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Twin peak distribution of electron emission profile and impact ionization
of ambient molecules during laser ablation of silver target
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Laser-induced plasma generated from a silver target under partial vacuum conditions using the
fundamental output of nanosecond duration from a pulsed Nd:yttrium aluminum garnet laser is
studied using a Langmuir probe. The time of flight measurements show a clear twin peak
distribution in the temporal profile of electron emission. The first peak has almost the same duration
as the laser pulse while the second lasts for several microseconds. The prompt electrons are
energetic enough~60 eV) to ionize the ambient gas molecules or atoms. The use of prompt
electron pulses as sources for electron impact excitation is demonstrated by taking nitrogen, carbon
dioxide, and argon as ambient gases. 1@98 American Institute of Physics.

[S0003-695(98)03928-X]

In recent years the study of pulsed laser ablation hapulse as recorded by monitoring the Langmuir probe current
become a topic of vital importance both from the fundamen-at a distance 2 cm from the target surface. There are two
tal point of view and in the context of applicatiohs.Even  distinct peaks occurring in the probe current signal. The first
though the ionic, atomic, and molecular temporal profilesone, which is very sharp, almost coincides with the laser
have been investigated in depfh}? electron temporal pro- pulse with a full width at half maximum approximately equal
files have not been studied in detail. Yet, the multiphotonto the laser pulse width. This indicates that the first peak
induced surface and volume photoelectron generation andoes not correspond to the thermal electrons found in laser
their angular distributions have been studied during laser inplasmas. These are therefore the photoelectrons which are
teraction with metald>'* Laser heating of the plasma elec- accelerated through laser absorption by an inverse brem-
trons and the role of electrons in plasma shielding duringstrahlung process. The second peak appears well after the
nanosecond and picosecond laser interactions are also of itermination of the laser pulse and with much slower peak
terest in the context of laser matter interactid®i€®In this  velocities of the order of those usually observed for atomic
letter we report the observation of a twin peak distribution ofand ionic species coming from the target. Therefore, obvi-
the electron pulses occurring during the interaction of infra-ously the second peak corresponds to the electrons accompa-
red radiation from a pulsed Nd:yttrium aluminum garnetnying the silver plasma. The electron energy corresponding
(YAG) laser with a silver target. Application of these elec-to the two peaks are evaluated using volt-ampere character-
tron pulses as short duration excitation sources in the colliistics of the Langmuir probe. The first peak is found to have
sional ionization of atoms/molecules is demonstrated. an electron energy of approximately 60 eV and the second

The schematic diagram and details of the experimentapeak has energy of 2 eV.
setup were already given earlier except for minor modifica-
tions required for the present investigatididn brief, the 1.05f

experimental setup consists of a pulsed Nd:YAG laser

(Quanta Raywhich emits pulses of 1.0am radiation with T osal
10 ns duration. The laser pulses were tightly focuéesti- g
mated spot radius of 5@&m) on to the surface of a silver £

target which was kept inside a partially evacuated plasma _g 0.63 r
chamber. The electrons were captured with a positively bi- =

ased Langmuir probe made of tungsten connected to a digital g o4zl
storage oscilloscopé€Tektronix TDS 220 through a 500 é

load and the optical emission was monitored using a one 2
meter grating monochromat¢8PEX 1704 coupled with a 021y

thermoelectrically cooled photomultiplier tulf&orn EMI).

The plasma emission intensities were gated and averaged 0.00 El : : . s [

using a boxcar averagésRS, SR 25Dand fed to a com- 0.0 09 18 27 36 4.3
it time (micro seconds)

puter for data analysis.

Figure 1 shows the time of flight profile of the electron FIG. 1. Temporal profile of the probe signal. The profile shows clear twin
peak distribution. The narrow peak appearing early in time represent prompt
electrons and the broad peak correspond to the plasma electrons which
3E|ectronic mail: photonix@md2.vsnl.net.in extends to several microseconds.
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FIG. 2. Temporal profiles ofa) the emission from §l at 427.8 nm andb)

. ! > FIG. 3. Variation of the time of flight as well as velocity of electrons with
that of silver atomic emission at 546.5 nm.

distance from the target.

