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connected with the information contained in this manual
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User Manual

= Spectra Thick
= Microscope
» VThick 3.xx /AThick OS/VisualThick A

Thank you for purchasing the K-MAC
thin-film thickness measurement
system — SpectraThick series. We
always put our best efforts to develop
better and more competitive analysis
equipment. This manual contains
general configuration, functions, and
operating instructions for the system.
Please keep this manual for future
reference. This manual will be helpful to
make the best use of our system.

In case of any technical problem or
question, please feel free to contact.

Technical Service / Customer Service / Consultation
K-MAC

554 Youngsan-dong, Yuseong-gu, Daejeon, 305-380 Korea
TEL.:+82 42 9303890~2, FAX:+8242 9303979
E-mail : sales.kr@kmac.to,  Webpage : http://www.kmac.to
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Caution

K-MAC provides one year guarantee for the SpectaThick(ST) series from the
purchasing. However, if the problem is caused as not paying attention to belows, the

cost can be charged to a user.

A\ Precaution for Installation/Maintenance

= Do not expose the system to direct the sunlight.

= Avoid installing the system in wet locations and area with heat sources.

» Do not place the system in dusty place.

* Do not install the system close to magnets.

= Select a safe location for the system.

» Make sure the system in on a sturdy work space and away from areas where object
could fall and damage the system.

= The optimal operating conditions are 5 ~ 35 °C and 30 ~ 70% RH.

A Safety

To prolong the life of the system please follow these precautions

= Pack the system when it is not in use for extended periods of time.

= Do not clean the system with harsh solvents (benzene, thinner, alcohol, etc.).
= Do not spray the water to clean the system.

= Make sure the cables are not twisted or bent.

= Do not pull the cables with fierce force.

= Do not dismantle and modify the system.
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Thin Film Thickness Measurement System

The thickness measurement system was designed for measuring the thin-film
thickness for research & development as well as production line of
Semiconductor, FPD, Nano technology, Electronic materials and Special films.
For example, in the semiconductor industry, each thin film deposition on the
wafer should be acquired accurately based on the design. The thin film
thickness system is used to monitor the process and determine the quality of
product by measuring the thickness of thin film.

There are various methods to measure film thickness. Stylus is based on
Mechanical technology, Microscopic technology and Optical technology are
generally used among them.

Spectra Thick, K-MAC’s Thin Film Thickness Measurement System,
adapted optical technology method. Thus the interference phenomenon
between the reflected lights on the film surface and the substrate surface or the
phase difference of lights determines the properties of the film. In this way we
can measure not only the film thickness but also the optical constant. If the film
is transparent and maintains the optical interference, any sample can be
measured with Spectra Thick. Each layer’s thickness of the multilayer film can
be measured via mathematical calculation. Thanks to a user-friendly interface,
the operation is easy. No damage is caused to the sample and a wide range of
thickness, from A to dozens um, can be rapidly measured.

The system analyses the light data and transforms it to the thickness data.
Please become familiar with the manual and operation of this system, it will be
useful in identifying false data due to operation.
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l. Introduction

K-MAC thickness measurement system has below different models for R&D and
laboratories.

- ST2000-DLXn (ST2K)
- ST4000-DLX (ST4K)
- ST5030-SL  (ST5030)

Each model consists of standard components and accessories.

[>Standard Components

Item Description
Detector 2048pixels CCD Array
Microscope MTS75S(ST2K) / Olympus(ST4K, ST5030))
Optical Fiber 2004m Reflectance Fiber
Optical Lens M4X, M10?((ST2K) / M5X, M10X (ST4K,ST5030)
M50X(Option)
Software x:zﬁzg::gﬁ)((;%?s}é) ST4K), AThickOS(Optional),
< Table 1-1>
[> Accessories
Item Description
USB Cable USB Cable
______________________________ Bares| Reference e
........................ Power(;ab|e110~2zov1~3q>
 Operaon CD | SWG&OperaionManual
~ Manual  Operaion manual
Qu|ckManua|Qu|ck|v|anua| ..........................................................................................

12V, 100W, Tungsten-Halogen Lamp(ST4K,ST5030)
o i12V,35W Tungsten-HalogenLamp(ST2K)
Focus Spare Bulb 5V, 6W, Tungsten-Halogen Lamp

Main Spare Bulb

SRM (option) Four thermal Oxide films grown on the wafer surface
...... (Standard Reference Sample) . SiO2onSi .
CCD Camera(option) - 640 X 480 color CCD

< Table 1-2 >
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> Operation Principle

<Fig. 1-1>

As depicted <Fig1-1>, a ray of light, which is emitted from the Tungsten-Halogen light source
is directed through optics of the microscope and is incident on the thin film of the stage.
Reflected light from interfaces between the thin film surface and substrate enters SpectraThick
Series through the optical fiber located in the very center of the probe, which collects reflected
light. This reflected light is grated in the SpectraThick Series and transformed to electric signals
by a CCD after the light is decomposed in wavelength domain. Analogue electric signals are
converted into digital signals by means of A/D converter and USB port transfers those
converted signals to a PC. The above-mentioned reflection probe has 6 additional fibers
around the circumference, which help locate the irradiated light and find the exact location on
the sample to be measured.

However, the measured signals may include noise caused by several factors so inaccurate
measurement results are obtained. In order to reduce the noise influence, SpectraThick Series
removes the signal noise by calculating averages in both temporal and wavelength domains.
This averaging process gives more reliable measurement results by computing optical
constants with these noise-free data.

Some portion of the light that is incident on the thin film surface is reflected from the upper
surface of the sample, other portion is reflected from the interfaces between the thin film and
the substrate. The light may be reflected from the interfaces between the thin films in case of
multiple thin-film layers. As these lights are coherent, generated from the same light source,
they interfere with each other and show constructive and destructive interference phenomena
according to wavelength. And, these measured reflected lights show specific spectrum shapes
in the wavelength region such as, sine pattersn or valley-like, depending on thickness and
optical constants. From these spectrum shapes, optical characteristics such as thickness, a
refractive index and an extinction coefficient — can be obtained by assuming some appropriate
values and adapting them systematically.
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> Application

Material Structure

Measurement Range(UNIT A)

Test
Sample
(A)

Rep(A)
30times

Remar
k

1) S|02/S|

SRM
1) a Sl/GIass

a-Si
Poly-Si
1) n+a Sl/GIass

n+a-Si
3) n+a- Sl/MetaI

4) n+a- Sl/a Sl/MetaI

1) Sle/GIass
2) Sle/Sl

3) SINX/SIOZ/Sl

SiNx

6) Sle/MetaI

7)a S|/S|Nx/MetaI
“8) n+a- Sl/a S|/S|Nx/MetaI :
7 ”7100 100000 -
”500~1000OO -

1) PR/GIass

2) PR/MetaI

3) Negatlve PR/S|
PR :

5) Posmve PR/Sl

o.C 1) O. C/Glass

(or PS)

ITO 1) ITO/Glass

71)CF/GIass o
: R e reertore
"1500(ITO)/1 5000(Blue CF)
100~70000

300~ 10000(P|)/2oo 100000(ITO)
”””100 ~70000 '

CF

(Res) 2 CFiBM

3) ITO/CF/GIass

1) PI/GIass

Pl 2) PI/ITO/GIaSS

3) PI/S|
F|Im

Reflectance Mode

1) Poly-Sl/S|O2/SI

2) n+a Sl/a Sl/GIass

: 4) a- Sl/Sle/GIaes -
7 5) n+a Sl/a Sl/Sle/GIass

. ....100 50000 S |
“200~50000(a S|)/200~50000(S|Nx)
“ -------2500/4000

4) Negatlve PR/S|02/S|
500 100000
6) Posmve PR/S|02/S|

2)O.C/SiNX/Glass -

300~20000

100~50000

100~50000

e
100~50000
100-s0000
~ 100~e0000
“100~60000(S|Nx)/300~20000(8|02)-m
 200~50000(a-Si)/200~50000(SiNX)

7 ”500 ~100000
”500 100000(!5R)/300~20000(S|02)7 :
500 1000OO(PR)/300~20000(S|02)."mmmmmmm"mm.

1000 50000

500~50000(0.C)/500~30000(SiNx)
1000-200000
7000—-30000

5~50um

5000

1500

1500
2000
1500

2000

4000
4000

4000

2500/4000

4000
2500/4000

15000

15000

15000

40000
2500/4500 2
-1500 T
715000
-1500
.-."1500/15000““
7 771000
””500/1000
7”1000

. 400~800nm ' '

2

25
- 100~50000(Poly-
- Si))300~20000(8102) .-

2.5

2.5
5

2.5

10

B/G/R

30/20/10

7/15/20
10/30

B/G/R

<Table 1-3>
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Il. System Components

>ST2000-DLXn
= Basic Components
(D Detector(Head for Measurement)
@ Optical Fiber for Reflectance
(® Power Cable
@ Microscope
(B Objective Lens X10
® Objective Lens X4
@ Halogen Lamp
USB Cable

= Options

(D Objective Lens X40(for surface observation)
2 CCD Camera

(® Reference Sample

Detector
Optical fiber
Lens
Focusing
button

Stage
up/down lever

Power button

Stage movement

Stage lever

<Fig. 2-1> ST2000-DLxn

10
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[>ST4000-DLX
= Basic Components
(D Detector(Head for Measurement)
(@ Optical Fiber for Reflectance
(3 Power Cable
(@) Microscope
(® Objective Lens X5
(6 Objective Lens X10
@ Halogen Lamp
8" Stage
© Noise filter
USB Cable

= Options

(D Objective Lens X50
(2 CCD Camera

(@ Reference Sample
@ 12” Stage

(5 Transmittance Module F Optical fiber

. CCD camera(option)

Lens up/down

lever Lamp box

Detector

Stage movement
lever

Stage fine

movement lever
Power button

Focusing button Light source power

<Fig. 2-2>ST4000-DLX

11
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P>ST5030SL
» Basic Components
(1 Detector(Head for Measurement)
@ Optical Fiber for Reflectance
@ Power Cable
@ Microscope
(® Objective Lens X5
(® Obijective Lens X10
@ Halogen Lamp
12" Stage
© Noise filter
@ USB Cable
@ CCD Camera
@ Measurement System

= Options
(1 Anti-vibration Table
2 Reference Sample 1y CCD camera

Lamp box
Detector

Lens

Stage

Vacuum
switch Focusing
Y- button
Emergency e
switch

Light source power Power button

<Fig. 2-3>ST5030SL

12
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lll. Software : VThick3.xx

1. Initial setup

The minimum recommend PC configuration for VThick3.xx is Pentium 120MHz,

Ram 16M with more than 256 color VGA card. 486 PC is also compatible with VThi

ck3.xx while there could be a data processing problem due to the speed of CPU.

> VThick3.xx installation

Install the program with the operation CD supplied with the system. The initial set up

may be configured for specific applications, but it is best to use the recommended set up

for most applications.

>VThick3.xx initial setup

Connect the system to the computer and turn on the power. Click the program

to run VisualThick or open the shortcut icon of VisualThick on desktop. The

VisualThick will open with the screen below <Fig. 3-1-1>.

 S102onSI - K-MAC VisualThick

Model Data Acquisition View Eiting  Hesuft  Help
- W2 1._F3 jAFA j\.N\ F5| Es0 F6 ump: F7 Fa Used Lamp-Time [FTNTRE
Oper Madel | Edit Model Detect On Reference Dark Sample Fitting OneStep | Repeat 10
A~
Mods! Fle ‘51020”51 0 Fitted Measured
Model Structure : ; ; ]
Material | Initial T [A] | Final T [A] - H ; i H
tont #3 ' ' i '
Front #2 [ — @ ' : i H
Font#l | S0z 000 000 © L ] | i
_ Substrate 8l [ 601 H T T H
ac A ; S S
Back #2 = H | i '
Back # 3 . ; : :
= ! : : |
Swap Grd ‘ Edit Model | reordezz) | | 3 : 1 3 :
20 H ; H
Fitting Parameters H s = TP e
et AMSE ‘ Cur, RMSE | FMax, ‘ Cur, ‘ ! ! b
lieration lierafion a 4 i 5 i I i i A i
01 2,65628 1n [1] 1 T T 1 T T 1 T T
‘ ‘ | ‘ | 330 400 430 500 350 600 630 700 750 )
Acq. Parameters Wave\ength [nm]
[ MMime | Ava. [ Boxcar [ LensX [ NA
T T - | Dark Reference Sample Scrafch
N, K Data i : i }
i 15000
[B28nm [ N [ 18571 [ K] 0000 ; ; /\_)j»\
Save Result Settin w
2 Harme: Incex ‘E : : /J | \
¥ Auto - Specimen Mo MeaslD (00001 Z 10000 : . :
5 : H :
Orignal Restlt | compare Resuit | = / /
Fitting Result 2
Narme | ndex | L1 | NI | Ki £ 5000 :
7 ;
‘ T
o f | T T T t f
400 500 600 700 800 900 1000
g ! d Wavelength [rrr]
For Help, press F1 B ldling ) Measuring @ Fiting ) Heration
<Fig. 3-1-1>
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D>VThick3.xx System Initialization

Click VisualThick shortcut icon
process the result from the detector. Initialize the observed signal detector system.

on the desktop, then it is ready to

When the system is not connected with PC or the power is off, the below
window appears. Please check the connection of PC and power condition.

