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Abstract-The chemical vapor condensation process of Parylene-N thin films was investigated and applied to the 
passivation of the organic light emitting diodes (OLEDs). The effects of process variables on the deposition rate were 
studied, and it was found that the deposition rate of Parylene increases with increasing precursor sublimation tem- 
pem~re but decreases with increasing substrate temperature. The dependence of deposition rate was well explained 
by the condensation polymerization model of the monomer on the surface. The Palylene film was used as a passivation 
layer for OLEDs, mKl as a result, the lifetime of the passivated OLEDs was increased by a factor of about 2.3 com- 
pared with that of non-passivated OLEDs. 
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INTRODUCTION 

Organic Light Emitting Diodes (OLEDs) have an-acted wide 
attention due to their excellent device properties such as low driv- 
ing voltage, high hiJgt~:ess, and wide viewing angle. Since Tang 
and VanSlyke first reprrted bilayer OLEDs in 1987 [Tang and Van- 
Slyke, 1987], many researchers have made considerable effbrts to 
improve the emission efficiency and prolong the lifetime of the de- 
vices. Since most of the organic materials currently available for 
OLED emitters are moisture sensitive, it is still a critical issue in 
developing commercial OLEDs to provide practical sealing meth- 
od in order to sustain the initial device performance for sutficiently 
long lifethne. 

It is well known that OLEDs have a limited lifetime because of 
a decrease in EL etfidency under aWnospheric condition. The OLED 
lifetime is severely limited in the presence of hurnidity and oxygen 
[Burrows et al., 1994; Fujihira et al., 19:26; Han et al., 1996; McE1- 
vain et al., 1996; Yamashita et al., 2001]. Therefore the encapsula- 
tion of an OLED is very impol~ant in commercial applications. Her- 
metic encapsulation teclmiques using a glass or a metal canister with 
epoxy resin in an N2 environment have been developed to exclude 
water and oxygen from the active regions of the device [Burrows 
et al., 1994]. However; the encapsulation method has inherent di-aw- 
backs in that the thickness of the encapsulation layer is greater than 
the �9 itself, and the method cannot be applied for flexible 
OLEDs. Thus, it is necessary to develop a thinner and low-cost en- 
capsulation technique for commercial OLEDs. 

Parylene (poly-p-xylylene) and its derivatives are vapor-deposit- 
able polbaners with many outstandkg material properties applica- 
ble to OLEDs [Gorham, 1966; G6schel and Walter, 2000; Kim et 
al., 1998; Szwarc, 1976; Yang et al., 1996]. They can be used as 
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insulating or protective coating material because of their high opti- 
cal barN~-ency, low gas and H20 pemmability, low dielectric con- 
stant and high melting temperature. The materials are also known 
to be deposited on many different subs~ates withont forming pin- 
holes [GOschel and W:altel; 2000; Kim et al., 1998; Yang et al., 1996]. 

In this study, Parylene-N films were deposited by chemical vapor 
condensation (CVC) technique [Gorham, 1966] using [2.2]paracy- 
clophane dilner as a precursor. The effects of process variables on 
the deposition rate were investigated, and the properties of depos- 
ited films were d:a-actelized by various charactelJzation tectmiques 
such as FT-I~ TGA, and ellipsometry. The deposited Parylene-N 
films were applied to the lmssivation of OLEDs, and the results are 
discussed. 

EXPERIMENTAL 

The substrates used in this study were ITO-coated glasses with 
the ITO film thickness of-1,900 • and a sheet resistance of ~8.0 D,/ 
D. After the substmtes were chemically cleaned by TCE (trichlo- 
roethylene), acetone, and methanol in series with ulWasonification 
at room telnpevature, whirl: removed most of the surface organic 
contaminants, the substmtes were nitrogen blow-dried and ~ans- 
fen-ed to either the Parylene deposition system or the thermal evap- 
orator. 

