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Introduction

Thank you for your purchase of the VK-X3000 Series 3D Surface Profiler.

This manual describes the measurement method for film thickness, such as permeable films and glass, as
well as transparent coatings.
Note that there are two methods for measuring film thickness: laser confocal and spectral interference.

Contents

Chapter 1 Before Starting Operation 3

.........................................................................................................................

.........................................................................................................................

1-2 Understanding the Operation Flow 5
Chapter 2 Preparation for Measurement 7
2-1 Connecting the Spectrometer 8
2-2 Starting the Viewer Application 9
2-3 Adjusting the Magnification and Focus 10
Chapter 3 Laser Film Thickness Measurement 1"
3-1 Using Laser Film Thickness 12
3-2 Analyzing Laser Film Thickness 17
Chapter 4 Spectral Film Thickness Measurement 19
4-1 Using Spectral Film Thickness 20
4-2 Analyzing Spectral Film Thickness 27

.........................................................................................................................



Chapter 1

Before Starting Operation




There are differences between the laser film thickness and spectral film thickness as follows.

Understanding the Difference of the Measurement Methods

® Spectral film thickness
Spectral film thickness is an

Film thickness

Laser film thickness

Spectral film thickness optional function that can be

purchased. VK-T300 hardware is
required.

measurement
method
If the object is a transparent target, the When illuminating a transparent target
transmitted light will penetrate the surface | with light, there are two reflections that
and reflect off of the bottom layer. As the |occur; light that reflects from the surface
result, the thickness of the transparent of the film (R1) and light that refracts
target can be determined by calculating [inside the film and reflects off of the
the difference between the two surfaces. [bottom layer (R2). R1 and R2 overlap and
) ) experience constructive and destructive
Laser light vFosmon of
Surtaoe i * 7 posion s |interference.
" N
Film I Strength each other Weaken each other
Principle 3 '-/15 ------ ickness e Incident light rR1 R2 Incident light Ri_R2
;:‘Z:a:‘;"ace F':ce?::yd] reflected light intensity i
d: Film thickness
n: Refractive index
R1: Reflection on the film surface
R2: Reflection on the board surface
Spectral film thickness then calculates
the film thickness using this interference
pattern, understanding that this
interference changes depending on the
thickness of the film.
Approx. 2 ym -

The film thickness that can be measured

depends on each lens magnification.

Film thickness Model Objective Measurable film
lens thickness value Approx. 0.1 pm - 5.0 um
to be measured VK-X3100 50x 24 -
20x 12p -
10x 50p -
VK-X3050 50x 3.5 -
20x 20y -
10x 80u -
10x, 20x, 50x 10x, 20x, 50x

Recommended

objective lens

*Objective lenses other than those listed
above can be used as well, however,
check their performance before using

them.

*Objective lenses other than those listed
above can be used as well, however,
check their performance before using

them.




The operation flow of the laser film thickness measurement is as follows.




The operation flow of the spectral film thickness measurement is as follows.

Switch to spectral film thickness mode
Remove the objective lens to be used for the measurement
Mount the spectroscopy interference adapter

Remount the objective lens

Reference & dark adjustment
Adjust the focus

Spectral film thickness measurement




Chapter 2

Preparation for Measurement




m Connecting the Spectrometer

To perform the spectral film thickness measurement, connect the spectrometer first.

1. Remove the spectrometer out of the case.

2. Connectthe USB cable to the Micro-B connector of the spectrometer.

2

N,

at

3. Connect the USB cable to the USB connector on the back of the con-
trol PC.

When using laser film thickness,
this step is not required.

\  Point

Perform the connection of the
spectrometer before starting the
Viewer Application.




Starting the Viewer Application

To obtain new data, click the icon on the desktop to start [VK-X 3000 Viewer Application].

Double-click the [VK-X 3000 Viewer Application] icon on the desktop.

1.

A dialog box confirming movement of the revolver and stage will appear.

2. Click the [Yes] button.

Viewer Application

Do you want to set the XY stage origin?

Jes

3_ The stage will return to origin, and the Viewer Application starts.

ol [




m Adjusting the Magnification and Focus

Adjust the magnification and focus so that the image of the sample appears properly in the i The motorized XY stage can ac-

viewing window commodate samples up to 70 mm
in height and 3.0 kg in weight.