] Mo hardware response!!!
Pls, check hardware connection.

<Fig. 3-1-2>

2. Menu
The program screen consists 4 parts;
Main Menu, Model View, Spectrum View and Tool Bar.

Main Menu Tool Bar

2 |, F 1 e | lﬂrs. T F - a"s Used Lama-Time m
L o | { - Fit - !
T - "
Model : . g Spetrum Yiew
woddl Structuna
T Fefwental | ndiial T TRY | Final TRAT | o0
e 2
e s whh
% W,
| i \'?\\
# =3
e EMod | R “a
wad | e | Recwdifiz) R | i L
Rttrg Fasmeten = = U —a bt -
[ BeiFOEE | Cur, AMSE | n-"';ﬂo; T ';‘gq i e
" .
1 1 ﬂ’.ﬂ 1 B - T T T T T T
h e ] W | @ | 30 400 450 SO0 S50 6D es0 700 750 B0 850
Lixi, P et Viavelength [nm]
| Mime | Awg Buncar | Lens NA
L8 1 = 1 5 | ° Qo Esfererc Ser Sinteh
s MK Doy 15000
{628 [ N[ T&7 [F] atw |
F )
A —
¥ Auto - Specimen Mo MaxlD oOon] é’
Cignd fendt | Compas fend | =
FEtng e g
edex LT _HI g
T T /
500 600 700 B30 % 1000
Wanvelength [nm]
Foi Help grwss P Measirra ) Fming () Deraton

<Fig. 3-2-1>
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3. Main Menu
>Model
= New: Start new model (default.mdl appointed).

» Open: Open the previously saved model (*.mdl).

= Edit Model: Change the model configuration (number of layers, material,

expected thickness, NK model).

Edit Model Configuration X
Number of l__, Backside _. Mumber of -
Front Layers i~ = I Reflecton = BackLayerle [ | OK I Cancel |
Fit | Initial T | Minimurn | Mazimum : Fit
T [A] TIA] TIA] haterial MK MK hodel
Front #3
Front #2
Front #1 KO0 0 4000 _TESTE ME,
Substrate _TEST3 MK
Back #1
Back #2
Back #3
<Fig. 3-3-1>

» Save: Save the model.

» Save As: Save the model with a new file name.
= Print: Print active Graph View.

= Print Preview: Preview the printing page.

= Print Setup: Display the Print Setup window.

Print Setup

Printer

Mame:

Properties...

Status Feady

Type: Samsung SCx-7300 Series PCLE
Where:  SMB Print

Comment: PCLE Driver

Paper Orientation
Size: | 44 210 % 257mm) | " Paortrait
Source: ||l] j * Landscape

Metwork... 0K | Cancel

<Fig. 3-3-2>

15
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= Page Setup: Show the printing page setup window.

Page Setup

~Title

b IT yi |0 {rmrn) Font... |

B Grﬂph TN TR L
X |1D W |1D margin: |1D (i)
— Comment
¥ Enahble " |1D v 145 | {mm) Fant... |
~Foater . — —

¥ Enable Faont... |

IKDrea taterials and Analysis Carp. &c¥c Srwww k-mac.ce

~Paper targin Orientation

Size: |A4 j Left: ISDmm Right: ISDmm = Portrait
Tray, I j Top: IEDmm Botm: IZDmm & | gndscape

Ok & Preview... | (04 I Cancel | Erinter... |

< Fig. 3-3-3>

= Recent Models: Display the recently used Models.

= Exit: Finish the program.

> Data

» Open
- Reflectance: Open the saved Reflectance spectrum (*.rfl).
- Dark: Open the saved Dark spectrum (*.drk).
- Reference: Open the saved Reference spectrum (*.ref).
- Sample: Open the saved Sample spectrum (*.spl).

= Save
- Reflectance: Save the Reflectance spectrum(*.rfl)
- Dark: Save the Dark spectrum(*.drk)
- Reference: Save the Reference spectrum(*.ref)

- Sample: Save the Sample spectrum(*.spl)
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= Edit Measured

Window to edit Reflectance spectrum of Spectrum View appears. By checking the

‘Use’ column, the reflectance value for fitting is determined. Also the wavelength

range is appointed with ‘Set Use’.

Edit Measured Spectrum &|
Mo |Use |Wavelen Meas, R Fit. R -~
0 [T || 333.294 [ 56.4088 | 31.3987 |—
1 | |} 333.603 BE,3945 | 31,3325
2 333,971 5E, 3805 | 31,2669
3 334,34 BE, 3677 | 31,2033
4 I |} 334708 5E, 3566 | 31.1419
5 | || 335077 5E, 3463 31,081
B 335, 445 5E, 3375 | 31,0239
! 335,814 BE, 3295 | 30,9574
8 I || 33B.182 5h, 322 30,9118
2] K 336,55 5E, 3151 30,8572
10 336,919 5E, 3088 | 30,8031
11 337,287 [i] 30, 7505
12 |1 || 337658 1] 30,6953
13 [ || 338.023 1] 30,6478
14 338,391 [i] 30,6987
15 338,759 [i] 30,6601
16 : 339,128 1] 30,6036 .
(8] 4 I Cancel

= Set Use

<Fig. 3-3-4>

Set the wavelength range to use reflectance for fitting, and the interval of the

certain wavelength for fitting. (The reflectance values to use for fitting is displayed

with blue point on a graph)

Set llse Points

To

Delta |10

From |-’-12|:|

780

\Canu:;l-

= Reflectance Ref

<Fig. 3-3-5>

Set the sample type for Reference Spectrum measurement such as <Fig. 3-3-6>.

Si surface: Bare Si, Default: Air, Corning: Glass

17
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Set reflectance reference

<Fig. 3-3-6>
= Import Measured — SCI tar files
Read “Reflectance data” file used in SCI Film Spectrum program (*.tar).
= Copy Spectrum
Copy an activated Graph View (Spectrum view, Scope view, NK Graph View) data
into the Clip board. The activated “Graph View” is displayed with a blue under

line.

D> Acquisition
= Scope View: Display or hide Scope View
» Reset: Reset Spectrometer hardware
= Start: Measure spectrum with spectrometer and start * Scope View Scratch’
= Store Reference: Measure Reference spectrum
= Store Dark: Measure Dark spectrum
= Store Sample: Measure Sample spectrum
= Configure Acq.: Spectrometer calibration and 1/O port setup
** Data is automatically set up with installation. Do not
change Wavelength Calib.<Fig. 3-3-7> and H/W interface
<Fig. 3-3-8>.

r

Configure Spectrometer

“wavelength Calib. ] HA A Interface 1

First Coeff. |5

Second Coeff. |-2.0051e-005
Third Coeff. |-1.45956e-003
Intercept  |339.708

QK | Cancel I

<Fig. 3-3-7>

18
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Confipure Spectrometer

\wavelength Calib.  HAW Interface ]

140 Part Jm -

Ok I Cancel |

<Fig. 3-3-8>

> View
* NK Graph Frame: Display NK Data View & NK Graph View
= Cursor: Change a mouse into Cursor mode on the screen
= Zoom: Change a mouse into Zoom mode on the screen
= Pan: Change a mouse into Pan mode on the screen
= Full Scale: Expand View scale to display all data
= Set Scale: Set up View scale

Change Graph Scale
(The basic graph scale: X axis 400~800,

Y axis 0~100)

R =

Cancel|

<Fig. 3-3-9>

= Auto Scale Y: Expand Y axis scale to the maximum
= UnZoom: Expand X axis and Y axis scale to twice.
= Set Lamp Timer (Edit Lamp Time): Set Lamp Time to display the used hours of the
lamp, <Fig. 3-3-10>.
- Change Lamp Time: Change the current used time
When a lamp is changed, set as 0, 0, 0.

- Change Lamp Limit Time: Set life time of the lamp

19
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Edit Lamp Time

Change Lamp Time
Howr {0 kAim ]EI_ Sec:l[l_
Spply Time

Change Lamp Limit Time

Lirnit Hour (1000 dpply

<Fig. 3-3-10>

>Image (S/W support for CCD Camera Option)
= Grab Image: Determine the usage of CCD image at S/W.
* CCD image is displayed after ‘Grab image’ is selected.

= Set Grab Interval: Set the interval time to take image with CCD camera.
** The initial value is 30ms.

= Get Meas Circle: Select the spot to be measured.

The operation is as below:

1. If the measuring spot point is not displayed as <Fig. 3-3-11>,

Measuring spot
OOO/ point
Focusing light 4oL

O OQ

<Fig. 3-3-11>

turn on the ‘Focusing Button.’ Adjust the level of the microscope up and down to
make the 6 ‘Focusing Lights’ clear.

2. Then select ‘Get Meas Circle’ [Ctrl+L] to display the measuring spot point
as in Fig.3-3-11.

= Set Threshold: Set Histogram Threshold. This is to search the measuring fiber

Image adjusting the measuring point from 0 to 225.
= Set CCD Shutter: Set CCD shutter speed

20
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D> Fitting
= Fit Setup: Set fitting condition

Max.no of iteration: Maximum figure for ‘Fitting’ (generally 10).

Max allowable RMSE: The data reliability range

Reuse the original guess: Measure the minimum and maximum of fitting value

Use the last fitting result: Measure ‘Fitting’ value according to the final

obtained value.

Optimization method: Select a model formula to apply fitting.

Fitting options

bax. no. of iterations |10
May. allowable RMSE 10.1 Cancel

Initial guess at " Reuse the original guess
successive fitinds & 155 the last fiting result

Optimization method 1Levenberg—Marquardtmethud ﬂ

BFSS variable metric method
H conjugate gradient method

Optirmization !
Option Scaled

N
Relative function tolerance |le—DlB

<Fig. 3-3-12>

= N.A Effect: Apply Numerical aperture value to reduce the measurement error scope

= Thickness Unit: Set the thickness unit

= Calibrate: Calibrate the thickness measurement result

in A: Display the thickness as A unit

in nm: Display the thickness as nm unit

Thickness Calibration

Unit | [nm] 1
Mo | Actual | Measured | =
1 T U i
]
L
4 2 :
5 a s
— Actual
8] All
ﬁ beasured = |0
Load... ] Save.. ] + % Actual
(6] Cancel ]

<Fig. 3-3-13>

21
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- Unit: set the thickness unit (nm or A).
- Actual: Input the actual thickness known to a user.
- Measured: Input the thickness measurement result obtained by K-MAC System.
- Clear All: Delete all input thickness data.
- Load: Read the thickness data.
- Save: Save the thickness data.
= Fitting: Conduct fitting using the measuring reflection data.
= One Step: Conduct ‘Sample’, ‘ Fitting’ and * Recording’ functions at once.
» Repeat(x10): Conduct the function of ‘One step’ ten times and display the 10 trial
results. (This function is to measure data repeatability.)

> Result
= Record Result: Record the fitting result.
= Accept Result: Change the final thickness measurement result (Final T) into the
initial thickness measurement setup (Initial T).
» Record to File: Designate a result saving folder.
= Auto Specimen No Enabled: Determine the usage of auto specimen number

after the fitting result is saved.
*Record File: Save the record at the designated folder

>HELP
= Quick Manual: Display a Quick manual saved in PDF format.
= About VisualThick: Display S/W edition and open the K-MAC website

4. Model View

>Model File

Display the current Model File name.