The Parylene deposition experiments were performed in a CVC 
reactor accordkg to Gort~ns method [Gort~n, 1966], and the sche- 
matic of the reactor system is similar to that in literature described 
elsewhere [Kim et al., 1998]. After the precursor ([2.2]paracyclo- 
phane, >97%) was sublmmted m a bubbler above 80 ~ the pre- 
cursor was tpansferred by the carrier gas to the tube furnace, where 
it was pyrolyzed into p-xylylene mononm:s at a telnpemtta-e of 660 
~ The product monomers then enter into the detx)siticn chanber, 
in which they are condensed on the subs~ate surface and subse- 
quently polymerizec[ Helium (99.9998%) was used as a camel- gas, 
and its flow rate was fr,:ed at 50 sccm. The reactor pressure was 
maintained at 0.5 Tom 
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The deposited Parylene films were characterized by FT-IR (Bio- 
Rad, FTS 3000FX) for structta-e identification, and an ellipsometer 
(Rudolph, AutoELR-~) was used to measure the refi-active index. 
The angle of incidence was set to 70 ~ and an He-Ne laser (wave- 
length 638.8 ira1) was used as the light source. Thmnal properties 
were analyzed by TGA (CAHN, CAMN D-2), and the surface mor- 
phology and thickness were observed by SEM (f~TACHI, S-4200). 
The surface roughness was measured by AFM (Park ScierNfic, Anto- 
probe CP). 

Vacuum deposition of organic materials and metals was carried 
out in a thermal evaporator under a pressure of 10 6 Tort to fabri- 
cate the green OLED with a smacmre of ITO/TPD/AlqJA1Li. In 
the OLED smacmre, TPD (N,N'-diphenyl-N,N'-bis(3-methyl phe- 
nyl)-l,l'-biphew1-4,4-diphew1-4,4-diamine ) was used as a hole 
tt-ansport layer, Al% (8-hy&oxyqumoline-altaninum) was used as 
an emission and electron transport layer, and A1Li alloy was used 
as a metal cathode. 

The electrical properties and lifetilne of the fabricated OLEDs 
were measured by semiconductor parameter analyzer (HP 4145B) 
and MINOLTA CS-100 ct~-omameter, respectively. 

RESULTS A N D  DISCUSSION 

The physical properties of Parylene and its derivatives are listed 
in Table 1, and their molecular stmc~res are shown in Fig. 1. In 
the Parylene family, PazTlene-N (poly-p-xylylene) is cornmercially 
easily available, and ithas the highest melting temperature and low- 
est dielectric constant among the utffluolmated Parylenes. The di- 
electric constant of Parylene-N does not vary with changes in fre- 
quency, which is the desired characteristic for interlayer dielectrics 
in ULSI devices. Parylene-C (polychloro-p-xylylene) provides an 
excellent combination of electrical properties and a very low per- 
meability to moisture and gases, but it has relatively low melting 
tempera~re. Parylene-D (polydichloro-p-xylylene) has similar phys- 
ical properties to Parylene-C with added ability to endure higher 
temperatures, but it has relatively higher gas and moisture perme- 
ability. Parylene-F (polytetmfluoro-p-xylylene) has the highest melt- 
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Fig. 1. Molecular structures of Parylene and its derivatives: (a) 
Parylene-N (poly-p-xylylene), (b) Parylene-C (polychloro- 
p-xylylene), (c) Parylene-D (polydichloro-p-xylylene~ (d) 
Parylene-F (polytetr afluoro-p-xylylene). 

ing tempel-~e and lowest dielectric constant among the whole 
Parylene family; however, it is the most expensive material. There- 
fore, based oi1 the consideration of the material properties mid cost, 
Parylene-N was selected as a test material for �9 passivation 
in this study. 