« The standard XY stage can ac-

1. Place the sample on the XY stage.

commodate samples up to 70 mm
in height and 5.0 kg in weight.

2. Adjust the height of the XY stage.

Turn the focusing handle (Coarse/Fine) to adjust the focus.

3_ Focus the objective lens.

On the operation panel, click the [AF] button.

4_ Select the objective lens.

Adjust the focus with a desirable lens magnification by repeating Steps 2 to 3.




Chapter 3

Laser Film Thickness
Measurement

Color CMOS camera X-Y scanning opfical sy Haif mirror

- e
Condensing lens

Half mirror Pinhole

Light-receiving element
(photomultiplier)

Half mirror
White light source




3-1 Using Laser Film Thickness

This section describes the operation procedure for laser film thickness.

1_ On the toolbar, click [Film Thickness Measurement]. o Laser film thick
aser 1im thickness

measurement

Measure the thickness (film
thickness of more than 2 ym) and
shape of the top three layers of a

Film Thickness ‘ ’l transparent target.
Measurement :

Start Moasuromont

2. Click the [Laser film thickness] button.

It will switch to the laser film thickness of the film thickness measurement mode.

Start Moasuromont

3_ Adjust the focus using the appropriate lens.

Select the objective lens to be used for the measurement. Next, on the operation panel, click
the [AF] button to execute the auto focus.

12



m Using Laser Film Thickness

\  Point 4. Adjust the brightness of the laser.

When the screen goes dark Switch the displayed image from [Camera] to [Laser].
completely by switching the

display image from [Camera] : — Film Thickness [

Moasuramont bkt

to [Laser], click the auto focus
button.

The screen brightness is
optimized.

5 Next, click the vertical position buttons for the objective lens to move
* the objective lens upward.

Move it upward past the top surface of the film to be measured, until the laser image turns

black and disappears.

Film Thickness [
Moasuromont sk

6. Click the [Upper Limit] button.
Set the upper limit value of the range to be measured.

Film Thickness [
Moasuroment e

13



Using Laser Film Thickness

7 Click the vertical position buttons for the objective lens to move the
* objective lens downward.

Move it downward past the bottom surface of the film to be measured, until the laser image
turns black and disappears again. Note that you may need to scroll through several reflected

layers to get to the bottom surface depending on the sample.

Film Thickness [\l
Moasuroment  lesiisu <

8. Click the [Lower Limit] button.

Set the lower limit value of the range to be measured.

Film Thickness [N
it Measurement S s

0. Click the [Auto] button.
Optimize the laser brightness within the specified measurement range.

Film Thickness [
Moasuroment ket
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Using Laser Film Thickness

1(0. Select [Standard (1024 x 768)] in the [Resolution] box.

Resolution: |Standard (1024 x 768)
Quality:
Pitch:

Super Fine (2048 x 1536)
Partial (1024 % 64)
1 Line (1024 x 1)

11 Select [High Precision] in the [Quality] box.

Resolution: |Standard (1024 x 768) w
Quality:
Pitch:

High Precision

High Speed
Iltra High Speed

12. Select a pitch as needed.

Normally, the RPD (Real Peak Detection) method is used to detect the focal point position. It's

recommended to keep RPD on.

13. Click the [Start Measurement] button.

A confirmation message appears asking whether to perform a preview measurement. Click the
[Yes] button.

Film Thickness & &
Moasuromont bt o
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Using Laser Film Thickness

The preview measurement starts, and the [Laser film thickness preview] window appears. L it
Make sure that the measured layer (white signal) matches the detected layer (red, light blue, :

The [Laser film thickness

: preview] window appears only for

When the detected layer is not matched, refer to the [ IChapter 7 of "Viewer Application Refer- the recommended objective lens
: with 10x, 20x, or 50x.

For other objective lenses,

measurement starts at the same

. time as the [Start measurement]
14. Click the [Start Measurement] button. D o is cked.

and magenta lines) before performing the measurement.

ence Manual".

The film thickness measurement results will be displayed.

15. Click the [Save Measurement Results] button to save the result. N ot
,  Poin

Fin Tionr ; ’ : Click the [Analyze] button to
rement leasurement .

display the measurement results
in the Multifile Analyzer.

