Stability of boron and phosphorus implanted tungsten silicide structures
at high temperatures
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We report on the stability of sputter-deposited tungsten silicide (\WSilms that were implanted

with boron or phosphorus and annealed at high temperatures using rapid thermal annealing.
Depending on process conditions, some films were found to be unstable, resulting in peeling and
lifting from the substrate. The regime of stability was experimentally determined and found to be a
function of the implant dose, species, and anneal temperature. Films implanted with boron were
found to be more stable than those implanted with phosphorus. With the appropriate choice of
dopant dose, anneal temperature, and capping layer type, the film stacks were found to be stable
upon subsequent furnace annealing steps at 900 °C.20@ American Vacuum Society.
[S0734-211X00/04304-3

[. INTRODUCTION II. EXPERIMENTS AND RESULTS

Since the earlier reports of the use of tungsten silicide for 1"€ e€xperiments were performed on 5 in. wafers without

integrated circuit application's? there have been numerous 1Y Patterns. After the deposition of a thin layer of polycrys-
etalline silicon of 1500 A in thickness on the silicon surface,

the tungsten silicide layer was deposited in a sputtering sys-
tem (Varian model 328p using a target of composition
WSi, 5. The resulting film had a composition of about

ing a lower resistivity than heavily doped polysilicon. Most WSiy 6. The resistivity was extracted from a series of depo-

popular polycide and silicide structures, however, are noF't'OrélS of;ncriaSIngng_img th'Ck_Ir_‘ﬁ_SS_Of the _f|Im and_ \évas
stable at high temperatures. For example, Jf8ims a high ound to be about cm. This Is consistent wit

resistance contact toiPsilicon due to the formation of Ti—B earlier reports of such films. The film thickness used in the
compounds at temperatures above 950 °C. Furthermor@,)(periments here was about 1000 A. The wafers were then

TiSi, and CoSj agglomerate when exposed to temperatureémplamed with a series of doses ranging from a dose of 6

4 6 .
in excess of 1000 °C, resulting in increased sheet resistancé, 10**t0 3x 10°°#/cnf. The energy of all implants was kept

This is inconsistent with the use of such materials for inte-2t 20'keV. A capping insulator layer was then deposited over

grated circuit manufacturing. the surface of the film consisting of a 2000 A undoped oxide

Tungsten silicide films can be stable up to temperatures "Lf’:\yer deposited using thermal decomposition from a tetram-

excess of 1100 °C. These films can be formed using chemEthylort_hOSi"C&te(TEOS source. The wafers were then an-
cal vapor depositioiCVD) or rf sputtering. The stability of nealed in an AG4108 rapid thermal processor for 30 s each at

CVD tungsten silicide films upon furnace oxidation can be_1050' 1100, and 1150 °C in anz!‘amb|ent. T_he wafers were
Jnspected after anneal and the film was defined to be unstable

improved upon reduction of internal stresses by a rapid ther: .
mal processing and by increasing the Si/W ratio to greate}. thg degect densny excer(]a ded hl/%:]f?— hi ddefectls évelffe ?je— ff
than 2.67 Stacking the films in layers of polycrystalline sili- Ined to be any regions where the film had peeled, lifted off,

con has also shown to improve their stabifltfhese films or cracked, as observed visually under a %0fagnifica-

can also be implanted specifically to be used as a dopartnilﬁn' Figure 1 shows an optical micrograph of the regions

diffusion source, or become implanted inadvertently wher? owing the regions where the films had cracked and peeled

being used as a mask. There are no reports in the literatut® (_:rchulo?r sha?ter?. implant . found to h .
on the stability of tungsten silicide films after ion implanta- .. € dose of the Implant Species was found 1o have a sig-
tion and rapid thermal annealing. nificant effect on the stability. This behavior is shown in

The purpose of this article is to report, for the first time, Figs. 2 and 3, WZ'Ch aredplotsfshot\)/vmg fma(lj ar;]neal;]ng te"T"
on the preliminary experimental results of stability of tung- perature versus dopant dose for boron and phosphorus im-

sten silicide films that were implanted and Subsequenthplanted silicide/polycide films. These figures show the re-

rapid thermal annealed. A stability regime was experimen-gions of stability and instabili_ty f_or the doped films. The
tally determined and it was a found that boron doped filmgraph clearly shows the combinations of anneal temperature

were more stable than phosphorus doped films. a.n.d dopapt dosg which form regions of implanted f|!m sta-
bility and instability (peeling. As can be seen from Fig. 2,
; 6
dAuthor to whom correspondence should be addressed; electronic maipg]gon may [_)e l.Jsed at .doses up to apprOXImate{yl_Gll #
bashir@ecn.purdue.edu cmr to obtain films vv_hlch_ are stable at temperatures up to
YNow with Linear Technology Corporation, Milpitas, CA. 1100 °C. As shown in Fig. 3, phosphorus can be used at

regions’ metal—oxide—semiconductor gate structdres,
EEPROMSs, and related applicatiorfsStacks of polycrystal-
line silicon and silicide(polycides have the benefit of hav-
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Fic. 1. Optical micrograpi500x) of the region of tungsten silicide peel- FiG. 3. Phosphorus dose vs final annealing temperature. The region below
ing. the dashed line is for stable phosphorus doped,Wfims.

doses up to approximately>410'® #/cnf to obtain fims pointed out that in the given experiments, undoped tungsten
which are stable at temperatures up to 1050 °C. The differsilicide films were stable even when exposed up to 1200 °C
ence in the behavior of phosphorus and boron can be attrifor 30 s- N _

uted to changes in film stress upon the introduction of these !t Was also found that the composition and thickness of
species of different sizes. Boron is a smaller atom than phogh€ insulator layer deposited on the silicide/polycide layer
phorus and is expected to produce less perturbation arfg@d an effect on the stability of the film. When a 2000 A
stress in the amorphous structure of the tungsten siliciddlick oxide film is deposited from a TEOS source thermal
Upon substitutional incorporation of boron or phosphorus ind€composition is used as the insulator on top of the silicide
single crystal silicon, the damage from boron is typically!Yer, and the stack is stable up to a rapid thermal anneal
harder to anneal since the difference in atomic size betweetiR TA) témperature of 1100 °C. When a densification anneal
boron and silicon is larger than that of the difference betwee§t€P at 900 °C for 20 min in dry oxygen was used after the
phosphorus and silicon. In amorphous tungsten silicide howd€Position of the oxide, the stack/films were not stable at
ever, the situation can be different and the real reason fob100 “C. When the densification step was performed in ni-
increased stability with boron implantation when comparedf©9en, the stack was stable at 1100° RTA step. The nitride/
to phosphorus is not totally clear and needs more investigs2xide stack on silicide could be the preferred insulator con-
tion. It can however be postulated that the incorporation ofiguration for the silicide/polycide capping layer since this
phosphorus increases the stress in the films making thefPuld possibly permit the use of thinner oxide layers with
more unstable and susceptible to peeling. It should also bgXidizing ambients(because the nitride blocks the oxygen

diffusion).
1.E+17 - G0a5%
y = 1E+18e Uastablo Boron IIl. CONCLUSIONS
‘Doved Films In this work, we experimentally determined the regions of
: * stability for sputter deposited tungsten silicide films after im-
€ 1E+16 i plantation and RTA. Boron implanted films were found to be
5 more stable when compared to phosphorus implanted films,
8 possibly due to increased stress in the silicide film after im-
a ; plantation. Experimentally obtained data showing the stabil-
8 1 ExiE | 4 ity region versus implant dose has also been presented.
e Stable
Boron
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