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Measurement principle L WFC

Established measurement technique:
Optical transmission measurement

Ayields thickness of deposition . layers su/bstrate
layers light optics
source
Adisadvantages: detector
Aneeds two view ports &) >

Anot applicable to non-
transparent substrates
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Measurement principle L WFC

Reflectivity measurement

Awhite light is irradiated to the sample
layers @— substrate

Areflected light is detected and light  optics
spectrally resolved source
. RH—<
Aadvantages: /
A most robust geometry: normal
iIncidence (only one view port is detector
needed)

A applicable to non-transparent
substrates

A other geometries possible on
request
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Measurement principle L WFC

Reflectometer set-up

/ \ versatile
fiber optical pennl

head EpiR-DA

[
[]
light source (XBO)

\su bstrate j EpiR-DA ‘ \

chamber

detector / controller

Aversatile set-up allows measurement on various deposition systems

A all you need is a quartz glass view port for normal incident
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Measurement principle L WFC

Information from reflectance

Spectrum of reflected light is influenced by:
Athickness d of each layer
Arefractive index n(l ) of substrate
A absorption k(I ) of the substrate
Arefractive index n(l ) of each layer

A absorption k(I ) of each layer

Reflection spectra can be used:
A as fingerprints for run to run comparison
Afor quantitative measurement of d, n and k

A for feedback control
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Objective LMtEC

Process types and reflectometry options

single chamber cluster tool in-line roll-to-roll

thickness | single wavelength | spectral spectral spectral

gauging reflectometry is reflectometry | reflectometry | reflectometry

sufficient required required required
deposition | time control time control | source rate source rate
control (EPD) (iterative control control
EPD)

A single chamber: allows permanent measurement during deposition

A other set-ups: only Aingle shotfimeasurement at certain steps are
possible
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Single wavelength measurement Ls WF(
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V v r=0.33nm/s r=0.30nm/s
substrate

o
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growth time / s

. | - oscillation peri
long oscillation period Dt Dt = oscillation period

C small growth rate r (and vice versa) (= L/n
2* Dt

A spectral detection enables to choose most adequate detection wavelength
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Single wavelength measurement LME(

in-situ sensors

In-situ single-wavelength reflectance

Ayields growth rate and (indirectly) layer thickness
Anecessary: permanent measurement during deposition
Astraight forward if nd > |

Arequires more sophisticated analysis for nd < |
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Objective LM;(

Process types and reflectometry options

single chamber cluster tool In-line roll-to-roll

thickness | single wavelength | spectral spectral spectral

gauging reflectometry is reflectometry | reflectometry | reflectometry

sufficient required required required
V
deposition | time control time control | source rate source rate
controll (EPD) (iterative control control

\/ | EPD)
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Spectral reflectance measurement L WFC
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Spectral reflectance measurement LME(

in-situ sensors

In-situ spectral reflectance after each
deposition step

ETL

HBL
EML

EBL
HTL

Avyields layer thickness directly

Avyields spectral optical properties
(for optical coatings)

A straight forward if nd > |

Arequires more sophisticated substrate
analysis for nd </|

ETL: electron transport layer
HBL: hole blocking layer
EML: emitting layer

EBL.: electron blocking layer
HHL.: hole transport layer
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Generation of n, k database LME(

in-situ sensors

Laboratory set-up

Aanalysis of reflectance and light source and

transmittance spectra of spectral detector
single layers gives n(l ) 2
and k(I ) incident reflected
l light light
An, k dispersion database

v
- ﬁ layer with known thickness
for all used materials transparent substrate
transmitted
light

spectral detector
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n, k dispersion from R, T, KK parameterized LMEC

in-situ sensors

Single layer dispersion from laboratory
measurements
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Single layer: HTL

0.25

maxima
H profilometric: reflection
——120+5nm 129+1nm
A spectral reflectance of 0.20 —150+5nm 143+1nm
—170+5nm 153+1nm

three HTL layers with
thicknesses of: 120, 150 .
and 170 nm 0.10-

0.15 1

At hi ckness can B.e
directly

. ) 0.00 L — : : : : ,
A quantitative analysis uses 400 500 600

n,k data base

thickness: profilometry vs. reflectance
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in-situ sensors

Measurement of OLED processes LMEC

Full OLED structure on glass

Aall OLED layers are 0.25
maximum in orde_r_ of_
clearly resolved e Gepomion
+ EBL
+ EM
+ HBL

A signal-to-noise ratio is
excellent «

+ ETL

0.10 4

A quantitative analysis of j
thickness (all layers) by s
using n, k data base

minimum

0.00-

400 ' 500 ' 600
A/ Nnm

all functional layers (HTL, EBL, EM, HBL and ETL)
give a characteristic spectrum
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Measurement of OLED processes LMEC

in-situ sensors

~ull OLED structure on glass

drefl / nm dprof/ nm

HTL 143+ 1 150+ 5
+ EBL 71 10+5
+ EM 30+1 24 +5

all functional layers (HTL, EBL,
+ HBL 9+1 10+5 EM, HBL and ETL) give a
characteristic spectrum

+ ETL 371 39+5
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