36 20029 3% AAEEE]A] A|LLH A2s

F

=2 2002-11-2-05
= EHJE =2

= i
A, M2, olgA”

A New Organic Modifiers for Anti-Stiction
Bong Hwan Kim’, Kukjin Chun’, and Yoon Sik Lee"
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Abstract

The chemical and mechanical characteristics of a new surface modifier, dichlorodimethysilans
(DDMS, (CH3):SiCly), for stiction-free polysilicon surfaces are reported. The main strategy is to replacs
the conventional monoalkyltrichlorosilane (MTS, RSiCl3) such as octadecyltrichlorosilane (ODTS) or
1H,1H,2H,2H-perfluorodecyltrichlorosilane (FDTS) with dialkyldichlorosilane (DDS, R;SiCl,) with two
short chains, especially DDMS. DDMS, with shorter chains in aprotic media, rapidly deposits on the
chemically oxidized polysilicon surface at room temperature and successfully prevents long cantilevers
of 3 mm in length from in-use as well as release stiction. DDMS-modified polysilicon surfaces exhib:t
satisfactory hydrophobicity, long term stability and thermal stability, which are comparable to those of
FDTS. DDMS as an alternative to FDTS and ODTS provides a few valuable advantages; ease in
handling and long-term storage in solution, low temperature-dependence and low cost. In addition to
the new modifier molecule, the simplified process of direct release right after washing the modified
surface with isooctane was proposed to cut the processing time.
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Table 1. Cantilever beams fabrication condition.

Polysilicon ?rot““; 300 mTorr | @ 625°C
electrode
L 1H.
(LPCVD) Structure 60 scem(SiHa) @ 535C
PSG Sacrificial 12 wt. %

(APCVD) layer W
Doping and Pre-deposition : 30min
Annealing | Polysilicon Drive-in : 240min

(Furnace) POClz @ 950T
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(Lancaster Synthesis Ltd., 99% purity)
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Suface oxidation : 30% H20-
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—> Dipping : 10 min
E Isopropanol rinse : Isopropanol ]
—> Flow washing : 30 sec, Dipping : 1 min
Iso-octane rinse : Iso-octane i
— Flow washing : 30 sec, Dipping : 1 min | %

f DDS deposition : DDMS, DDES, DDPS
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A Dblock diagram of the DDS coating
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time is about 465 minutes, which is
about half of that of FDTS[10]. The price
of DDMS is much cheaper than that of
FDTS.(DDMS : $105 at 100g , FDTS :
$20 at 1g from Lancaster Synthesis Lid.,
UK Catalog 98/99)
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Degration of two materials. Front view(a)
and top view(b). (@) and (b) were taken
photograph by digital camera after one
month in 0. 1 M isooctane solution in Nz
filled drybox.
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AFM 10x10 um scanning images of ground
polysilicon surfaces that were washed with
only HO(a), coated with DDMS(b), coated
with DDES(c) and coated with DDPS(d).
The s roughness is 59 A, 57 A, 57 A,
and 57 A, respectively.

Fig. 4.

¥ 2 DDMSof| thsk AFM

FDTS, ODTS, 12|12

211
AFM data of ms roughness for FDTS,
ODTS, and DDMS.
Bare Si
2.74 A
164 A
3.38 A
1.94 A

Table 2.

Structure Poly-Si
125 A
168 A
118 A
136 A

No coating
FDTS
ODTS
DDMS

¥ 3. DDSoll cHsh AFM Z 3,
Table 3. AFM data of rms roughness for DDS.

Bare Si Ground Poly-Si
No coating 274 A 50 A
DDMS 194 A 57 A
DDES 1.81 A 57 A
DDPS 175 A 57 A
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