Madel File |SIO20onSI

<Fig. 3-4-1>
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>Model Structure
Model Structure Fitting Variables
Material | Initial T [&] | Final T [&] Wariable Initial Final
Frant #3 F1: T[A] i] F6d, 277
Front 42 '
Front #1 Sl02 1000 1000
Substrate sl
Back #1
Back #2
Back #3
Swap Grid Edit Model RecordiF1z) | Ecfit Model Record(F12) |
<Fig. 3-4-2> <Fig. 3-4-3>

= Swap Grid: Select whether open ‘Model Structure’ window,<Fig. 3-4-2> or
‘Fitting Variable’ window, <Fig. 3-4-3>.

= Edit Model: Edit the model configuration (number of layers, material, expected
thickness, NK model formula).

= Record[F12]: Save the measured result.

> Fitting Parameters

Display fitting control parameters and results.

Fitting Pararmeters

=et BMESE  Cur, RMSE EES Cur,
lteration Iteration
01 | 617363
<Fig. 3-4-4>

= Set RMSE: Set the standard deviation between the measured data (blue) and
simulation data (red).
** Root Mean Square Error(RMSE) : the expected value of the

square of the “error”, the amount by which the estimated value
differs from the quantity to be estimated.

Substrate Deposit material Thickness Set RMSE
s sio2 5000 A - >
S| PHOTORESIST 10000A  >15
st SNk 2000A >08
Glass IO 1500A >t
Glass Over Coating 30000 A >35
<Table 3-4-5>
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» Cur RMSE: Actual standard deviation between the measured data (blue) and
simulation data (red).

= Max lteration: Determine fitting frequency. 7~10 times are recommended.
The higher frequency is applied, the longer calculation
time takes.

= Cur lteration: Display fitting frequency.

> Acq. Parameter
Display the control parameters of spectrum data.
Acq. Parameters

[Tirne dyg, Boxcar | Lens¥ M, &,
3R g 5 10 025

<Fig. 3-4-6>

= [Time(Integration Time): Adjust integration time in S/W. The value is proportional
to ‘Intensity[Counts].” The lower the value chosen, the lo
wer the ‘Intensity [Counts] displayed. Adjust the value on
the condition of focusing Bare Si, observing ‘Intensity [C
ounts] graph.
Please refer to the below <Table 3-4-7> to adjust the
‘Intensity [Counts]" according to the specific substrate.

Substrate Intensity[Counts]
si 14000~15000 counts
Glass 14000~15000 counts
GaAs | 14000~15000 counts
Al 5000~6000 counts
cu 6000~7000 counts
_______ Cr . 6000~7000counts
Moly(Mo) 6000~7000 counts
<Table 3-4-7>

» Avg.(Average): Set the average of light intensity in S/W. By setting the value
high, the noise will be reduced. The longer the number, the longer
the experiment will run. A value of [5] is recommended.

= Boxcar: Smooth spectrum graph and it also works as a noise calibration.
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A value of [5] is recommended.

= LensX: Display the lens magnification. The value must be in accordance with

the lens magnification.
= N.A: Display N.A value of the lens. Each lens has typical N.A value that
should be changed whenever the lens is changed.

[>Save Result Setting
Set a file name and numbering to save fitting data.
If ‘Auto-Specimen NO’ is checked, ‘Index’ is numbered automatically.

-Save Result Setting

Marne Indes
v Auto - Specimen Mo MeasID 00001
<Fig. 3-4-8>
> Original-Compare Result

Compare the current measurement data with a previous measurement.

Ex.) Save the measurement result to ‘Original Result’ before the etching is

finished. Save the measurement result to ‘Compare Result’ after etching is

finished so that the two results can be compared.

: Compare Result |
Fitting Result

Delete |Delete .&Ill Computel Save.., |

<Fig. 3-4-9>
= Delete: Delete the appointed ‘Fitting Result’ data.
= Delete All: Delete all ‘Fitting Result’ data.
= Compute: Calculate Average, Maximum, Minimum, Range and Uniformity of
‘Fitting Result’ data and display them in ‘Result Statistic.’
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= Save: Save the ‘Fitting Result’ with * *.out’ file format. The saved file is

opened with MS Excel or Notepad.

D> Result Statistic

Display Average, Maximum, Minimum, Range and Uniformaity of ‘Fitting Result.’

ResLlt Statistic

Li
Average
Maximum
Minirmumm
FRange
niformity
<Fig. 3-4-10>

= Average: Display the average of the ‘Fitting Result.’

» Maximum: Display the maximum of the ‘Fitting Result.’

= Minimum: Display the minimum of the ‘Fitting Result.’

» Range: Display the difference between ‘Maximum’ and ‘Minimum.’

= Uniformity: Display the calculated result of

> Correct for Electronic Dark

Maximum — Minimum

Maximum + Minimum

Set Dark value into zero to reduce noise.

**This should be checked at times.

v Correct for E_Ieu:trn_:uniu: Darls_:

5. Spectrum View

<Fig. 3-4-11>

x100

WMeasured

% Reflectance

Copy Data

,,,,,,,,,,,,,, N

Mouse Tracking »

600 650
Wavelength [nm]

<Fig. 3-5-1>
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>Mouse Tracking
= Cursor: Change the mouse into Cursor mode on the screen.
= Zoom: Change the mouse into Zoom mode on the screen.
= Pan: Change the mouse into Pan mode on the screen.

>Spectrum Scale
= Full Scale: Expand the View scale to display all data
= Set Scale: Set up View scale
= Auto Scale Y: Expand Y axis scale to the maximum
= UnZoom: Expand X axis and Y axis scale to twice the size.

> Cursor Value

Display the wavelength and the reflectance (or intensity) of current Cursor point.

> Cursor Display

Determine whether or not to display Cursor.

>Grid Display

Determine whether or not to display Grid.

>Colors
= Traces: Change the Trace color.
= Background: Change the background color.
* Frame: Change the Frame color.
= Cursor: Change the Cursor color.
= Grid: Change the Grid color.
= Text: Change the color of characters.
= Ticks: Change the tick colors.
= Marker: Change the color of Cursor value.

= Default: Restore to the original colors.
>Copy Graph

Copy the current graph to Clip Board which can be pasted into Paint of the OS
or Ms-Word.
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I>Copy Data
Copy the current Data to Clip Board which can be pasted into Notepad or

Ms-Excel etc.

D> Print

Print the current page.

> Print Preview
Preview the current page.

6. Tool Bar
i | & | | @l F| MAS| 20| whF el
Open Model | Edit Model Detect OFf Reference Dark:; Sample Fitting OneStep | Repeat 10
<Fig. 3-6-1>
>Open Model

Open a previously saved model (*.mdl)

> Edit Model
Change the model configuration (number of layers, material, expected

thickness, NK model).

Edit Model Configuration E3 I

Lo | S e T e
Fit Initial T Fimimum | b aximnum M aterial Fit ME. Model
T 4] T [A] T[4 HE
Front #3 R I_. G
Front #2 = I_- taf]
Front #1 |+ 500 0 4000 5102 i | ME -
Substrate [ 51 -1 ME. -
Back #1 S | Il =
Back #2 o | -
Back H3 i | ¥
<Fig. 3-6-2>

* Number of Front Layers: Set the number of front layers on the substrate.
(from 1 to 3

» Backside Reflection: Set the backside reflection. For the glass sample set Initial T
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value as 7e+007after ‘Backside Reflection’ is checked
= Number of Back Layers: Set the number of back layers on the substrate.
(from 1 to 3)

= Fit T: Determine whether or not to use the thickness fitting.

** This should be checked at all times.
= Initial T: Input the expected thickness known by the user.
= Minimum T: Input the expected minimum thickness known by the user.
= Maximum T: Input the expected maximum thickness known by the user.
= Material: Set the material to be measured.
= Fit NK: Set the usage of NK Model for fitting.
* NK Model: Set NK model to apply.

> Detector On/Off [F2]

Turn on the system and connect with the PC.

D> Reference [F3]

Measure the reflectance of Bare Si and set the value as 100% of reflectance.

>Dark [F4]
Adjust the lens to the highest position form the stage and measure the reflectance
with the empty stage. Then set the value as 0% of the reflectance.

>Sample [F5]

Measure the reflectance of a sample on the stage.

I>Fitting [F6]

Conduct sample data fitting then calculate the thickness data.

>One Step [F7]

Conduct ‘Sample’, * Fitting’ and * Recording’ functions at once.

D> Repeat (x10) [F8]
Conduct the function of ‘One step’ ten times and display the 10 trial results.
This function is to measure data repeatability.
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7. Sample Measurement

I>Basic Measurement

Practice the inspection and measurement method of the products with the
standard sample provided with the system.
(Thermal SiO, of 25, 100, 200, 500nm Thickness)

@ Turn on the power to the system.

HAC
@ Click ‘VisualThick’icon Wiam: on the Desktop.
® Click ‘Open Model’ in the Tool bar.

i) - s R | g FIlL_F4| PWAFS| Bs0FS|  wpF7 Fo
Open Mode)/|  Edit Model Detect OFF Reference Drark, Sample Fitting One Skep Repeat 10
<Fig. 3-7-2>
Then the following window ,<Fig. 3-7-3>, appears.
Open @
Look jn: | ) Moded =l cf E-

File: harme: |SID2DnS|
Files of tpe: |KmacTI3 Files [*.mdl) j Cancel

<Fig. 3-7-3>

@ Open model file(*.mdl) which has same structure with a sample in

the ‘Model fold.(Select ‘SIO20nSI' for this practice.)
® Click ‘Edit Model' and confirm the contents of Initial, Minimum, Maximum,

Material and NK Model.
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=4 - e r2 | g F3| 4 F4|  JUNA FS| Bs0 Fo usp F7 Fa
Open Model N _Edit Mod Detect OFF Reference Dark. Sample Fitting One Step Repeat 10
<Fig. 3-7-4>

(For SiO2 on Si thickness measurement of 250, 1000, 2000, 5000 A : input
Minimum T as “100 A *, Maximum T as *10000 A’, Initial T as expected thickness)

Edit Model Configuration

H%Tthl_e;ynérs 1“3 L ngclléglt;joen = Eg&hﬂﬂrs ] 0K, Cancel |
Fit | Initial T | Minirnurn | Maxirmum Material Fit MK MModel
i [A] T [A] T [A] HE
Front#3 |[ [
Front#2 [[ 1] :
Frant#1 |[w | 1000 100 10000 sl02 [ MK -
Substrate al | ME. -
Back#1 || |
Back#2 [[ [
Back#3 || [
<Fig. 3-7-5>

® Click ‘Detect Off to change to the ‘ Detect On’ status.
With the ‘Detect On’ status, the‘Reference’, ‘Dark’ and ‘Sample’ buttons are
activated but ‘Open Model is not.

= — W Rz 1) g F3 |1 F4| DA FS| e Fo usmp F7 | AT F8

Cpen Model | Edit Model Detect Off Reference Dark. Sample Fitting one Step Repeat 10

- Wr ) i@ e e 4| A FS| Ee0 e ump F7 | AT F8

Open Model Edit Maodel Dietect OR Reference Dark Sample Fitting Cne Step Repeat 10
<Fig. 3-7-6>

(@ Place the Bare Si on the stage and turn on the ‘Focusing Button.’
Adjust the lever of the microscope up and down to make
the 6 ‘Focusing Lights’ come into focus as in <Fig. 3-7-7>.
<Fig. 3-7-7>
Set the Intensity [Counts] referring to <Table 3-4-7>.
** Never change 'Intensity[Counts]’ until the new sample substrate is placed.
©  After turning off the ‘Focusing Button’, click the ‘Reference’ button.
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=

Open Model

I=( Fa
Fitting

Fa
Repeat 10

usp F7

ne Step

)
it Model

Ed

m F5
Sample

W 1*_ 3 )| P4
Detect On Reference Dl

<Fig. 3-7-8>

Hosel [ats Acsuisiion Yw [y Besut Helo

AR AN S CN N N - et Lo T (R
3

R S [T Mezsureg

Mol Structune
Materlal [ Tnlal TTAT Final T TAT

Frone #1
¥

% Reflectance

| vt | pecorsz |

— ] R TV SN OO CH SN MO
uf, s A, 1 Ey H
i T Wn | y.?m: | - : ; 1 : i
8 . R J 0 400 450 %00 550 600 S0 70 750 800 eSO
Aca, Paramatin

|IM:M|.BNKI|IJMK|_’M_
® | 5 [ 5 | w | ux) [ Eeference Sample Scrateh

oot : ; : ; i ; ]
L T T O ! ! ; j

Spectrum graph

g

g

i

£

i

!
}

600 700 %00 1000
| “ Wanskength fom]
For e, pruss F1 e ©) Masssting @ g ) st |

<Fig. 3-7-9> The Spectrum graph is displayed in gray before

‘Reference’ is clicked.

