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ABSTHACT

Laser Chemical Vapor Deposition ol tungsten en Gahs from WFg using a
lncusod cw scanning argon-ion laser boam has beon investigaled. Lines have bean
produced using differant mixtures of WFg:H, and WFg:5iH, and in some cases,
withoul any reducing gas. Depositions are lound to occur within a naliow process
window, and aro difficull 1o repradugo. In order o understand this process, we have
parformod surface analysis on GaAs samples exposed 1o Wiy . ¥-Ray Pholoeiection
Spociroscopy sludios on the inleraction between WFg and Gahs in the absence of
lasor illumination show thal Nuorinaled lungsien compounds are present on the
Gahs surfaco. Fudhermora, the existence ol a chemical reaclion leading 1o tho
farmation of GaF, at the surlace and 1o a loss of the stolchiomatey of 1he substrate
surlace is delecled, Possible meghanlams, and tho otfects of thase reackions an the
deposition process ara discussed,

INTRODUCTION

It has recontly been reported (1,2) that W Is a good material lar lorming
Schallky contacts on GaAs, since W Is a low resistivily ralractive metal and does nol
react with Ga or As below 1000°C (2). As laser chemical vaper deposition (LCVD) is
a selective and low lemperatura process, il is an altractive technigue lor depositing
W on lomperature sansitive subslralps such as GaAs. We have proviously prosented
preliminary rosulls an LCVD of W trom WFg on GaAs (3).

We prosent here the results of the LCVD of W on GaAs using a cw Art laser.
Lines are deposited in a narrow process window bul are ditficult 10 reproduce. In
somo casas, deposits are obtained without any reducing gas, suggesting that GaAs
plays a role in the deposition. Wa then report on the interaction betwoon WF; and
GaAs under the conditions of laser deposition using X-ray Photoelectron
Spoectmscopy (XPS). We found that the surlace oxides (especially As,04) react with
tha WF, atmaosphere, leading 1o a highly surlace locafized reaction. Tungsien
suhfluardes and oxylluorides are chemisorbed onto the surface. where a loss in As
and formation of GaF, are detected.

LASER PROCESSING OF W ON GaAs

The substratos are (100} semi-insulating liquid-encapsulaled Czochralshki
aAs. Samples are dogreased in hot trichlorosthane, acetone and propanol, ninsed
in deianized water then etchied in HaPO4HaO»H,Q (1:1:10) for 5§ seconds. Samples
ara then finsed in hot HCEHLO (1:1) for 5 minutes and then in deionized water and
dried in flowing nitrogen.
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Tha laser direct writing sysiem has been described elsewhers (3), It consists of
a 514 nm cw Art laser focused on the substrate which is placed in & siainless steal
chambar with a guartz window. This chamber is mounted onto computer controfied
®-¥ tranglation stages having a spafial resolution of 0.1pm and 3 maximum scan
velocily. of 190pmises: Once the sample is placed for processing, the chamber is
pumped 1o a primary vacuum and heated 1o nearly BO°C with a 100sccm Ar flow lor
mare than an hour belore WFg and the reducing gas are inlroduced. All expanments
are done under static filling candifions.

Linas are deposited using a mixlure of WF; and H; at a velocity of 25umis and
using laser power belween 57 and 75 mW. The most faverable condilions
carrespond 1o a pardial pressure of 10 Torr of WFg Tor a 1:5 or 1:10 ratio of WFg:H;.
The lilm thicknesses range from 10 to 80 nm and the growih rale is estimated 1o beo
close 1o 230 nmfsec. Auger Eleclron Speciroscopy (AES) doepth profiles made on
these lines show a substantial As incorporation through-cut the deposit, which
consisls of lass than 30% W (4). Deposils could also be oblained by using SiH;as a
retucing gas, as suggested by Black ol al. (5). Howavar, we found that the resulls are
vary diffarent fram those oblained with other substrates (6) and are very difficult to
reproduce. Success n oblaining deposits was found to vary even as we scanned
diflerent regions on the same sample(d). In some cases, W lines are evan oblained
withou! any reducing gas, with a WF, partial pressure of 10 Torr and scan speed-of
25umés. These observations prompted us to investigate tha basic interaction
botwaon WF¢ and GaAs in the conditions ol laser deposition,

