ooz

*211usb pue ues|d> ‘3|dwis s} wJae ayp jo uojjow jo
adAy ,Ba|-Bouy, ayl ‘Jejem oy Jesu sised Bulaow ou aue assy) jeyl os Buisnoy ayl ulym pauiejuod
ANy wsiueyoaw a3yl Yilm UBI|D BAIN S| JI|PUBH Jt3jepm SYl UC JUIXDPU] SSIDDR-UCPUBJS IY] *3}1}9SSeD
B Wo4) sJajem ¢z 0] dn jo JuBWaJNSEIW DJIPWOINE papudlieun sjiw.asd Je|pueq J48)em HMSLIL1 1SpPoWw

HM911T Y3TANVH ¥3dvm

cJ910wosd|]|2@ ue Ylim papn|doul S| JOljucW O3PIA B udym Ajquassy
Jojjuopy ajdweg ayp Jo juocuy ayjl Uuo pIUNOW Aljensn S| ys3lIms | /W uy odoosoddmu BUIMIA paepuels
39Ul 0} uollIppe ul uddJISs ]y b uo Aejdsip uaalled sajem e Burdojjuow JO ISEI DY} SMo|le uojido syl

WASLLT JOLINOW O3dIA

*suonedij1dads ucllesjUNWWOoD elep
D1j109ds U0 s|jelap J0) JIUIJIBED 1DBIUDD  °suoidnJisu] Jas) wedBoud pue suemijos parjipow ‘I |ged
90BjJ49]Ul SBPN|OU] *SwWapow pue |eulw.a) elep ‘J9indwod (}soy) ajeos-abde] e se yons juswdinba
a|qniedwiod DZEZ-SH YIIM dDBLIDIUI UB BJA BlEp [B1U9S BAI9D34 40 PUIS 0} J43sSh By} sa|geus uolldo syl

ZETSYT FOVAHUILNI

*¢ ‘souspioul jo sajbue jusdajjip 1B soNdQp jodsoudly Byl INOYMIM pue YyIm ojdwes
91} U0 WEdQg JISE] 3Y} JO SUODJSUDWIP B} SMOYS [SUOJIBDJIDBadS) g°| u0JID8sSQNs ul 3jgel oyl :JL1ON

*jenuew J4asn Sy} Jo uo1das ,uondiiosad, 9yl ul (suoneosyjidoadg) gL uondaIsSgns Ul d|gel ayi
995 *(Adu@|D1j)9 poppe J0j) 211do 4BA18D94 B puR (SEIJE |Jews AJBA DUNSEIUW 0)) ww Glg*Q O UMOp
ade4dns ajdwes ayl B wedq JIJBWEIP W | [BwJOU BY} S2InNpads jeyl diido uoldefoad e sey uojido siyl

(Pajleisuy] Jaujasen) SWIILLT SDILHJO LOASOUDIN

SININOJWOD TV¥NOILHO dALIWOSCITTT SoLLT



OPTIONAL COMPONENTS L1165 ELLIPSOMETER

OUTER
QROOVE / 176 MM
i N
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~ N
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GHOOVE \ \
\ N \\ -
/A / o =
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! /

128 MM

CENTRAL
HOLE

9 INCH

Figure 6-1.1 This is a top view of the 200 mm (7.9 inches) diameter sample table.
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L116S ELLIPSOMETER SERVICE

] SM MODULE
|| PHOTODETI— AMP SAMPLE AND HOLD ] A/D COMPUTER
| BOARD _ _ INTERFACE CARD
| ZERO OFFSET | _
ADJUST SAMPLE AUTO COMPUTER
& HOLD [ | GAIN [] 1A% ™ porT
| L_ |
|| PHOTODET|— AMP
i SAMPLE AUTO || _ | _ COMPUTER
| & HOLD GAIN AD ™ porT
ZERO OFFSET i _ _
_ ADJUST A4 | |
_ SAMPLE AUTO COMPUTER
| & HOLD GAIN [T T124° ™ porT
[ PHoTODET|—| AMP i | |
| L
SAMPLE AUTO | | _ COMPUTER
_ ZERO OFFSET | £ HOLD GAIN AID = pORT
_ ADJUST r | |
_ [ DIGITAL “ COMPUTER
[ proTopET]— AMP TIMER _ — ouTeuT [« PORTS
M | | B
_ _ ZERO OFFSET | B
| ADJUST |__['suppLy voLTAGES
Figure 7-1 Measurement System Functional Diagram.
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L116S ELLIPSOMETER

TABLE 7-1.

SERVICE

TROUBLESHOOTING GUIDE (continued)

SYMPTOM

POSSIBLE CAUSE

FAULT 1SOLATION

Inconsistent or
inaccurate measure-
ments

Failure to use
TableMax program
prior to measurement
(See Section 3)

Upon exiting the TMax program option,
the autoranging-gain circuitry |is
activated. Hence, TMax must be run
whenever P, PHI!, or the sample is
changed.

Inaccurate Polarizer
Azimuth P

Observe the Polarizer drum scale.
Ensure that it matches that which is
displayed by the computer program.

Inaccurate incidence
angle PHI

Ensure that the angle of both arms
match that which is displayed hy the
computer program.

Check the detents and tighten the
knobs.

Sample table
misalignment

Check the tilt and table height
(TMAX ] .

7109-C-2295
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L116S ELLIPSOMETER SERVICE

CAUTION (For 90° Angle of incldence}*

If the elllpsometer bas Microspot Optics, turn the
table so that Its notch (lifting slot) Is under the
analyzer arm. Move the table to the left and down
so that neither Microspot Optic will touch the
table when the arms are at 90°.

l——
® s
(]
o M\ %2 \
0
oy ° °
o ° O
00 o O RED (632.8 nm) LASER
ELLIPSOMETER . . ]
TIME LAG FUSES .80A °
(115 or 230V} ® —]
i] _

° MICROSPOT STOP
Q (OPTIONAL)

GPIn SOCKET, FOR THE
CABLE TO THE COMPUTER

*The optional 200 mm dia. table cannot be moved out of the way of the optional Microspot Optics.
Thus, the arms cannot be set at 90° with both options.

Figure 7-6 Rear and left view of the L116S Ellipsometer,
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L116S ELLIPSOMETER SERVICE

THE STOKESMETER

*kkkkx MAIN MENU **%%*

F1 - ALIGNMENT DISPLAY

F2 - TEST AND DISPLAY A-D BOARD QUTPUTS

F3 - EXIT THIS PROGRAM

Gaertner Scientific Corporation - ©1992 Ver. 1.0

Figure 7-3 Diagnostic Program Main Menu.
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L116S ELLIPSOMETER

SERVICE

+Y

+X

Alignment Screen

Beam
Position

Cn Target

Figure 7-5 Alignment Display (DIAG).
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