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Abstract. Multiple pulse laser ablation of stretched PET PET films. In summary, three types of structures can be dis-

is performed with an ArF excimer laset93 nn) in order tinguished. At fluences below the ablation threshold, LIPS

to produce micro channels. The surface structure remainingight-induced periodic structure) [2] can be observed. At flu-

after “scanning ablation”, in which the sample is moved dur-ences around the ablation threshold, dendrite-like structures

ing irradiation, is compared to the known results upon “statiadevelop if the irradiation is carried out in vacuum [3, 4]. At

ablation”. fluences well above the ablation threshold, a nap or wall-type
We observed that the debris contribution is enhanced upastructure develops in stretched PET foils [5-7].

scanning ablation, which has a major impact for the chan- We are working in this last fluence range, where the struc-

nels used in micro-fluidic applications. A more fundamentakures observed after static irradiation [8] get more pronounced

change of the channel floor structure, as seen by SEM, occungth increasing number of pulses and increasing fluence. This

at high fluences and short mask lengths. The channel floavas investigated in detail by [9]. We will refer to this nap or

structure originates from the structure on the irradiated rampall-type structure as “static structure”.

at the end of the channel. The “scanning structure” appears

only if the irradiated end ramp forms an angle higher than

10.55(0.15)° with the non-irradiated sample surface. The1 Experimental

angle of light incidence is not responsible for the structure

changes, in agreement with literature reports. Other possibig,r 4| experiments, commercial stretched poly(ethylene
mechanisms are briefly discussed. terephthalate) (PET) films with a thickness Opm were
used (Melinex, type S, ICIl, GB). The samples were usually
exposed to 200 pulses of an ArF excimer lased &8 nm
(LPX 205, Lambda Physik, D) in air. The investigated flu-

Excimer lasers are now established for a wide variety of apE'CeS ranged from 75 200 mJcnt, i.e. well above the
plications. However, basic investigations are still necessarji€asured ablation threshold 86 mJcn?. The repetition

for a better understanding of the involved processes. In apate of the pulses varied between 1 &@Hz In the experi-
plications of excimer laser ablation, the substrates are oftefj€ntal setup, we used a beam homogenizer (Excitech, GB)
scanned under the beam in order to produce structures that 4pe®rder to illuminate a rectangular mask that was imaged
larger than the illuminated area. This, for example, is one oY &n objective (Exitech, GB) with a 10-fold size reduction
the easiest ways to produce micro-channels of highly variab/@" the sample. For the channel production, the sample was
geometry in plastic substrates for lab-on-a-chip applicationdn'oUnted on a high precision stepper motor driven transla-

As Roberts and co-workers [1] have already observed, thion Stage (Microcontrole, F). The minimum step size of the
wettability changes drastically when going from “static abla-ranslation staged(1um) was well below the optical reso-
lution (= 3wm) of the setup. The structure of the ablated

tion” (without scanning during irradiation) to scanning abla-

ion. Thereforeitis i : il the diff urface;s was investigated by file'ld emission secondary elec-
it:]odnucedekr;;:‘/‘c‘)srg;tr:ﬁigp:brltgt?éﬂstudy|n detail the di erencestsron microscopy (FESEM) (Philips XL 30 FE, D) atkV

This paper deals mainly with the differences in surface to_accelti-zration voltage, without any conductive coating on the
mple.

ography between static and scanning ablation of stretch . . .
pograpny g To produce channels longer than the maximally illumi-

nated area, two ablation “modes” were studied:

PACS: 42-62; 81-65; 81-05
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COLA99 — 5th International Conference on Laser Ablation, July 19-23,1. The “static ablation” mode, where we used a rectangular
1999 in Géttingen, Germany mask of 04 x 10 mn? to drill a hole of 40pum in width
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Fig. 1. Schematic presentation of channel preparation by scanning ablatior:
The sketch shows the channel in a cross-section along the channel dire:
tion. The left-hand side corresponds to the beginning of the channel and t T O
. . . 5 CC. pot Magn ) Xp
right-hand side to its end 00KV 30 1000x SE 106 1

and 1000pum in length. The sample was then moved by
1000m along the longer axis and the next hole was drilled
in contact with the first one, and so on.

2. The “scanning mode”, where we also used a rectangu
mask to illuminate an area @f0um times the effective
mask lengtta (Fig. 1), but simultaneously moving the sam
ple in the direction o& during the illumination.

In both modes, the channel deplh. = n x h(®) (Fig. 1) de- |
pends on the number of pulsagper surface area) and the |
ablation rate per puld®(®) at fluenced. In scanning ablation
n is given byn = va/v, wherev is the pulse repetition rate of
the laserp the scanning velocity of the sample, amtheef- [ =
fective mask length. Usually we used= 200, which results | asa s AR
at1200 mJcn? in channels having a transverse cross-sectiof i s e A

of about 40x 40pum?, Fig. 2a,b. FESEM micrographs o statically ablated structure arimlthe
beginning of a channel produced by scanning ablation. A strong debris con-
tribution due to “self-PLD" is visible inb. (Parameters® = 600 mJcn?,
n=200,a=50um, b a = 32°)

2 Channel geometry and scanning ablation parameters

In scanning ablation with more than one pulse per mask,ask lengths, i.e. having large ramp angtea kind of “self-
length the irradiated area theoretically has the shape of a stajs) p» (PLD: pulsed laser deposition) occurs in the channel.
way. The step widtls is given bys = v/v and the step height |n, this case, the tilt of the irradiated surface with respect to
is defined by the ablation rate per putsep). If, as in our  the channel floor (Fig. 1) has the same effect as approaching
case, the step width is below the optical resolution of the the substrate (channel floor) and target (irradiated end ramp)
setup, the stairway simply becomes a ramp. Its angls i 3 PLD experiment: it increases the deposition rate of target
given by tarew) = dit/a. As the sample is moved further, material on the substrate (Fig. 2).
a flat channel forms between the ramp at the beginning of the after scanning ablation, the surface chemistry of the
channel and the irradiated one at the end (Fig. 1). channel floor is therefore determined by the hydrophilic de-
bris and no longer by the hydrophobic polymer. Chemical
analyses of the channel floor obtained by scanning ablation

3 Results are under investigation and will be compared with the pub-
_ o lished results of extensive studies from static ablation [10]. As
3.1 Debris contribution to the structure « increases the debris covers more and more the basic surface

structure, which is described below.

