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Abstract. We present new optoelectronic results upon refunction metal 2.9 eV with calcium) is used at the cathode,
alization of organic light-emitting diodes obtained in sand-whereas the substrate is an indium-tin-oxide (ITO)-coated
wiched structures (ITQAIg3/Ca/Al) with an original meth- glass allocating a high work-functiod.g eV with ITO) to

od for organic (Alg3) thin film deposition: the ion-beam- the anode. The ITO layer is approximat@90 nmin thick-
assisted deposition (IBAD). We compare the effects of variness and its squared resistancéds/[J. The calcium cathode
ous ion types: inertions such as helium and argon, chemicallg realized by physical vapor deposition under a secondary
active ions such as iodine (halogens that can acRdaping  vacuum; in order to prevent a possible oxidation, an alu-
in organic materials). We demonstrate that helium ion-beamminium layer is deposited on the top of this calcium layer.
assistanceE = 100 eV, j = 100 nA/cnP) realized on the an- Calcium and aluminium films have, respectivélg0 nmand

ode side leads to enhanced luminance and quantum efficiene®0 nmin thickness; the mask used for the calcium evapo-
(ten times higher with respect to virgin layer) whereas argomation determines the light-emitting diode sizenfn?). The
always produces bad effects. lodine ion beam also inducesganic luminescent material is a fluorescent chelate com-
beneficial effects we attribute to an improvement of the holglex: the tris (8-hydroxyquinoline) aluminium (Alg3) with

injection and to an increase of tRetype conductivity. a band gap aroun2i4 eV and an ionization potential equal to
5.9 eV [9]. Many authors have used this molecular material
PACS: 81.15.Hi; 85.60.Jb; 42.70.Jk in order to obtain a green-color light from emitting struc-

tures [1, 10]. The weak molecular weight of the Alg3 allows

a deposition by thermal evaporation we realized under a sec-
In recent years, numerous studies have been realized in thadary vacuum¥0-® mbaj; the thickness of the deposited
field of organic light-emitting diodes because their potentialayer (75 nim) is accurately determined with a quartz balance.
application to flat-panel displays [1-3]. Usually, the device The IBAD system combines simultaneously vapor film
structure consists of a luminescent layer sandwiched betweeleposition and bombardment with an independently con-
charge-injecting electrodes. In order to increase the internalolled ion-beam: Fig. 2. The boat used for the thermal de-
quantum efficiency, some authors have inserted hole and elegesition is laid in a perpendicular direction to the substrate
tron transporting layers between the two metallic contacts angnd the angle between the evaporated beam and the ion-beam
the organic layer [4—6]. With these multilayer structures, thds 45°. This ion-beam is produced by a low-energy accelera-
optoelectronic properties of the devices are improved.

Recently we have realized light-emitting diodes with a de-

position process only used with the inorganic materials until
now (ion-beam-assisted deposition: IBAD) [7]. Initially, we
used an iodine ion-beam in order to assist the organic layer
deposition; then we obtained a tenfold improvement in ef- s
ficiency [8]. As a function of the ion types: helium, argon, -( Vapp
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and iodine ions (which exhibit various ion masses and various
chemical properties), we present in this paper new optoelec-
tronic properties obtained with this process (IBAD). GLAS K ooV
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The organic light-emitting diodes have a typical sandwiched - i
structure (Fig. 1). For efficient electron injection, a low-work- Fig. 1. Structure of an IT@AIg3/Ca/Al light emitting diode
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cisely, this uniform and parallel beam with selected ions is

obtained by way of a & B mass separator (Wien filter),
Substrate a neutral beam trap, and a doub{&-sweeping system; a de-
celerating lens allows operation in the wide energy range
10-30 keV; the sputtering of this lens is limited by its geo-

ion beam metrical shape (cylinder coaxial with the parallel ion-beam so
—_— Quart that the ion-beam cannot collide with the lens significantly).
) baLianch The ions used for this study are helium, argon, and iodine; the