In metals, the laser interaction occurs within the skinby the dotted line in Fig. 3. This is because the thermal
depth. The incoming laser radiation is absorbed by the conenergy is converted into kinetic energy as it expahtisis
duction electrons and the absorbed energy is transferred #iso seen that the intensity of,Nemission is directly pro-
the lattice through electron—phonon interactiéh$ The  portional to the laser power density. In the case of direct
electrons are heated well above the lattice temperature withimultiphoton absorption and excitation, the emission intensity
a few picosecond$?® and the surface electron temperatureshould be proportional to the™ power of the laser power
follows almost the same temporal profile as the heating lasedensity wheran is an integer. Therefore, multiphoton absorp-
pulse whereas the heat is transferred to the lattice with &on is not a likely process in the ionization of ambient gas.
delay time resulting in bond breaking and generation of theThis fact is supported by the increase of electron density
plasma? A fraction of the laser heated electrons may escapevith distance from the target to be described later in this
from the interaction region without losing energy to the lat-letter. The linearity of N emission with laser power density
tice. These fast electrons on collision with the atoms/
molecules in the ambient atmosphere ionize them and this is Lon

revealed by the characteristic emission from such ionized 08
species.

Figure 2 summarizes the results of measurements done 06
with nitrogen at low pressur@®.2 mbay in the plasma cham- 0.4
ber. It gives a comparison of the temporal emission profiles 02r
from the atomic silver and ionized molecular nitrogen in the 0.0}
plasma from a segment situated at a distance 0.5 cm away M8 420 42 424 426 428
from the target surface. Figuréa shows the emission tem- 17 =
poral profile at the wavelength 427.8 nm due to Bf& | g 1.4 g8 2§ §g @
— X34 vibrational transition in § molecule. Figure @) Zoule = 8.3 33
gives the emission profile due to silver at 546.5 nm and this E 08 25 |E = E 958
is broad and indicates a larger time of flight. The ambient gas 2 HEIEE: = £3
molecules can be ionized by the direct absorption of the ul- g » = =7
traviolet (UV) radiation from the plasma core, through colli- T 0350 450 468 477 436 495
sional excitation by energetic electrons or through the mul- 75
tiphoton absorption of the laser light. Figure 3 shows that the 60 _ §§ § ©
time of flight for these electrons increases with distance from 25 g4 ¢
the target even though the variation is not strictly linear. The 43 :Zg 8
time of flight (t) is related to the distance from the targy) 3.0
asRxt%34shown by the solid curve in Fig. 3. This eliminates 15
the possibility of ambient ionization and electron generation 0.0
through the absorption of the UV radiation originating from 400 404 408 42 416 420 424
the focal spot since with the present length scales such an wavelength (nm)

absorption should be instantaneous. Also the UV radiatiomg, 4. Time resolved spectra with different ambient atmospheres with a
from the plasma core does not have sharp temporal profilegate delay 0 ns and width 40 ri@ High resolution spectrum of the emis-
and in that case the prompt electron pulse would have bes_ion Av_=_—1 bgnd from I\] Spectrum shows clgarly resolved_ rotational
come much broader than the laser pulse width. The velociti[nes with intensity alternationgb) The spectrum with argon ambient where

3 1 he spectrum is dominated by the emission from singly ionized ar@on.
of prompt electrons are of the order of°1@m s~ and suf- ¢ spectrum of carbon dioxide obtained under the same pressure condi-
fers a linear increase with distance from the target as showtibns as that for nitrogen ambient.
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with distance from the target surface. This indicates that the

343 ’ . . source of these prompt electrons are not solely from the tar-
310} get surface but further electrons are created in the ambient
w; medium due to cascade ionization. The electron energy de-
S 2751 creases due to collisions and therefore there is a saturation of
2 the electron density beyond 0.7 cm.
5 20T 1 In conclusion, a twin peak distribution in the electron
g sos | qurrent pulse is ob'tained during laser pulse interaction with a
DA silver target. The first peak corresponds to laser heated elec-
E 170l | trons escaping from the interaction volume before the ab-
< sorbed energy is transferred to the lattice. The second peak
135} § comprising of low energy electrons has a comparatively
broader temporal distribution and corresponds to those in the
1.00

810 025 040 055 070 085 100 silver plasma. The prompt electron _pulses can effectively pe
distance from the target (cm) used as an excellent short duration excitation source in
atomic and molecular spectroscopy. We hereby propose that
FIG. 5. Variation of prompt electron density as a function of distance fromby using even shorter duration pulsed lasers for irradiating
the target at a pressure of 0.27 mbar. The density increases with distan .
from thge target ﬁ\dicating electron generation due 2/0 collisions. frietal surfaces one can geF ultrashort electron pUIseS' and this
may act as a very effective electron source required for

) ] electron-vibration energy relaxation experiments.
actually supports the argument in favor of electron impact

ionization of ambient molecules. Collisional ionization re- Financial supports from DS{Government of Indipand
quires high energy electrons and the temporal pulse of thefGC (New Delhj are acknowledged.

N, emission almost coincides with the occurrence of the first

electron current pulse at various distances. The decay time of
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