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Mapping within LayTec's metrology portfolio

LayTec metrology within manufacturing chain, e.g. LED

£

Substrate JHCICll: Epi-wafer AT Dies-on-wafer
Level O - Epitaxy P Level 1 - Device Production

LED systems & applications Packaged LED Back-end LED dies Back-end
Level 1 - Packaging Level O - Packaging

Image credits: see last slide

\/
= LATEC

MEMBER OF THE NYNOMIC GROUP



Outline

Mapping within LayTec's metrology portfolio

Complementary products

Brief EpiX product intro

Have you visited our booth? It's there in 3D.

ho4

LAfT=C

MEMBER OF THE NYNOMIC GROUP




Brief EpiX product intro

EpiX C2C - come visit the 3D version at booth 19

White light reflectance and photoluminescence wafer mapping B

up to 200 mm

4-grating 300mm spectrograph with spectral resolution down to 0.1
nm

spectral range 500 (250) - 2000 nm

Cassette to cassette (C2C) extension to achieve high throughput

required in industrial applications

Industry-compatible clean room design with enclosed cassette ports

and fan-filter-units

post-process quality control of entire wafer area

Smaller, manual edition also available



Brief EpiX product intro

EpiX - measurement head & mapping stage

o ontics for pL White light : . -
| dg hl? oht reflectance Xy-water z-adjustment unit
aser and white lig controller stage for measurement
head
PL laser
Sensor head for controller
with up to 4

z-adjustment

wavelengths
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Brief EpiX product intro 8

Automated wafer loading

Prealigner
p

Wafer handler

Load Ports
\

-
xy-wafer stage
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Brief EpiX product intro 9

EpiX spectral analyses

- Starting point: auto-normalized data
- Spectral analysis manually triggered or in predefined recipes

- Output results, yield analysis, report generation
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PL map Peak fit Peak Center Wavelength

Rewit
Auto Detecton . i
— x : = s : 7_ S . Peak Type W anase bonive water | | 7 Bt Spec s | | [ awvu-m] 3 sneTempine || B .0
s s o®s s s s s w0 s W e - Lly’=< st Lorentz s
= = 0 B . Fostion x Pesition y Remphtudestingl  Sempls hverase
= F ak Measurement [, ™, Mult Peak Ft [~ [in! (IS0 81 0.5 mm 02 mm 947.3788 “Inf
Wavelength  Postion x Potiony  Amphude sty Sumghe Aversge 4 . "
947.4 nm. 0 mim 50 mm 8081 7846 -
I — o[PS oot [ R0 - -
w000~ - -
jo 55- B
to0- .
§ mo- » imr
j on 2
- - i
i ot - -
et %
=), 1 s
........... 5 Oemmn
iom & B b % R oA B % ows f
Foston 5
rum tn A 10-
. Petramat g ) Foquares )
i 0999277 .
H ‘ 25
§ oo
g 125 13 s 3 s 13 s 18 s 1M s s 1
Photon Energy (eV)
£
L T #  ads |[= memow | [ cresewih | #  Oecrmeriam
sho s o sk s o ok
veicngth (vm)

UV-vis reflectance mapping of nitride-based device structures | IWN 2022 LayTec Usermeeting | LayTec AG

MEMBER OF THE NYNOMIC GROUP



Brief EpiX product intro

Analysis Features

- Edge exclusion
Software modifiers - Virtual rotation

- Virtual die patterns

- VCSEL Analysis

- Single film thickness

- Analytic multi peak fit

Predefined and customized - Numeric multi peak analysis
algorithms - Wafer thickness

- Composition measurement
- . - Integrated signal
= + ._‘_ﬂ = Al T - Extrema tracking
P o : e Viirtual die patterns - Die pattern assignmept
. , - Import of customer die layout
: - TEE _EF 2D pass / fail classification at - Die level

LEERTL L e S - XML reports, PDF reports

Reports - ASCII exports \é’
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UV News from EpiX Labs

HFET on SiC: Full-stack analysis of in-situ data - work in progress

Curvature (1/km)