first two are chemically inactive and they do not affect the or-
ganic material conductivity, whereas iodine is considered as
aP-type doping ion. Thus, it can induce an electrical property
modification of the Alq3 considered ad\atype material.
Various optoelectronic characterizations are realized on
the electroluminescent structures. The emission spectra are
\Themal deposition measured with a Zeiss MQ_B monochromator coupled with
a Hamamatsu photomultiplicator (R-636 type) with a flat
Fig. 2. Scheme of the ion-beam-assisted deposition system spectral response on a large wavelength s&06800 nnj.
The dark current, luminance, and internal quantum efficiency
measurements are obtained with a large-area photodiode
tor (Fig. 3a) with a similar configuration to the one described100 mn?) coupled with a Keithleyl 75 multimeterand with
elsewhere [11]. As for us, to obtain low ion energy with a Keithley 617 electrometer. All optoelectronic characteriza-
a sufficiently high current density, we utilized an electrontions are realized under a primary vaculn(10~* mbaj in
cyclotron resonance (ECR) source brought up to a voltagerder to prevent the calcium oxidation.
that determines the ion energy; the basic theory of such an
ion source is based on the resonance condition which as-
sumes the energy transfer between the electromagnetic fieid
and electron: this occurs when the electron undergoes pré-
cisely one circular orbitin one period of the applied field [12];
the electromagnetic field is produced b¥@&GHz microwave
enerator and the magnetic field500 Gausgsrequired to . .
gbtain the resonance Egzondition igodeliver?a)?j b(g/ permanerftl Computer simulation
magnets [13]. With supply voltages of the beam transport
components described in Fig. 3b, we finally obtain in theThe general trend in IBAD is to use a low-energy ion beam
chamber a uniform parallel beam with ion energy containedh the50-500 eVrange. In this energy range nuclear stopping
betweenl0 eV and 30 keV and a current density as high as power (involving elastic collisions) is assumed to play the
100 nA/cn? we measured with a Faraday cup. More pre-major contribution in energy transfer between the impinging

Computer simulation of stopping power and
sputtering yield of helium, argon, and iodine ions in
Alg3; expected effects of the IBAD process
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ions and the atoms of the target, so that sputtering of the tar-
get atoms is unlikely to be neglected. According to Smidt [14]
a sputtering yield (number of atoms ejected from the surface
per incident ion) lower thad atonyion is desirable in order
to prevent the film growth-rate limitation.

So a computer simulation of the sputtering yield of he-£

4.00E+01

m)

lium, argon, and iodine ions in Alg3 was carried out with £ 2soes01 |

the Monte Carlo program SRIM2000, a new version ofs
TRIM [15]. This program is based on the binary collision £

approximation (BCA) and is suitable to explain the maing 1soeso1

phenomena involved in the ion—target interaction (recoilsg
replacements, and vacancies of atoms, phonon distributios,

ion backscattering) provided the ion energy is not lower sgoes00 |

than 100 eV (for lower energies the BCA breaks down due
to multiparticle interactions [16,17]). The energy range of 0.00E+00
the incident ions was varying frorh00 eV to 30 keV and
the incidence angle of the ion-beam w&s in order to re-
spect the experimental configuration. Each sputtering yielﬁ

L= X X 2 Al
for a given ion energy was determined with a 2000-incident- a8
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Various ion-AlQ; stopping powers versus ion energy
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ig. 5. Stopping powers of helium, argon, and iodine ions versus ion energy

ion averaging.

Figures 4 and 5 show the sputtering yield and the stopping0~2 atonryion at 100 eV, respectively). Obviously the sput-
powers of the three above-mentioned ions versus ion energgring yield amplitude of both ions forbids their use for IBAD
Since the binary collision process is mainly dependent on thprocess at energies abd@0 eV. For the helium ions, which
ion/atom mass ratio, preferential sputtering occurs in the cagaresent a low iofatom mass ratio, the sputtering yield re-
of a polyatomic target. In the case of Alg3 the higher sputtermains low for the whole energy range and would not be
ing yield is obtained for the carbon atoms (although hydrogern cause of limitation of the IBAD process. Moreover these lat-

sputtering was not negligible in the case ldf0-eV helium

ter sputtering yields must be seriously minimized because of

ions). Only sputtering yields of carbon atoms are presented ithe great amount of backscattered helium ions at low energy
Fig. 4 for better clarity. Since higher energies give too highlaround20% at100 eVwhereas no noteworthy backscattering
a sputtering yield (higher than 1) for IBAD process, the enwas noticed in the case of argon and iodine ions).

ergy range presented in this figure is limited fra®0 eVto

5keV.