The effects of precursor sublknation temperature and deposition 
temperature on the deposition rate and film properties were investi- 
gated, th-elinfinary expelmlents were done in a CVC reactor, and 
the base operating conditions were developed as follows: precursor 
sublimation temperature (%)>80 ~ precursor pyrolysis tempera- 
ture (Tp) 660 ~ deposition temperature (Td)<15 ~ the reactor 
pressure (P)=0.5 Tort, and carrier gas flow rate (Fee,)=50 sccm. The 
base operating conditions were selected by considering both the 
deposition rate and film quality For example, in the case that T, 
was below 80 ~ or Td was above 15 ~ the film deposition was 
too slow to fcml observable fihn wittml 1 houi: As the reactor txes - 
sure became higher than 1 Torr, hazy film was deposited due to the 

Table 1. Some physical properties of Parylene and its derivatives [Alexandrova and Vera-Graziano, 1996; Gorham, 1966] 

Properties Parylene-N Pm71ene-C Palylene-D Paiylene-F 

Density (g/m 3) 

Index of refraction 
Melting temperature (~ 
Glass transition temperature (~ 
TGA at air (~ 
TGA at nitrogen (~ 
Dielectric constant (60 Hz) 
Dielectric constant (1 kHz) 
Did ectric constant (1 M Hz) 

1.12 
1.661 

420 
80 

260 
490 

2.65 
2.65 
2.65 

1.289 1.418 
1.639 1.669 

290 380 530 
80 110 

260 320 500 
490 460 510 

3.15 2.84 2.36 
3.10 2.82 2.36 
2.95 2.80 2.35 

Permeability N~ 9 1 4.5 

o~ 30 s 30 

CO~ 225 21 130 
H20 b 6 0.6 5 

~Gas permeability at 25 ~ cm 3 (STP)-mil/100 in]-24 hr 
bMoisture vapor pelmeability at 25 ~ g-mil/atm-100 in]-24 hr 
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Fig. 2. Effects of precursor subl~nalion temperature on (a) molar 
flow rate of p~ecm~o~; Co) deposition rate: Tp=6600C, T~= 
1 "C, F~,=50 secm, and P=0.5 Tort. 

particle fonnatic~l m tile gas phase. It was found fiom tile prelinli- 
na G experiments that the depositiorlS with base operating conditions 
provide dense Parylene films without p~flloles. 

Fig. 2 shows tile dependence ofnlolar flow rate of precursor [Fig. 
2(a)] and deposition rate [Fig. 2(b)] on the precursor sublimation 
temperature at Otilelwise fixed operaNlg Cc~lditions. As shown m 
the figure, the molar flow rate of precursor increases monotonically 
with increasing precursor sublimation temperature from 80 ~ to 
120 ~ These results are m good agreement with tile results of pre- 
vious investigators [G6schel and Walter, 2000; Kim et al., 1998]. 
Tile molar flow rate of precursor entering into tile pyrolysis fur- 
nace to produoe monomers is known to depend on tile career gas 
flow rate, bubbler pressure, and precursor sublinlation temperature 
[G6schel and Walter, 2000; Kim et al., 1998]. 

The molar flow rate of precursor (Fp) can be described by Fx t. 
(1): 

F~P* 
F~ - (1) 

(p~ V) 

where Pb is the total pressure, and P* is the sakrated vapor pressure 
of precursor, in the bubbler. The FH~ and Pb were measured and con- 
trolled by tile m&ss flow controller and tile pressure gauge, respec- 
tively. The P* was calculated from the reported vapor pressure equa- 
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Fig. 3. Effect of deposition temperature on deposition rate: T,= 
110 ~ Tp=660 ~ FH,=50 sccm, and P=0.5 Torr. 

tion at file nleasured precursor sublimation temlzerm~e [G~Sschel 
and Walter, 2000]: 

1000 
logP*=l 1.504 5.038• (2) 

T, 

where T, is m K, and P* is in nlbar. Tile dependence of precursor 
molar flow rate on file sublinlafion temlzerm~-e can then be easily 
understood by the increase in vapor pressure with increasing subli- 
inaticxl temperature. Tile effect of precursor sublimation tempera- 
ture on the deposition rate is also shown in Fig. 2(b). The deposition 
rate incre&sed expone~ltially witi1 increasing precursor sublinlatic~l 
temperature, and it is believed to be due to tile increased concei~-a- 
tion of precursor in the pyrolysis furnace which enhances the py- 
rolysis reactions to produce more monomers, and consequently in- 
creases tile monomer concenb-ation in tile deposition chamber. Tile 
increased monomer concentration in tile deposition chamber will 
increase tile deposition rate. 

