Femtosecond laser-induced forward transfer of thin layers
studied by time-resolved shadowgraphy
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Abstract: We report the shadowgraph imaging of femtosecasdrinduced forward transfer of
0.5 — 1.8m solid films. We observe intact transfer with \@ti@s as low as 34m/s in the absence

of any shock wave.
OCIS codes. (350.3390) Laser materials processing; (320.2Fe@)tosecond phenomena

1. Introduction

Laser-induced forward transfer (LIFT) is a lasesisted direct-write method that has been exploadtlie

fabrication of electronic and photonic devices [IET using a laser source with femtosecond pulfsesIFT) has

also been investigated since the use of a fs-lassr expected to reduce the interfacial thermal dendf the

material to be transferred, when compared to LIFipleying picosecond (ps) or nanosecond (ns) pulsexder to

further establish the feasibility of LIFT as a vathle micro-fabrication tool, it is of high importanto understand
and investigate the dynamic processes involvednduttie transfer of a thin film (the donor) onto exeiving

substrate (the receiver). In this contribution, stedied fs-LIFT of solid films via a time-resolvetiadowgraphy
technique with an aim of identifying the velocitiytbe transferred product, the behaviour and intiegf the donor

in transfer (the flyer), and the role of the creatof shock waves.

2. M ethods

The LIFT setup used was based on a 100fs-Ti:Sappdmer system (Spectra-Physics Hurricane) desciib§?]

and shown in Fig. 1. Single laser pulses were ithageo the interface between the transpacamntier and the
donor resulting in an illuminated area of #2%in diameter. A collimated beam from a flash IafHSPS Nanolite)
incoherently illuminated the volume above the domorshadowgraphically image objects and atmospheric
distortions with a gated CCD camera. A delay genersynchronized the flash lamp with the camerarafer to
capture events above the donor at specific timegpab 1Qs after the arrival of the fs pulse at the donasnér
films of 1.1um thick bismuth selenide (BBe), 1.8um thick lead zirconate titanate (PZT) and TerfeDolith a
thickness of 0.pm were initially prepared by sputtering onto 2mnickhquartz carriers prior to the LIFT
experiments.

3. Reaultsand discussion

The threshold fluence for the fs-LIFT-transfer 0% was observed to be ~90 + 10mJcand the ejected flyers
remained intact in about 50% of the cases wherlikece was around this threshold. The flyers fragrad in the
other cases. The measured velocity of the flyertifoes larger thanis was ~48 + 7m/s. Similarly, for PZT an
intact flyer that subsequently travelled with aogiy of 34 + 5m/s was released for a thresholerfee of
~360mJ/crh In case of both the above mentioned donors, asimg fluences resulted in the ejection of a
fragmented flyer. For a fluence of ~720mJdhre fastest particles within a fragmented PZTrflyas seen to travel
with a velocity of ~360 + 15m/s. Likewise, a vekyciof 354 + 12m/s, exceeding the speed of soundifin
(331.3m/s), was seen for a fragmentegBSRi flyer for a fluence of ~ 400mJ/dnFig. 1 shows the image sequence
of the transfer of an intact (Fig. 1a) and a fragtee (Fig. 1b) flyer of BSe for a fluence of ~130mJ/cdrand
~400mJ/crhrespectively. The fs-LIFT transfer of the Terfeilbonor almost always resulted in a transfer pebdu
with a non-intact structure. The transfer appetodoe similar to LIFT of a rheological fluid [3]ehce we assume
that the ejected particle had undergone completingdy the absorbed laser beam.

During all our LIFT experiments, the shadowgramgsteeed did not show any trace of a shock wave taggr
preceding the ejected species of intact or fragetefiyer. In our study of the fs-LIFT process bmétresolved
shadowgraphy we observed that flyers travelled \aithelocity lower than those reported before ineothlIFT
experiments. During ns-LIFT with the use of an &awy absorption layer (dynamic release layer orLpRlyers



with thickness comparable to those reported heme wansferred with a similar fluence but at a kighjection
velocity [4].
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Fig. 1: Schematic of the fs-LIFT shadowgraphy set8pquence of shadowgrams showing transfer of,8eBfor a fluence of (1a)
~130mJ/cm2 and (1b) ~400mJ/cm2. The times at tlincof the frames indicate the delay times betwaeival of the laser pulse and the
beginning of image capture by the CCD. The scalérbthe first frames for a delay time of Ons ircle@aow is 10Qm.

In another work, where the author used a modifier Ltechnique for the transfer of electronic diesnf a support
substrate, transfer velocities were found to blewsas ~0.1 — 10m/s with thicker flyers than usedet5]. Another
fs-LIFT experiment [2] reports a velocity of ~50nfés ejected species of a 40nm donor layer. Therlisence,
donor thickness and the use of a DRL appears te hawmajor influence on the velocity of the transfiey flyer.
During our experiments, contrary to what has bdeserved before in LIFT with [4,6] and without [Tt use of a
DRL, we could not detect a shock wave propagatiniyé volume above the donor substrate. A shoclewtsat is
generated during the transfer, when reflected feomeceiver placed nearby [6], has the undesirddeinée of
destructively interacting with the flyer. We bel@that the absence of a shock wave may be attdtaitieer to the
specific properties of the donors, their resultent flyer velocity, or to the specific transfer/akibn behavior of the
fs pulses. The low flyer velocity we have obserf@dhe layers of BSe and PZT may be credited to the relatively
large donor thickness of ~1.1 - jur8.

5. Summary

We report the first ever shadowgraphy studies tdcinflyers from solid films of BBe, PZT and Terfenol-D
transferred via fs-laser-induced forward transfére lowest transfer velocities observed for ninlthick BLSe,
~1.8um thick PZT and Terfenol-D with a thickness of Orbwere ~34 m/s, ~48m/s and ~140m/s respectively,
which are, to the best of our knowledge, the lowesbcities observed for an intact flyer in LIFT thdut
incorporation of auxiliary release layers. Furtherey we could not observe any shock wave propagatirthe
space above the donor substrate for the measured delays, and this together with low flyer velesitis
advantageous when transferring delicate materials.
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