On the other hand these simulations do not take into ac-
count any chemical effect of the ions and the BCA model

As expected, the same trends in amplitude and shape teats only ion—atom collisions. These results only give an en-
the two sets of curves clearly demonstrate that sputteringrgy domain where the IBAD process can be used.
yield is mainly governed by the nuclear stopping power of
ions in the material. The crossing point of both argon and io-
dine stopping power and sputtering yield curves below th@.2 Expected effects of the IBAD process
keV range (due to the reduced mass effect [15], the max-
imum nuclear stopping power happens at a higher energy faro improve organic light-emitting diodes (OLEDSs), gener-
a higher ion—atom mass ratio) can be pointed out, so thatly a multilayer structure is built in order to increase hole—
for the lowest energies the sputtering yield of iodine will electron recombinations. In our case, as Alg3 is an ETL

be unambiguously lower than the argon ofiés & 102 and

Sputtering yield of carbon atoms in Alg3 versus ion energy
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(electron transport layer), a HTL (hole transport layer) is
deposited on the anode side for hole injection. Until then,
a chemical way was used to realize HTL [10]: for example,
a layer of TPD (tetraphenyldiamine) or of P30T (poly-3-
octylthiophene, which is B-type conducting polymer) can be
deposited on the anode side.

In a novel way, we have studied a physical way based
on the ion-beam effects to reinforce carrier injection and
hole—electron recombination. The first results obtained in our
laboratory with the IBAD technique and iodine ions have
shown beneficial effects on the Alg3 electroluminescent prop-
erties [8,18]. For this present study, we have assisted the
organic material deposition on different thickness with vari-
ous ion types. The geometrical origin of the layers is taken
on the top of the ITO layer and as described in Fig. 6, we
consider three area®-25nm (area 1),25-50 nm (area 2),
50-75 nm (area 3), each of them being “assisted” or “non-
assisted” as mentioned below for each experiment. Neverthe-
less, the Alg3 deposition is continuously realized (“assisted”

Fig. 4. Sputtering yield of carbon atoms in Alg3 versus ion energy for l2y€r and “non-assisted” [or virgin] layer) in the chamber un-

helium, argon, and iodine ions

til the desired final thicknessr nm is reached (in order
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to avoid the interface effects between the “assisted” and the filling the voids (modeling of Muller [23]). The structural
“virgin” layer). On the various curves we shall present, the effect (with an enhancement of the volume densification)
meaning of the captions is as follow: on the resistivity results from the general decrease in grain
* 0 - 25nm sample (structure [1]) obtained with assis- size for bombardment-modified films: due to increased
tance on area 10(-25 nn, while areas 2 and 3 are unas- scattering at grain boundaries, the resulting resistivity is

sisted. generally increased [24].
* 0 — 50 nm sample (structure [2]) obtained with assis- — Effects 3: Following the interactions ions — substrate, two
tance on areas 1 and @25 nmand25-50 nm that is to defect types can appear:
say0-50 nn) while area 3 is unassisted. e 3a: Bond breakdowns can be produced inside the
* 0 — 75nm sample (structure [3]) obtained with assis- layer with generation of dangling bonds which can
tance on areas 1, 2, and 85nm 25-50 nm and act as non-radiative recombination centers (the lumi-
50-75 nm that is to say0—75 nm). nescence is then quenched as we demonstrate during
First time, the ion-beam parameters are chosen from the 19N implantation of conducting polymers [25]); fur-
laboratory experience in the field of the ion-beam process thermore, dangling bonds [26] can be associated with
and in agreement with the energy selected by Kyokane et ~localized states: in the vicinity of the cathode, these
al. [19, 20]; typically we used: ion enerds — 100 eV, ion- states can trap electrons and redupe 'ghe|r injection.
beam current density; = 100 nA/cn?, assistance duration e 3b: Incoming ions can be trapped inside the layer and
t =120 s In the last section, we will present results as a func- then act as exciton traps.
tion of the ion-energy which will justify this preliminary ion- — Effect 4: Electrical dopping with a reinforcement of the
energy choice. current density produced by charge transfer between in-

