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OVERVIEW

Ellipsometry is a noninvasve technique that measures the changes in the polarization
sate (Y and D) of light reflecting from a subdrate.  From these parameters, thickness as
well as opticd properties of thin films are determined. The figure bdow illudrates the
data andyss flow. Fird, in the measurement mode, the polarization change is measured.

Then a model based on the layered film stack is gpplied and respective data is generated.

Comparison between the experimentd and generated data is then made by utilizing fitting
functions. Mean squared error (MSE) is employed to quantify the difference between the
exparimentd and modd generaled data  Minimization of MSE is accomplished through
the modd and fit phase of the flowchart.

The varigble angle spectroscopic dlipsometer in the CNF has the spectrd range from
240nm — 1700nm. The automated trandation stage has 150mm by 50mm XY mapping
capability, with automated angle range from 20-90 degrees. A copy of the WVASE32
manua and software is avallable in the CNF CAD room for data andlyss. Please consult
the manud for more advanced features.
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QUICK START

CAC-IN

Lamp and monochrometer power should be ON. Ignition switch should dso be ON, in
case the lamp is off, make sure that the lamp and monochrometer are ON then press the
ignition switch.

CALIBRATION

1 Start the WVASE32 software.  The hardware window will indicate that the tool is
not initidlized. If the hardware window does not pop-up during startup, click on Window
and choose Hardware. From the pull-down menu choose Initialize this will take
goproximatdy 2 minutes.  During initidization a WWASE32 Hardware Log window will
pop-up with Enter User Name field areedy filled in as something, just dick OK.

2. Place the cdibration sample on stage and apply vacuum. From the menu choose
Acquire Data, then Align Sample. Click OK. The detector will rotate and a menu will
gppear with a red crosshair. Use the two black knobs (X right and Y left) above the
wafer to levd and dign. Make sure that the X and Y vaues are in therange of —1to 1
(see figures below). Press the ESC key. The detector will rotate back to the home

position.

Hardware: Sample Align il _W Wi ;_LD_I_XJ

<Escx exits  ¥=6.8, Y=06, Intensity=31.228, Gain=2, Slit=63pm, Pol=30.0

Uncdibrated in the X.
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Hardware: 5ample Align
<Esce exits ¥=-0.2, ¥=-07, Intensity=31.956, Gain=2, Slit=63pm, Pol=30.0

| T
Fully cdibrated with X =0.2and Y =-0.7

3. Click OK in the Sample Zaxis Alignment popup window and maximize the sgnd
with the micrometer below the wafer stage (see figure below). Pressthe ESC key.

Y.A.5.E. for Windows

Hardware: Sample Z-Axis Alignment

=Esc» exits  Sig=16.903, Slit=1700pm, Gain=2, Pol=30.0
#=-0.4, ‘Adiust Z-Stage to Maximize Signal

Type A Angle Data l ‘
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4, With the Hardware window enabled, from the pull down menu click Acquire
Data, then Calibrate System. Make sure that the vaues match the ones in the figure
beow and that the Fine Calibration mode is enabled. Click OK. This will take
goproximately 2 minutes. Cdibration data will appear in the Graph window (see bottom
mogt figure).

Calibration Routine x|
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ACQUIRING DATA

Pace the sample on the stage and aign the optics by repeating steps 2 and 3 from the
cdibration section. In the following, example a slicon wafer with 500nm thermd oxide

IS measured.

1. With the Hardware window enabled, from the pull down menu click Acquire
Data, then Spectroscopic Scan. Click on More Settings to choose scan parameters and
then dick OK (seefigures below).
EEET— x|
Wavelength: [3000 | o [10000 | py 100 |[ang ~]
Angle: [75 |to [75 | by [ |
Revs/Meas:
[ Dynamic Averaging  Masi uornevs:

Settings Summary

Izotropic 5ample
More Settings >>

Polarizer Track ON

AR: OFF
Auto Slit ON [Maz=1700)

Open Settings >> |
Save Settings >> |

[¥ Save File during scan every IEl min.
¥ Skip Wavelength Range: 13500.00 - 14500.00 A

