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Reflection, transmission spectrophotometry characterizes OLED materials
Dic tinh quang phd phan xa, truyén qua caa cac vat liéu OLED

An advanced metrology tool characterizes multilayer thin-fi Im OLED structures
based on power-spectral- density analysis of spectroscopic multiangle polarized
refl ection, polarized transmission, and spectro-scopic ellipsometric data.

Mot dung cu do cao cip dé xac dinh cau trdc caa OLED mang mong da 16p dua
trén viéc phan tich mat do phd céng suat ciia cac dit liéu phan xa phan cuc da goc
quang pho, truyén qua phan cuc, va ellipsometry quang pho.

The spectacular growth of the organic-light-emitting-device (OLED) industry over
the past couple of years has highlighted the technical challenges faced in the
manufac-turing of these devices. h e accuracy, repeat-ability, and uniformity of the
organic-layer thicknesses is a critical manufacturing issue for OLED displays
because these parameters directly af ect the brightness and color uniformity of
pixels in the display. Further-more, knowledge of the optical properties of the
organic layers is necessary for optimizing the design of the OLED display,
including the design of micro cavities, and in under-standing device properties
such as external light-coupling ei  ciency. Rel ection and transmission
spectrophotometry is a fast, noncontact, and nondestructive character-ization
method that is ideally suited for these OLED manufacturing challenges.

Sy phat trién ngoan muc cta nghanh céng nghiép thiét bi phat quang hitu co
(OLED) trong vai nim qua d3 1am ndi l&n cac thach thuc ki thuat phai dbi mat
trong viéc san xuat nhitng thiét bi nay. D6 chinh xac, kha ning 1ap lai va tinh dong
déu cua chiéu day Iép hiru co 1a mot tiéu chi san xuat quan trong ciia man hinh
OLED béi vi cac tham sb ndy anh hudng truc tiép dén do sang va tinh ddng déu
mau sac cua cac pixel trong man hinh. Hon nira, cac kién thicc vé tinh chat quang
hoc cua cac 1op hitu co 13 can thiét dé tdi vu hoa thiét ké cua man hinh OLED, bao
gom thiét ké cac budng cong huong micro, va hiéu biét vé tinh chat thiét bi chang
han nhu hiéu suit ghép anh sang bén ngoai. Cac phép do pho phan xa va truyén
qua 1a phuong phap nhanh, khong tiép xtc, khong pha huy rét thich hop cho céc
thach thtc trong viéc ché tao OLED.



Contending with OLED absorption
Pau tranh véi sy hap thu cua OLED

Optical-metrology methods, including rel ect ometry and spectroscopic ellipsom
etry, have found widespread use in the silicon in-dustry for monitoring layer
thicknesses and optical constants (refrac-tive index n and extinc-tion coei cient k).
h ese techniques, however, have limitations when applied to OLED-related
applica-tions in which the organic i Ims of interest tend to be thin and highly
absorbing in the UV range and are deposited on transpar-ent substrates. Although
rel ectometry (rel ec-tion spectrophotometry) methods can readily de-termine i Im
thickness (t) if the optical constants of the i Im are known (i xed), the technique
does not inherent-ly contain enough measured information to solve n, k, and t of
the i Im independently.

Cac phuong phap do quang hoc, bao gom ellipsometry quang phd va phép do phan
xa di duoc st dung rong rdi trong nghanh cong nghiép silic dé diéu khién chiéu
day 16p va cac hang sé quang hoc (chiét suat n va hé s tat dan k). Tuy nhién,
nhitng ki thuat nay c6 mot s6 han ché khi ap dung cho céc @ng dung lién quan téi
OLED trong d6 cic mang hitu co can nghién ciru mong va hap thu cao trong ving
cuc tim va duoc ling tu trén cac dé trong sudt. Mit du cac phuong phap do phan xa
(phép do quang pho phan xa) c6 thé xac dinh dugc chiéu day mang (t) néu da biét
cac hing sé quang hoc cua mang (khong doi), hiéu nhién, cac ki thuat von di
khong chira d thong tin dé tim n, k va t cia mang mot cach doc lap.