With regard to the specific film properties generated by terstitial ions (akali or halogen) and organic molecules (or
deposited ions we can consider they are issued from the fol- polymers) [27].
lowing competitive effects: — Effect 5. Optical dopping generated by ions with spe-

— Effect 1: Effect of ion bombardment on nucleation and ~ Cific optical properties (such as lanthanides [28] which
early stages of growth of thin films [14], which is an in- can emit in the infrared (erbium), in the red (europium), in

terface (ITQAIg3) effect; there are not clearly defined the green (terbiumy...).
trends since in some cases nucleation is enhanced and

island size decreases, and in some cases the number of nu-

clei is reduced and island growth is accelerated. In fact3 Results at a given energyl(00 e\) and discussion

enhanced adatom mobility is frequently cited as a factor

in IBAD that would influence nucleation and growth pro- 3.1 IBAD with a helium-ion beam

cesses. As a result, we can consider we obtain a limitation
of the porosity number at the interface between the subthe layout of the electroluminescence spectra with different
strate (ITO in our case) and the deposited film with anstructures shows that the use of a helium-ion beam in order to
increase of the specific surface between the substrate aadsist the luminescent layer deposition has no sensitive influ-
the film: an enhancement of the hole injection is then exence on the wavelength emission (Fig. 7) and is unconnected
pected at the ITO anode. with the assisted zone thickness: the emitted light is clearly
— Effect 2: Effect of ion-beam-assisted deposition on mi-isible and always exhibits a green colarx changes be-
crostructure of thin films [14] which is a bulk effect; tween 530 and50 nn). The structure obtained with an ion-
microstructural modifications produced by IBAD is the beam assistance on the whole thickness(@5 nm) does not
densification of zone 1 (associated with numerous porosproduce enough luminance to be detected by the photomul-
ties in the Movchan and Demchishin [21] representationjiplier after its crossing through the monochromator (and the
of the Thornton model [22], as a result of knock-on atomsspectrum is not drawn in Fig. 7). Finally, it seems therefore
that the use of a helium ion-beam does not modify the Alg3
gap.

The variations of the dark current)(as a function of the
applied voltage Y) on the structures are shown on the in-
Calcium set of Fig. 8. We can observe that the use of an ion-beam

to assist the Alg3 layer deposition induces a displacement
50-75 “%' 0= 75nm of the threshold voltage and the structure seems to become
i more resistive. This evolution is all the more important as the
25-50 n%x

Aluminium

Alg3 0> 50nm assisted-zone thickness is great and can be weI_I explained by
i effect 2 of the IBAD process; the current density governed
0-25 m% 0>25nm by the majority carriers (electrons) decreases when the IBAD
YVY 0 process is applied: then electron traps are probably generated
ITO in the ion-beam-assisted layer.
The layout of thd. = f(V) characteristicsl(: luminance)
Fho sacmarce o eanls e sasare 3 e etrae ! 23 stucture demonsirates the helium ion-beam effect
assigtuanizson the area—9 25 nm structure 2 ’is obtained with assistance ps very beneficial Wheﬂ the aSSISted. Zone s contalneql be-
on the area 8> 50 nm structure 3 is obtained with assistance on the areaW€€N O and25nm (Fig. 8): the luminance becomes five
0— 75nm times higher than with the virgin structure. If the thickness
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Fig. 7. Electroluminescence spectra of LEDs realized with helium IBAD  Fig. 9. n = f(V) characteristics of LEDs realized with helium IBAD