22 [z] o olz]o
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Run time ——~

Reflectance

Currently new analysis functions for AIN,
GaN-3D/2D und i-GaN/etch in development

to enable full stack analysis

Layer sub-layer WZ1 _center
AlGaN barrier 22.2
i-GaN +GaN etch 8-> 841nm
i-GaN 849
Fe-GaN Fe-GaN 904.8
GaN 3D + smoothing 396

GaN (3D-->2D)

AIN AIN HT 35.8
AIN LT+LT to HT 50.1 > 85.9nm

SiC-4H
total thickness (nm) 2257.8



UV News from EpiX Labs

. . . 19 _GaN_AIGaN_x022_ spec_Sim_UV-IR.dmo {red) and 19 _r250-1000nm.dat (blue) Print
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X

N Analysis of dedicated spectral areas already
AlGaN barrier composition

provides valuable information \A
Total thickness variation =

MEMBER OF THE NYNOMIC GROUP




UV News from EpiX Labs

HFET on SiC: Analysis of ex-situ data - Total Thickness Variation
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Position x
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Layer thickness

Position'y
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Sample Average
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Statistics.

Average

Standard Deviation:
Standard Deviation:

Median:

Minimum:
Maximum:

2071.36 nm
130.025 nm
6.28 %

2061.27 nm
1926.67 nm
751448 nm

o
]
apnydwy

-1926.7

xProfile [ y-Profile [~ SR

0 20
Position (mm)

10% Cutoff: 1968.55 nm
25% Cutoff: 2001.91 nm
75% Cutoff: 2129 nm
90% Cutoff: 2172.39 nm
Within Specification: NaN %
Above Specification: NaN %
Below Specification: NaN %

Lower Spec Limit: 0nm

Upper Spec Limit: 0nm
Lower Control Limit: 0 nm
Upper Control Limit: 0 nm

Spherical profile, ~200 nm variation center to edge, slight deviation close to flats

In good agreement to total thickness obtained from in-situ analysis

|
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UV News from EpiX Labs

HFET on SiC: Analysis of ex-situ data - AlGaN barrier composition
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UV News from EpiX Labs

HFET on SiC: Analysis of ex-situ data - AlGaN b

Result e
>
Peak 1 Center 3163
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UV News from EpiX Labs

17

HFET on SiC: Analysis of ex-situ data - AlGaN barrier composition

o
w
S

Composition Conversion LayTec
o
o
(o))

0.24

0.28

m  test samples
linear fit

Correlation XRD vs. EpiX composition of 3

HFET samples with different barrier

compositions

Equation y=a+b*x

Intercept 0.0235+0.02412 | 1

Slope 0.97285 + 0.09521

R-Square (COD) 0.99051 ]
M B N I IR
0.22 0.24 0.26 0.28

XRD Composition

UV-vis reflectance mapping of nitride-based device structures | IWN 2022 LayTec Usermeeting | LayTec AG MEMBER OF THE NYNOMIC GROUP
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Thickness news from EpiX Labs

SiC wafer thickness / homogeneity mapping

High spectral resolution white light reflectance

mapping

Current Wavelength (nm)

_ \ ::{5)01 F
. . @0 s oo o w0 iosio - = s b
Works for double side polished, transparent - = __i:
. . . 984.6 nm 0 mm 0 mm 0.3497 0.2984 e s scross ) = (P e ~ Ean
substrates lik SiC, sapphire, glass, ... >
nm scale accuracy* =
*SiC: optical thickness variations mainly caused | e
by n-variations o
E 03-
Patent pending

Wavelength (nm)

Normalized measurement data view
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Thickness news from EpiX Labs

Significantly improving SiC wafer thickness mapping

Result

Substrate Thickness FPO

Analysis

Position x
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Parameters: WLRangeMin: 0 // WLRangeMax: 200
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Accuracy of state-of-the-art FFT measurement limited
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Advanced measurement setup and analysis algorithms
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Result data view: FFT

enable wafer thickness measurement on nm scale.

