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An integrating sphere charge coupled deWiCE€D)-based measurement system has been developed

to accurately characterize the optoelectronic performance of organic polymer light-emitting devices
(PLEDs. By theoretically analyzing a previously developed lens-coupled method and comparing it
with the integrating sphere CCD-based method, we have found that the integrating sphere-based
measurement method provides more stable reliable optical data in comparison with the lens-coupled
measurement method. In addition, we demonstrate that inappropriate calibration of the PLED
measurement system can greatly exaggerate device performanc200®American Institute of
Physics. [DOI: 10.1063/1.1581394

To accurately determine the photoluminesceribé) ment system(Meas. A used in this study, where a CCD
guantum efficiency of organic thin films, an integrating spectrometer is used as a detector. In this case, the fabricated
sphere has been used with a charge coupled dede®) PLED and the optical fiber connected to the CCD spectrom-
spectrometéror a scanning monochromator with a photo- eter are mounted on input and detector ports of the integrat-
multiplier as a detectdr.Both methods consider the photon ing sphere, respectively. As shown in Figa) the whole
energy at each wavelength to avoid any error in calculatiorsystem was calibrated with an irradiance standard lamp
that can be caused by using the average photon energy r@hose irradiance spectral distribution was provided by the
gardless of the broad emission spectrum of organic thiranufacturer. Calibration will produce a set of conversion
films. However, for electroluminescend€L) external quan- curves which convert the CCD response into luminous flux
tum efficiency measurement of organic light-emitting de-and emitted photon density spectral distributions. Details of
vices(OLEDs), a luminance meter was used to first measurehe procedures will be described. Figuré)lshows a lens-
the normal-direction luminance of the device, and then theoupled measurement systeiMeas. B previously devel-

EL spectrum was measured separateBince a luminance oped by our group to characterize PLED performance in
meter is usually calibrated with a large Lambertian lightwhich a convex lens is located between the optical fiber con-
source, it may cause unintentional errors when the same oprected to the CCD spectrometer and the PLED, at two focal
tical coupling method used for calibration is applied to meajengths from each side. The calibration method of the CCD
surement of the optical properties of small OLEDs. Althoughspectrometer for the lens-coupled measurement system is
the error can be reduced if a specially designed luminancglso shown in Fig. (b). Initially the radiance spectral distri-
probe is used to narrow the actual measurement area of thftion of the light source was used to produce the conversion
light source, the size and location of OLEDs with respect tocurves? However, since it is the total irradiance flux spectral
the probe end still need to be carefully selected. In our |ab0distributi0n that actua”y Coup|es the ||ght source to the op-
ratory, to avoid unintentional measurement errors due to thgcal system, the radiance-based calibration method can cause
rather small size of the OLEDs and to accurately characterizgnintentional exaggerated device performahtherefore, in

the optical properties of the device, we developed an intethis Note, we provide a modified calibration method for the
grating sphere-based measurement system, in which a phms-coupled measurement system to avoid any calculation
todiode was initially used.In this Note, we report organic errors, and it is described next. In addition, by analyzing the
polymer light-emitting devicéPLED) data measured with an measured optoelectronic PLED data based on two different

improved measurement system based on an integratinglipration methods, we show how inappropriate calibration
sphere and a CCD spectrometer that provides stable, accuraign affect device performance.

radiometric and photometric data such as the luminous flux,  As shown in Fig. 1a), the PLED to be tested is mounted

luminance, and external EL quantum efficiency of OLEDS.qp the input port of the integrating sphere. In this method, we
We also compare lens-coupled and integrating sphere-based, only measure the CCD spectral respoftsints/s nm
measurement methods and discuss a possible unintentionghyt corresponds to the total amount of light coming into the
error that can be caused by inappropriate calibration of th?ntegrating sphere from the mounted PLED. However, in or-
measurement system. _ der to obtain the radiant flux spectral distributiow/nm)
Figure Xa) shows the integrating sphere-based measureyom this CCD spectral response, we need to first know the
relationship between them, which can be expressed by ap-
dElectronic mail: yongtaek@engin.umich.edu propriate conversion curves after the measurement system is
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FIG. 1. Schematics ofd) an integrating sphere-based measurement system & & -
(Meas. A and its calibration method an(h) a lens-coupled measurement *3 E 41 4
system(Meas. B and its calibration method. A CCD-based spectrometer 8 ‘-_:,
was used as a detector for both methods. An irradiance standard lamp and a 8 21 B
Labsphere uniform light sourcéRef. 4 are used as a calibration standard 8 =
light source for Meas. A and Meas. B, respectively. O OF (C)
c M T T T 1 Ll M | 2 *
. . . , L 7 6 o
calibrated with a standard light source. Now details of the @ & i - =
calibration procedure are described. As shown in Fig), “E’ § 4t m < ;:?-
standard irradiance lamp is used, whose irradiance spectral 3 £ ! 1 § g‘
distribution(W/nm cn?) 50 cm from the lamp is provided by X g 21 \ 1" 3 o
the lamp’s manufacturer. These data are denoted as lamp i 3 LN -] § S
irradiance in Fig. 2a). To calibrate the whole system, we put g e Of S (d) 2 §
. . _ c a;_ P SR | ' TR T 1 0 — @
fche standard lamp 50_cm _from the input pqrt of the integrat €% 300 400 500 600 700 800 900 S
ing sphere as shown in Fig(d. The photopic eye response R

