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Growth front roughening of room-temperature deposited oligomer films
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(Received 19 March 2001; accepted for publication 26 July 001

Growth front scaling aspects are investigated by atomic force microscopy for oligomer
2,5-din-octyloxy-1,4-big4’ -(styryl)styryl)-benzene thin films vapor deposited onto silicon
substrates at room temperature. Analyses of the height—height correlation function for film thickness
that are commonly used in optoelectronic devices, i.e., ranging between 15 and 300 nm, yield
roughness Hurst exponents arouit=0.45+0.04. Further, the root-mean-square roughness
amplitude o evolves with film thickness as a power law=d? with 8=0.28+0.05. The
nonGaussian height distribution and the measured scaling expofidnend B) suggest a
roughening mechanism close to that described by the Kardar—Parisi—/Phyg Rev. Lett56,

889 (1986)] scenario indicating nonlinear film growth. ®001 American Institute of Physics.
[DOI: 10.1063/1.1404132

Thin films grown under nonequilibrium conditions show, In this work, we will investigate scaling aspects of the
in many cases, scaling behaviors which are of technologicajrowth front of the oligomer van der Waals thin filfrgrown
interest in relation to physical propertits. Recently, there by vapor deposition onto Silsubstrates held at room tem-
has been strong interest in organic thin films, either polymergerature (RT). The five-ring oligomer 2,5 -dit-octyloxy-
or oligomers, as the active layer in molecular devices such ak,4-big4’-(styryl)styryl]-benzene is synthesized from solu-
light-emitting  diodes, solar cells, and field-effect tion, and its molecule exhibits a characteristic length of 2.9
transistor€® In particular, the transport phenomena arenm [Fig. 1(a)].'° During vacuum deposition, the molecules
known to be strongly correlated to the electronic structuresublime at~230°C, and then as a whole unit condense on
and self-organized order in the molecular assembly. Injecthe Si wafer held at RTensured by proper water cooling
tion, transport, and recombination of charge carriers dependihe base pressure in the deposition chamber was
among other parameters on molecular packing, range of
grain boundaries, and roughness of the formed interfaces.

Therefore, control of the film morphology is of primary con- @‘\\_@_\ P~Cattrr
cern for the optimization of electro-optical properties in A\ D
organic-based photonic devicgs. (a) CaHy—0 \—©

So far, only scant research has been concentrated or
growth properties of organic thin films® These studies
have shown that the root-mean-squéms) roughness am-

. 11
plitude o evolves with film thickness as a power law 100 g °
«d? with B the growth exponent in the range 02B<1, £ 1051
and a roughness exponeHtin the rangeH>0.63"° The ey [
latter quantifies the degree of surface irregularity at short § E
length scaleg<¢ with ¢ the in-plane correlation lengthFor S 601 2 951
plasma polymer film$ the scaling exponents 6:H<1 and g c
0.6<3=<1 were measured. The roughness evolution of a 100 § 40 03 30 60 90
nm thick T6 (sexithieny) oligomer film? with increasing g Time (min)
substrate temperatu(@5 °C—-250 °Q during deposition, was % 4 | \
associated with a decreasing roughness exponent fiom
=1.1 to H=0.7. Finally, the growth of vapor deposited-

o . . 0 — - : grseac
polymerized linear polip-xylene films® revealed the scaling 0 200 400 600 800 1000
exponentH~0.7, ~0.25, and 14=0.31 (~d?) which
were consistent with a roughening model due to monomer
bulk diffusion® FIG. 1. (@ Chemical structure of the Ooct-OPV5 afig) TGA for an Ooct-
OPV5 specimen are shown. The upper inset shows an isothermal for the
temperaturg230 °Q and the heating timé< 45 min) used in our experi-
3Author to whom all correspondence should be addressed; electronic maiments. The lower inset shows a small scan $&G0 nm) AFM topography

hossonj@phys.rug.nl image for a film grown at RT of thicknegs=105 nm.

T(°C)
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10" , ————— The height distributiorP(h) shows deviations from the

I - best Gaussian fit especially in the negative|leitt-hand side
arrow in Fig. Zb)]. To further quantify this point, we calcu-
lated the SkewnesS=[h3[P(h)/fP(h)dh]dh/c®, which
is a measure of the distribution symmetry around a reference
surface level. For Gaussian distributi®+ 0, while in the
present case, we obtaB=0.23(>0). Also for other film
thickness, we obtairS>0 indicating violation of theh
— —h symmetry and thus the presence of a nonlinearity as-
sociated with growth dependence on the local surface
inclination’

From Fig. 2, the roughness exponettis in the range
H=0.45+0.04 for the thickness range 15 shd<300 nm.
These roughness exponehtsare well below of any predic-
tion of surface diffusion relaxation mechanism (068
FIG. 2. Height—height difference correlation functigtr) vs the in-plane  <1).1>® On the other hand, the Kardar—Parisi-Zhang
distancer [scan size. to calculateg(r) is L=2000 nn®¢] is shown. The (KPZ) type of growth1,7 where the dominant relaxation

rms roughness amplitude és= 1.90 nm. The estimated correlation length is p - .
£=76.2 nm which compares with the cluster sizes in Figdduble arrow. mechanisms are desorptlon or vacancy formation, lead to

1,18 T
(a) Linear fit at small length yields the roughness exportént0.47+0.02  foughness exponeht~0.4."" Indeed, due to finite tip size
and (b) Height distribution function are shown. effects, the actual roughness exponent could be closer to the

KPZ valueH~0.41° The nonlinear termYh)? in the KPZ
model [gh/dt=vV?h+b(Vh)?+n with “ n” random Gauss-

[10°

H=0.47 £ 0.02

g(r) (nm?)

