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ABSTRACT

Wa have studied laser-CVD of W on GahAs by X-ray Pholoslectron
Spectroscopy (XP3). Deposition of W s obtained by Irradiating GaAs samplies with
a KrF axcimer laser al normal incidence 10 the substrate, in a call containing WFs
mizad with Hy and Ar. We have praviously shown that WFg and GaAs react at room
lemparature even withou! laser llumination. GaFy formation and a loss of As wara
detectad al the surface of the samples by XPS, At laser fluences of 50mJicmZ, this
reaction appears to be enhanced by laser healing of the subsirate, but no melallic
W is lormed. At laser lluences of 67 mdicm?, melallic W begins to be deposited,
through a pyrolytic dissocialion reaction with the substrale.

INTRODUCTION

Thara has recenlly baen considerable interest in depositing W on GaAs using
a CVD progess with WFg as the metal precursor gas [1-4], Tungsten [5] and ils
sllicidas [6] form thermally stable Schotiky contacts on GaAs, and it is therelore used
i the high temperature sell-aligned gale process, Chemical vaper deposition
ICVD) processes have some Important advaniages over the physical deposition
technigues [2,3]. Laser-CVD offars the possibility of deposition In a selaclive
mannar, sa that reslstless laser projection paltarning can be achleved, in
appropnate circumstances.

Wa have tharalors investigated laser CVD of W from WFy on GaAs using a
KrF excimar laser, both with and without Hp as a reducing gas, and have cbsarved a
surface reaction betwaen WFg and GaAs under laser {llumination. We have used in-
situ XPS 10 study the mecanisms of this reaction. GaFa formation and a loss of As
ware detected at the surlace of the samples. Matallle tungsten begins 1o be
daposited at lasaer luences of 67 mdicm?, even whan no reducing gas, such as Ha,
was used. The presance of a threshold for metallic W formation suggests that the
depasition process is pyrolitic,

EXPERIMENTAL

The W deposition call is a stainless steel high vacuum five-way cross,
evacuated by a rotary pump and a Wwrbomolecular pump, to obtain a base pressure
of the arder of 10°6 Torr. WFg, He, Ar and SiHa can be introduced into the cell. The

KrF axcimar laser (A = 248 nm) beam |5 weakly focused and is incident
perpendicular 1o the sample. The maximum repetition rate of our laser (Lumonics
TE-281-2) is 2 Hz and most of the experiments were carried at a repatition rate of
1 Hz. A high vacuum transler rod is connacted 1o the cell and allows vacuum
transtar of the samples from and o an XPS spectrometer (VG ESCALABZ Mkll)
which also has an Ar+-sputtaring gun for sample in-silu cleaning. The Al Ko
radiation (1486.6 eV) from a nonmaonochrematized source was used to oblain the
KPS spectra.

Semi-insulating LEC GahAs (100 substrates were degreased in boiling
trichloroeihane, acetone and propancl, then dipped for 5 minutes in DI Hz0 and in a
hot 1:1 HCEHzO solution. The samplas were then rinsed for one minuta in DI H20
and driad in flowing nitrogen before being placed in the deposition cell, In soma
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cases, the samples wera Ar+-sputtered and then annealed in vacuum 1o remove the

native oxide layer.
All gxpafimants ware pa

riormed with flowing gas conditions, After the sample

was introduced, the chamber was heated to 80 °C under a 100 sccm Ar flow. Tha

pracess gases (Hz, WFg and

Ar) ware then introduced. Typically, Ha, Ar and WFg

fiows wore 10, 10 and 1 sccm. The total pressure was about 40 Torr. Once laser
irradiation was completed, the syslem was pumped to its base pressure and the
sample was Iransfered to the vacuum transfer rod and then 10 the XPS

spectromater,

RESULTS

Wa have praviously reported [7] a slow room temperature reaction between
WFg and the GaAs surlace, even withou! any kaser irradiation, The formation of
GaFs and a loss of As were delectad at the surface of samplas exposed o WFg To
study the effect of the laser beam on the process. we imadialed the GaAs samples
with KrF lagser pulses using various laser energy densities and numbers of pulses,
in tha presence of WFg and of Hz-Ar mixtures.

Figure 1 shows the Ga

2parp surface sensitive peak (for which the eleciron

maan frae path, A, 1s equal to 0.7 nm) of the clean GaAs surface before (a) and after
irradiation with 500 laser pulses a1 wo ditferant enargy densities, 50 and 67 mJicm?2
(b and ©) in the presence of WFg and Ar, A new peak appears at 1119.5 aV alter
laser irradiation. This corresponds 1o a shift of 2.3 eV to higher binding enargias
from the Gahs peak al 1117.2 eV. The appearence of this leature could also be

dateciad on the bulk sensitive,

3d poak (4 = 2.5 nm), with a shift of about 2.5 eV from

Its position In GaAs. For both peaks, this shift is too lamge for Ga bonded to oxygen

(Ga must tharafore be bonded

o a more electronegative glemant, that is fluonneg.