600

bility in the assisted zone. Indeed, the electron mobility can

500 ] *;"’9‘”25 be estimated to a lower value in the assisted area insofar
—a— (0 --> nm
d ,‘"\\( + 0550 m as we can assume that the IBAD process generates numer-
400 45 /‘ L Le075m ous electron traps located under the lelzglof the LUMO
,

band (probably aroun@.3 eV under E; [10]): if n; and n;

are the density of the trapped and of the free electrons, re-
spectively, then the mobility is the effective mobilifyes

with a same form as in the case of the TCL current (trapped
charge-limitted current [8])utest = O s < s, Whereus is

the mobility of the free electrons (without electron traps)
andé, = (n;/ (ny+n¢)) so thatd, < 1. Finally a shift of the
recombination zone towards the center of the OLED (compa-

300 -

Luminance (cd/m?)

0 5 10 15 20 25 30 35 40 45

Voltage (V) rable to a two-layer OLED) can be produced, with a recombi-
Fig. 8. L = f(V) characteristics of LEDs realized with helium IBADiset nation rate enhancement. .
I = f(V) characteristics Furthermore, the quantum efficiency decreases as the

thickness of the assisted zone increases: the hypothesis
about the molecular material modifications (effect 3) can

of the assisted zone increases, the luminance decreases a&nglain this quantum efficiency decreasing; moreover, too
values obtained with a completely assisted Alg3 layer argreat a shift of the confinement area towards the cathode
weaker than those obtained with a virgin structure. So, in thean also explain this decrease because the hole diffusion
case of structure 1 (assisted on the area @5 nn), we can  length & 35 nm[10]) is too short to allow the holes to reach
think that effect 1 becomes predominant in relation to othethe confinement area (localized aros@inmin the case of
effects with an increase of hole injection: as the minoritystructure 2 because electrons are confined as soon as they
carriers (holes in the present case) govern the radiative reeach the area of low mobility); in the case of structure 3 this
combinations (that is to say exciton production) an enhancesonfinement zone is nearly suppressed.
ment of hole (minority carriers) injection induces a luminance Finally, with respect to a structure obtained without as-
increase. sistance, this study with helium-ion-beam assistance of the

On the contrary, the ion-beam has a negative effect oemitting layer leads to enhanced optoelectronic properties
the luminance of structures obtained with a greater assistathen this assistance is confined to the first area (struc-
thickness (structures 2 and 3); so, we can consider that efire 1). It is interesting to note that the beneficial ion effect
fects 3 produced in the bulk of the film then becomes the mosibserved here (effect 1), is obtained in an indirect man-
extensive, with too great a decrease of the current density aser (modification at the interface of the Alg3 layer struc-
sociated with electrons (majority carriers): Figs. 8 and 9 oture) because the direct ion effect (chemical ion effects: ef-
the 0-50 nmand0-75 nmassisted structures. Neverthelessfect 4) cannot exist with these inert ions (helium). As a re-
effect 3b is limited by the helium-ion backscattering whichmark, we have verified that helium ion-beam treatment only
becomes large because the helium-ion mass is small with réscated on the ITO anode does not produce a beneficial
spect to the Alq3 molecules. effect, so that we can affirm that beneficial effects actu-

Figure 9 shows the evolution of the internal quantum efally occur near the interface during the deposition of the
ficiency (7) according to the applied voltage. High efficiency first helium-beam-assisted monolayers. A complementary hy-
improvement of the structure [1] in comparison with a virginpothesis to the beneficial effect 1 could be to suppose that
structure can be attributed to the positive effect 1 again. Anhelium assistance just induces a suitdbtype character (de-
other contribution to the quantum efficiency increase wouldects inducing hole generation) which becomes modified with
be the generation of an electron confinement zone localizeuigher ion-beam parameter (energy, current density, ion size):
near the interface of the assisted—unassisted area, becauserthmerous localized states then induce too low a mobility
ion bombardment can induce a decrease of the electron monductivity) [27].
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3.2 IBAD with an argon-ion beam o0

