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Laser-induced damage formation and tungsten deposition on GaAs
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Laser-induced dimaie formation and depossion of ungsten trom WE, on GaAs useg a focused OW seanming argon-on laser
bietian are bolly dnvestigated, Laser-induced damage priduced at pesser lesels loswer than 1500 mW resalts b bumps as high as W10
. Therr Chemical compursitirn, andlyzed by AN shows o arsemec s, sugposting that they are not indueed by thermal
Adecomposition of Cads, Deposition of Wk Toumd Goooccar i marmow process windvw ranging from 57 o 75 mW. ALLS depth
poaleles show segnificant meorporation of As o the deposited hlm, even though the temperature of the Caads surlace diring

clepasation s estimited T be Jess than 400

1. Introduction

Taungsten is known o form o pood Schottks
contaet on GaAs [1,2] The interest in laser direct
writing of conductive materials such as W for
YIS applications hos increased in recent vears
[3-5). Laser-induced chemical vapor deposition
using an Ar” laser is a pyrolylic process, using
the focused beam as the heat source. Recentlv,
laser-induced deposition of tungsten on S by
silane reduction at low temperature has boen
reported [6). This particular pyrolytic process
could be used on thermal sensitive substrates
such as GaAs, For tungsten deposition, WOCO),
has been used in the past a5 the precursor, but its
low vapor pressure limits the deposition rates [Y]
which is not the case for WE,, Here we report a
preliminary study of W deposition on Gads using
WEF,. Since the formation of morphological dam-
pre on GaAs was mainly studied for pulsed lasers
[7.8], it was found necessary to first perform a
stucy of damage formation induced by a scanning
CW Ar" laser beam. We supgest that laser-in-
duced damage formation 18 due to enhanced
atomic diffusion caused by electronic excitation.

2. Experiment

The laser direct writing system 1% composed of
a OW argon-ton laser focused on the substrate
using a long working distince microscope objee-
tive with a numerical aperture of (1,15, The maxi-
mum power available at the substrite on the
514.5 nm operatmg line 15 1.3 W. The spat diame-
ter ate - of maximum intensity, measured by the
scanning knife-edge technigque, s 37 gm. The
substrate is placed in a 10 em® stainless-steel
reaction chamber pumped down to a base pres-
sure of ~ 1077 Torr by a mechanical pump. The
chamber window is made of fused silica. The
reaction chamber is mounted on computer-con-
trolled A-Y translation stages, having a spatial
resolution of 0.1 wm and a maximum velocity of
100 pm /s, Substrates used are (1) semi-insulat-
ing liguid-encapsulated Crochralski GaAs. In
preparation for experiments, samples were de-
greased in hot TCE., acetone, propanol and rinsed
in de-ionized water: Then they were cleaned in
hot HCI:H,0 (1:1), rinsed in de-ionized water
and dried in flowing nitrogen. Deposition tem-
perature of the substrate is 30°C.
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3. Damage formation

I this work, & damage 15 defined as o morpho-
logicnl modilication of the GuaAs surface that is
visible under white light using o 80 = magnifica
tion, The danmge threshold power £, is defined
an the minimum power ot which soch dismage is
formed, Fig. | shows a scannming electron mi-
croscopy (8EM) photograph of typical damage
produced in vacuum { ~ WS Torr) using o veloe
ol W e s and a laser power of 100 mW. At
lowe poseer levels, the damaged regions are rough,
with bumps as high as HHE nmoas measured by a
contaet prodiler (Sloan Dekak 20300 while at
Tiph power Tevels CF = 300 mW), damaged arcas
are smcoth and i the form of trenches, suggest-
g omelting of the substrale.

Fig, 2 shows Auger depth profiles obtained on
ki line of damuge produced a0 T gpm 28 using
i power al T mW and (b the unilluminired
sulstrate, The faet that ne arseme loss iy ob-
served i the damaged region sugeesis that the
damage s produced below 63000, the temperae
ture b which thermal decomposition of GadAs is
Pelieved to aeeur | 1),

Fig, 3 shows that £, increases with scan veloc-
iy . From the three-dimensional steady-stale
calculation of Nissim ¢t al. [11], where the 1em-
perature dependence of the thermal conductivity
has becn taken into consideranion, we evaluate
the lemperature rise of the GaAs surfpee cavsed