Also useful for other appllcatlons (e.g., EPD for etching)
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Bow news from EpiX Labs

Bow mapping

Wafer bow measurement capability is a frequent customer

question required for strain engineering

System already equipped with distance sensor for wafer

thickness compensation

Low hanging fruit: Use distance sensor for bow measurement

Distance measurement + plane correction + spherical fit / shape

analysis



Bow news from EpiX Labs

Bow mapping example 1 - 2“ Si 1000 Wafer

~ Supposedly flat

- Measured variation over wafer < 6pym

~ Current noise of bow measurement < +1 pm

levice structures |

Position y (mm)

022 LayTe

Result
Distance Table Tilt Correction

Analysis Parameters: SphericalCurvature: 13,15

Position x Position'y Amplitudeat (y) ~ Sample Average
-1 mm 1 mm 21.2414 21.0272

P

26~
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Position x (mm)

23

=28
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Statistics
Average: 210272 um 10% Cutoff: 21,1509 um
Standard Deviation: 263109 um 25% Cutoff: 21.8668 um
Standard Deviation: 125.13 % 75% Cutoff: 23.8238 ym
Median: 22.7439 um 90% Cutoff; 249523 um
Minimum: -646.02 pm Within Specification: NaN %
Maximum: 48.0372 um Above Specification: Nal %

Below Specification: NaN %

Lower Spec Limit: 0 um

Upper Spec Limit: 0 um
Lower Control Limit: 0 pm
Upper Control Limit: 0 um

Result data view: Bow Profile

Y arac
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Bow news from EpiX Labs

Bow mapping example 2 - 2“ CX EpiCurve Calibration Wafer

Result
Distance Table Tilt Correction

Reference curvature value: - 88 £ 1 km'

EpiX curvature value: -87.1 km"" .

Excellent agreement between EpiX and

reference data M S,
Curvature Mirror Measurement Report 3 Stattics

Lot Num: Laytec 59 Part Num: 10 CX Marking: A0421 CX 23.06.20 08:54:12

Average -50.5012 um
Standard Deviation: 702.134 pm
Standard Deviation: -1390.37 %
Median: 84.209 um
Minimum: -4902.38 pm
Maximum: 98.8968 um

Position x (mm)

Result data view: Bow Profile

Min. -11,24 -87,03 -11,25 -88,65
Mean -11,35 -38,08 -11,26 -38,80
Max. -11,49 -88,97 -11,28 -88,89

‘ l
g 8 g
g

prydwy

xProfile [ y-Profile [~ 552

' |
0 10 20 25.8996
Position (mm)

10% Cutoff; 72.603 um
25% Cutoff: 77.098 pm
off: 91.008 pm
off: 95.2971 um

Upper Control Limit: 0 um
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Data news from EpiX Labs

EpiNet generates analysis
results for each wafer (zone) for

LayTec's tools start talking to each other...

o

various layers

EpiX can now access EpiNet
database and read analyses
results to use them as starting
values in suitable spectral

-
Front-end
Level 1 - Device Production

Front-er |

Level 0 - Ep :axy Dies-on-wafer

Epi-wafer

“ analyses
Layer sub-layer WZ1_center
AlGaN barrier 22.2
. i-GaN etch
-GaN i-GaN 8 3841nm
Fe-GaN Fe-GaN 849
GaN (3D-->2D) GaN 3D + smoothing 396 >
AIN AIN HT 35.8 »
AIN LT+LT_to_HT 50.1 > 859nm ,,
SiC-4H :
total thickness (nm) 2257.8
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Data news from EpiX Labs

LayTec's tools start talki

M EpiNet 2 - Display

System  View
System 5 localhost

Database  Extras  Help
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Run Information
Installation Name  EpiCurveTT VCSEL

Data Source
Description DataSource

U]

» X: 5,000 ¥: 5,000

~ Prep Measurement [ Measurement State

B Transient View
H3 9

DB Browser

b
R

Analysis Report

Run ID: N1721

Date: 09.05.2018 11:13:45
Recipe: DIO110 Version: 3

Step Analysis

NKR Virtual
Layer Fit

NKR Virtual
Layer Fit

Dataline

Pyro-Reflectance (950 nm)