[£s [z o bar(mr] 2/@:

mes e [SI0200ST - . Fitied

oo S
Fiadarial | rial T TAT] P TTAT -
ey AL o . TSR SRS, (SRBCTL DM Crodeet: e e e
5
From 41 2
1L . -
Tack a1
ok &0 $
Buck B &
semod | e | mecosrim ||| ¥
SEEE T TR | T
7| meihin_| nein
[ N |
ety Par arretin)
T | | Baear
(@ [ 5 [ 5 | ®» [ U5
K D 800G evsiid T Eicicsoovessiilimvinciiid -] IS T T Srisis |
Reom [W] &0 [R] osw | i : :

T Rt Tatting Name s
P ojto-Soecmentc | MesD [pooar

orgraimenst | Comgurs aatt |
Fitting et

]

Reference graph

g

Intensity fcounts)

T T T
00 900 1000

&0 760
5 i Waelengeh [nm]
Fer Hulp, prss F1 mﬁm.m.mﬁ Retaton

<Fig. 3-7-10> The Spectrum graph is changed to a blue ‘Reference graph’
after ‘Reference’ is clicked.
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Click ‘Dark[F4] after adjusting the distance between the stage and lens

to the maximum distance.

= | - W R 14_ Fi {m F4 ) PMAFS| Es0F6 | ump 7 F&
Open Model | Edit Model Detect On Reference Darl Sample Fitting one Skep Repeat 10
T pas——

<Fig. 3-7-11>

Model [ata Acouishon Yaw [wng Besut belp

=gz an|len| an{3e] we gy vses Lamo-Tive (TIVEES
Mode Fie [S1020n51 8 oy Eoe Mezsured
ol Struchue | 1 1 t

Fiatarial | Tnital Y AT | Final TTAT

| | i
e s i :
H i
i £ A
spcd | st | pecoori | [ | !
o o o
S TSE Ic::ri T T | . ; : ! T .
— — - W a0 450 0 90 0o LT
5. Parimater Wanvsharegth fnm]
[[Tima | A | Bovcw | Lam® | WA
O O . O 3 Dok Beterence ‘Samgie ‘Scraeen
¥ ata e |
e[ W] 160 K] oow | -
S ot Sating
Spectrum graph

Pt e
® auto.Specmento [ MeaD joocol

Crigral Rt | Comparn Resut |
Ftting Rt

Intenssay [counts]

T T T T
800 300 1000

- - Vvl tnm|
For 1o press FI 1y () Meavaing @ FRing () Bewien

<Fig. 3-7-12> The Spectrum graph is displayed in gray before

‘Dark.” is clicked.

[ty 2 FJE 4 %‘Fs zacs | war | JBF
AR NI S merg | e | etk

it [ST0ZnST [T ey
Mol S2tien i H §

aweal |l T [AT] Finai T TAT ]

% Reflectance

Intersity foounts]

s s :
<Fig. 3-7-13> The Spectrum graph is changed to a red ‘Dark graph’

after ‘Dark’ is clicked.

33



SpectraThick User Manual

KCMAC

@ Place the sample to be measured on the stage. Then turn on the ‘Focusing

Button’ on the Detector and adjust the focus.

@  After turning off the ‘Focusing Button’, click ‘Sample.’

T ——
= | - g Fe 1*_ Fa 1 F4 FS)) E+0 F6 | ump F7 Fa
Open Model | Edit Model Dekect On Reference Drar Sarmple Fitting One Step Repeat 10

<Fig.3-7-14>

sod Laera-Tine [IHIENEEIE]

Megsured

ok Fle [sI—OQ 1 - [Eitin samole]
Modl Structue E

T Wuirial | Ireial ¥ [AT| Fanal T TAT

% Refacance

. Boucar
s

Lens A,
| I - |

[£2200 30d ranew samsie specinim

N, ¥ Cuta
Ggem| N | tasm [ ] oo |
Sarvm Rl Settng o
¥ mto-Specmento [ MexD [ooo01

Insanesity [counts]

m graph

T00
Wavelength fnmj

T ™
500 1000

\ding ) Measuriog @ Fiting ) Rerston

<Fig. 3-7-15> The Spectrum graph is displayed in gray before ‘Sample’

is clicked.
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<Fig. 3-7-16> The Spectrum graph is changed to green a ‘Sample graph’

after ‘Sample’ is clicked.
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@ Click ‘Fitting.” The simulation result (red graph) fits into measurement result (blue
graph) graph and the sample thickness is calculated. If there are several cycle on
the measurement result, fitting is not finished at once. In that case, click ‘Fitting’

again.
F2 1._ F3 F4 j% Fs[ ==0 Fe ump F7 F8
Cpen Model | Edit Model Detect On Reference Drark. Sample Fitting COne Step Repeat 10
v
<Fig. 3-7-17>
Meire SI0ZonST # . [T Maaised
[ O TV ) o f Simulation result fit into
Measurement result
Sample 3
thickness

400 500 00 00 8o 00
Wanvalengt [nem]

Fos bl powss F1 R Vi 3 Maiiueg @ Pl (3 Persion

<Fig. 3-7-18> After fitting is checked the red graphs fits into the blue one.

Click ‘Record’ to record data in ‘Fitting Result’. ‘Fitting’ is only for the

sample thickness measurement.
@ ‘One Step’ can be used for faster measurement and data saving. ‘One Step’

conducts ‘Sample, ‘ Fitting’ and ‘ Recording’ functions all at once.

W F2 1._ F3 F4 1% FS| E=0 F& ump F7 |\ AZD) Fo
Cpen Model | Edit Model Detect On Reference Dark, Sarmnple: Fitting Cne Step Repeat 10
—
<Fig. 3-7-19>
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S02on8| ~ K-MAC VigualThick

Model [ats pcouision View Eifing Hesull Help

7 @ Used Lomp=Time (N[N IENERE]
le i
Measured

0
b
g
3
E
I
R
swood | edmodd | mecodriz) |
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: i s B e e e T
— - e 350 400 450 500 550 &00 650 100 750 B00 850
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] 5 | | aE | Ciark Beference ampile Scratch

EZ8nm 14571 0,00
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Wavelength [nn]
Ming O Mussuring dp Fing O Reration

For Holp. press Fi

<Fig. 3-7-20> One Step[F7] = Sample[F5] + Fitting[F6] + Record[F12]

@ Click ‘Repeat’ to measure the repeatability and the reproducibility.

It improves the accuracy of data using repeated measurements.

T —
D
Repeat 10

= | - W F2 1*_ F3 F4 FS| Ze0 F6 | umh F7
Open Model | Edit Model Detect On Reference Diat] Sample Fitting ne Skep
<Fig. 3-7-21>

st Wimvalengs ]
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[Tma | W Basews | Losw | Wk |
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<Fig. 3-7-22>The data within RMSE range is displayed with yellow
and the data beyond RMSE range is displayed with red in Fitting.
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>Measurement Application

Follow the below steps to measure a sample which does not exist in the Model
File.

(®»  Turn on the power to the system.

KMAC
@  Click ‘VisualThick'icon |memi: on the Desktop.
®  Click ‘Edit Model and input the value of Initial T, Minimum T, Maximum T, Material
and NK Model.

Edit Model Configuration

Murnber of l—_" Backside _. Mumber of l—_l |
Front Lavers ! r Feflection = Back Lavers oK Cancel |
Fit | Initial T | Minirmum | Mazimom Material Fit ME Model
T [A] T [A] T [A] ME
Front #3
Front #2 [ -
Front#1 [w [ 15000 10000 20000 |PHOTORESIST | M -
[= T -
Substrate il PES -~ HE
Back #1 PRSE ¢
Back#2 || -
Back#3 || POLYIMIDE
L POLYSI v
<Fig. 3-7-23>

@ Click ‘Detect Off to make ‘ Detect On’ status.

i | & [(rr)) @l F| WA mork| wyF g

Open Model | Edit Madel Deteck OFf 'f  Reference Dark: Sample Fitting OneStep | Repeat 10

- Wre) lar|la | AR mor| whe F3

Cpen Model | Edit Model Detect On Reference Dark. Sample Fitting OneStep | Repeat 10
<Fig. 3-7-24>

With the ‘Detect On’ status, the ‘Reference’, ‘Dark’ and ‘Sample’ buttons are activated
but ‘Open Model’ is not.
(® Place the Bare Si on the stage and turn on the ‘Focusing Button.’
Adjust the lever of the microscope up and down to make the 6 ‘Focusing
Lights’ come in to focus as in <Fig. 3-7-7>.
®  Adjust the ‘Intensity [Counts] referring to <Table 3-4-7>.
** Never change 'Intensity [Counts]’ until the new sample substrate is placed.
(D After tuming off the ‘Focusing Button,’ click the ‘Reference’ button.
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= | - W Fe hFS L F5| o0 F6 | umpF7 | AZD)FS
Open Model | Edit Model Detect On Reference Datl Sample Fitting OnesStep | Repeat 10
<Fig 3-7-25>
Metel Dun Scousien Yew Eiing Besdt el
AR HLWI Wkl :,::I-e.*.: . 20
[
E EH‘L\:\ g
3 )
% 40 \\\\:\h
0 { Pty . O e
o a0 a0 sm S0 0 e T 0 a0 0
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[= Eeference Samgie ‘Boraicn
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=
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) 00 600 ) ‘o =" 1000
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Wing () Measuing fp Filirg ) Beration

<Fig. 3-7-26> The Spectrum graph is displayed in gray before

‘Reference’ is clicked.

= Dﬂl Acqisiion Yew Fueg Besh Hep
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<Fig. 3-7-27> The Spectrum graph is changed to a blue ‘Reference

graph after ‘Reference’ is clicked.

Click ‘Dark’ after adjusting the distance between the stage and lens

to the maximum distance.
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=
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Fa
Repeat 10
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One Step
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<Fig. 3-7-28>
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<Fig. 3-7-29> The Spectrum graph is displayed in gray before ‘Dark’ is clicked.
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<Fig. 3-7-30> The Spectrum graph is changed to a red ‘Dark graph’
after ‘Dark’ is clicked.

©@ Place the sample to be measured on the stage. Then turn on the ‘Focusing
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Button’ on the Detector and adjust the focus.
@  After tuming off the ‘Focusing Button’, click Reference button.

= — W Fe 1*_ F3 F4 Es0 F5 ump. F7 Fa
Open Model | Edit Model Detect On Reference Sample Fitting One Step Repeat 10
<Fig. 3-7-31>
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<Fig. 3-7-33> The Sample graph is changed to a green ‘Sample graph’
after ‘Sample’ is clicked.

@ Click ‘Fitting.” The simulation result (red graph) fits into measurement result (blue
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graph) graph and the sample thickness is calculated. If there are several cycle on

the measurement result, fitting is not finished at once. In that case, click ‘Fitting’
again.

= W F2 F3 o A Fs((Za re)) umh 7 | D
Open Model | Edit Model Dekect On Reference Dark, Sample Fikting One Step Repeat 10
T T —_—
<Fig. 3-7-34>
Mot Do popdelen ew Piog Dewll b0 0000
e (e el Ean[ne =B st e THREAE
el e efaut i Fieg e i
VR R TIFT f : TP
L " Simulation result fit into
=on M—:; @ Measurement result
Sample i
thickness
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VIV TN TR

)
Wiarvssengn [rev)

<Fig. 3-7-35> After fitting is checked the red graph fits into the blue one.
@ I after 2~3 trials the fitting is not working properly, repeat the step

It will be necessary to adjust the ‘Minimum’ & ‘Maximum’ range in the ‘Edit Model.’
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IV. SoftWare : AThickOS

1. initial setup
The minimum recommend PC configuration for AThickOS is a Pentium 120MHz,
Ram 16M with more than 256 color VGA card. A 486 PC is also compatible with
AThickOS while there could be a data processing problem due to the speed of the
CPU.

D> AThickOS installation
Install the program with the operation CD supplied with the system. The initial set up
may be configured for specific applications, but it is best to use the recommended set up

for most applications.

> AThickOS initial setup
Connect the system to the computer and turn on the power. Click the program
to run AThickOS or open the shortcut icon of AthickOS on desktop. The
AThickOS program will open with the screen below <Fig. 4-1-1>.

00 =00 @ 00 800
Warelength (am}

Power Spectrum — Meas. Simul.

