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Abstract. The laser ablation of polyimide was studied usingstudies usetrF (248 nnj excimer laser irradiation, with flu-
308 nm laser irradiation< 225 mJ cnm?. Confocal Raman  ences belowt J cnt? or the scanning beam ofcav-Ar+ laser
microscopy revealed the deposition of carbon surroundingith wavelengths from 275 t880 nm[12,13]. For the cw-
the ablation crater, which consists of amorphous carbon withradiated Pl it has been suggested that the conducting mate-
some crystalline features. Inside the crater, graphitic materialal has a completely different microstructure, namely highly
was detected on top of the cones, very similar to the mateerystalline material together with nanosized crystallites [11].
rial from cw-Ar™ ion laser irradiation. FT-Raman measure-The excimer laser treatment 248 nmdid not cause com-
ments reveal the presence of intermediates of the polyimidelete graphitization of the polymer as reported for the py-
decomposition. Imaging-X-ray photoelectron spectroscopyolization [14]. Analysis of the irradiated (193 a@d38 nn),
confirmed the deposition of carbon material surrounding theonducting Pl using X-ray photoelectron spectroscopy (XPS)
ablation crater and showed that the oxygen and nitrogen comevealed an increase of the atomic percentage of carbon [15,
tents of the remaining material decrease. 16].

For a better understanding of the carbonizatabiation
PACS: 79.20.D: 61.80.B: 61.82.P mechanism of Pl afteB08 nm irradiation we decided to
combine two analytical techniques with lateral resolution,
namely imaging-XPS and Raman spectroscopy. Moreover,

FT-Raman spectroscopy was used in order to exploit its ca-

There have been many reports about the laser ablation ghpjjity to overcome the inherent fluorescence problem of
polymers over the last7 years Polyimide (Pl) is probably olymer samples in Raman spectroscopy.
the polymer studied in most detail [1-3]. The reasons for thg

interest in Pl are numerous, including industrial applications

such as via holes in multichip modules [4] and the fabri-q Experimental

cation of the nozzles in inkjet printer heads [5]. Polyimide

shows a brogd UV absorption pand that allows high-qualityrpe polyimide (Kaptofi") was supplied by Goodfellow. For
structuring with all common excimer wavelengths (193, 248h¢ jrradiation arkeCl-excimer laser (Lambda Physik Com-
308 and351 nm) [6]. It is generally agreed that the mech- hey 205) emitting aB08 nmwas used. XPS spectra were
anism of ablation is mainly photothermal, with additional .o corded with an ESCALAB 2201 XL (VG Scientific) pho-
photochemlcal features espema_lly]zﬁs nmirradiation [7]. _toelectron spectrometer, using non-monochromatizgd.,
The eX|stence_of a sharp ablation threshol_d and A”h‘?”'%diation at a source power GOOW. FT-Raman meas-
tails was explam_ed recently by Arnold and Bityurin [8] using ,rements were performed with a BRUKER FRAYG6FT-

a model combining photochemical vqlumg Wlth thermal suUrrAMAN using a liquid nitrogen-cooled germanium detec-
face features. Another effect of UV irradiation of polymersis, and a1064 nm NdYAG laser. All spectra were col-

is the possibility of changing physical properties of the poly-ected with an accumulation of 1024 scans with a resolution
mer. It has been reported that it is possible to induce electricgfs 4 cnr1. Raman spectra were measured with a Raman-
conductivity (increase of up to 12 orders of magnitude) '”tomicroscope (Labram, DILOR) equipped with an objective
polyimide by laser irradiation [9, 10]. The resulting conduc-(1 90, magnification) and a thermoelectrically cooled charge-
tivity was assigned to carbonization of the surface [11]. MOSEoupIed device detector. Spectra were acquired in the range
- 250-4000 cnt? with aKr* ion laser operating @309 nm
*Corresponding author. o _ Laser power was adjusted 160pW (0.375 W cnt?) at the
(Fax: +41-5310-2199, E-mail: lippert@psi.ch) sample, in order to avoid disruption of the sample. Higher
COLA99 — 5th International Conference on Laser Ablation, July 19-23,1aser power resulted in removal of the thin carbon layer,
1999 in Géttingen, Germany which could be observed with the video microscope.
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20x10° - were recorded inside the ablation craters and outside. Bands
& not corresponding to PI could be recorded outside the crater
- 3 only after irradiation with about 200 pulses 0 mJ cni2,
] The spectra consist of two lines at around 1360 (D-band)
A : B I3 and1580 cnt! (G-band). This is characteristic of carbon with
: crystalline features [19]. Amorphous carbon would only show
* a broad band in this region [20]. In Fig. 3 (top) the Raman
mapping of the carbon bands (shown in Fig. 3, bottom) is
shown. The three squares inside the image (from left to right)
i represent the top three spectra in Fig. 3 (bottom). The ablation
T A A A crater is located just outside the bottom left corner. The clear
Ine (fluence /mJ cm") decrease of the carbon intensity corresponds to a decreasing
Fig. 1. Ablation depths vs. In(fluence) relationship 808 nmlaser irradi- ~ amount of redeposited carbon species, within the penetration
S & D o coroen o Ao Haopion o JEPUS fthe Raman aser o the carsor200 . The D-
zl:eierll?gofamoo% 2000 cntt. Arrows mark the applied fluenges for the and G_bands.are clearly recognizable, suggesting an at least
Raman and XPS analysis partly crystalline structure. We also observe (not shown) the
development of cone-like structures in the ablation crater. The
spectrain Fig. 4 show the Raman spectra of Pl irradiated with
2 Results and discussion 800 pulses afl60 mJcm?. The spectrum inside the crater
(Fig. 4, lowest trace) is taken at the top of one of the cones and
The etch rate vs. the laser fluence (shown in Fig. 1) of Pl irrashows the D and G band and an additional bar&¥a0 cnr?,
diated aBB08 nmreveals clearly two different areas: in the low which corresponds to the two-phonon band of the D band, and
fluence range (A), the etch depth depends linearly e(fla- is a typical sign of graphitic carbon [20]. Figure 4 also reveals
ence), with a slope close to the prediction by Beer’s law. Thehat the amount of graphitic material varies inside the crater
linear fit in Fig. 1 yields an effective absorption coefficient, and that the redeposited material outside has a more amorph-
of 78 000 2000 cnt! while a value 086 006-100000cm®  ous structure. The spectra taken inside the crater suggest that
was reported [6, 8] for the linear absorption coefficient. In the
high fluence range (B), the etch depth deviates from Beer’s