Fig, 1. SEM phevtograph of leser dpmape on Gass
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Fig: 2 AES depth profiles performed oo (u) o laser dumaged

regiot el (b the woilluminated substrite

by the laser irrudietion o be ~ 350°C [or 63 mW
and =~ 625°C for 10 mW. Note that this temper-
ature range is below the onset tempeérature for
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Fi, 4 Lpseraamlpeed. dumoge heaght as o foncison of b
ingilent L poseer The imeet shows an Arrhenmius pliog of
g prowth e

thermal degampasition, 6500, This 15 consisten)
with the constant As concentration  discussed
above, For oa surface heat souree of dimensions
M guis-steady-state wemperature distribution
s osetoupoon the tme seale 7, = H',':_-'-lfl, [12].
where 120 s the thermal diffusivity of the sulb-
strate. For GaAs and wyle “) = 3.7 pm, we find
that 7y = L3 w5 Simee the munimum . dwell time
wsizd is 37 ms, which is much grenter than . the
substrate reaches thermalequilibrium rapidly and
the 1emperatire rise should non depend upon
soalt velocity, The dashed line of fig. 3 will be
dlincussed el

Fig. 4 shows the height of the bumps produced
as ou lunction of the loser power for damage
produced under vicuum, The maximum. of the
eprve corresponds o o tlemperature nse of the
GadAs surface (o near the fusion temperature of
| 238°C [13], supgesting that the decrease as the
powen incréases beyond this s due an evapora-
tion of material upon melting,

Since thermal decomposition of GaAs cannot
explain the formation of bumps, we suggest that
this phenomenon 1s due 1o atomic diffusion from
the bulk o the surface. A simple caleulation
shows tat this process requires diffusion coeefli-
cients as large as 107" em” /s considerably
higher than the values of 107" and 107" em- /s
reported for As and CGu, Tespeetively, al 830°C
[14], Thus, # simple atomic diffusion canmot ex-
plain the process. We propose that the high den-

sity of incident photons creates a2 dense
clectron—hole plasma which may weaken bonds
inducing defect formation [15-17]. For instance,
Welsh et al. sugeested that residual stresses in-
duced during laser heating could produce defects
[ 18], The damage could result from sizable atomic
diffusion in & material containing a large concen-
tration of defects. Since atomic diffusion is «
thermally activated process, the bump shape and
height coukd be explained by the temperature
profile until melting 15 reached for P > 160 mW,
Plotting the “growth rate” r for the first five
points of fig. 4 on an Arrhenius plat, an activa-
tion cocrgy of £ =035 eV is obtained. While
the bump formeition mechanism is unclear; it is
interesting to note that this £ s close to the (L33
ey oactivition, energy vitlue reported lor As sSur-
face diffusion on (U GaAs [19]. We propose
thut the product ¢ by 7 (where v 18 the dwell
timed is constant ot threshold damage power.
Lisimg this, it is possible o caleulare the theoreti-
cal damage threshold power for different sean
vielocitees, As shown o fig, 3, 0 good agreement Iy
found between the caleulated vidlues and the ex-
perimental ones, sugegesting the vulidity of the
simple proposed model

4. Tungsten deposition

A preliminary study of laser dirget writing aof
tunegsten on GaAs hus béen pecformed. Lines
have been made at a scan velogity of 25 um /8
with power of 37 to 73 mW. using different mix-
tures of WF,:H. and WF,:SiH . Depositions
hatve also been produced without wsing any reduc-
ing gas, suggesting that GaAs plays a role in the
deposition mechanism. Fig. 5 shows a SEM pho-
wigraph of a tvpical line made using o sean veloc-
ity of 25 pm /s and a gas mixture of 1 Torr 5iH
and 10 Torr WE, - Depositions are found to occur
in a narrow process window, of the order of 1)
mW, and difficult 1o reproduce. Line thicknesses
are usually less than 70 nm. At power |evels
higher than 30 mW. etchme of Gads sobserved.
AES depth profilesmade on deposited lings show
significamt incorporation of arsenie in the film,
cven though the temperature of the Gads surface
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Fig, 50 5EM photogeaph of o tungsten bine deposited on Gada
P Jnser- OV sing womistore of WESSIE O 1) 0 = 28
JLIT 5,

during deposition 15 estimated (o be less than
MPC. This study continues and further results
will be published clsewhere,

& Conclusion

Ar [aser doamaged regions on GaAs are bumps
and show no arsenic loss, 1ois suggested that
enhanced slomic diffusion, due o defect forma-
tion from clectromic excitation, produces the ob-
served damages. A simple model has been pro-
posed 10 predict damage threshold powers as @
function of scan velocity, Preliminary results on
laser direct writing of W from WFE, show a nar-
row process window and considerable As incos-
poration in the film,
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