E E B E

.2 8 8 5 % &
Rax
&

Naswmity{Ask . Usit)

<Fig. 4-1-1>

> AthickOS System Initialization

R
EMAC

Click VisualThick shortcut icon bis&imsx on the Desktop. The system is ready to be
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initialized.
When the system is not connected with PC or the power is off, the below window

appears. Please check the connection of PC and power condition

] : The Spectrometer makes no response! The User needs check of Spectrometer State.

R |

<Fig. 4-1-2>

2. Menu
The program consists of the following 6 parts:
Main Menu, Model View, Spectrum View, Screen, FFT Graph and Tool Bar.

Main Menu Tool Bar

Model Vjew 7 i : ' Screen

Layer Sample Name | Thickness Lol
#d
[T N — .

Ciginal flasilt | Compaes Result |
Automtion Pes

Simul.

T Graph— "=

Channel

SustoFocusing O Caloulaton

<Fig. 4-2-1>
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3. Main Menu

>Model

= New: Start new model (default.mdl appointed).

= Open: Open the previously saved model (*.mdl).
= Save: Save the current model.

= Save As: Save the model with new file name.

= Print: Print active Graph View.

= Print Preview: Preview the printing content.

= Print Setup: Display the Print Setup window.

Print Setup

Printer

Mame: WWMFP-00HOEZ 22 pelE Properties..

Status: Ready

Type: Samsung SCX-7300 Series PCLE
Where: 5B Print

Comment: PCLE Driver

Paper Orientation
Size: |A4 [270 % 297 mm] j " Partrait
Source: ||]] j * Landicape

Metwork... QK Cancel
ek | |

<Fig. 4-3-1>
= Recent Models: Display the recently used Models

= Exit: Finish the program

> Acquisition
= Acq. Start/End [F2]: Turn on/off the system including the connection with a
computer.
= Acq. Reference [F3]: Measure the reflectance of Bare Si and set it as the Standard.
= Acq. Dark[F4]: Set the data value as minimum and appoint it as 0%.
= Acq. Sample[F5]: Measure the reflectance of a sample.
= Hardware Setup: Spectrometer calibration and 1/O port setup

** Data is automatically set up with installation.
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Hardware Setup El Hardware Setup E_ZJ
Wave Calibration | |/0 Port | Wave Calibration 1/ Port |
Intercept  [460,154 10 Port
Ist Coeff, [0,449745 [0x0278 -
2nd Coeff, [-227659e-005
3rd Coeff, [~ 625672 -008
| oK I Catcel ‘ | 0K | Cancel J
<Fig. 4-3-2> <Fig. 4-3-3>
>Opt & Setup
= Set Range: Set the wavelength range to be measured in the reflectance spectrum.
Set Range x|
Meas. Range K-Space Step
From 500
I 2
|V To 700 |7
Cancel |
<Fig. 4-3-4>

- Meas. Range: Set the wavelength range to be measured.
- K-Space Step: Set measurement data interval.
= Thickness Unit: Set thickness unit for measurement result.(A, um or nm)
= Optimization [F6]: Conduct the data fitting of sample for thickness data.
= One Step [F7]: Conduct ‘Sample’, ‘ Fitting’ and * Recording’ functions at once
= Repeat(x10) [F8]: Conduct the function of ‘One step’ ten times and display the 10
trial results. (This function is to measure data repeatability.)
= Thick Calibration: Calibrate the thickness.

Calibration Thickness x|
Unit : -
7
Mo | Referenced Measured -
5
1 3,68 36659 é
o
2 5 52241 = 2
3 B4 E.8091
1}
4 0 2 4 6
5 Referenced
Calib. Load | Calib. Save
Clear All | Cancel |
<Fig. 4-3-5>
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Unit: Thickness data unit

Referenced: the thickness known to a user

Measured: the thickness measured by AThickOS program.
Calib. Load: Read *.cal data file

Calib. Save: Save the calibration data (*.cal).

Clear All: Delete all input data.

>Advanced Setup

Advanced Setting x|

~FFT & Meas. Setup

Number of data in 2 } » Space « 256 512
Search half-width for peaks in FFT Spec. I i}
Search half-width for real peaks in FFT Spec. I 1]
v Apply Boxcar, after reflectance calc.

# of Boxcar point. I 8
Polynominal Fitting Order in 2} ». Space. I 7
Threshold of FFT Max. Peak Intensity I 0.3
FFT Max. peak and Second peak ratio I 0.5
FFT Peak Search Starting Channel I 415
~Optimization Setup
Thick search range[FFT Spec.] in channel. I 5
RMSE[Root Mean Squre Error] I Te-010
Cancel |
<Fig. 4-3-6>

Number of data in 2/A Space: All data numbers in (2/A) space.
Search half-width for peaks in FFT Spec: Set peak data spots in Fast Fourier
Transform(FFT) graph.

Search half-width for real peaks in FFT Spec: Set the measurement point to

search maximum Peak in FFT graph range. The value ‘0’ is recommended

to search whole range.

Apply Boxcar, after reflectance calc: Determine wheather or not to use the
boxcar on Reflectance graph.

# of Boxcar Point: Set the number of boxcar on Reflectance graph.

Polynomial Fitting Order in 2/A Space: Set Polynomial Fitting degree in
k(2/\) space.
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Threshold of FFT Max. Peak Intensity: Set the standard value for max. peak

on FFT graph. failure in thickness measurement’ message appears when
max.peak is less than the set value.

FFT Max. Peak and Second Peak ratio: Set the ratio of max. peak to second

peak.
FFT Peak Search Starting Channel: Set the X axis starting point to search a

peak.
Thick search range (FFT Spec.) in Channel: Set the X axis interval to

measure thickness.

>Image

= Grab Image: Take image from CCD camera in real-time.
** This should be always checked.

= Set Grab Interval: Set the interval time to take image from CCD camera in
‘ms’ unit.

Grab Interval |30 [ms]

Cancel |

<Fig. 4-3-7>

= Get Meas Circle: Search measuring fiber image.

= Set Histogram Threshold: Set Histogram Threshold. This is to search the

measuring fiber image, adjusting the measuring point
from 0 to 225.

Set Histogram Threshald

Histogram Threshold |1 28
(0~255)

{Eeteastircle Cancel |

<Fig. 4-3-8>

= CCD Camera Control: Adjust the setting data for CCD camera and the picture
status.
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CCD Control

CCD Shutter 172000 Sec. v}
CCD Amp Gain {wii‘

T e I

<Fig. 4-3-9>
- CCD Shutter: Set CCD shutter speed.
- CCD Amp Gain: Adjust the time to obtain CCD Data.

> Auto Focus
= Auto Focus[F12]: Search the focus area automatically. (Optional)
** This function can be added where the lens moves automatically
along the Z axis(up or down).

= Select Object Lens: Set magnifications of lens

> View
= SPC View: the window for Statistical Process Control(SPC)

SPC Management E|

Line pattern Dot - Max | 5 pm Min | 1 pm Apply |

New : Max=5.000000, Min=1.000000
ew : Max=5.000000, Min=1.000000 |
New : Max=5.000000, Min=1.000000

SPC
a 20 40 60 a0 100

Thickness
~ N s

‘ |+

<Fig. 4-3-10>

- Line parttern: Set line pattern(Dot or Line).

- Max: The maximum thickness for process

- Min: The minimum thickness for process.
= Tool Bar Group [T]: Set the display of ‘ToolBar.’ Always be checked.

** This should be always checked.

= Status [S]: Set the display of the ‘Status Bar’ at the bottom of the screen.
= Set Lamp-Timer: Set Lamp Time to display the used hours of the lamp.
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Edit Lamp Time X
~Change Lamp Time

Hour[d Min[0 Secd
Apply Time
Change Lamp Limit Time
Limit Hour [T000 Apply
<Fig. 4-3-11>
- Change Lamp Time: Change the current using time.

(When a lamp is changed, displayeded as 0,0,0)
- Change Lamp Limit Time: Set life time of the lamp.

>Help
» Quick Manual: Display a Quick manual saved in PDF format.
= About VisualThick: Display S/W edition and open the K-MAC website

4. Model View
>Model File

Display the current Model File name.

Model File |SIOZ2onSI

<Fig. 4-4-1>

> Refractive Index

Set the reflectance(n) and the amplitude of the material to be measured.

Refractive Index

Layer |l ﬂ | Reflectance &mp, | 2 ]
Laver Sample n (xommin, ) N (a max,d
end
1=t PR 1,63 1, B0
<Fig. 4-4-2>

= Layer: Display the number of layers on a sample.
= Reflectance Amp: Display the amplitude of ‘Spectrum View'.
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- Set the value referring the measurement data of ‘Spectrum View.’
- The lower the‘Reflectance Amp’ value is, the smaller the‘Spectrum View’
window is.
- The higher the‘Reflectance Amp’ value is, the bigger the‘Spectrum View’
window is.
- Set ‘Reflectance Amp.’ value data observing ‘Spectrum View’ window size
so proper value for ‘Reflectance Amp.’ is adjusted.
= Sample: Name of a sample to be measured
=n(A, min.): Refractive index of wavelength in which sample measurement starts.

=n(A, max.): Refractive index of wavelength in which sample measurement ends.

>Measurement

The control variable display of ‘Spectrum Data’

Measurement
Int, Tirme{ms) A, BoxCar
3 10 2
<Fig. 4-4-3>

= [Time(Integration Time): Adjust integration time in S/W. The value is proportional
to ‘Intensity[Counts].” The lower the value chooses, the
lower the ‘Intensity[Counts]’ displayed. Adjust the value
on the condition of focusing Bare Si, observing Intensity

[Counts] graph.

Please refer to <Table 4-4-1> to adjust ‘Intensity[Counts]
according to the specific substrate.

Substrate Intensity[Counts]

si 14000~15000 counts

Glass | 14000~15000 counts

GaAs | 14000~15000 counts

_______ A 5000~6000counts
Cu 6000~7000 counts
Cr 6000~7000 counts
Moly(Mo) 6000~7000 counts
<Table 4-4-1>
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= Avg.(Average): Set the average of light intensity in S/W. By setting the value
high, the noise will be reduced. The longer the number, the longer
the experiment will run. A value of [5] is recommended.
= Boxcar: Smooth spectrum graph and it also works as noise calibration.
Avalue of [5] is recommended.

>Result
The measurement data display
Result
Layer Sample Mame | Thickness [pm]
2nd
1st PR 0,195749
<Fig. 4-4-4>

> Original-Compare Result
Compare the current measurement data with a previous measurement.
Ex.) Save the measurement result to ‘Original Result’ before the etching is
finished. Save the measurement result to ‘Compare Result’ after etching is
finished so that the two results can be compared.

Criginal Result I Compare Result |

Autormation Result
Laver 1

Delete | Delete Alll Fecord |
<Fig. 4-4-5>
= Delete: Delete the appointed Fitting Result.

= Delete All: Delete all Fitting Results.
= Record: Save the measurement in Result.

D> Result-Statistic

Display Average, Maximum, Minimum and Uniformaity of ‘Fitting Result.’
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Laver |
Avarage 0,00 Average
Mazirmurn | 0,00
Finirnurm 0,00 5 =
Uniformity [ 0,00 ave File...
<Fig. 4-4-6>

= Average: Calculate and display ‘Average’, ‘Maximum’, ‘Minimum’ and ‘Uniformity’

of ‘Fitting Result’.

= Save File: Save the measurement result with * *.out’ file format. The saved file

can be opened with MS Excel or Notepad.

>DO AF (Optional)
Search the focus area automatically.
** This function can be added where the lens moves
automatically along the Z axis(up or down).

D> Correct for Electronic Dark
Set Dark value into zero to reduce noise.

** This should be checked at all times.

v Correct for Electrl;unic Dark_i
<Fig. 4-4-8>

5. Spectrum View

Power Spectrum

Cursor Mode » Mouse Point |
027 i
UnZoorm Zoom
Pan
. D21 Rl Bosle Cursor Yalue |
-ﬁ Copy Graph -
= 0.16 Print Graph
:E‘ 011
z
0.0s
0.00
1] 200 400 a00 800
Channel
<Fig. 4-5-1>
> Cursor Mode

= Mouse Point: Display the status of a designated point.

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

<Fig. 4-4-7>
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= Zoom: Expanded an area of the Power Spectrum data
= Pan: Move the display area in the X axis and Y axis direction.
= Cursor Value: Display Power Spectrum data of selected point.

>UnZoom

Expand X axis and Y axis scale to twice.

