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Thin organic films have rapidly evolved as potentially important materials in mi-
croelectronics. They are promising candidates for high density optical memories due
to their optical and structural properties. Also they can be used as master disks for
CD and DVD ROM replication because film pit shape possesses all properties
needed for super high density compact disks. In this work we present the experi-
mental results showing the effects of electron-beam heat process on the information
recording parameters in dye films. Dye composite films were obtained by vacuum
deposition method. The changes in the optical properties and the surface structure
were studied. In our experiments we have irradiated organic dye films by electron
beam at different time to modify the structure and morphology of the surface. The
changes observed in the structural properties have been studied by high-resolution
electron microscopy. The one main broaden ring is observed for amorphous dye film
in initial state on the diffraction pattern. Annealing the dye films by electron-beam
irradiation during 2-5 sec leads to grain formation whose size varies between 2 and 5
nm. It was found that organic dye films have hexagonal structure in the grains
formed after annealing process by electron beam. The threshold energies necessary
for the modification of the dye film surface structure after electron beam irradiation
were estimated. The obtained results give possibility for the study of dye layer be-
haviour as an electron beam assisted recording medium.

Introduction radiation method as well as by laser beam

irradiation.

Thin organic dye based films attract In this connection it should be interest-

great scientific interest in order to provide
the best material for high-density laser re-
cording. Intensive search of new dye classes
for information recording by means of laser
irradiation in blue and ultraviolet spectral
region is carried out. The density of infor-
mation recording in this region is much more
higher then in visible because the diameter
of laser beam is proportional to the wave-

A
length d~0.61 NA *

cal aperture of recording microobjective.

As it is known, the dye films have much
more high-resolution ability than widely
used photoresistive systems [1]. That is why
the organic dye based films can be used as
recording media for information registration
in UV region by means of electron beam ir-

were NA is the numeri-
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ing to investigate the organic dye films such
as pyrosolines by means of high resolution
electron beam microscopy method to char-
acterize the structural peculiarities of these
films and to determine the processes of elec-
tron beam influence on the organic film.

Experimental

The samples of dye recording media
were prepared by thermal vacuum evapora-
tion at the background pressure of about 107
Pa on glass discs 160 mm in diameter and
2.1 mm in thickness in the commercially
available vacuum chamber having resistive
thermal evaporators. The chemical formula
of pyrosoline is [2]:
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— CH=CHCH=

TNCH3

The films were investigated by means of
high resolution electronic microscopy IEOL
4000 EX (with the resolution ability point-
to- point (.16 nm) with the maximum accel-
erating voltage 3000 V. The dye films were
deposited on the net copper substrates that
were surrounded by copper rings of 3.05 mm
in diameter and were of a standard size for
installation in measured cell. The film thick-
ness was about of 100 nm.

Using tunnel microscopy method we
have demonstrated the posibility of laser re-
cording on dye layers.

Results and discussion

The results of investigation of the elec-
tron beam influence on the organic dve film
{pyrosoline) atomic structure are presented in
Figs. 1-3. In Fig. 1{(a, b) thc amorphous
structure of organic film in the initial state
{before the influence of electron beam) is
represented. The general view of the film
structure is shown in Fig.la. In the diffrac-
tion pattern (Fig.1b) one can observe almost
homogeneous halo, the diffraction rings are
absent.

The electron beam irradiation during
3-5 s led to cluster formation with the char-
acteristic sizes of 2-3 nm (Fig.2a. b). Con-
sidering the fact that this crystalline phase is
enclosed in an amorphous matrix, we may
suppose that this new phase is an intermedi-
ate phase between amorphous phase and sta-
ble crystalline structure similar to [3].

b

Fig.2. TEM (bright-field) plan-view image of the
polyerystalline dye film showing grain sizes 2-3 nm
(a) and electron diffraction pattern for dye film an-
nealed by electron beam during 3-5 seconds (b}

Fig.1. TEM (bright-ficld) plan view image of the
amorphous dye films (a) and diffraction pattern of the
film before the electron beam influence (b)
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The diffraction pattern of organic dye
film after the electron beam influence during
15-20 sec is shown in Fig.3a. We can ob-
serve the structural changes and appearance
of the ordered structure characterized by dif-
fraction rings. The diffraction pattern of
electron beam focused on a single granule
for dye film annealed by electron beam dur-
ing 15-20 seconds is presented in Fig. 3b.

b

Fig.3. Diffraction pattern of the film after the electron
beam influence during 15-20 seconds (a} and electron
diffraction pattern on the single granule for dye film
annealed by efectron beam during 15-20 seconds (b)

The hexagonal structure is observed that
is why it could be inferred that the film has
definite direction and its optical properties
should depend on the polarization state of
incident light. We can see that the influence
of electron beam leads to structure state
change and creation of the news phases. This
effect can be used for super high recording
on the organic dye films. The size of re-
cording bit by electron beam is about of sev-
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eral nanometers. The threshold energies nec-
essary for the recording bit on the surface of
dye film during electron beam irradiation
were estimated. This value is about 6.5 1077
Yum®.