This shill is indeed n agreement with {he GaF3 shift detected by Alnct el al. [8]. We
theratore attribute this peak to the presence of GaFg on our samples aher laser

irradiation. Moraovar, GaFg 18

contrast, no fluorinated As compound ware delected at the surface of the laser

the only stable Ga fluorinated compound known. In

iradiated samples, This can be seen in Fig.2, which shows the As 3d and W 4

paaks lor four differant sample

s @) clean GaAs, b) GaAs exposed 1o WFg, c} Gahs

irradiated by 500 laser pulses In an aimosphere of WFg and Ar and d) GaAs
irradiated by 500 laser pulses in an atmosphere of WFg and Hz. The only As
species detected ara As bonded to Ga (at 41.1 eV), elementary As (at 41.8 eV,
which cannol be resclved from the GaAs confribution) and As oxide (al 44.2 eV).
Thers is Ioss in stoechiomelry at the surface of the laser irealed samplas. The As/Ga

ratio, caleulated from the 2py
about 0.66 for tha 50 mdiem? &

o peaks, goes from 1.04 belore laser irradiation to
nd to 0.44 aker 67 mdiem? treatemant.

To understand the effect of laser imadiation on lormation of metalic W, wa
have analysed the W 41 peaks in Figure 2. For sample b, the W signal is a small

fealure observed at 37 eV,

This has already been reporied in a previgus

publication [7], where it was shown that WF, and WO,F (with x=4] adsorb on GaAs

lollowing WFg exposure. For
increases and the feature énla

samples ¢ and d, the signal due to the W 41 peak
rges lowards lower binding energies. The ratio of the

W 4f signal to Ga 3d signal of the subsirate, goes from 0.05 (sample b) to about
0.15 for samples ¢ and d. These obsaervations suggest that some dissociation of the
ungsten fluorinated species at the substrate surface has laken place under the

influence of the laser beam, and the presence of Hp doas not seem 10 make a major

diffarance.

In order to study the effect of the native oxide layer (estimated to be 7 A) on

the observed reactions, this layer was removed by Art-sputtering (E=500eV). The
sample was then annealed in vacuum (550 *C for ten minutes). Under laser

irradiation in'a WFg-Ar ambient, the GaFg formation and the loss of As were still
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Figure 1. XPS spectra of the Ga 2p,,
peak betore and atter iradiation by 500
laser pulses lor different laser enargy
densitios.

Figure 2. XPS5 spectra of the As 3d and
W 4l peaks tor: (a) the clean GaAs
sudace, (b) atter exposure ta WF,
after 500 laser pulses (67 mJlem’)in a
WF, atmasphere () without H, and (d)
with H, .
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detected as the Wi/GaAs ratio was close to 0.15. This shows that fhe reaction is with
tha GaAs matrix and not only with the native oxide.
Up to this point, no metallic tungsien was detected, since the correspanding
peak should be at about 31 eV. Figure 3 (a) shows the W 4f peak region for a
sample iradiated with 3000 laser pulses with an enargy density of 67 mdlem?2, in an
ambiant of WFg and Ar. We obsarve that the W signal has increased significantly,
and that it has shifted towards the metaliic tungslen position. Howaver, we also
should nots that a substantial amount of flugrinated W is still present. Aftar 7300
laser pulses at 67 mdicm?, Figure 3 (b), the metalic tungsten &1 peaks ara finally
detected, as they appear as a well separated doublet at 31.50 eV and 3365 eV,
and the signal from the substrate has diminished substantially, This last sample was
- yranslerad under ambiant air, leading to the presence of the tungsten peaks at a5
and 37 eV, cormasponding 1o tungsten oxides. For samples Iradiated with more than
7000 laser pulses, matallic tungsten formation was delected, even when no Hz
reducing gas was introduced with WFg into the reaction chamber
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Figure 3. XP5 spectra of the W 41 and As 3d peaks after lasar iradiaticn by (a) 3000
and (b) 7300 laser pulses with an energy density of §7mdicmE,

DISCUSSION

As the laser beam strikes the Gahs subsirate in an WFg ambiant, the
farmation of GaFa and the loss of Az enhanced, as shown by our XP5 analysis.
Thess are detected after 500 pulses, before any metallic W is formed, and they
becoms more evident as the laser pulse energy density (and the subsirate
tamperature risa dua to the incident laser beam) is increased. As the number of
lasar pulses is Increased, the dissocialion of the fluorinated tungsten species at the
surface of the sample increases and metallic tungsten is detected atier about 7300
laser pulses al 67 mJicmZ, even in the absance of Hz. We therelore conclude that
under laser irradiation, metallic lungsten can be formed through dissociation of WFs
with the subsirate.