D> Full Scale

Expand View scale to display all data

>Copy Graph

Copy the current graph to Clip Board and it can be pasted into Paint of OS or
Ms-Word.

> Print Graph

Print Power Spectrum Graph

6. Toolbar
= | =« wrrz | lg Fall_ F4| A FS| Es0Fs | umb F7 Fa
Open Model | Edit Model Dekect OFf Reference Dark. Sanmple Fitting One Step Repeat 10
<Fig. 4-6-1>
>Open Model

Open the previously saved model(*.mdl)

> Detector On/Off [F2]

Turn on the system and connect with PC.

> Reference [F3]

Measure reflectance of Bare Si and set the value as 100% reflectance.

>Dark [F4]
Adjust the lens to the highest position from the stage and measure the reflectance
with the empty stage. Then set the value as 0% reflectance.
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>Sample [F5]

Measure the reflectance of a sample on the stage.

D> Fitting [F6]

Conduct sample data fitting then calculate the thickness data.

>One Step [F7]

Conduct ‘Sample’, ‘ Fitting’ and ‘ Recording’ functions at once

D> Repeat(x10) [F8]
Conduct the function of ‘One step’ ten times and display the 10 trial results.

This function is to measure data repeatability.

7. Sample Measurement

>Basic Measurement
Follow the below step to measure standard samples (Thermal SiO, of 25, 100, 200,
500nm Thickness) which are supplied with the Spectra Thick series.
@ Turn on power to the system.

®@ Click ‘AThickOS’ icon [&iines

® <Fig. 4-7-1> will appear.

<Fig. 4-7-1>
@ Click ‘Open Model' in the Tool Bar and then <Fig. 4-7-3> will appear.
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= R i@ |l | MRS Zare| uw | DS
en Mode) Detect OFf Reference Dark

Sample Fitting One Step Repéat 10
<Fig. 4-7-2>
Open E]
Laok in: | (3 Model -] £ E@-
[Edar-s1-02
ﬁ!default
" PRONGI
" S13M40nsT
¥ 51020051
File hame: |SID2onSI
Files of type:  [KmacTG Files [*.mdl) -] Cancel
<Fig. 4-7-3>

(® Open model file (*.mdl) which has same structure with a sample in
the ‘Model fold. Select ‘SIO,onSI’ for this practice.
® Click ‘Detect Off to change to the ‘ Detect On’ status.

With the ‘Detect On’ status, the ‘Reference’, ‘Dark’ and ‘Sample’ buttons are
activated but ‘Open Model is not.

= ol 1@ Pl F| hanrs| Z0r | uspr7 [ AZD)FS
Open Maodsl Detect Off ). Reference Dark. Sample Fitting OneStep | Repeat 10
= Wwre) |l F| AP Z0m| umhe | S
Open Model Detect On Feference Dark; Sample Fitkirig One Step Repeat 10
<Fig. 4-7-4>
(@ Place the Bare Si on the stage and turn on the ‘Focusing
Button’ on the Detector. Adjust the lever of the microscope up
and down to make the 6 ‘Focusing Lights’ come into focus as
in <Fig. 4-7-5>. <Fig. 4-7-5>

Set Intensity [Counts] referring to < Table 4-4-1>.

** Never change ’Intensity [Counts]’ until the new sample substrate is placed.
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© After tuming off the ‘Focusing’ button on the Detector click ‘Reference[F3]’ button.

P
= W 1@_% la 4| MAFS| Ze0Fs |  ump Fo
Open Model Dekect On Reference Dat! Sample Fitting One Step Repeat 10
<Fig. 4-7-6>
Reference graph
<Fig. 4-7-7>
1.. The gray ‘Spectrum
graph’is changed to a blue
= = = = ‘Reference graph’ after

e e o ‘Reference’ is clicked.

Click ‘Dark [F4] after adjusting the distance between the stage and lens

to the maximum distance.

e~
4 W 2 1*_ F(lam F4) MAF| Ze0r| ushp F&
Open Model Dietect Cn Reference Dar! Sample Fittirig One Step Repeat 10
<Fig. 4-7-8>
:%[:TT:E% en ﬁ Dark graph
. g
<Fig. 4-7-9>
i ,; The gray ‘Spectrum
o foma] e i ' graph’ is changed to a red
- (. ‘Dark graph’ after ‘Dark’ is
Ao - — - clicked.

Fon i, Bowia 1T Ak et S O
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@ Place the sample to be measured on the stage. Then turn on the ‘Focusing
Button’ on the Detector and adjust the focus.
@ Tumn off the ‘Focusing Button’ and click ‘Sample.’
g N W Fa| (hAFS) Z=0 Fo |  umb F7 | 40 Fo
Open Model Detect On Reference Dark, Sample Fitkirig One Step Repeat 10
- N——
<Fig. 4-7-10>
= K-MAC - Analysis Thick Optical Speciroscopy. X
File(E) Acquisition Opil, & Setup Imags Autofocus Wiew(Y) Help(H) =
LA r A USSR Y- o
Madrilte ES]DZOI’SI B Dark Reference 2
Relracive Index Somple Momd
Laver [T =]
: 16000 |
Layer Sample namin) | ondxmax)
I 2::“ sm‘| 147 145 | La00: Sample graph
Measurement )
int. Time{ms! we, oxCar = 10000
I\ nm( :I Am I B; | §_
z Resul g L F\ !
Laver | Sample Name | Tnickness (s | = / \
‘ M N
Original Result | Compare Result |
Automation Result om a0 oo 70, o
[Count | Layer! | FMSE i Pl ) " "
| Power Spectrum Meas. Simul.
Power spectrum ™ .
graph - Sample
P - measurement araph
E
2w " \
i \
Deite | Delte Al | Record | 0 )
Result Statistic =
— T Avage | =
~—— m’ L] £ 60 90 120 o 60 130 190 260
¢ Cormect for Electronic Dark DokF | Finoal Clakinl
Measurement & Analysis
For Help. Press <F1> Man:usingO Measuvemzm! Ca\(u?aﬁnno

<Fig. 4-7-11> The gray Spectrum graph is changed to a green ‘Sample graph’

after ‘Sample’is clicked. The Power Spectrum and the Measurement graph will appear.

@ Click ‘Fitting.’ The Simulation graph appears and the data is measured.
E—tj’ W F2 1. F3 F4 j% Fo( E=0 Fo ump: F7 F3
COpen Madel Dekect On Reference Dark: Sample Fitting ne Step Repeat 10
<Fig. 4-7-12> —

The Simulation graph(red) fits into Measurement graph(blue) and the sample
thickness is calculated. If there are several cycle on the measurement result, fitting is
not finished at once. In that case, click ‘Fitting’ again.
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If the Measurement graph does not fit into the window, adjust ‘Reflectance Amp.’
(Model view—Refractive Index—Reflectance Amp)

K-MAC - Analpuin Thick Dptical Bpoetoneopy
Fielf) Acqusiion Opi & Sewp image Auofocus ViewlY) Meipl)

Bn; &F:‘ m L ™ 5| mea nsl :’:, &t’nn 000 22 |
Koo ’slom » — Dk — Relwence 4
— Sape [

Warslength (am)

Y a Simulation graph

Power Spectrum —— Meas, —— SimuL

Swm i, |

o n @ n 120 0 @ 130 190 0
7 Comect tor Elncionic Dark oow | | — —
|
For el Press <F1> Adafocueng Q) Messment @ Cakulatn G
<Fig. 4-7-13>

AThickOS is the program to calculate thickness with the refractive index data
known by the users. Please conduct the measurement using the model
provided by K-MAC.
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V. Software: VisualThickA

1. Initial Setup
The minimum recommend PC configuration for VisualThickA is Pentium 120MHz,
Ram 16M with more than 256 color VGA card. A486 PC is also compatible while
there could be a data processing problem due to the speed of the CPU.

> VisualThickA Installation
Install the program with the operation CD supplied with the system. The initial set up
may be configured for specific applications, but it is best to use the recommended set up
for most applications.

D> VisualThickA initial setup
Connect the system to the computer and turn on the power. Click the program
to run VisualThickA or open the shortcut icon of VisualThickA on desktop. The
VisualThickA program will open with the screen below <Fig. 5-1-1>.

Model SpectumDats Specrumpce. View knage AvtoStage AvoFocus Fiming Fesul  Help

[ — = Pg oo | zener - rar- 10 ey, VisualThickOSAuto
Gpanmsdel | £l Moss Tatact ot | A, et | Parng ceaszep | Tal/Bik | aifomanc | Sawsvrage
<= Model Titie >> Power specirum <t At XY Smge Control ==
. - Currert Pt tion
PR/Si 5] o
! : El voad:  x [-D.0004 v (00000 [men)
-3 | - 1
! W = z [ 00000 Foos 20070
. | “ l £ 1o -
g a t1mﬁll ﬂlﬂ l, ‘Il“fl = | Curser: x| 0.0000 v 00000 [mm]
= ; : s0
[ 5 -
o l E o
& &850 T00 100 200 aoo e
i Wavelangth [nm] hannel -
- Dark Reterence Sample Seratch R
Swap Grid GnModel | mecoraF1zy | | epong el
R At - Specimen No | TesuD [ocoooes | 2 -
<< Pt Par. P T .
TeFHEE | o, FVEE (=T 4 o
Ioraton Vd
o5 | zswn | | o > -
< Acq, Paramatis =
Mime | Avg. | Bowcar | Lons® | NA
= o s | s | an Chart % Contour X
<< Fittrg Posuits »» Laryer 1 shade [~ Mesh
[indox PFosition (%] FAMSE |
0D Shutter Spesd [172000 =
o
o 2
colote | Dokt an| move., | Computs | Save. Spasd
<< Fmsult Avorage >> tuto Foous
T
Measure
e
S Feset | Ear | Z: Ea000  Room T
»
For Halp, prass Fi Miing @ Moving (D Foeusing (D Measising © Fiing ©  herstien

<Fig. 5-1-1>

When the system is not connected with PC or the power is off, the below
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<Fig. 5-5-2> appears. Please check the connection to the PC and power
Condition.

VisualThick

1 Mo hardware response!!!
L3 Fls, check hardware connection.

<Fig. 5-1-2>

2. Menu
The program screen consists of 5 parts:
Main Menu, Model View, Spectrum View ,Tool Bar and AutoX,Y

P Main Menu

e g, Mew Image  Auto: & TOOl Bar
- el eF F4 | Apre| z0F | wmpro = VisualThickOSAuto
Qpen Model | Edit Madel Detect OFf Reference Dark Sample Adv. Setup Fitting OneStep | Ref/Dark | Automatic
WE == Fitted ME, \ Power spectrum XY Stage Con
PR/SI ) ' '
‘ d o 5 N = 190 ™ : 3 v 00000\ [mm]
<< Model Structure g =} \ ; i
: — - o] 2 : Farus | 20,6178
Material | Initial T | Fina\T = S o0 h i} TES
/ 14] [A}\ 2 0 it ' ! v oo Koml
Pt #3 T 2 H '
Jroni#2 Dé /| 4 50
Fromt 4] |&&EHZ7| 207897 |E076a0 o u “ l.[ o) / L \
Substrate sl + = [t} ; t
Back #1 00 650 700 100 200 300 0o
Back #2 Wawvelength [nrm] Channel
Back 3 o
Dark Reference Sample Scratch\ o 4
_swpord | g 60000 ‘ ‘ ‘ ‘ : : .
v Autn - Specimen No TestD  (00000CKHS = i : : ; ; : H \ _sp.
] i ] : ] : { :
<< Fitting Parameters »> S 40000 1 1 i ' 1 1 H e
Set RMSE | Cur, RMSE MMax, Cur, g // \
lteration lteration g 20000 ) : : ¢ ) i d - ‘ ‘ ‘ ‘ i )
‘ 05 290674 5 0 ] : : : : : j H St -teb -B6 0 A0 106 180
= ! !
’ 400 a00 1000 ]
Model View 4] Spectrum View , Auto X, Y
. . . a1

| — i | 1
<= Fitting Results > >

Index Position LI RAMSE

| Control :

CCD Shutter Speed |1/2000 A

x| ] A
v |0 [mm] Center Pos Move 2

Joystick Function
Jog Speed Speed
0 s S O Auto Focus

XY Maovement

<< Result dverage >>

Delete De\eteAH‘ Move.. Cnmpute‘ Sai

L1
Average Unload Pas Mezsure
Iazimum
Minimum MoXe RefiDark Position
\ SD(Std, Dev) Reference  Dark
\ Uniformity ‘\-116.7306 -116.739%
M3 Lamp Timer

5.0372  |150.0372

Il Reset Edit ©iNpoo  noooo

¥
Idling @ Moving () Facusing (y Measuring

L100:00

Far Help, press

iting O

<Fig. 5-2-1>
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3. Main Menu

> Model
= New: Start new model (default. mdl appointed).
= Open: Open the previously saved model (*.mdl).