Spectroscopic ellipsometry, on the other hand, measures the polarization states of
collimated monochromatic light before and at er rel ection from a surface to obtain
the ratio of the complex p- and s-polarization rel ection coei cients and provides
twice as much information in the experimental data as does rel ectom-etry;
however, accurate determination of the extinction coei cient can be dii cult
without transmission data.

Mt khéac, elipsometry quang phd do trang thai phan cuc cia anh sang don sic
chuan truc trudc va sau khi phan xa tir mot bé mit dé thu duoc ti s6 cua cac hé sb
phan xa phan cuc s va p phtic va cung cip nhiéu théng tin dit liéu thuyc nghiém
nhiéu hon hai 1an so véi khi thuc hién phép do phan xa; tuy nhién, viéc xac dinh
chinh xac hé sé tat dan cé thé kho khian néu khéng cé dir liéu truyén qua.



As a result, slightly more-involved analysis, such as the use of multiple sam-ple
data sets and/or determining thick-ness i rst in a nonabsorbing wavelength region,
may be necessary to arrive at a unique solution for n, k, and t. h e partial rel ection
from the backside of the trans-parent OLED substrate and the birefrin-gence of
some polymer OLED substrates (for example, polyethylene terephthalate i Ims)
adds additional complexity to the collection and analysis of spectroscop-ic
ellipsometric data for OLED applica-tions. Although these two unknown ef-fects
can be incorporated in the optical model, they introduce uncertainty in the
uniqueness of the solution of the optical parameters.

Do d6, cac phan tich phtc tap hon, chang han nhu dung céac tap tap hop di liéu
nhiéu mau va trudc hét xac dinh chiéu day trong ving budc song khdng hap thy, 1a
can thiét dé di dén nghiém duy nhat cua n, k, t. Phan xa mot phan tir mit sau cia dé
OLED trong sudt va tinh ludng chiét cua mot s6 ¢é OLED polime (chang han, cac
mang polyethylene terephthalate), lam tang thém tinh phuc tap trong viéc thu thap
va phan tich céc dit liéu elipsometry quang phd cho cac ung dung OLED. Mic du
hai hiéu tmg chua biét c6 thé duoc tich hgp trong mé hinh quang hoc, chiing dem
dén sy bat dinh trong tinh duy nhét ctia nghiém cua cac tham sé quang hoc.

Alternatively, transmission spectro-photometry is an ideal technique for measuring
absorption and provides bet-ter resolution of the i Im’s extinction coei cient
compared with spectroscop-ic ellipsometry. Combining rel ection and transmission
spectrophotometry in a single instrument provides two data sets with enough
information content to uniquely determine the thickness and op-tical constants of
thin absorbing i Ims on transparent substrates.

System design
Thiét ké hé théng



We have developed advanced metrology tools based on a new optical technique
that uses power-spectral-density analy-sis of spectroscopic multiangle polarized rel
ection, polarized transmission, and spectroscopic ellipsometric data. For the
purpose of analyzing the OLED samples described here, we have limited our anal-
ysis to normal-incident spectroscopic re-l ection and transmission data. We have
found that this method allows for fast and accurate material analysis and thick-ness
determination of i Ims during the production of OLED devices.

Chuing t6i da phat trién cac céng cu do cao cap dua trén cac ki thuat quang hoc méi
str dung phan tich mat do pho céng suat cua cac dir liéu phan xa phan cuc da goc
quang phd, truyén qua phan cuc, va elipsometry quang pho. Pé phan tich cac mau
OLED duoc md ta ¢ day, ching toi da gigi han & viéc phan tich dit liéu truyén qua
va phan xa téi vudng goéc. Ching toi thay riang phuong phép nay cho phép phan
tich nhanh va chinh xac vat liéu va xac dinh chiéu day mang trong qua trinh san
xuat cac thiét bj OLED.