No gas phasa photo-dissociation of WFg Is 1o be expected lor KrF excimer
laser radiation (4 = 248 nm). WFg absorbs at 226 nm and balow [8]. The KrF lasar,
5 eV, photons do not have enough enargy to strip a fluorine atom trom the WFg
malecule (as this requires about 5.3 eV [9]). Photo-dissociation of adsorbates is
not automatically excluded as their electronic spacira can be quite different from the
malecula in the gas phase. However, no metallic tungsten was detected for samplas
iradiated with 6300 laser pulsas with an energy density of 35 mJiem? in a WFg and
Hg/Ar ambisnt. Thus thare is little photochemical contribution 1o WFg dissociation.
Tha process musl be pyrolitic, with a threshold anergy dansity of about 67 mJdicme,
A rough calculation of the temperature increase due to an 8 nsec, KrF excimer
laser pulse gives a value of aboul 420 °C. The steady state temperature change Is
negligable at tha relativaly low 1| Hz laser repetition rale usad. Al such
tomparatures, we da nol expact any thermal decomposition of GaAs. Therafora, the
loss in As may be explained by the lormation of volatile AsFg and AsFs, GaFy is
stabla, and the temparature rise due 1o the laser beam is not high enough to cause
its sublimation [7]. The presance of fluonne bondad to Ga In such a stable manner
reduces the number ol available sites on which WFg can adsorb 10 undergo
dissociation and tharefore nucleation of matallic ungsten lilms becomes difficult, as
reportad by some authors [1,3]. However, i the temperature Increase is high
anough, matallic W can be formed. Al this point, W CVD on the pre-existing W layer
can procaad through the Hz reduction of WFg, However, the prasence of Hz does
not seam 1o alfect tha initial surace interaction batween WFg and tha substrate, but
its aifacts on tha subsequent growth of the metallic film and iis propenies still need
to be clarified

CONCLUSION

We have investigated the inltial stages of W laser-CVD on GaAs using WFs
as the matal precursor gas, and a KiF excimer laser, incldent perpendicular 1o the
substrate’s surface, as a pholon source. By using in-silu XPS, we have shown
evidence of a surface reaction between WFg and GaAs leading to GaFy formation
and 1o a loss of As on the GaAs surface. This reaction is enhanced as the [asar
enargy density is increased. Al a subsequent stage, metallic W formation is detected
above a threshold value of the laser enargy density (near 67 mJdicm?2), This appears
to be causad by tha laser induced temparature rise at the surface of the substrate.
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REPAIR OF FLAT PANEL DISPLAY SUBSTHRATES BY LASER DIRECT
WRITING OF METALLIC PLATINUM, COPFER AND ALUMINUM AND
INSULATING ALUMINUM OXIDE UTILIZING GAS PHASE REACTANTS

J. David Casey il Richard A. Comunale
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ABSTRACT

The [dentification and repalr of defects in  flat  panel displays (FPD's),
most especially liguld crystal, are  required o achieve  mccepiable

manufacturing yields and reasonable costs, Lazer cuttlng and laser direct
welting, from gasz phase reactanis, are wsed to repair opens and shorie In
conductor lines of FPD  substrates (the L1 laser repalr system) This

paper detalls  platinum, copper and aleminum  deposition  processes  Incleding
deposition  parameters, conductivity datm;, Auger evalunfloos and microscopy
characterizatlana. Life-study data on repaired, [ully sssembled FPD':
will be presented. Also  the lager direci-wrkting process Tor  slumimum
oxide, wsed to  repalr  dlelectrlc defects and to  passivate metal  repairs,
will ._.W_-. described. Floally, = uonigue, locslized smcoum sysiem (SPOT
YACT™Y,  specilically  cogineered for  lager  depositlen  on  large (500 X
Simm) Mlat substrates, will be detalled,

I INTRODUCTION

The development of luspectbon, testing and defect repalr of actlve malrix
Mgeld  crystal  displays  (AMLCD'S) s required to  ralse  manufacturing
yields from the presend  10-40  percent o & level whose masi-marketing
applications such as ootehook computers and HOTY are economicsl, We have
developed & repair  system  {the 11 system) for flar pasel dicplays  which
willlees later gutilng and laser deposltlon  technologles  10.2] 1o repair
lloe opens, lnoe shorts and cross-over shorts In bus  llnes, The success
of the L1 aspproach hae been exemplified In & recent publication (3] which
descrilves the repalr and subsequent  salisfaclory operstion of  color, high

definition, lgeid  crystal  displays Qur  laltlal  deposition  processes
were the laser dlrect wreltlng of  conductive cobalt  [4.56] and  Insulatiog
cobalt oxide |6] limes from gax phase reactanis. As the wvarlety In LCD

materinly and cleaning procedures (Tar exmmjle, sulairate cleanlng
proceddes) expanded, we developed additlonal deposition  processes, namely
Pil6), Cu mnd Al 1o repalr LOCD%, Additlonally, Cu and Al were developed
with  &n  éye towards the modiflcation wod repair  of  advanced device
packages, such as multi-chip modules,

An  additional concern mow being expressed by AMLOD masufacturers §s  that
repairs 1o fully  fabricuted panels will  subsequently leave (the repalred
sltes exposed o the liguid crysial wmediom, a potentlally uwndesirable
situation. la  response o (his concern, we will a@mlso repori on owr
present  development of aluminum oxide deposition which can  be wsed to
isofate these repaired sitex from the lguid erystal mediom.
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