16



Analyzing Laser Film Thickness

Next, we will analyze the obtained laser film thickness data.

1. Click the [Add data] button, and select the saved measurement data.

The obtained laser film thickness data will appear.

2_ Select the surface film thickness.

On the toolbar, click the [Surf. F.T.] button. Alternatively, you can select [Surface film thickness

measurement] from the [Measurement] menu.

3_ Click to select [2 Points] in [Profile line].

Create a cross section profile using the 12 types of profile tools that appear on the top right of

the screen. In this case, select 2 points specification.

1—|-p

Vertical Harz. Line

Spc angle Arc Rad Crd Multi line

\. S E—

The [Area settings] window appears.

17



Analyzing Laser Film Thickness

Click the part where you want to measure the film thickness, and draw
a line.

On the top right of the screen, place the cursor over the area where you want to measure the

film thickness, then click it. In the lower half of the screen, the film thickness profile at the speci-

fied place appears.

Specify the start point and end point of the place to be measured. \ Point

Specify the place to be measured within the profile screen. : To display the correct film
: thickness value, the index of
Move the cursor over the start point of the place where you want to detect the film thickness,

refraction must be corrected.

then click it. Next, set a range by specifying an end point.

Segmentl

Click the [Refractive index
correction] button, then enter the
refractive index of the film being
measured.

Layer 1-2 1.000 15
The measurement results will be displayed.
Layer 2-3 1.000 15
Cancel

18



Chapter 4

Spectral Film Thickness
Measurement




m Using Spectral Film Thickness

This section describes the operation procedure for the laser film thickness.

1. Onthe toolbar, click [Film Thickness Measurement]. Measure the thickness (fim

thickness of more than 2 ym) and
shape of the top three layers of a
transparent target.

Film Thickness
Measurement

2. Click the [Spec. Film] button.

It will switch to the spectral film thickness of the film thickness measurement mode.

3. Mount the spectroscopy adapter.

Click the [Install adapter] button from the spectral film thickness of the film thickness measure-

ment mode.

Spec. Film

Connect adapter for spectroscopy, focus
the target, and press start measurement.

Install adapter

The confirm dialog box appears. Click the [OK] button.

20



Using Spectral Film Thickness

4. Click the [Lens] button.

Install adapter

: Fostan  Pamon  obier  MNeme  Masnificatin N

: p[i Optional  |Plan 6% 122
S 2 Mot available [Flan Apo (B 085 (0]
3 Optional (1)} 10 na |7
E 4 Mot available [Plan 20 046 |3
: 11 Optianal Plan 10 03 1
: fi Mot available

£ >
: (=] =
. Adjust reference
.

The [Lens replacement] dialog box appears.

: 5 Select the objective lens to be used, and click the [Remove] button.

Follow the displayed instructions to remove the objective lens.

Lens Replacement

[ # name Magnficstion NA WD  Status
|

Revolver

PR P P e S

Plan 10X

0.3

16.5mm

Fidil LUA |US0 | Sadtinn FounLed
Plan Apo 50% |0.95 [0.35mm| Mounted
DI 10X| 0.3 7.4mm| Mounted 3
Unregistered
Unregistered
Unregistered
Unregistered
Unregistered
Unregistered
Unregistered

O ||~ o | w o) S

-
=

-
[

-
]

Revolver Origin Register... | | Mount || Remove |
5 Close

\  Point 6 Click the [Close] button, and close the [Lens Replacement ] dialog

. .

Make sure o confirm the [Spec. * box. Next, the spectroscopy adapter will be mounted on the position
adapter] field. The spectroscopy where the objective lens has been removed.

adapter can be mounted only at :

the mount position displayed as : Click the [Mount] button.

"Mounted". :

Install adapter

Femian  Pomon b MNeme  Masnification N
1 Optional Flan B 013 |2
H 2 Mot available [Plan Apo | 50X 0.95 0]
3 Optional DI 10 03 |7
4 Optional Plan 20K 046 |3
5

Optional

I O 7 I N N
£ >

e
Adjust reference Close

The [Select Lens] dialog box appears.

21



Using Spectral Film Thickness

7 Select the registration of the objective lens for the spectroscopy
* adapter to be mounted, and click the [Next] button.