The effect of deposition temperature on the deposition rate is 
shoml in Fig. 3. As tile deposition telnlzerature is l-aised fi-on1-7 ~ 
to 15 ~ tile depositicxl rate drops rapidly fiom 47.4 lk/nlm to 5.2 
mitt This phenomenon is contrary to the typical dependence of de- 
position rate on tile tempe~-ature m most chemical vapor deposition 
processes, in which the deposition rate usually increases with the 
deposition temlzerm~e. Tile observed dependence of deposition 
rate on temlzerm~e can be explained by tile condensation poly- 
merization model. The polymerization process of Parylene-N pro- 
gresses m three consecutive steps: initiation, propagation, and ter- 
iniuation, and it proceeds by tile flee radical nlechanisnls [Gorhan 
and Niegisch, 1971 ]. Tile fonnation rate of polynler fihn depends 
on tile monomer concentration at tile surface, its diffusion rate in 
the film, and the reaction rote of monomer with the ends of free- 
radical polynler chaius. Accorditgly, tile increase m monomer con- 
centration at tile surface with decreasing substrate tenlperature will 
increase the deposition rate. This model also explains the deposi- 
ticxl rate dependence on tile precursor sublinlation temperature [Fig. 
2(a)], in that the increase in sublimation temperature will eventually 
increase the monomer concertlration in the deposition chamber, which 
m turn increases tile deposition rate. Tile dependence of deposition 
rate on the substrate temperature observed in this study agrees very 

Ju~, 2002 



60 

40 

20 

Characterization of Parylene Deposition Process for the Passivafion of OLEDs 

(a) 
C v,,. C ia..plane v:,b~tbn or- C,N 2 - 

A.,"omatic C-H strechirN 

Out-of-Nane G-H wagg~rL~ 

(b) 
Wavenumber (ore') 

200 300 400 500 600 700 

Temperature (~ 

Fig. 4. Characteristics of deposited Parylene rims: (a) Fr-IR spec- 
trum, (b) TGA thermogrmn; T, = 110 ~ Ty=660"C, Tz = 
1 "C, F~, =50 secm, and P=0.5 TOIT. 

well with the results ofprevims studies [Klm et al., 1998; Yang et 
al., 1996]. 

The  b T - ] R  spectrum o f  the deposited P ~ l e n e - N  f i lm wi th  typ i -  

cal process condition used in this study is shown in Fig. <a). The 
aromatic C-H slretching xalx-ation band near 3,000 cm 4, C=C in- 
plane vibration or -CH2- bending vibration band near 1,500 crn -x, 
and out-of-plane C-H wagging vibration k~nd at 800 cm -~ ave appar- 
ent in the spec~um, which clearly identifies the chemical groups 
expected in the Parylene-N structure. 

The thermal behavior of  the deposited Parylene-N film is ilhs- 
trated in Fig. 4(b). The sample uras healed in nilrogen fi~m 200 ~ 
to 700 ~ at 5 ~ As can be seen in the figure, the weight of 
the sample renlains constant up to 450 ~ but sharply decreases at 
around 500 ~ Since the benzene rings in the PaTlene film are stable 
at 500 ~ the thermal degradation near 500 ~ seems to be due to 
the scission of chains connecting the benzene rings. The TGA analy- 
sis result matches very well the published data (Table 1). 

The refiactive indices of  deposited Parylene-N films uAth vary- 
ing thickness were measured by ellipsomete: and shown in Fig. 5, 
uahere the thickness was varied by changing the deposition tkne 
fi'om 30 rain to 60 rain m the f#:ed operating conditions. Silicon 
substrate was used for this meastwenent instead of  the ITO-coated 
gla~s. The meamred re,active indices varied betwean 1.62 and 1.64, 
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Fig. 5. Refractive index of deposited Parylme •ins with varying 
thidiness: T~=110 ~ T7660 ~ Tz=l ~ F~=50 seem, mid 
P=0.5 Torn 
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Fig. 6. SEM photographs of deposited Par~lme-N films: (a) top 
view, (b) cross-sectional view;, T~= l l0~ Tp=660 ~ T~= 
1 ~ F,~,= 50 seem, and P=0.5 Tort. 
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Fig. 7. Device characteristics of passivated and non-passivated 
OLEDs: O: non-passivated OLED, 0 :  passivaled OLED; 
T ,= l l0  ~ Tp=660 ~ Te=l ~ FH~=50 sccm, P=0.5 Torr, 
and film thickness=0.5 gin; (a) I-V chmacterislics, (b) life- 
time at 6.0 V DC. 