80 — Virgin

—=—0-->25nm 3
Alg3 electroluminescent structures have now been realized7o { |« 0->50nm
with an ion-beam assistance with argon which is also a chem-4, 1 |-=-0->75nm i
ically inert element. However, because of its greater mass

than helium, argon ions exhibit a decrease of the backscag-"

tering phenomenon as was noticed in Sect. 2; then therg#

can appear inside the electroluminescent layer a more -0

portant number of trapped atoms or ions issued from the
argon-beam assistance. Parameters of the ion beam are iden-

tical to those used with the helium-ion-beaf & 100¢eV, 10
J =100 nA/cn?, t = 1209 and this study is also realized o+ !
according to the assisted-zone thickness. 0 5 oo B8 30 3% 40 48

. L. . Voltage (V)
Electroluminescence spectra of virgin and argon-ion-_ e . .
.11. L = f(V) characteristics of LEDs realized with argon IBADset

beam-assisted structures are similar: the spectrum shape fé? £V characteristi
mains the same with a peak close545 nm(Fig. 10). With = (V) characteristics
the argon beam as well as with the helium beam, the gap of

the luminescent material is not modified by the IBAD tech- | . ) ) L
nique. soning. The efficiency obtained with a small-mass ion is close

The inset of Fig. 11 shows the layout of the different!0 1%, whereas efficiency calculated with a greater ion mass
| = f(V) characteristics of the diodes with an increase ofS @round the internal quantum efficiency of a virgin structure
the resistivity as a function of the assisted thickness: with afP-06%, with an increase of the operating voltage in the case
ion-beam-assistance on the whole thickness (or on the ar@4argon-assisted deposition). o
0-50 nm), the value of the dark current is always lower than  Finally, we can conclude that the use of an inert ion-
10 A even when the applied electrical field is more thanP€am in order to assist the luminescent material deposition
108 V/m. has several effects according to the ion mass. Suitable inert

On Fig. 11 we notice that the argon-ion-beam-assistand@n-Peams favor the Alq3 layer densification and hole injec-
is always prejudicial to the obtained luminances. Luminanc&©n with an improvement of luminance and internal quantum
of the structure 1 (assistance on the ae&5 nn) is four gfﬂmency of the organic Ilght—emltt]r)g d|odes: Never}heless,
times smaller than with a virgin structure; this very weak ob-t IS necessary to use this deposition technique with some
served luminance (for structures 2 andL3,.= 0.5cd/m? ~ Precautions: extreme assistance parameters (ion mass is one
and Lmax = 0.25 cg/m?, respectively) proves that the radia- of the most sensitive parameters) reduce the beneficial ef-
tive recombination number is strongly limited in relation to fCts (effect 1) and enhance the resistivity (effect 2) as well
only negative effects induced by the argon-ion-beam: as the negative effect (effect 3). Then the threshold voltage
* near the ITO interface, effect 1 is perhaps limitet ( is increased and a diminution of the radiative recombination

; X ; : . humber is induced: the ion-beam effect on the luminescence
inclusions at the interface) with a decrease of the hole ingacomes negative.

jection in argon-assisted layer.

* the negative effect 3 is very important with a reinforce-
ment of the generation of defects (structural defect® 3 |BAD with an iodine ion-beam
and also impurity defects associated with the low ar-

gon backscattering) that act as quenching sites inside thg,e first experiments we realized by the IBAD technique

layers. were obtained with an iodine ion-beam [8, 18] and we showed

The comparative study of the internal quantum efficiencythat the assistance with100-eV iodine-ion energy leads to
according to the inertion mass (Fig. 12) follows the same reaa tenfold improvement in internal quantum efficiency. lodine