The instrument (called the FilmTek 3000) used to measure and analyze the OLED
samples is a i ber-based system with a tungsten-deuterium light source and i xed-
grating CCD- array spectrom-eters. Absolute rel ection and transmis-sion spectra
are obtained by collecting rel ection and transmission spectra from the sample of
interest in ratio to rel ection and transmission spectra from known samples (bare
silicon for rel ection and air for transmission). Rel ection and transmission spectra
can be measured from the deep-UV to near-IR, with ac-quisition time taking a
fraction of a sec-ond. Various optical coni gurations allow for a measurement spot
size that ranges from 3.5 mm to 2 pm.

Mot dung cu (duoc goi 1a Film Tek 3000) duoc sir dung dé do va phan tich cac
mau OLED Ia cac hé soi quang v&i ngudn sang tungsten-deuterium va cac may
quang phd mang CCD cach ta ¢6 dinh. Pho truyén qua va phan xa tuyét doi thu
dugc bang cach thu phd phan xa va truyén qua tir mau dang nghién ctu ti 1& véi
phd phan xa va truyén qua tir cac mau da biét (silic tran dé phan xa va khdng khi
dé truyén qua). Phd phan xa va truyén qua c6 thé dugc do tir cuc tim sau dén hong
ngoai gan, vai thoi gian thu nhan c& mot phan gidy. Cac cau hinh quang hoc khac
nhau cho phép do kich thuét vét tir 3.5 mm to 2 pm.



Accompanying sot ware simultane-ously solves for refractive index n(A),
extinction coei cient k(A), and thick-nesses of multilayer i Im structures. A self-
consistent solution is obtained by using a generalized dispersion formu-la
developed at Scientii ¢ Computing International to model i tted values of the
dielectric function €(A) to the measured rel ection and transmission data. h e
dispersion formula is a self-consistent model that is derived from quantum-
mechanical principles and correctly obeys the Kramer-Kronig re-lationship. It is
applicable to metallic, semiconductor, amorphous, crystal-line, dielectric, and
organic materials.

Keém theo phan mém giai dong thoi chiét suat n(L), hé sb tat k(L) va chiéu day cau
tric mang da 16p. Nghiém tu hop thu dugc bang cach dung cong thirc tan sic tong
quat hoa duoc phat trién tai Scientific Computing International dé mé hinh héa céc
gia tri duoc khép ciia ham dién méi e()) cua cac dit lieu phan xa va truyén qua do
duoc. Cong thuc tan sac 1a mé hinh tu hop duoc rdt ra tir cic nguyén 1i co hoc
lwong tir va tuan theo chinh xac hé thac Kramer-Kronig. N6 c6 thé ap dung duoc
cho cac vat lieu kim loai, ban dan, vo dinh hinh, tinh thé, dién mdi va hitu co.

By using a general dispersion model that covers the entire wavelength range of the
measurement, the number of vari-ables or parameters required to model optical
response is reduced, eliminating the potential for multiple solutions. h is approach
allows the user to model com-plex multilayer structures with rel ection and
transmission data. Global-optimiza- tion methods are used to obtain the best
solution while avoiding local minima and minimizing sensitivity to the user’s
initial guess of i tted parameters (for example, layer thickness). h e sot ware
optimizes the rel ection, transmission, and the pow-er-density-spectrum (fast-
Fourier-trans-form) data simultaneously. h is allows for accurate thickness
determination over a wide range of thicknesses from 3 nm to 350 pm.