= Edit Model: Change the model configuration(number of layers, material,

expected thickness, NK model).

Edit Model Configuration x|
e oy =] T BREET  BaELen T o [OK ] _Cencel |
Fit] gl T | Minimum | Maximum Material FE L NK Model
Front #3
Front #2
Front #1 500 0 4000 _TESTE MK
Substrate _TEST3 M
Back #1
Back #2
Back #3

<Fig. 5-3-1>

= Save: Save the model.

= Save As: Save the model with new file name.

Print: Print active Graph View.
= Print Preview: Preview the printing page.
* Print Setup: Display the Print Setup window.

Print Setup

Pririter

Mame: W FP-00HD o] Properties...
Status: Ready

Tupe: Samsung SC-7300 Series PCLE

wihere: SHEB Prink

Comment: PCLE Diiver

FPaper Orientation

Sige: |A4 [210 % 297mm] j " Paortrait
Source: |Il] ﬂ * Landscape
Metwark... ok | Cancel

<Fig. 5-3-2>
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Page Setup: Display the printing page rearrangement window.

Page Setup

x IT g ’D_ {mrm) Font...

Graph—— — — | ..,
w |10 v (10 margin: (10 fmm)

Comment

W Enahle x (10 w145 (mm) Font...

Footer-———— —

v Enable Fant...

‘K—MAC oo Arwww k-rmac.co kr

Paper Margin CQrientation

Size:  [A4(210x297mm) ~ Left: |30 Bight: |30 " Puortrait

Tray: |l < Top |ED Batrn: |ED * Landscape

Ok & Prewview | 0]:4 | Cancel | Erinter |

<Fig. 5-3-3>

» Recent Models: Display the recently used Models.
= Exit: Finish the program.

> Spectrum Data

» Open

Reflectance: Open the saved Reflectance spectrum(*.rfl).
Dark: Open the saved Dark spectrum(*.drk).

Reference: Open the saved Reference spectrum(*.ref).
Sample: Open the saved Sample spectrum(*.spl).

» Save

Reflectance: Save the Reflectance spectrum(*.rfl).
Dark: Save the Dark spectrum(*.drk).

Reference: Save the Reference spectrum(*.ref).
Sample: Save the Sample spectrum(*.spl).

= Edit Measured

Window to edit Reflectance spectrum of Spectrum View appears. By checking the
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‘Use’ column, the reflectance value for fitting is determined. Also the wavelength
range is appointed with ‘Set Use’.

Edit Measured Spectrum FST|
Mo JUse | Wavelen Meas, R Fit, R -~
] || 333,234 BE, 4035 31,3987 |
1 i 333,603 BE, 3945 31,3325
2 333,971 5E, 3805 31,2669
3 334,34 5B, 3677 31,2033
4 || 334,708 BE, 3BER 31,1419
5 [ ] 335,077 5E, 3463 31.081
i 336,445 BE, 3375 31,0239
T 335,814 BE, 3295 30,9674
i || 336,182 BE. 322 30,9115
] E 336,56 BE. 3151 30,8572
ia 336,919 5E, 3085 30,8031
1 337,287 i} 30, 7e05
1z [T 337, BER i} 30,6983
13 [ 338,023 i} 30,6475
14 338,31 i} 30,5987
15 338,759 I} 30,55Mm
16 [ 339,128 i} 30,5038 |

(eetuse ) [[OK | _cancel |

<Fig. 5-3-4>

= Set Use
Set the wavelength range to use reflectance for fitting, and the interval of a
certain wavelength for fitting. (The reflectance to use for fitting is displayed with blue
point on a graph)

Set Use Points

Fram |420 TR
] 750 JESREE
Delta Tﬁ—

<Fig. 5-3-5>

= Reflectance Ref
Set the sample type for Reference Spectrum measurement.

(*Si surface : Bare Si, Default: Air, Corning: Glass)

Set reflectance reference

<Fig. 5-3-6>
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* Import Measured — SCI tar files
Read “Reflectance data” file used in SCI Film Spectrum program.(*.tar)

= Copy Spectrum
Copy an activated Graph View (Spectrum view, Scope view, NK Graph View) data
into the Clipboard. The activated “Graph View” is displayed with a blue under

line.

D> Acquisition
= Scope View: Display or hide Scope View.
» Reset: Reset Spectrometer hardware
» Start: Measure spectrum with spectrometer and start * Scope View Scratch.’
» Store Reference: Measure Reference spectrum.
» Store Dark: Measure Dark spectrum.
= Store Sample: Measure Sample spectrum.
= Configure Acq: Spectrometer calibration and I/O port setup
(* Data is automatically set up with installation. Do not
change Wavelength Calib. and H/W interface)

Confipure Spectrometer

Configure Spectrometer,

wiavelength Calib. ] HAw Interfane ‘Wavelength Calib,  HA Interface ]
140 Part ] -
Second Coeff. |-2.0051e-005 01278 ]
Third Coeff. |-1.45956=-003
Intercept 1339.708
Ok I Cancel | poly ak. | Cancel |
<Fig. 5-3-7> <Fig. 5-3-8>

> View
* NK Graph Frame: Displayt NK Data View & NK Graph View
» Cursor: Change a mouse into Cursor mode on the screen
» Zoom: Change a mouse into Zoom mode on the screen
» Pan: Change a mouse into Pan mode on the screen
= Full Scale: Expand View scale to display all data
» Set Scale: Set up View scale
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(The basic graph scale: X axis 400~800,
Y axis 0~100)

o0 = [ 800

Cancel|

<Fig. 5-3-9>

» Auto Scale Y: Expand Y axis scale to the maximum
» Unzoom: Expand X axis and Y axis scale to twice.
» Set Lamp Timer (Edit Lamp Time): Set Lamp Time to display the used hours of the
Lamp, <Fig. 5-3-10>.
- Change Lamp Time: Change the current used time
When a lamp is changed, display as 0, 0, 0.
- Change Lamp Limit Time: Set life time of the lamp (Limit Time)

Edit Lamp Time

Change Lamp Time

Hour [0 Min]D_ Seu:lD_
Apply Time

Change Lampp Limit Tirme

Limit Hour 1000 Apply

<Fig. 5-3-10>

>Image (S/W support for CCD Camera Option)
= Grab Image: Determine the usage of CCD image at S/W.
** CCD image is displayed after ‘Grab image’ is selected.
= Set Grab Interval: Set the interval time to take image with CCD camera.
** The initial value is 30ms.
= Get Meas Circle: Select the spotto be measured.
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The operation is as below:

1. If the measuring spot point is not displayed as <Fig. 5-3-11>,

] Measuring spot
OOO/ point
Focusing light )
l .®

<Fig. 5-3-11>
turn on the ‘Focusing Button.’ Adjust the level of the microscope up and down to

make the 6 ‘Focusing Lights’ clear .
2. Then select ‘Get Mease. Circle’ [Ctrl+L] to display the measuring spot point
as in <Fig.5-3-11>.

= Set Threshold: Set Histogram Threshold. This is to search the measuring

fiber image, adjusting the measuring point is from 0 to 225
= Set CCD Shutter: Set CCD shutter speed.

> AutoStage
= Reset: Initialize Auto stage
= Set Macro: Select one of the saved models.
= Edit Macro: Set up a new model or edit a saved model.
= Generate Macro: Generate model easily by the user .
= Clear All Points: Clear all points of the Stage Moving Pad.
= Print Map: Print the measured 2D or 3D map.
= Print Map Preview: Preview the measured 2D or 3D Map.

= Copy to Clipboard: Copy the measured 2D or 3D Map to Clipboard.

> AutoFocus
= Go Unload Height: Restore the Z axis height to the initial height.
= Go Focus Height: Shift the Z axis height to the saved height.
(Initial focus setting is based on Wafer.)
= Auto Teach: The focus position can be approximately found through Z axis
movement.
= AutoFocus: Conduct auto focusing.
*AutoFocusing all area: If it is checked as in <Fig. 5-3-12>, Focusing is conducted
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at every measuring point. If it is not, Focusing is conducted
only at the first measuring point.

Go Unload Height
50 Focus Height

&F Teach
AutoFocus

v AutoFocusing all area

<Fig. 5-3-12>
> Fitting
» Fit Setup: Set fitting conditions.
Advanced Setup E|
FFT Setup
Srmoothing Filter =
(Boxcar) .
Folynomial Fitting 7
Order :
¥ Lowy Limit |
[Channel]
¥ High Limit 1024
[Channel]
¥ Lowe Limit 0
[Intensity] :
Search Range 5
[Channel] :
Cancel |
<Fig. 5-3-13>

Smoothing Filter: Set Boxcar number

Polynomial Fitting: Set frequency for Polynomial Fitting in k(2/A) area.
X Low Limit: Set the initial X axis data of Power Spectrum graph.

X High Limit: Set the final X axis data of Power Spectrum graph.

Y Low Limit: Set the initial Y axis data of Power Spectrum graph.
Search Range: Set the thickness range for Global Optimization

= N.A Effect: Apply Numerical aperture value to reduce the measurement error scope.

= Thickness Unit: Set the thickness unit.

in A: Display the thickness as A unit

in nm: Display the thickness as nm unit
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= Calibrate: Calibrate the thickness measurement result

Thickness Calibration @
Unit |[nm] = ’
Mo | Actual | Measured | =
1 5 usdeeimenn il
12|
4 0 :
5 | d ks
— Actual

el easured = |0

Load... | Save... | + % Actual
0K Cancel |
<Fig. 5-3-14>

- Unit: Select the thickness unit (nm or A).
- Actual: Input the actual thickness known to user.
- Measured: Input the thickness measurement result obtained by K-MAC System.
- Clear All: Delete all input thickness data.
- Load: Read the thickness data.
- Save: Save the thickness data.
= Fitting: Conduct fitting using the measuring reflection data.
= OneStep: Conduct ‘Sample’, ‘ Fitting’ and ‘ Recording’ functions at once.
= Repeat(x10): Conduct the function of ‘One step’ ten times and display the 10 trial

results. This function is to measure data repeatability.

> Result
= Record Result: Record the fitting result.
= Accept Result: Change the final thickness measurement result (Final T) into the
initial thickness measurement setup (Initial T).
* Record to File: Designate a result saving folder.
= Auto Specimen No Enabled: Determine the usage of auto specimen number

after the fitting result is saved.
= Record File: Save the data to the designated folder

> Help
* Quick Manual: Display a Quick manual saved in PDF format.
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= About VisualThick: Display S/W edition and open the K-MAC website

4. Model View

> Model File

Display the current Model File name.

Madel File |SIO20onSI

<Fig. 5-4-1>

> Model Structure
If the ‘Swap Grid’ button of Model Structure ,<Fig. 5-4-2>, is clicked, the window is

changed to Fittting Variables as shown <Fig, 5-4-3> and vise versa.

Model Structure Fitting % ariables
Material | Initial T [A] | Final T [A] ‘ariable Initial Final
Front 23 Fi: T[A] 0 B4, 277
Frant #2
Front #1 S102 1000 1000
Substrate sl
Back #1
Back #2
Back #3
Surap Grid Edit Model Record(F12) Ecit Mocel Record(F12)
<Fig. 5-4-2> <Fig. 5-4-3>

= Swap Grid: Select the confirmation of whether ‘Model Structure’ or
‘Fitting Variable.’
= Edit Model: Edit the model configuration(number of layers, material, expected

thickness, NK model formula).
» Record (F12): Save the measured result.

D> Fitting Parameters

Display fitting control parameters and results.
Fitting Parameters

Set RMEE  Cur, RMSE ham, Cur,
[teration [teration
01 | B, 17363 10 1]
<Fig. 5-4-4>
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= Set RMSE: Set the standard deviation between the measured data and
simulation data.
(*Root Mean Square Error (RMSE): the expected value of the
square of the ‘error’, the amount by which the estimate differs

from the quantity to be estimated.)