T — Virgin 14 — Virgin
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Fig. 10. Electroluminescence spectra of LEDs realized with argon IBAD  Fig. 12.lon mass influence on the= f(V) characteristics
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has an atomic mass three times greater than the argon and tifeyenerated excitons in this zone. Therefore, we think that ra-
previous study has allowed us to point out the influence ofliative recombinations can be enhanced by two effects with
the ion mass on the Alg3 deposition. Nevertheless, the resulisdine-ion assistance:

obtained with iodine (which can also act a®4ype chem-  * 3 densification of the arez5-50 nm(effect 2) which then
ical doplng) seems !:O contradict the result.s obtalngd with an contains fewer traps (oxygen) which act as non-radiative
argon-ion beam. This paradox can be easily explained by the centers;

SRIM2000 simulations: for 400-€V ion-beam energy, the * an increase of the hole number obtained by effect 4
mean transferred energy to a carbon atom will be in the order (p-type chemical doping induced by iodine): in virgin
of 30, 20, andL5 eV/atomfor argon, helium, and iodineions,  A|g3, the weak hole number is one of the restrictive fac-
respectively, so that damage caused by the argon beam are ex-tors of the luminance.

pected to be greater than those caused by the iodine beaml-

may be also notice_abl_e that this tr ansferred'energy .Wi" be o isted structure. The good results obtained with these struc-
the same order for iodine and helium. So, with the aim of dey

ning the infl  the ion dobpi p ures indicate that the negative effects (influence of extinction
termining the influence of the lon doping effect, we Now coM-gjie |inked to defects: iodine atoms inserted in the material,
pare results obtained with helium ions and with iodine ions¢, - ey ample) are less extensive than the positive effects in-
Parameters chj :{he fn}peam ?jre th?} .Sadme ?%th&el%%lrr\llum Riticed by the chemically active ion-beam; indeed, as Alg3
rameters used for the first study with lodine €V: is a n-type layer (because aluminium atom withdraws the
J =50nA/cn?, t = 609, with the assisted zone contained ype layer (

; ) . - ) electrons of the ligands and increases the electron affinity as
between 25 an80 nm(Fig. 6). As with chemically inert ions, 9 y

he iodine ion b d dify the el lumi cyano substituent on the PPV chain [31]), iodine atoms lo-
the iodine ion beam does not modify the electroluminescencg,e j in interstitial sites can induc®dype doping by charge

spectra significantly [8] and therefore it appears that the i0g 5 sfer as explained during electrical doping of conducting
dine doping character does not alter the Alg3 gap. polymers [27]: then the hole transport across the ion-beam-

h Orr1] tlf:jel " f(V) C%araCteé'St!fﬁj[ﬁh? d|s§If_?cemt(a_nt of thessisted layer is easier and the luminance as well as the inter-
reshold voltage is observed with the two differentions; nevy /"1 antum efficiency are improved.

g . X X -'hal
ertheless, it is less important when the assistance is reallzeg So, the layout of the internal quantum efficiency of the
with an iodine ion-beam (Fig. 13). It seems therefore that they, oyjres shows that the assistance of the iodine ion-beam is

Alg3 layer deposited with an ion-beam exhibits various eIecbeneﬁcial (inset Fig. 14). The value of this parameter is multi-

trical properties according to whether the ion is chemicall;gied by a factor 10 with halogen6.6%) whereas the internal
[

fe luminance is thus improved in comparison with an unas-

active or inert. With iodine, negative effects such as damaggantim efficiency of an assisted structure with the helium

(effect 3a assumed to be of the same order as with heliu n-beam on this zone is slightly weak&45%); this result

!03.5) e}ndl also qcljJenchlng trali)_s d(asstc))makted with nume_ml{:%nfirms the hypothesis formulated with the other optoelec-
iodine inclusions due to a small iodine backscattering rate: e fonic characteristics.

fect 3b) can be compensated by another phenomenon linke
to the doping character of the ion (effect 4) which induces
an increase of the hole transport and an enhancement of the Results versus ion energy

material conductivity.