curve, also included in Fig.(8), converts radiometric data to Wavelength [nm]

photomgtrjc data, and weights the radiant flux to match ththG. 2. Procedure for calibration of the integrating sphere-based measure-
responsivity of the human eye over various wavelen§ths.ment systemta) irradiance of the standard lamp and photopic eye response,
Since the irradiance of the standard lamp is radiant flux pefb) optical power and luminous flux spectral distribution calculated by con-
unit area, we can produce the total radiant flux through th&dering the input port sizél.27 cm diam and photopic eye response)

. . i R measured CCD raw response, gdyi conversion curves extracted frofi)
input port of the integrating sphere by multiplying the area ofanq (q).

input port(1.27 cm diam by the irradiance response, which

is denoted as radiant flux in Fig(t9. Figure 2Zb) also in-  process in which the lens effect of the PLED measurement
cludes the luminous flux from the standard lamp through theystem was considered, the initial method can lead to unin-
input port obtained by multiplying the calculated radiant flux tentional exaggerated device performansiace the limited

by the photopic eye response curve. Then, we measure thgceptance angles of the optical fiber and the lens optic can
CCD spectral response for a standard lamp, which is showje ysed inappropriately in the radiance-based calibration
in Fig. 2(c). When we divide the radiant flux and luminous method. Therefore, we further analyzed our previous method
flux by the CCD spectral response, conversion curves can b@y considering the acceptance ang€12.7°) and area
obtained, shown in Flg(ﬂ), which Change the CCD Spectral (Sfiber~4-27>< 106 m2) of the optical fiber bundle USE(d.36
response to_the radi_ometric and photometric data. In Figgpers with 200um diam shown in Fig. 1b). This improved
2(d), the radiant flux is converted to the photon number bymethod is summarized as follows, where the total irradiance
considering the photon energy at each wavelength. Thergnx spectral distribution from the light source to the optical

fore, by multiplying the conversion curves by the CCD spec-fiper was used throughout the whole calibration procedure
tral response measured for PLED light emission, we can digjrradiance flux-based calibration method

rectly calculate the desired photometric and radiometric

spectral distribution of the device. (@ Calculate the total irradiance flux spectral distribution
A similar conversion procedure for the lens-coupled (Esourcd Coupled to the optical fiber bundle by consid-

measurement system was udethe initial approach to pro- ering the acceptance angle and area of the optical fiber

duce conversion curves was radiance-based calibration of the ~ bundle used.

measurement system, where the radiance spectral distribu-  Esource RsourceX 7 X (SiN62)°X Siper )

tion (W/srnmnf) of the light source used was used as a whereRg,, IS the radiance spectral distribution of the

fundamental optical quantity. However, during the postdata light source’
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The effects of these two different calibration methods on