Bang cach str dung md hinh tan sac tong quat bao phu toan bo ving budc song do,
s6 bién hodc cac tham sé can thiét dé mo hinh hoa dap @ng quang hoc dugc rit
giam, han ché kha niang c6 nhiéu nghiém. Céch tiép can nay cho phép ngudi dung
mo hinh hda cac ciu trac da 16p phic tap voi cac dir lieu phan xa va truyén qua.
C4c phuong phap t6i uu toan cuc dugc s dung dé thu duoc nghiém tét nhat trong
khi tranh dugc cac cuc tiéu cuc bd va cuc tiéu hda su nhay vaoi du doan cac tham
s6 khop ban dau caa nguoi ding (chang han nhu chiéu day 16p). Phan mém tdi wu



hoa dong thoi dit liéu phan xa, truyén qua va phé mat dé cong suat (chuyén doi
Fourier nhanh). Biéu ndy cho phép chinh xac héa viéc xac dinh chiéu day trén mot
khoang chiéu day rong tir 3 nm to 350 pm.

Application to OLED thin-fi Im structures
Ung dung cua cau tric mang mong OLED

Light is produced in OLEDs when an appropriate volt-age is applied across the
electrodes, causing elec-trons and holes to recom-bine in the light-emission layer
(electroluminescence).h e most commonly used emitter material is tris (8-
hydroxyquinoline) alumi-num (Alg3). Changing the composition of the organic
layers tunes the OLED emission colors across the visible spectrum. For ex-ample,
by doping the Alg3 layer with other organic molecules, energy trans-fer from the
Alg3 to the dopant results in lower energy (redder) emission. Also, substantial shit
s in the electrolu-minescent wavelength can be achieved by controlling the number
and chemi-cal nature of the quinolate ligands in Alg3. With these approaches,
devices with electroluminescent emission in the red, green, and blue spectral re-
gions have been demonstrated.

Anh sang dugc tao ra trong cac OLED khi mot dién &p thich hop duoc dat vao céac
dién cuc, lam cho céc electron va 16 tréng tai hop trong viing phat xa anh sang
(dién phét quang). Vat liéu emitter dwoc ding phé bién nhat Ia tris nhdm (8-
hydroxyquinoline) (Algs). Thay d6i thanh phan cta cac 16p hitu co chuyén mau
phat xa cia OLED sang viing pho kha kién. Vi du, bang cach pha tap vao Iop Algs
cac phan tir hitu co khac, sy truyén ning lugng tir Algs sang cé4c tap chat dan dén
su phat xa nang luong thip (d6 hon). Tuong tu, cac dich chuyén quan trong trong
budce song dién phat quang co thé dat duoc bang cach diéu khién sé luong va ban
chat hda hoc cua cac phéi tir quinolate trong Algs. Véi nhitng cach tiép can nay,
cac thiét bi véi su phat xa dién phat quang trong viing phé mau dé, xanh Ia cay va
xanh da troi da duoc bao céo.

A typical OLED structure consists of organic layers grown on a glass or plas-tic
substrate to form a multilayer struc-ture about 1000 to 2000 A thick (see Figl).
Small-molecule OLEDs are deposited under vacuum by thermal sublimation,
while polymer-based OLED i Ims are spin-coated and heat-treated. h e sub-strate is
I rst coated with a conduct-ing transparent electrode such as in-dium tin oxide



(ITO), which serves as the anode. h is layer is followed by a hole-transporting
layer (HTL) such as napthylphenylbiphenyl (NPB). An or-ganic light-emitting
layer (EML), such as doped Alg3, is then deposited on the HTL surface. A similar
material is ot en used for the electron-transporting layer (ETL) that is deposited on
the EML surface. h e device is completed by de-positing a low-work-function
metal cathode such as magnesium-silver alloy.