SURFACE ANALYSIS OF THE GAS-SUBSTRATE INTERACTION

For lhe XPS study of the gas-substrale interaction, the same cleaning and pro-
daposillon procedure as those employsd for deposition are used, in order to
reproduca the conditions of the LEVD experiments. All samples are surlace analysed
alter cleaning, in order to provide a good knowledge of the initial surface condition,
and then translered in vacuum to an adjacent reaction chamber, using a transler
module. Onee the subsirate is oxposed 1o WF, the chamber s then pumped lo a
primary vacuum and the sample ks translered back 10 the XPS spectromater for
analysis, All specira ars taken In a VG ESCALAB Mkl spectrometer, using Al Ka
rodiation {(14B86.60V) of the nonmonochromatized source. By using his ray, wo arg
able 10 moniter the highly surace sensilive 2p lings of Ga and As (4. the mean
photoeleciron escape deplh, <inm) as well as their bulk sensitive 3d lines (i=2nm) .

Figure 1 shows the 3d As peak both belore and after exposure o a clean
GaAs surlace, 1o 10 Tom ol WFg for 10 minutes. The small feature at around -37aV
afler exposurd is dug 1o the W 41 core levals. Nole that no melallic lungsten is
datecled, since the melallic peaks should be at energies close o -31eV (the peak
nbserved al this anergy is simply the satellila peak of the As 3d). Since the shift of the
W peak 1o higher binding energy is grealer than 5&V we concludae that the adsorbed
Wis still honded to fluoring and possibly to oxygen. This adsorption is probably
dizsociative, as the ratio botwean the total W 4f and the F 1s (-684.9eV) signals is
close 1o 1:4. Moreover, we do nol expect to detect any WF; adsorption because WFg
is volalile al room lemperature in & vacuum enviranment. The prosance of a broad
unresolved W 4! emission doublet suggesis thal the W en the suriace is present in at
ieast wo differently coordinated compounds, WF, and WO, F,.

The 3d As peak before exposure shows the presence of some As.Oy by the
presence of @ small peak, shifled by 38V from that of As bonded to Ga, at -41 2aV. By
comparing the oxide and substrate intensity for the 3d and the 2p:» peaks
respectively, we eslimate that a 7A oxide layer, consisling mainly of As,05 and
Gay0,, is formed as the samples are exposed 1o air between cleaning and the stan of

e

each expefiment. Our angle resalved XPS sludies on cleaned GaAs hava shown thal
Asa04 is highty localized at the surface of the substrate. Therelore, il np As,O; were
lost after the WF, exposura, the corresponding peak should increase relalive 1o the
peak of As bonded o Ga, as we are than sampling & lesser dapth of the subsirale.
Therelore; the decroase of the As;Oy alter sxposure to WFg suggests thal WFg reacts
with this oxide.
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Figura 1. XPS spactra ol the As 3d peak of clean GaAs before and after expositlon to
10 Tarr of WFg for 10 minutas,

In Figure 2, the Ga 2pg. peak presants a lail lowards higher energies. Allet
expasurg to WFy, it extends furthor that the 1.4eV shilt due to Ga.0, detectod on the
peak of the elean sample, This could be accounted lor by the prasence ol some Ga
bonded to an elemant more olectroncgative than oxygen, such as fluorine. Indood,
this poak cannot be deconvaluted using only Gahs and Ga, 04 contributions and has
been decanvoluted, assuming thrae contributions: the first is a1l -1117.2eV for Ga in
GiaAs, the second is at -1118.6eV lor Gay0, (7) and the third is al -1119.4eV and is
attrisuted to GaFy. This deconvolution presented in Figure 3. The presence ol lluoride
iz less cioarly detected on the bulk sensitive Ga 3d peak. |f we calculale the tolal
As/Ga ratio, wo sce that it is reduced to aboul 0.7 for the 2p,,, peaks, while i1 slays
praciically constant for tho 3d peaks. These observations indicate that this reaction
takes place only near the surdace. This is confirmed by angla resolved KPS studies
an thesa samples.