Ok | Cancel |

Spectroscopic scan menu.

sescn =

L Ellipsometric Data Acquisition Dptions 1[

& — Dptical Comp

b ¥ Track Polarizer, bracking tolerance = IZI i
R
" Fixed Polarizer Setting = 3

[~ Zone Average Polarizer

o

1 —Auto B
r Off j Retardance = Min. Delta =
Revs/Measurement: ~Sample Type
~Dynamic Averaging [Isotiopic Sample M|

[~ Dynamic Averaging Enabled

Maximum # of Revs: ~M h tor Slit Width
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[ Auto slit adjustment
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"Plincipal Angle Scan Config

[~ Enabled Delta Tracking Range: Min. E Max. i ‘

L] [~ Transmission Measurement [™ Split grating changes across angles L.
Ok I Cancel | Reset to Defaults | ]
|
More settings menu.
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Save As under c/userdenf/username. Save the file with your name and info. Enter a
comment. Scanning will gart and in the grgph window Y and D versus ether waveength
or energy will appear. Following the completion of the scan, in the Hardware window

dick X to dose. The screen should look like the following figure:

ST
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Selected Type A Angle Data
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#E: 3200 75.00 459.258440.04 54.2444007
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#E: 3500 75.00 35.72340.04 67 4264008
#E: 3600 75.00 33.003+0.03 52.873+0.08
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2. Click anywhere in the Model window to activate. From the pull down menu click

Add Layer, choose Semiconductors then choose 9§ _jaw.mat. Thisisthe J. A. Woollam

material datafor aS wafer.
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Click Add Layer, then choose Dielectrics, then choose SIO2.MAT. In the popup
window, for the thickness place a vaue of 6000A. Right dick in the Graph window,
choose Style, then 2D, and Disable Double Y-Axis. This is extremedy ussful when
viewing multi-angle Y and D data.

3. Click anywhere in the Generated Data window to activate. From the pull down
menu dick Generate Data. Daa from the chosen mode is then plotted in the Graph
window and labeled as M odel Fit (see figure below).

SR
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#E:3500 75.00 16.93640.02 163.4540.31
#E:3900 75.00 21.93940.03 109.2640.08
#E: 4000 75.00 28.98440.03 82 88340.07
LI A - AN 7E NN 234 ER1a0 03 71 N7 Na ﬂ
o) | B g =
oxide_test 500nm ﬂ
Type A Angle Data .
L SRS Generated and Experimental
E: 3100 76.00 50.278 77.021 100 i . ; . :
E: 3200 7500 38.011 68.3%5 Model ity
E: 3300 7500 28.075 97.033 r ~-ExpEVS
E: 3400 7500 17.92 17459 a0
F- 2500 T8 N0 25 257 105 F7 LI [
ol r
Final Al 8 sl
MSE 81.53 o
Thick 1 [ET70.+ 3 5685 0 3
£ 40b
& L
201
0 1 | 1
2000 4000 5000 8000 10000
Wavelength (A)
|
iastart| &9 V.ASE. for Windows 1 screens. JPG - Paint WD %! s

The mean squared error is 8152 and the thickness of the dglicon dioxide layer is
goproximately 511nm.
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4.

Since the modd data fit is not coinciding with the experimentd data(MSE is

large), dick anywhere in the Fit window to activate, then choose Normal Fits from the

pull down menu.

The figure below shows that the MSE is 6.787 indicating a good

agreement between the measured and modeled data, and the SIO2 thickness as 506.98nm.
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In order to acquire refractive index information, click on the SO2 layer in the Model
window and enable n. Repeat the fitting agorithm and the resulting figure illugtrates the
refractive index result in the Fit window.
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When finished, from the pull-down menu dick File, then click Exit then YES.
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EXAMPLE

Bdow is an example of a three-angle measurement of a 100nm polycryddline slicon

film on top of a 240nm thema oxide film on a sglicon subdrate.

roughness was incorporated in order to minimize the MSE.

In this modd,

il
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