-
[=]
)
T

10'

r (hnm)

~10 ®mbar, while during deposition it was typically . 5 ) ;
~10"7 mbar. During deposition, the average growth rate ofian due to deposition and the temnV<h associated with the

~7.1 nm/min was monitored using a quartz crystal microbalSurface relaxatic® arises from theh——h symmetry
ance. Thermogravimetric analysis measuremeiiGA)! b_reakmg! leading to gr(_)wth dependence on surface inclina-
showed that the molecule remains stable for temperatures (ffn- BY itself, the nonlinear term would convert a surface
to ~350 °C[Fig. 1(b), upper insdt An additional isothermal consisting of rounded h|lls into a surface of plateaus sepa-
scan for the temperature and the heating time used for thgted by narrow, step-sided canydruch an effect appears
deposition of the thickest films in our experiments verifies!© be consistent with the AFM topology images, as in Fig. 2,
the latter. After TGA analysis, the color of the samples re-Where the formation of fine nanosife100 nm; Fig. 1b)]
mained unchanged. Therefore, molecule fragmentation cafomains(plateaus orientated almost randomly out of plane
be excluded during evaporation. (with respect to the substrateccurs, being separated by
The film surface morphology was measured using arfleeper groove networks that develop especially for thicker
atomic force microscopAFM) (Digital Instruments Nano-  films.
scope 113 in tapping mod& to avoid any damage of the Although, roughness exponertts<0.3 have been mea-
film surface[Fig. 1(b), lower inset. The radius of the Si tip sured also on T6 oligomer filnfS,these studies did not ad-
is <10 nm, and the side angle10°, and 51X 512 pixels dress any further growth aspects such as the development of
were used during AFM imaging. Moreover, AFM analysis out-of-plane correlations as quantified by the growth expo-
yielded a substrate roughness amplitude of about 0.3 nnlent 8.2 Indeed, measurement of the exponghtod”;
which is much smaller than that of the film surfaces. ForFig. 3 upper insetyields 5= 0.28+0.05 which is within the
each film thickness, the height—difference correlation funcredictions of the KPZ scenarig~0.25 (for 2+1 dimen-
tion g(r)=([h(r)—h(0)]?) data from five AFM topography sional growth.*® We should point out, however, that with

images(acquired at different locations on the film surface increasing film thickness a groove network develops. Since
were averagedFig. 2). h(r) is the surface height at lateral surface diffusion is excluded as the relaxation mechanisms of

positionr[=(x,y)] on the surface relative to the mean sur- deposited molecules, the formation of column-like structures
face height. The notatio..) means an ensemble average astens of nanometers in diameter with poor crystallinity which
well as an average of all possible choices of the origin. Theére separated by voids or are amorphous can Gecline
self-affine scaling hypothesis requires tiggt) = Ar? for r groove network might be responsible for the limited devel-
<¢andg(r) =202 for r> ¢ (with A~ o/ ™ a constant'>As ~ opment of lateral correlatiofFig. 3; lower inse}, leading to

the roughness exponeht decreases, the surface becomesa slow increment of the correlation lengghwith increasing
more irregulaijagged at length scales<¢.! The saturation  film thickness. At earlier stages of growtld<€100nm), a
regime ofg(r) yields o, and the log—log plot at short length closely power law increment of the correlation length ap-
scales yields the roughness expondrtFig. 2@)]. The cor- pears to develop with a corresponding dynamic exponent
relation length¢ is given by&=(202/A)Y?" (intersection of ~ 1/z~0.31+0.05 (as the fit to the first four data points indi-
power law and saturation lingsSinceé&>2.9 nm(molecule  cates, Fig. 3 lower insgtwhich is smaller than the KPZ
length), significant lateral correlation develop during growth. prediction 12~0.61118

The calculation ofj(r) requires the use of a scan size atleast  In conclusion, the growth front roughening of vapor-
ten times larger than the significantly large cluster sizes seetleposited oligomer thin filmgOoct-OPV5 onto silicon-

in the AFM images in order to capture all of the necessaryoxide substrates at room temperature appears to follow a

lateral roughness wavelengts. scaling behavior close to the KPZ scenario. This is supported
Downloaded 06 Oct 2006 to 129.125.25.39. Redistribution subject to AIP license or copyright, see http://apl.aip.org/apl/copyright.jsp
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FIG. 3. Roughness exponeht vs film thickness are shown. An average
value is estimated to bel=0.45+0.04. The inset on the left-hand side
shows o vs the film thicknesgd which grows with an exponeng=0.28
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