The important difference in wettability of micro-channels
produced by scanning and static ablation [1] is strongly in-
fluenced by the different amount of redeposited debris in thd.2 The structure on the channel floor
channel. In static ablation, each laser shot impinges on the
same position as the previous one, removing the already rén static ablation as well as in scanning ablation with long
deposited debris. Debris can therefore accumulate close to tineasks and low fluences, we observed the well-known struc-
channel, but not inside. ture on the channel floor [7,9] (Fig. 3a). It is indicated by

In scanning ablation, however, every point of the channelO” in Table 1 and will be referred to as “static structure”.
floor is near the irradiated surface at some point. As a confFhe formation of this structure can be attributed to the frozen
sequence, an accumulation of the debris also occurs in tleresses in the material, which are caused by the fabrication
channel. Additionally, when using high fluences and shorprocess [8]. As a result, the main orientation of the struc-
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Varying the repetition rate in the rangel-50 Hz for
both static and scanning structures showed only a negligible
influence on structure formation on olil®0um thick sam-
ples. The scanning velocities applied in our experiments (
250pmy/s) are negligible compared with the velocities of the
ejected particles at the applied fluenc@2€10 km/s [11,
12]). Therefore the influence of the scanning velocity on
structure change can be excluded. This was confirmed by
an experiment in which the scanning structure was obtained
without scanning the sample [13].

4 Discussion

AccY  Spot Magn Det WD Exp
1.00 kv 3.0  2000x 1.0 1

The observed structure change on the channel floor originates
from the processes occurring on the irradiated end ramp of the
channel. The structure on the end ramp and the structure on
the channel floor are always very similar. The only exception
is that the ramps can become completely smooth, whereas we
never observed a smooth channel floor [13]. By measuring the
ramp angles with an profilometer (Alpha-Step 200, Tencor
Instruments) we found that all samples exhibiting the scan-
ning structure on the channel floor had ramp angles higher
than10.7°. All samples showing the static structure had ramp
angles lower thari0.4°. We can thus define a limiting ramp
angleo; = 10.55(40.15)° where the structure change occurs.

Hopp et al. [9] investigated static ablation on inclined
substrates. Comparing our results with their work, it is clear
that the system can no longer be described only by the sur-
face, the surrounding gas, and the light. As a matter of
i % L “ fact, they did not observe any significant changes of surface
Fig. 3a,b. FESEM micrographs of the channel floor of two samples pro-structure up to an angle &0 between the normal to the
duce‘z"o"(‘fth th‘i st?"meb{"i_e”“ﬂo rEJC_mzzha”? tthf same ;‘Ug}bg of pulses jrradiated area and the incident light. The only difference
gtl)lation aiazigoimarg:ﬂtrse ?rL1J tﬁelﬂewg‘ssairllci:ng rslifulé{uré" canming b_etween S_tatI_C ablat,lon on a_n mCIme,d SUbSt_rate_and scan-

ning ablation is that in scanning ablation the irradiated area

is inclined, not only with respect to the incident light, but

Table 1. Parameter range where the “scanning structure” (X) and the “stati(,aISO with respect to the rest of the sample. Consequently,

A X §
lAccY  SpotMagn Det WD Exp 1 10pm
1100kv 30 2000x SE 1101
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structure” (O) were observed & 200 for all samples) a theory which can possibly explain the structure change
has to include the geometrical environment of the irradiated
@ (mJ/en?) a (um) area.
50 100 200 1000 However, up to now it is not clear how the geometrical

environment could influence the structure formation. Shock

123 ‘Q 8 8 8 wave influences originating from either the shock wave in the

300 X X o 0 atmosphere or from the shock wave in the substrate itself, as

600 X X o} o} well as a possible difference in surface tension occurring in
1200 X X X 0

the liquid layer should be considered. None of these hypothe-
ses is proven yet. But it seems obvious that a lateral tempera-
ture gradient, eventually affecting the surface tension, which
ture is given in uniaxially stretched samples by the orientamight be present on the rampiat= 50 Hz, is not important
tion of the stress and not by the direction of the channel. Iifior the structure change because the structure also changed in
biaxially stretched samples, a nap-type structure [8] (Fig. 3ahe control experiment at low repetition rate=£ 1 Hz).
develops.

Only when carrying out scanning ablation with high
fluences angbr short mask lengths did the new structure5 Conclusion
(Fig. 3b) show up. It is indicated by “X” in Table 1 and
will be referred to as “scanning structure”. It is character-We compared the structures produced by scanning ablation of
ized by flow-like stripes having about the same period astretched PET with the results of static ablation.
the static structure2-3m). The fact that the principal It was shown that the debris redeposition is much more
orientation of these stripes is given in all samples by thémportant in scanning ablation than in static ablation, result-
direction of the channel indicates that the frozen stresseag in a radical change of wettability. Two main causes are
do not play an important role in the scanning structuradentified: (1) no cleaning of the channel floor by subsequent
formation. laser pulses and (2) “self-PLD” process.
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