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Abstract 2. Experimental

Platinum thin films were deposited onto Pt thin films were deposited on planar Si
planar and trench structure SIS  substrate with thermal SpQ100nm) and
substrates by using supercritical fluid trench structure with thermal SiQ20Onm) in
deposition (SCFD). In SCFD, Hvas often scCQ. To deposit Pt films, we used
used as reducing agent. However, Pt filmsdimethyl(1,5-cyclooctadiene) platinum (ll)
could not be deposited by,Heduction, (PtMeCOD) as precursors. H and
while reduction by cyclohexane enables tocyclohexane were used as reducing agent.
obtain continuous Pt films with carbon Experimental equipment is shown in Fig.1.
impurities. To remove carbon in Pt films, we

employed post deposition annealing (PDA) Pressure gauge

under Q atmosphere and obtained pure Pt

films which do not contain any carbon. OREEEE.. @pnﬂ
A
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1. Introduction oump
As device size of ULSI shrinks, the size of
memory capacitors has been shrinking. To

maintain the capacitance of memory [ co, [H,
capacitors, it is necessary that surface area  Figure 1 Experimental equipment.
of capacitors is not reduced even though

capacitor projected area decreases. Thus,peposition was performed in a hot-wall
capacitor - structure  will  become  more reactor. Substrates were placed in the reactor
complicated like as a trench features. Thusyith precursors. Reactor was filled with €O

will be required and Pt is one of the major than substrate was heated up to°gsand
candidates for electrodes of memory kept ’ at this temperature for 60 min.
capacitor such as ferroelectric randompengsited film composition was evaluated

access memories (FERAMS). by X-ray photoelectron spectroscope (XPS),
To fabricate conformal films, we applied fim thickness profile in the trench was

SCFD method. In SCFD, supercritical £0 mgnitored by using field emission scanning
(scCQ) is used as solvent and deposition iSg|eciron microscope (FE-SEM), and surface

performed by chemical reactions of orphology of films was studied by atomic
precursors in  scCO Several metal f5.ce microscope (AFM).

depositions such as Cu, Ag, and Au by
SCFD have already been reported [1-3]. IN3 Results and discussion
this work, we tried to deposit Pt thin films We tried to deposit Pt films by using

for electrodes of FeRAMs by SCFD. PtMeCOD as precursor and;Hs reducing




agent. By H reduction, we could not yield 3 shows the relationship of atomic
continuous Pt films. Then, we used concentration of films and the amount of
cyclohexane as reducing agent. Cyclohexaneyclohexane.

decomposes to benzene and With the Figure 4 shows the relationship of
assist of Pt catalysis. In this case, Pt acts aslectrical resistivity and film thickness
auto-catalysis and promotes decompositiomagainst the amount of cyclohexane. Then we
of cyclohexane. Compared to ,H tried to remove carbon in Pt films by PDA.
cyclohexane can be supplied in high PDA was performed at 400 °C and annealing
concentration because it is liquid. Moreover,atmospheres were vacuum and, @Qas
cyclohexane gives six hydrogen atoms,(100Torr). The results of PDA are shown in
while H, gives two. Thus, cyclohexane may Fig.5.

be a promising reducing agent in Pt

deposition. Figure 2 shows XPS spectrum of 4 pii thickness Electrical resistivity

Pt film that was deposited by using g4 250
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Figure 2 XPS spectrum of Pt film deposited
by using cyclohexane as reducing agent. glo———
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Figure 3 Atomic concentration of Pt films
deposited by a various amount of
cyclohexane.

By PDA in vacuum, carbon in Pt films was
almost the same as before PDA and carbon
content of film after PDA in vacuum was
25%, while by PDA in @ gas, carbon in Pt
films was completely removed as shown in
Fig.5. The resistivity of Pt film after
O,-PDA decreased to 1i®-cm and surface
morphology of the films was improved as
shown in Fig.6.

There is no peak of Si, which suggests
deposited Pt film is continuous. C peak
appears, however, strongly and electrical
resistivity of the film was 52Q-cm. Figure
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Figure 8 Pt deposition into trench structures.
Figure 6 The transformation of Pt films
through annealing. 4. Conclusion
In Pt deposition by SCFD, Hreduction
When the PDA temperature was lower thancould not vyield continuous films. Using

400 °C, carbon in Pt films ware not cyclohexane as reducing agent, continuous

completely removed as shown in Fig.7. Pt films were obtained. Pt films deposited by
cyclohexane, however, contained much
28 : — carbon. Carbon in Pt flms was completely
T b (a) = removed by PDA with @ gas. Pt films
s %M' i a = i i
e MWWJ W - ol deposited into trench structures showed
3 [ o ' conformal step coverage. Thus, Pt
1.4 2962942, FERERR A T_'.ar L. -
o C1s - o deposition by SCFD have capability to
S o2 J‘Jﬁ fabricate the electrodes of FeRAMS.
= QY i a
O'GOWMW"‘ 4./ Lw & ]
o4 o O 'cT)@ 1 5. References
o B § [1] T. Momose, M. Sugiyama, E. Kondoh,
fooo 900 w00 700 6_IDD_ 500 400 200 200 100 O and Y. Shlmogakupn' JAppl PhyS
1§ Binding Energy (<) Express, 1,2008, 097002.
e r— ' — [2] B. Zhao, T. Momose, T. Ohkubo and Y.
I {J?M\W | Mﬁ\ (b) § : Shimogaki, Microelectronic Engineering,
Mhistyrd” | 2 85,2008, 675-681.
A T ﬁi [3] A. Cabanas, D.P. Long, and J.J. Watkins,
2 af © s 2 EN Chem. Mater ., 16,2004, 2028-2033.
0.8— ‘_(;,'_-' Wlw
u.aiﬁM S R }' P 80&:{
0.4 Q Mﬁ ol
0.2F —— L@

L . . . . . . .
FDOD 900 800 700 600 500 400 300 200 100 o
Binding Energy (eV)

Figure 7 XPS spectra of Pt films after PDA
at (a) 300 °C and (b) 350 °C.

Pt deposition into trench structures was
also performed by using cyclohexane as
reducing agent. Figure 8 shows good step
coverage of Pt film (95%).