Evidence that the peak at -1119.4 eV js indeed due 1o 1the presence of GaF,
was obtained when we exposed a clean Gats sample to 10 Torr of W, and pumped
Ihe reaclion chamber to base pressure, and then rradialed the sample by a
perpendicularly incident KrF pulsed excimer lasor beam. Since the average W-F
bend energy is typically 2.8 eV, the 5 eV pholons of the Kif laser beam might slrip
gne {lugrine atom from the WF, or WF adsorbed on the surface, leading possibly to
the formation of metalic W. The W il peak having a binding energy of -37 &V
shows that the W on the surface of the sample is indead metaliic, so thal the fluorine
detected is entirely bondad to Ga. The ratio between the F 15 peak (at -685.7 eV} and
the GaFs contribution to the 2ps Ga peak is indeed close to 3,
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Figure 2. XPS spectra of tha Ga 2pa, peak of clean GaAs fore and after
axposition to 10 Torr of WFg for 10 minutes.
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Figure 3. The deconvaluted Ga 2pyz XPS peak afler exposufe to 10 Tomrol
WF,, for 10 minutes.
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In another expariment, we exposed clean Gahs to 100 Torr of Hp and 10 Tom
of WF; simullaneously, in order to datect any differencas due to the presenca of the
raducing gas. The afiecis of WFg axposura mentioned above are still detected,

To study the effects of the oxides, especially A5504 which seems lo play an
sctive role in the reaction, we ramoved the oxide layer by Ar sputtering ( 500eV for 10
minutes) and heatad the sputtered GiaAs sample 1o a temperature of S50°C 10 reduce
the damage produced by sputtering. This Iz done in the preparation chamber of the
¥PS specirometer, which has a base pressure of less than 10-9mbar, In this manner,
we obtained a surlace free of any arsenic oxides, but soma Ga,0; is still present. We
then exposed the sample to 10 Torr of WFg for 10 minutes, as before. The resulling
spactra showed a much waaker adsorption ol lungsten fluorides and oxylluorides bul
the F/W ratic was still close lo 4. The correspanding As and Ga 2pye peaks did not
change after WFg exposure, This means {hat the substrate was much less aflecled
than in previous CAs0s.

One might expect water vapor, tho predominant residual gas in our deposition
chamber, lo play a role in the obsenved roactions. It is probably rosponsible for the
formation of the tungsten oxyfluarides detected at 1he surfaca of the substrates.
Residual H,O might also have an efled in triggering the reaction batween WF, and
#5405 [ by partially dissecialing WFy lor exampla), Howaver H,0 did not cause a
renclion hotween WFe and the GaAs surface which was sputterad and subsequently
annealed, as notad abova.

From our XPS analysls, we conclude thal exposura of WFg o GaAs in our
LCVD experimantal conditions leads to a loss of As;CO4 and to the formation af bath
GaF, and W compounds such as WO,F, and WF,. Since the Ar spulterod GaAs
samples which contained no As;Og bul some Ga,0, show no GaF, formation and a
woakar formation of W compounds, we conclude that tho primary reaction of WFg |5
with As,05, producing volatilo compounds such as AsFg and AsFg. Howaver, this
oxide elching reaction does nol produce matallic W. Instead, the incomplelely
dissociated WF, could subsequently attack the unprotected GaAs matrix leading 10 a
loss of As ( through the lormation of arsenic fluorides) and 1o the lermation of GaF,,
which is stable and non-valatile at reom temperature (#).

DISCUSSION AND CONCLUSION

Using thesa resulls and observalions, wo may suggest the effect this roaction,
and maore spocilically the fermation of GiaFy, can have on the growth al the W film, in
our LCVD procoss. Since WFg adsarbs on GaAs and is decomposed by the laser
heating of the substrate to farm metallic tungstan, wa suggest that the farmation o
GaF, priar to laser pracessing might poison the initiatlon of 2 depositlon process by
forming a layer which Is inert to WFg. This layer may inhibit the dissociation of WFs
inta matallic W even in the presenca ol 1he laser beam and a reducing gas, by
increasing the aclivation energy of the W deposition, Wa were unable lo measure
this activation energy, due to the lack of controllability of the process. Howaver, itis
intaresting to note that the beiling point of GaF, is 950°C, a temparatura that i5 never
reached by the subsirate in any of the stages of tha process. Morcover, the GaFy
farmation seems linked to the presence of AszO; and possibly of other surlace
oxides, that is, to parameters which may readily vary from one expariment to another
and possibly from one regian lo another on the same sample. The effect of GaF an
the whole process is still under investigation.

The reaction mechanisms seem Very complex and maore @xperiments are
neaded to clarty 1he rale of the different oxides in this reaction. Only then can reliable
and reproducible results of LCVD of W from WFgon GaAs be oblained.
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