regardless of the thickness of film in the investigated range of this 
study. 

The ct~-actedzatic~t results of Pa~ylene-N films by several anal- 
ysis ~ e n t s  described above are reasonably consistent with those 
previously reported [G6schel and Walter, 2000; Kmt et al., 1998], 
and they demonstrate that the deposited Parylene-N films have the 
appropriate physical properties. 

Fig. 6 shows the SEM photogralohs of deposited Paylene-N films. 
The surface [Fig. 6(a)] of Parylene-N films deposited with typical 
process condition used in ff~ study was relatively smooth as a pas- 
sivation layel, and the measured root mean square (RMS) rough- 
ness by AFM was onthe average, 705 A. The cross-section of Par- 
ylene-N film is also shown m Fig. 6('o), which shows that rite film 
is dense without voids or pinholes. 

Fig. 7 shows the I-V dtaracteristics [Fig. 7(a)] and lifetime meas- 
ureme~tts [Fig. 7('o)] of passivated and non-passivated OLEDs. The 
I-V curves for both cases showed similar behavior, and they represent 
typical ct~-acteristics of diodes. The electrical property of OLl~)s 
by the Parylene-N passivation was not influenced in spite of being 
in contact with gaseous biradicals in the deposition chamber gener- 
ated chamg the pyrolysis process. 

The lifetime of OLEDs passivated with Parylene films was meas- 

ured by monitol-ing the luminance intensity along with ~ne. The 
lifetime of the �9 is defined as the time taken to reach half lu- 
mimnce under the application of a constant voltage (6.0 V DC) in 
air at room temlzerature. Fig. 7(lo) shows the time depe~tdence of 
luminance of the passivated and non-passivated �9 and it is 
shown tint rite lifetime of non-passivated OLEDs in air is about 
20 mirl, while that of passivated �9 is about 45 min, which is 
about 2.3 times longer than that of the non-passivated case. It is well 
known tint the degradation of the OLED luminescence is clue to 
the oxidation of active layers by moisture or oxygen in the alrno- 
sphere. The Parylene-N passivation seems to enhance the stability 
and lifetime of OLEDs significaiNy, and it is believed to be clue to 
rite protection of devices front oxygen and moisture m rite air. 

S U M M A R Y  

The CVC tectmique using [2.2]paracycloptnne as a precursor 
molecule was used to deposit Parylene-N films on various sur- 
faces, and it was found that the tect~fique is well suited for the pas- 
sivation process for OLED fabrication. The deposition rate was in- 
vestigated as a function of process conditions, and the properties of 
Pa~lene-N films were characterized. It was found front rite results 
that the deposition rate of Parylene-N films increases with increas- 
ing precursor sublimation tempe~-ature and decreases with substrate 
temperature. The deposited Parylene-N films showed appropriate 
physical properties without voids or pinholes. Finally, the Parylene- 
N deposition was utilized as a passivatic~t of OLEDs, and the life- 
time of passivation �9 showed an increase by a factor of about 
2.3 compared with that of  non-l~ssivated OLEDs. 
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N O M E N C L A T U R E  

F~ : carrier gas flow rate (He) [sccm] 
P :reactor pressure [Torr] 
Pb : total pressure m the bubbler [mbar] 
P* �9 s~urated vapor pressure of precursor in the bubbler [mbar] 
Ta : deposition temperature [~ 
Tp �9 precursor pyrolysis temperature [~ 
T, : precursor sublimation temperature [~ 
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