The luminance obtained with the assistance of a heliumll these experiments have been made with an ion-beam en-
ion-beam on the zone 25 ®0 nmis equal t0120cdm?,  ergy of 100 eVaccording to the earlier works of Kyokane et
whereas the use of the iodine ion-beam allows us to doublal. [19, 20]. As mentioned in Sect. 2, ion—matter interaction
this result (Fig. 14). So, it is possible that the iodine ion-beanstrongly depends on the ion—atom mass ratio. Moreover the
modifies the exciton distribution length in the Alg3, this valuelargest slopes of sputtering yield and nuclear stopping power
being estimated by Mori and Mizutani [30] 0 nmin the  versus energy curves occur below #& range where IBAD
virgin material. Furthermore, Burrows et al. [10] consider thatprocess usually takes place. So a set of new experiments has
the recovery of hole and electron densities is maximum abeen carried out versus ion beam energy in order to verify if
30-40 nmin depth (are&0-40 nm) with a maximal number the usuall00 eVis accurate.
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In regard to the above results the assisted area was chosenthe assisted—unassisted layer can be induced by the ion-
according to the best optoelectronic characteristics obtained: beam (physical way), comparable to the one obtained by

0-25 nmarea for helium and argon ions a@8-50 nm for a chemical way in a two-layer OLED.
iodine ions. The ion-beam current density w30 nA/cm? — with an iodine-ion beam, structural defect generation
and the ion-beam energy were varying frameVto 1 keV. (iodine inclusions) is probably increased; however, the

(Elsewhere [32], experimentally we verified that the appro- chemical effect of this halogen (electron acceptor which
priate value of the current density must be contained between acts as>-type doping) can induce a hole injection increase
50 and100 nA/cn?: outside this zone, optoelectronic param-  with an improvement of th&-type conductivity: numer-
eters L andn) become very small). ous excitons can be generated (aro@350 nm) with
The maximum luminance and the maximum internal better luminance and quantum efficiency.
guantum efficiency of the diodes versus ion energy for the— with an argon-ion beam, generated holes (in limited num-
three ion types are presented in Fig. 15, where luminainge ( ber because of the ion inert character) exhibit a very low
and quantum efficiencyp] for a non-assisted diode can be  mobility due to numerous defect production (bond break-
seen in dotted lines. These characteristics clearly show a max- ings, atom inclusions): thie-type conductivity is very low
imum enhancement of the optoelectronic properties toward and these defects act as quenching sites for the lumines-
100 eVin the case of helium and iodine ion-beam assistance cence which becomes very small.

and a decrease of this effect for the upper energy. The lumi- The yse of the IBAD process with some ions allows us
nance obtained by IBAD with argon always remains lowefis improve the luminescent properties of Alg3 light-emitting
than the one obtained with a non-assisted diode. _ diodes. This study shows that there are various effects accord-
If on the one hand a continuous decrease (with the iofhq to the ion type and it seems interesting to realize ion-
energy) of the optoelectronic properties of the diodes coulyeam-assisted deposition with fluorine or chlorine in order
be explained in terms of limitation by an increase of the enyy combine the two beneficial effects: small-ion-mass effect
ergy transfer between ion and atoms, as it can be seen ifhq theP-type-doping effect. In fact, our initial experiments
Figs. 4 and 5, the presence of an optimum enerdy0&teV  \yjith the iodine-ion beam have stopped because the ECR ion
is not attempted on the other hand. At this energy the meagyyrce has been damaged by the reactive halogen ions; now,
transferred energy to a carbon atom will be in the order of new ion source (hollow cathode) is progressing in order
20 eV/atom thatis to say the order of the replacementthreshto obtain suitable current densit§q0 nA/cn¥) in the low-
old of a target atom in matter, but could be important in theenergy rangel(00 eV) with halogen and lanthanides (to study
gas phase at the interface of the film growth. It is clear thagffect 5: optical doping). As soon as possible, a comparative
many particle effects take place in this energy range and thatydy of organic light-emitting diodes obtained by ion-beam-
molecular dynamics models are still lacking in explaining theassisted deposition with various halogen and lanthanide ions
phenomena involved during IBAD process [14]. will be undertaken; then the important lifetime parameter will
be studied also [33].

5 Conclusion
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