On the other hand it is possible to realize
the information recording by means of laser
beam irradiation method. The information in
a pit form is recorded on pyrosoline dye film
by using the second harmonic radiation of
Nd-laser (A=532 nm) or Ar+ (A=488 nm)
and appropriate recording surface structure
of this film was probed by scanning tunnel
microscope after the laser irradiation with
power of 4 mWt. The ring-like pits corre-
spond to 3t impulse extent of laser irradia-
tion as well as the ellipse-like ones are de-
termined by its 117 impulse extent at 1=231
ns accepted as a standard for compact disk
during information registration. The depth is
proved to be equal to the thickness of pyro-
soline dye film and the process of a hole
formation consists of three phases: 1) maxi-
mum heating of the absorbing film; 2) initia-
tion of the microhole formation in the film;
3) characteristic rim formation around the

microholes [4-5].

Conclusions

In this work it was shown that the infor-
mation recording might be realized by means
of two methods such as electron beam proc-
ess and laser beam irradiation,

It was shown that the influence of elec-
tron beam irradiation on the organic dye film
changes the film structure from amorphous
to crystalline: this fact can be used for in-
formation recording,

The experiments of laser recording on
the disc consisted of pyrosoline as recording
medium have shown that the most efficient
optical recording of the information in a pit
form for such kind of dye films could be re-
alized by using second harmonic radiation of
Nd laser with power of the order of 4mW at
37 pulse extent,
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ToHKI OpradiyHi MNIiBKM HMIBHAKO CTaNX NOTCHUIMHO BAaXIMBMM MarepialioMm y
mikpoenexTpoHiui. 3aBasSKy CBOIM ONTHYHUM i CTPYKTYPHUM BJIACTHBOCTSM BOHH
MEepCreKTHBHI U1 CTBOPEHHS ONTUYHOI mam'ati BMCOKOi wmilbHOCTI. IX Takox
MOXKHa BHKOPUCTOBYBaTH sSK MaTpuili aus pervrixanii CD- i DVD-ROM puckis,
OCKinbkH ¢opMa AMOK BiANoBinae BuUMOraM, HEOOXiAHHM I KOMIIAKT-THUCKIB
HaIBHUCOKOI IINbHOCTI. HaMH MpeACTaBIEHO €KCIICPUMEHTANIbHI Pe3ysbTaT, IO
TOKa3yioTh BINIMB HAarpiBaHHA €IMEKTPOHHUM ITyYKOM Ha IapameTpy 3anucy
indopmanii y mriBkax GapBHuka. KomnosutHi mniku GapBHuka Oyjio OTpuMaHO
METOAOM BAaKyyMHOTO HamWIeHHA. BuB4atoTbCd 3MIHM ONTHYHMX BJIacTHUBOCTEH i
CTPYKTYpH TOBepxHi. Mwu onpoMiHioBamy IUIBKM opraHiydoro OapBHHKa
€JIEKTPOHHMM INY4YKOM TIpU Ppi3Hifi TpUBaIOCTi ONpOMiHeHHA, INO6 3MIHUTH
CTPYKTYpY 1 Mopdoinorito moBepxHi. 3MiHH, IO CROCTEPIraluch y CIPYKTYDI,
IOCIIKYBANUCh €IEKTPOHHAM MIKPOCKONOM 3 BHCOKOK DPO3IUIBHOI 34aTHICTIO.
MakcumanpHe 30UNbIUEHHS IIHPHHM CHOCTEpiraeTbead Wid amopdHOl IUTiBKM
GapBHUKa Ha 04aTKOBilt cramii nudpakuiiinoi kaprunu. Bignan mieok GapBHMKa
€NeKTPOHHIM ITYYKOM IPOTArOM 2-5 ¢ Bele O YTBOPEHHS 3€pHa, pO3Mip fKOro
3MiFIOETHCs Bif 2 10 5 HM. BusiBneHo, Mo miiBKM oprasiu€oro GapBHMKA MalOTh
rexcaroHajJbHy CTPYKTYpPY 3€peH, YTBOPEHHX Nicii BiINa)Ty €l1eKTPOHHHM ITyYKOM.
OuiHeHO mOPOTOBI €Hepril, HeoOXimHI A 3MIHM CTPYKTYPH HOBEpPXHI INNIBKH
GapBHUKA MPH ONPOMIHCHHI €IeKTPOHHWM ITydkoM. OTpHMaHi pe3ynsTaTH AaroTh
3MOTY BMBYEHHS IIOBENiHKM IUapiB OapBHHKAa fK CEPEOBHINA MWif 3aIHCy
indopmanii 32 JOTIOMOTOIO €JIeKTPOHHOTO IyUKa.
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