Follow the displayed guidance to mount the spectroscopy adapter and objective lens.

Select Lens

Select lens to be connected to spectr.adapter, press [Next].
If selecting lens that has mounted on revolver, perform connection of
spectr.adapter after removing lens.

#  MName Magnification MNA WD Status Revolver

1|Plan 5X|0.13|22.5mm| Mounted 1

2 10X | 0.3|16.5mm Mot mounted

3 |Plan 20X|0.46| 3.1mm| Mounted 4

4 |Plan Apo 50X [0.95|0.35mm | Mounted

5 |DI 10X| 0.3 7.4mm| Mounted 3

6 Unregistered

7 Unregistered

8 Unregistered

g Unregistered

10 Unregistered

11 Unregistered

12 Unregistered
Register... Next Back

8. Follow the on-screen instructions to mount the bracket, and click the
[Next] button.

Mount bracket

The spectrocopy adapter wil be mounted in
the front most turret position. First, mount
the threaded adapter. Slowly rotate the
double threaded piece into the turret as
shown below.

Once you have mounted the double threaded
adapter, press [Next].

Mext | Cancel

The [Mount adapter] dialog box appears.

22



Using Spectral Film Thickness

9_ Follow the on-screen instructions to mount the adapter, and click the
[Next] button.

Mount adapter

Mount the spectrocopy adapter onto the
threaded adapter. Slowly rotate the
spectroscopy adapter into the turret as shown
below.

0Once you have mounted the spectrocopy
adapter, press [Next].

Mext Back

The [Mount Lens] dialog box appears.

1(0. Follow the on-screen instructions to mount the lens, and click the
[Finish] button.

Mount Lens

Mount the objective lens onto the
spectrocopy adapter. Slowly rotate the
objective lens as shown below.

Once you have mounted the objective, press
[Finish].

Finish

The confirm dialog box appears.

\  Point After this, connect the spectroscopy adapter to the spectrometer via

the fiber optic cable, then perform reference adjustments.

23



Using Spectral Film Thickness

1 1 . Execute the reference adjustment. i ®Anote about reference
adjustment
The confirmation dialog box appears, click the [OK] button. The spectral film thickness
measurement measures the film

Fim Thicknoss ; i : thickness from changes in each

Measuroment

light wavelength reflected from the
measurement object. Therefore,

a reference adjustment with a
reference mirror (optical flat) and
a dark sample is required before
the measurement.

Reference adjustment is needed to measure film thickness. Perform

reference adjustment?
E said

12 Set the reference mirror (optical flat) for adjusting the reference for i ®Anote about the reference
* the spectral film thickness. After adjusting the focus, click the [Start mirror (optical flat) A
: Use the reference mirror (optical
Adjustment] button. : flat) that is supplied with the
: spectral film thickness unit VK-
Execute the reference adjustment. : T300.

Film Thickness

Measurement

Spectral Reflectance Adjustment

Place the optical flat for

Spec. Film on the stage with
IZ' L3 A the mirrored side up. Focus
the lens and prass [Start
A Adjustment].

Current Position:

T
@ T, . . — | Optical flat
l" |4 | x

v

v

Auto Focus

Z Origin

Focus Guide Start Adjustment J

13 Set the dark sample for adjusting the reference for the spectral film e Anote about the dark sample
* thickness. After adjusting the focus, click the [OK] button. Use the dark sample that is
: supplied with the spectral film
The adjustment using the dark sample is performed, and the confirmation dialog box to finish thickness unit VK-T300.

the adjustment appears.

Remove the optical flat and place the
dark reference sample on the stage.

Dark sample

24



Using Spectral Film Thickness

14. Click the [OK] button.

Film Thickness
Measurament

Film Thicknoss =)

Moasuramont

Falfin  Perhon  aepier  Nleme  Mosrifioaton N —
1 Optional Flan BX 013 |2
2 MNat available | Plan Apo |50 095 |0
3 Optional D1 103 i |7
4 Optional Plan 20K 046 |3 P—
b Mounte Plan 10 0.3 |16 =
5 Not svailable § —
[< 2| -
— I

Adjust reference

The adjustment is complete.