Pyro-Reflectance (950 nm)

NE® Ea

Analysis Result X

Pocket Zone

Wafer
1

Wafer
2

Wafer 1
Zone 1
(Center)

Wafer 2
Zone 1
(Center)

Wavelength /
delta

950.66 nm /
10.23nm

950.66 nm /
10.23nm

localhost

Results
N=4178
K=0316
GR=1505 pm/h
D =0.00668 pm
Amplitude =
R_VS 0.2454
Phase =
R_VS 3619
Data points = 2
N=3839
K=0.381
GR=1502 pm/h
D =0.006668 pm
Amplitude =
R_VS 0.24016
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EpiX can now access EpiNet

database and read analysis
results to use them as starting

values in suitable spectral

analyses

ng to each other...

Current File

Map View q C\Data\20210119 Astrum FAT\NT72T\N1721- = |l Datalines
06_CCD_3001_100um_20210210172639_WLR.epix - WLR Measurement:  Export... Advanced...
| Query EpiNet Database for Analyses
EpiMet Analysis Result Query X
ample-1D EpiRuniD Pocket Number
Sampl| | 2 - = . : P :
Runtyp | [N1721-06_CCD_300L100um | J [i721 \ J s \J Qy Search for EN Results J o oK J
Analys - L L * —
Comm  pnalysis Results
Numb|
Lights Analysis Name Step Datasource Name Datasource Wavelength | Result Name Walue Delta Value ﬂ
Spectnn | GrowthRate 4 Pyro-Reflectance (930 nm) 950,66 Refractive index [5.598009 ] [ 0.000000 Filter:
Total D “GrowthRate 1 Pyro-Reflectance (950 n) 950.66 Extinction cocfficient 0323000 | 0.000000
GrowthRate 4 Pyro-Reflectance (850 nm) 950.66 Growthrate 0.309000 0.000000
GrowthRate 4 Pyro-Reflectance (950 nm) 950.66 Thickness 0.004035 0.000000
GrowthRate & Pyro-Reflectance (850 nm) 950.66 Refractive index 3.140000 0.000000
GrowthRate & Pyro-Reflectance (350 nm) 930,66 Extinction coefficient 0.326000 0.000000
GrowthRate 6 Pyro-Reflectance (350 nm) 950.66 Growthrate 2.520000 0.000000
GrowthRate & Pyro-Reflectance (850 nm) 950.66 Thickness 0.011900 0.000000
GrowthRate o Pyro-Reflectance (950 nm) 950.66 Refractive index 4.950000 0.000000
GrowthRate 10 Pyro-Reflectance (850 nm) 950.66 Extinction coefficient 0.460000 0.000000
GrowthRate 10 Pyro-Reflectance (930 nm) 930.60 Growthrate 1,030000 0.000000
GrowthRate 10 Pyro-Reflectance (350 nm) 950.66 Thickness 0.004320 0.000000
GrowthRate 12 Pyro-Reflectance (850 nm) 950.66 Refractive index 4.057400 0.000000
GrowthRate 12 Pyro-Reflectance (930 nm) 950.66 Extinction coefficient 0.133000 0.000000
GrowthRate 12 Pyro-Reflectance (850 nm) 950.66 Growthrate 1.817000 0.000000
GrowthRate 12 Pyro-Reflectance (930 nm) 930.60 Thickness 0.008073 0.000000 W iH
GrowthRate 16 Pyro-Reflectance (950 nm) 950.66 Refractive index 3.010000 0.000000 BT
GrowthRate 16 Pyro-Reflectance (850 nm) 950,66 Extinction coefficient 0.241000 0.000000
GrowthRate 16 Pyro-Reflectance (930 nm) 950.66 Growthrate 2450000 0.000000
GrowthRate 16 Pyro-Reflectance (850 nm) 950.66 Thickness 0.010890 0.000000
i
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