Substrate Deposit material Thickness Set RMSE
Sl SI02 5000 A >1
Sl PHOTORESIST 10000 A >1.5
Sl SiNx 2000 A >0.8
Glass ITO 1500 A >1
Glass Over Coating 30000 A >3.5
<Table. 5-4-1>

= Cur RMSE: Actual standard deviation between the measured data and
simulation data.
= Max Iteration: Determine fitting frequency. The recommended value 7~10, the
longer the number, the longer the calculation will take.
= Cur Iteration: Display fitting frequency.

> Acq. Parameter
Display the control parameters of the spectrum data.

&cqg. Parameters

ITirne A, Boxcar | Lens® MLA
35 5 5 10 0,25

<Fig. 5-4-5>

= [Time(Integration Time): Adjust integration time in S/W. The value is proportion
al to ‘Intensity[Counts].” The lower the value chosen, the
lower ‘Intensity[Counts]’ presents. Adjust the value on
the condition of focusing Bare Si, observing
‘Intensity [Counts]’ graph.
Please refer to <Table 5-4-2>to adjust ‘Intensity
[Counts]’ according to the specific substrate.
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Substrate Intensity[Counts]

Sl 14000~16000 counts

. GaAs 14000~16000 counts
A 5000~6000 counts
o 6000~8000 counts
o 6000~8000 counts
Moly(Mo) 6000~8000 counts
<Table. 5-4-2>

= Avg.(Average): Set the average of light intensity in S/W. By setting the value
high, the noise will be reduced. The longer the number, the longer
the experiment will run. A value of [5] is recommended.
= Boxcar: Smooth the spectrum graph and it also works as noise calibration.
A value of [5] is recommended.
» LensX: Display the lens magnification. The value must be in accordance

with the lens magnification.

N.A: Display N.A value of the lens. Each lens has typical N.A value, which

should be changed whenever the lens is changed.

D> Save Result Setting
Set a file name and numbering to save fitting data.
If ‘Auto-Specimen No’ is checked, ‘Index’ is numbered automatically.

Save Result Setting
Marne Trcles

v Auto - Specimen Mo MeasID (00001

<Fig. 5-4-5>

> Original-Compare Result
Compare the current measurement data with a previous measurement.
Ex.) Save the measurement result to ‘Original Result’ before the etching is
finished. Save the measurement result to ‘Compare Result’ after etching is

finished so that the two results can be compared.
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(T Original Fealit l|  compare Result |
Fitting Result

Delete | Delete all I Cornpute I Save... I

<Fig. 5-4-6>
= Delete: Delete the appointed ‘Fitting Result’ data.
= Delete All: Delete all ‘Fitting Result’ data.
= Compute: Calculate Average, Maximum, Minimum, Range and Uniformity of
‘Fitting Result’ data and display them in ‘Result Statistic.’
» Save: Save the ‘Fitting Result’ with * *.out’ file format. The saved file is

opened with MS Excel or Notepad.

> Result Statistic
Display Average, Maximum, Minimum, Range and Uniformaity of ‘Fitting Result.’

Result Statistic
L1
Sverage
Maxirnumm
Minirnurm
Range
Lnifarrmity
<Fig. 5-4-7>

= Average: Display the average of the ‘Fitting Result.’

= Maximum: Display the maximum of the ‘Fitting Result.’

* Minimum: Display the minimum of the ‘Fitting Result.’

= Range: Display the difference between ‘Maximum’ and ‘Minimum.’

= Uniformity: Display the calculated result of ~Maximum —Minimum _
Maximum + Minimum
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> Correct for Electronic Dark

Set Dark value to zero to reduce noise.

** This should be checked at all times.

lv Correct for Electru_:unic Darlc;

5. Spectrum View

<Fig. 5-4-8>

100

Fitted

Measured

IR

60

0+

601

% Reflectance
o
=2

Mouse Tracking

Spectrurn Scale » Foo-

Cursor Yalug
Cursor Display
Grid Display

Colors 3

Copy Graph
Copy Data

Brint...
Print Preyiew

T f T
400 450 500

1 T 1 i i i
530 600 630 700 740 §00 830
Wavelength [nm]

> Mouse Tracking

<Fig. 5-5-1>

= Cursor: Change the mouse into Cursor mode on the screen.

= Zoom: Change the mouse into Zoom mode on the screen.

= Pan: Change the mouse into Pan mode on the screen.

> Spectrum Scale

= Full Scale: Expand the View scale to display all data.

= Set Scale: Set up View scale.

» Auto Scale Y: Expand Y axis scale to the maximum.

= UnZoom: Expand X axis and Y axis scale to twice the size.

> Cursor Value

Display the wavelength and the reflectance (or intensity) of current Cursor point.

> Cursor Display

Determine whether to display Cursor or not.
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> Grid Display

Determine whether to display Grid or not.

> Colors
» Traces: Change the Trace color.
= Background: Change the background color.
* Frame: Change the Frame color.
= Cursor: Change the Cursor color.
= Grid: Change the Grid color.
= Text: Change the color of characters.
= Ticks: Change the tick colors.
= Marker: Change the color of Cursor value.

= Default: Restore to the original color.

> Copy Graph
Copy the current graph to Clip Board which can be pasted into Paint of the OS
or Ms Word.

> Copy Data
Copy the current Data to Clip Board which can be pasted into Notepad or
Ms Excel etc.

> Print

Print the current page.

> Print Preview
Preview the printing page.

6. Tool Bar

&

(pen Model

_ ®

‘ Dérk

Fi
Sane

<Fig. 5-6-1>

Fd
Ref /Dark;

Pori
B, Setup

Bl
bl

Detert Off

o F7
Fitting

g,

Saveﬁage

ump F9

One Step

@ I
Aomatic

A F
Reference

=
Ect Model
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> Open Model

Open a previously saved model(*.mdl)

> Edit Model
Change the model configuration (number of layers, material, expected

thickness, NK model).

Edit Model Configuration x| I

0 0 T e T L o [ T e
Fit | Initial T Minimum | b aximum b aterial Fit ME. Model
T [&] T [A] T [A] 018
Front #3 v I_. o
Front #2 bl |1 b
Frant #1 |[[v 500 a 4000 si02 d | HE -
Substrate [ gl -\ ME -
Back #1 | v
Back #2 2 | ¥
Back #3 -\ -
<Fig. 5-6-2>

= Number of Front Layers: Set the number of front layers on the substrate.
(from 1 to 30).
= Backside Reflection: Set the backside reflection. For glass sample, set Initial T
value as 7e+007after ‘Backside Reflection’ is checked.
= Number of Back Layers: Set the number of back layers on the substrate.
(from 1 to 3).
» Fit T: Setthe usage of thickness fitting .
**Please check all the time.
= Initial T: Input the expected thickness known by the user.
= Minimum T: Input the expected minimum thickness known by the user.
= Maximum T: Input the expected maximum thickness known by the user.
= Material: Set the material to be measured.
= Fit NK: Set the usage of NK Model for fitting.
= NK Model: Set NK model to apply.

> Detector On/Off [F2]

Turn on the system and connected with the PC.
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> Reference [F3]

Measure the reflectance of Bare Si and set the value as 100% reflectance.

> Dark [F4]

Adjust the lens to the highest position form the stage and measure the

reflectance with the empty stage. Then set the value as 0% reflectance.

> Sample [F5]

Measure the reflectance of the sample on the stage.

> Adv.Setup [F6]
Display ‘Advanced Setup’ window, <Fig. 5-3-13>.

> Fitting [F7]

Conduct sample data fitting then calculate the thickness data.

> One Step [F8]

Conduct ‘Sample’, ‘Fitting’, ‘Record’ functions at once.

> Ref/Dark [F9]

Conduct ‘Reference’ and ‘Dark’ functions at once.

> Automatic [F10]

Conduct ‘Sample’, ‘Fitting’ and ‘Record’ functions with appointed Macro program.

> Save Image

Save the CCD image.
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7. Auto X, Y Stage Control

£4 Auto XY Stage Control >

—Current Position
ead: 0. 0000 Y 0. 0000 [rmm]
Z , Focus [-29,2400

Curgor: [ 10, Y L0000 [rmm]

b L
e Y
gennindn,

S

a =]
o0? o,
3 ' o
oo oy,
OOD e S a2
9 e a . Moy
- e 20,0
- e L T 3p, . O
g i <oy

o prtatihctad
- & Bitenees: B%U
= =1
Chart |Thickness vl [+ Contour [ Color
Layer | =] [~ Shade [ I&sh
— =y Movermnent

= |0 [rmm]

¥ [0 [mm] Center Pos [171000 =]

Mlove =Y ’—CCD Shutter —

AF - Z-Jdoy Contral

Mloves Unload Pos
Z ID [rnm]
AF Teach AutoFocus
@ Fast/Slowl@  JovEnable | Spesd |
<Fig. 5-7-1>

D> Head: Display current measuring point
with X, Y and Z coordinate.

D> Cursor: Display Mouse location on the
stage moving pad.

D> Chart: Select one among Thickness,
N (Reflective Index) and
K (Extinction Coefficient)
** Initial setting is selected
as Thickness. If N or K is
selected, there is high
possibility of error.

D> Layer: Set layers present on Stage
moving pad. The maximum

value is 3.

D> Contour: Set contour display.

D> Color: Determine whether to display the color or not.

> Shade: Determine whether to display 3D map or not.

> Mesh: Determine whether to display a scale mark on the 3D Map or not.

> Move XY: Move to designited X, Y coordinates.

D> Center Pos: Move the measuring position to the center of the stage.

> CCD Shutter: Set the CCD Camera shutter speed (* generally in AUTO Mode)

> Move Z: Move to designated Z coordinate.
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D> AF Teach: The focus position can be approximately found through Z axis

movement.

D> JoyEnable: Control the X, Y and Z axis movement with Joystick.

D> Speed: Change the Joystick speed from fast to slow and vice versa.

> Unload Pos: Stage moves to sample load position.

D> Auto Focus: Conduct auto focusing.

> Set Map Range
Default value, the Z axis scale of the 3D Map is set with an auto-scale. Therefore
the scale can be adjusted with the following steps.

All other scales of VisualThickA program also can be changed with below

sequence.
<< Auto XY Stage Control >> '-.-'1F1|:I FIHI'IEIF! ﬂ
— Current Position © et~ .
Head: | Ooooo w [ 00000 [mml i -
£ | 0,0000 Focus 29,2400 i
Cursor: X [ 00000 ¥ | 00000 [romd X Max Perspective I Ok |

AMin - |-100  Rlotation |45 Cancel
- ¥ aw 100 ¥ Rotation |U
o ¥ifin [-100 Z Rotation |c15

:

o
oo e
et
SEHOGST

Set Macra, ..
Edit kacro, ..

()OD
e Clear All Points Z May (10000
o Rark Point
8

111

& Map Bange... Z Min
Brint Map, .

Frint Map Preview,,, :
23 Copy to Clipboard <F|g' 5_7_3>
Chart [Thickness =] ¥ Contour [+ Color
Laver 1= [v Shade v FESH

— =N Movemnent
e ID— [rnm] Move =% CCD Shutter—

W |0 [mm] Center Pos IVII’”DDD j'

AF - Z2-Joy Control

hoves Unload Pos
Z |0 [mm]
AF Teach AutoFocus
(@) Fast/Siowi)  JoyEnable | Speed I
1 ¢ 3 Measuring (3 Fitting ¢ lteration | =
<Fig. 5-7-2>

78



d"'
SpectraThick User Manual K’ m

1) Place the cursor at the point the scale is changed. Click the right key of the mouse.
The menu appears as shown <Fig. 5-7-2>.

2) Select ‘Set Map Range’ in the menu and then <Fig. 5-7-3> will appear. Input the
value at ‘Z Max’ and ‘Z Min.” Leave the ‘Compute Z Range’ unchecked and click
the ‘OK’ button.

X axis and Y axis scale are also adjusted by changing the value of ‘X Max’, ‘X Min’,
‘Y Max’ and ‘Y Min.” Perspective and rotation of each axis are also adjust in
window,<Fig. 5-7-3>.

> Print

Print the current page.

> Print Preview
Preview the printing page.

355E
35555

- Thickness Map -
Si02 on Si Wafer

[Data : 2005 0125 ]

v
T

€ Ut - [A] )

HOIA 1-2 Idling @@ Moving ¢ Focusing ¢ Measuring () Fiting (O fteration | ~

<Fig. 5-7-4>
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http://www.kmac.to
554 Yongsan-dong, Yuseong-gu Daejeon 305-500, South Korea
Tel: +82-42-930-3880~2 Fax: +82-42-930-3979

E-mail: sales.kr@kmac.to
Thank You!
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