16 Set the sample for the measurement, and adjust the focus.

Film Thickness
Measurement

25



Using Spectral Film Thickness

417. Setthe film component in the advanced settings window as needed. ~ : ©®Advanced settings
: In the advanced settings dialog
If the film component is one layer, selecting a film material will display [Film thickness preview] box, setting the base and film
41D £ : thickness material displays
and [Degree of fit]. : the [Film thickness preview]
= and [Degree of fit] in real time.
etremont : : Note that the measurement

is performed without the film
: component setting if it is the
: sample with 2 or more layers.

Material

Selact material of layer and substrate.

.
. Layer g __sm ~

e

\, Point

. . ; Before starting measurement,
Fieasuroment . . : adjust the focus and brightness
to the best conditions.

19. Ssave the measurement resuit.

Film Thicknass
Moasuroment

X one

26



Analyzing Spectral Film Thickness

Next, we will see how to analyze the obtained spectral film thickness data.

1. Click the [Add data] button, and select the saved measurement data.

The obtained spectral film thickness data will appear.

)

&
< =\

Add data

Add data Function guid §

Click the above button
to add measurement data
and start analysis.

2_ Select the spectral film thickness measurement.

On the toolbar, click the [Spec. film] button. Alternatively, you can select [Spectroscopy film

thickness measurement] from the [Measurement] menu.

3 Click the [Add layer] button in [Layer configuration setting] on the top
* right of the screen, and enter the layer configuration (material and

thickness) of the measured sample.

+ Add layer...

Edit layer... |

Delete layer

The [Add layer] window appears.

27



Analyzing Spectral Film Thickness

Select [Material] of the [Add layer] window from the pull-down menu. i @ Anote about the material
: If the appropriate material does
not exist in the material selection

Add layer X : . .
: [Add material] button to display

more materials from the database.

In addition, enter the prediction value (design value) of the film.

Enter the film thickness (predictive value) for this layer.
Material |si02 ~

Film thickness (prediction valug) | 1}000 = pm

Add material... Cancel

Click the [OK] button.

The layer of the material selected for the film component is added. Select the material that you want
: to add, and click the [Add] button.

It is added from the database to

the “Show material” list. Click the

[OK] button and confirm it.

Layer Material = Optical constant Film thickness (pre

At.. |Air Database
® Setting of the base and
5i Datahase — ‘ : atmospheric air
Double-click the base as needed
to change the settings of material
etc.

® Advanced settings for the
optical constant
When an appropriate material
does not exist in the material
selection of the [Add layer] window

m Automatic material judgment function or the [Add material] database, or
: when the material is an unknown

H sample, set the best calculation
highest fit degree from the entire database will be selected automatically. : method from the analysis model
: for calculating optical constants.

When selecting “Other(Auto)” for material of the [Add layer] window, the material with the

Add layer X

Enter the film thickness (predictive value) for this layer.

Material | Other(Auto) w
Film thickness (prediction value) |1.000 = pm
= e
Add material... Cancel

When selecting “nk-Cauchy” in the analysis model of the [Advanced settings for the optical

constant] window, measurement results with higher fit degree can be acquired.

Target | Layer1 - Other(Auto) ~
Calculation method
(O) Database
(® Analysis model

Model nk-Cauchy ~
Model formula
B C
n(A) =A+ ﬁ + F

! r

B
k()L)=Ar+A—2+A—4

28



® About the measurement result
When using spectral film
thickness measurement, thicker
films decrease the period of
the waveform, displaying more
waves in the chart. This change
in waveform allows for thickness
measurement.

Si0, 2000 nm

SiO, 1000 nm

Si0, 500 nm

Analyzing Spectral Film Thickness

.

If multiple layers exist on the sample, add additional layers and con-
firm the additional materials.

ayer configuration setting

Layer configuration setting
+ Add layer...

Edit layer...

Delete layer

Film thickness {pre|

Layer Material = Optical constant

Air Database

502 __patabase ____|1.000

. |si Database

Material = Film thickness Fit degree

. | AP
. |Si02 1.008
. |Si

The film thickness values of each layer are displayed on the bottom right of the screen.
In addition, a graph showing the intensity of reflected light for each wavelength is displayed on

the bottom left of the screen, and a graph showing the refractive index for each wavelength is

displayed on the bottom left of the screen.
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Specifications are subject to change without notice.
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