Etchrate/ A
=
Il

law. . 20 Intensity of
In Fig. 2 the FT-Raman spectrum of the untreated poly: carbon bands

imide film is shown together with the spectrum of a film ]

irradiated with 500 pulses and a fluence46fmJ cnt2. Sev- 15 4 high

eral characteristic bands of polyimide are present [17, 18]. |i

the spectra of the irradiated sample, which is multiplied by

a factor of 8, a new broad band locatedlaB80 cnt? is de-

tected. This band can be assigned to various decompositic 5*

intermediates, which are the subject of detailed study in ou 5

group. Because of the strong absorption of carbon in the ne:

infrared (L064 nmof the laser in the FT-Raman instrument) it

was not possible to obtain spectra of the carbonized surfac i —

The black layer disappeared during the measurement. 0 5 10 15 2
Thus Raman microscopy with a laser emitting in the vis- X-Axis I ym

ible was chosen to study the irradiated surface of the poly

imide. For the Raman microscopy study fluences in the linee

range of the ablation plot were chosen, because of the clear . . .

observable optical blackening of the surface. Raman spect

Axis [ ym
=
1

intensity / norm.

+———— untreated PI

Felative intensity

DID 1 1 1
1000 2000 2000 4000

wavenumber ! cm’”

: : ; : ; : Fig. 3. top: Raman mapping of the carbon bands (intensities of the D and G
S000 2500 2000 1500 1000 =00 band). The polyimide was irradiated wift00 pulsesat 120 mJcnt2. The

Faman shift /cm edge of the ablation crater is just outside of the bottom left coB@tom:
Fig. 2. FT-Raman spectra of untreated polyimide and after irradiation withRaman spectra corresponding to the three squares in the mapping picture
500 pulses a0 mJcnt?. The irradiated spectrum is multiplied by 8 (left to right corresponds to the top to bottom spectra)

, ...... Falyimide, urtreated
004 — Polyimide after 500 pulses with 40 mJ om®
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Fig. 4. Raman spectra inside and outside a crater in polyimide irradii
with 800 pulsesat 160 mJ cnv2

2000
O1s

at least the chemical structure (graphitic) is very similar to
material detected after irradiation with the dw+ ion laser,
even if the morphology is quite different.

The lateral resolution of the Raman microscop@ jgm,
while the average size of the cone topsdd—2 um. There-
fore it was possible to distinguish between the cone tops
the material between the cones.

A complementary technique to Raman microscopy 500
Imaging-XPS, which was used with a lower lateral resolut -
(15um), but is more sensitive due to the smaller pene 0 200 400 B00 800 1000
tion depths £ 20 nn). The small spot analysis (150 micrc distance § ym
square) inside the crater of the PI irradiated with 10 pul Fig. 5. top: XPS image (256 256 pixels; CRR= 4, background corrected)
at 225 mJ cnm? revealed an increase (fro¥% for the ori-  of the O 1s peak of a crater irradiated with 10 pulses and a fluence of
ginal material td90% after irradiation) of the carbon atomic 225mJ cmz'. Bottom: the line in the image represents the position of the
percentage with a corresponding decrease in the nitrogdfresPonding line scan
and oxygen content. In Fig. 5 (top) the image of Bds
peak is shown for irradiation with 10 pulses2®5 mJ cn?.

Dark colors denote a decrease in the atomic percentage. Tharbon material surrounding the crater after irradiation with
ablation crater with a diameter of 300 microns is clearlyfluences around.00 mJcm?. The material is amorphous
recognizable. The surrounding ring, with a width of aboutcarbon with partly crystalline structure. The decomposition
600 microns, shows a low oxygen content, due to the covemlf polyimide inside the ablation crater yields at least some
age of this area by deposited carbon. The line scan (Fig. Sraphitic carbon, but the coverage is not complete or very
bottom) reveals that inside the crater the oxygen content ithick, as demonstrated with imaging XPS. The graphitic ma-
reduced too, compared with the original material. Using stanterial is very similar to the material received after irradiation
dard data processing (peak—backgrotmedki-background) with a cw-Ar* ion laser, even if the morphology is quite
excludes the influence of surface roughening. The results dfifferent.

the small spot analysis also revealed a reduction ofQhe

content, suggesting that the low@rcontent inside the crater Acknowledgement&his work was financially supported by the Swiss Na-
in the line scan in Fig. 5 is real and not an artifact of sur-tional Science Foundation.

face roughening. The relatively higher oxygen content in the

crater, compared with the surrounding ring, can be explained

by the cone structures in the ablation crater, which probably

also give rise to detection of non-carbonized PI, or more probReferences
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