— 10°+ 6V;26.1 mPZ"C’"z nl s (2) 10° PLED opto electronic performance will be discussed further
% @100°d/m\.“ ;5 - by analyzing the PLED performance data next.
E 10'[3Vi22mAem’ L m ; B {10 g To evaluate two measurement systems and two calibra-
= @1cam’ " 3 tion methods for the lens-coupled measurement system, we
'g 10l _- o aloos) | 410" 3 measured and compared the PLED optoelectronic perfor-
8 -——® o Ca(150 A) % mance. As a reference, we measured the PLED with a pre-
€ 107 . G LEL (900 A) 10° & viously developed measurement systgvteas. Ref3 Figure
g HIL (A 3, 3(a) shows luminance—current density—voltage applied char-
a3 102, TR Plastic substrate || 10" acteristics of the fabricated PLED. The PLEDs used in this
0 2 4 6 8 10 study were fabricated on the plastic substrates shown in the
Applied Voltage [V] inset of Fig. 3a). The plastic substrates were cleaned in an
ultrasonic bath of isopropanol before polymer deposition.
: . — . 15 Then, a hole transport layéHTL) (~500 A) and a light-
10°) Meas. ief A? .p{'b) % emissive layer(LEL) (~900 A) were consecutively spin
— . M::: B-Rad 3 iom {12 g coated on. Poly9,9-dioctylfluorene-cdN, N'-di(pheny)-N,
E  lv Meas Birrad® | @& - 18 N’ di (3-carboxyphenylbenziding (BFA) and red emissive
§ 10°F ? A lg ECD poly (fluoreng copolymer were used in DMF and xylene
g "v ' o solvents for the HTL and LEL polymers, respectively. A cal-
€ 10"t . ls s’ cium (~150 A) and aluminum(~2000 A) bilayer cathode
g - ' m was thermally evaporated without interruption through
3 10°L - c_? shadow masks under high vacuum 10 © Torr) at a rate of
- : P 13 ) 1 and 5 A/s, respectively. All device fabrication and mea-
4 ™ g /O o o© é surement were performed under ambient conditions. Turn-on
10 1 1'0 160 0 pe: voltage and current density of 3 V and 2.2 mAfnespec-

C t Density [mA/cm? tively, are obtained, which are defined at luminance of 1
urrent Density [mA/cm’] cd/n?. At 100 cd/nf, the driving voltage and current density
FIG. 3. (@ Current density and luminance vs voltage applied for PLEDs &€ 6 v _and 26.1 mA/Cfm respectively. The emission/power
fabricated on flexible plastic substrates, which are measured with a measurefficiencies of the device are-0.4 cd/A and~0.2 Im/W,
ment system based on an integrating sphere and a photodetector. The St”ﬂéspectively but are not shown in this Note.
ture of the PLED used in this study is also includéo). Luminance and Ei ?lb) h the | . d t | t
external quantum efficiency vs current density characteristics of different |gure shows the Ummance. and ex em‘? qua” um
measurement methods, where Meas. B-Rad, and Meas. B-Irrad represe@fficiencies versus the current density characteristics of the
results from a Iens—_coup_led measurement method with radiance-and irradfabricated PLEDs, which were measured with a different
ance flux-based calibrations, respectively. system and using different calibration conversion curves.
When the integrating sphere is used with a photodiode
(Meas. Ref and with a CCD spectrometéMeas. A, the
(b) Measure the CCD spectral response that corresponds [ ¢ red resultésquares and circlesshow consistent de-
the radiance spectral distributi¢or the calculated total vice performance. When the lens-coupled method with the
irradiance flux spectral distributipmf the light source. radiance-based calibration curv@deas. B-Ratlis used, the
© Exltract convetr)suz)n crt:rves bly_ dlvc;(_jmg thﬂe cCb Spelc'results (triangles show exaggerated device performance.
tral response(b) by the total iradiance flux spectra This exaggeration occurs because of inappropriate calibra-

distribution (a). tion of the measurement system. However, when the irradi-

(d) Megsqre th_e CCD spectral response for PLED Iightance flux-based calibration method is ugbtkas. B-lrrad,
emission with the lens-coupled measurement system.

- ’ - 2r2"=the measurement resulténverted triangles show good
(e) Calculate the total irradiance flux spgctral d!Str,'bUt'onagreement with the results obtained from Meas. Ref and
(EPL,ED) 'that corresponds to PLED light emission by yja5q. A, and only slight deviation. This observed deviation
multiplying the measured CCD spectral respofthdy  ig rejated to the unit alignment between the light-emitting
the conversion curves extrgct(acc). ... .. source, the lens, and the optical fiber connected to the CCD
(f) Calculate the PLED radiance spectral dIStrIbUtlonspectrometer during measurement system calibration and de-

(Reieo) by considering the acceptance angle of the,; o neasyrement. In comparing the measurement results be-

lens-coupled measurgme_nt system,- where the aCCeRieen Meas. B-Rad and Meas. B-Irrad, we conclude that
tance a_ngI¢01~11.3 in Fig. 1b)] defined by the lens inappropriate calibration can cause unintentional exaggera-
determines the acceptance angle of the whole measurgo ot gevice performance by up to 10-fold. Therefore,

i 7
ment system since; < 6,. when any optical measurement system is calibrated, appro-

RoL£p= _EPLES . ) priate optical data should be considered .for accgrate mea-

X (SIN 61)"X Siper surement. Also, based on our results, an integrating sphere-

(g) Calculate the photometric and radiometric data ofbased measurement system shows more reliable consistent
PLED from theRp gp obtained. measurement results.
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