Céu tric OLED dién hinh bao gom cac 16p hitu co duoc phat trién trén dé thay tinh
hodc chat déo dé hinh thanh ciu tric da 16p c6 chiéu day khoang 1000 dén 2000 A
(xem hinh 1). C4&c OLED phan ta nhoé duoc lang tu trong chan khéng bing su
thang hoa nhiét, trong khi d6 cac mang OLED polime dugc phu quay va dugc
nung nhiét. Trudc hét dé duoc phua véi dién cuc trong subt dan dién chang han nhu
oxit thiét indi (ITO), dong vai trd nhu a nét. Tiép theo sau la I6p van chuyén 16
trbng (HTL) chang han nhu napthylphenylbiphenyl (NPB). Mot 16p phat quang
hitu co (EML), chang han nhu dugc pha tap Algs, sau d6 dugc lang tu trén bé mat
HTL. Vat liéu twong ty thuong duoc st dung d6i véi 16p van chuyén electron
(ETL) duoc lang tu trén dé EML. Thiét bi duoc hoan thién bang cach ling tu mot
ca tét kim loai cong thoat thap chang han nhu hop kim magié — bac.

h e optical properties of OLED mate-rials are essentially dependent on their
complex dielectric functions, which are related to the refractive index n and ex-
tinction coei cient k. h e nature and thickness of the organic layers in the OLED
structure can be optimized for ei cient charge migration, recombina-tion, and light
emission.

V& co ban, tinh chat quang hoc cua cac vat liéu OLED phu thudc vao cac ham dién
moi phic ctia chiing, né cé lién quan dén chiét suat n va hé sd tat dan k. Ban chat
va chiéu day cua cac I16p hiru co trong cau tric OLED c6 thé duogc t6i uu hoa theo
su di chuyén dién tich, sy tai hop, va phéat xa anh sang hiéu qua cao.

In routine use
Str dung thuong xuyén

Rel ection and transmission spectropho-tometry is a powerful technique for char-
acterizing the organic-i Im thicknesses and optical constants of multilayer OLED
thin-i Im structures. h e FilmTek 3000 is routinely used for the noncontact opti-cal



characterization of multilayer OLED structures on glass substrates. In one ex-
ample, the rel ection and transmission spectra of single-layer OLED i Ims on glass
are obtained from 240 to 1000 nm (Fig. 2). Analysis of the rel ection and trans-
mission data gives accurate thickness values as well as the refractive index and ex-
tinction coei cients over the same wavelength range (see Fig. 3). h e layer
thicknesses of a multilayer OLED struc-ture on glass can also be de-termined
accurately and si-multaneously (see Fig. 4).

Phép do quang pho phan xa va truyén qua Ia mot ki thuat ¢ hiéu luc dé xac dinh
chiéu day mang hiru co va cac hiang sé quang hoc cta cic cau tric mang mong
OLED da 16p. FilmTek 3000 duoc sir dung thudng xuyén dé xac dinh dic tinh
quang hoc khong tiép xdc cua c4c cau traic OLED da 16p trén cac dé thuy tinh. Vi
du nhu phd phan xa va truyén qua cia cac mang OLED don 16p trén thuy tinh thu
dugc tir 240 dén 1000 nm (Hinh 2). Viéc phan tich dit liéu phan xa va truyén qua
cung cap gia tri chiéu day ciing nhu chiét suat va hé sé tat dan chinh xac trén clng
mot khoang budc séng (xem hinh 3). Chiéu day 16p cua cau trac OLED da 16p trén
thiry tinh ciing c6 thé dugc xac dinh chinh xac va dong thoi (xem hinh 4).

When rel ection and transmission spectro-photometry is used for high-throughput
large-area | at-panel-display applica-tions, large custom stages and small
measurement-spot sizes allow the simul taneous determination of layer thicknesses
and optical properties—key performance metrics in the manufac-ture of OLEDs.

Khi cac phép do quang phd phan xa va truyén qua duoc s dung cho cac tng dung
mang hinh panel phing rong céng suat cao, cic giai doan tly bién 16n va kich
thudt vét do nho cho phép xac dinh dong thoi chiéu day 16p va cac tinh chat quang
hoc —c4c thang bac hiéu ning quan trong trong cdng nghé san xuat OLED.



