
Nano Tungsten Silicide Thin Film Deposition and its Integration with Poly Silicon 

Ming Li and R. Suryanarayanan Iyer 

Applied Materials Inc., Front End Products Group 

974 E Arques Ave., Sunnyvale, CA 94086, Ming_Li@amat.com

ABSTRACT

The semiconductor transistor of 90 nm or below

generation requires low resistance materials for gate

metallization. A thin tungsten silicide (WSix) film is a 

candidate for the buffer material between poly silicon and 

metal, such as tungsten. This layer improves the sheet

resistance stability and the adhesion property of the gate

metal stack. We report the successful growth of nano scale

WSix and introduce a fabrication process for nanometer

scale WSix film in a single-wafer chemical vapor deposition

(CVD) chamber. In order to grow nano WSix film with

thickness in the range of 30 A to 200 A, the substrate has to

be treated and nucleation must be controlled. Si/W ratio is

an important film property parameter for the film. Process

tuning methods to control film growth and composition are

described. A two chamber system is described wherein poly

silicon and WSix can be deposited in an integrated manner.

Under this configuration, poly silicon film is deposited in a

poly silicon single-wafer CVD chamber and then the

substrate is moved to the WSix single-wafer CVD chamber

through the low pressure N2 ambient transfer chamber.

Advantages of integrated deposition are described.

Keywords: Nano, Tungsten Silicide, Poly Silicon, Single-

wafer, Integration

1 INTRODUCTION

A challenge for advanced micro chip fabrication is to

reduce power loss in the transistor with shrinking device

size. A transistor with the dimensional size of 90nm or 

below requires low resistance materials for gate

metallization. One possible solution is to use the tungsten

nitride and tungsten stack (WN/W) or tungsten (W) as the

metal film on doped poly silicon. The problem with this

approach is that the sheet resistance of the whole stack is

unstable due to reactions between WN and Si or W and Si

during an annealing step, forming silicon nitride or tungsten

silicide. This work proposes a solution to this issue with the

use of a very thin tungsten silicide (WSix, x from 2.5 to 3.2)

film layer between the silicon and metal. Since WSix

contains the W-Si bond and it has stable structure, no

chemical reaction will occur during the annealing step at

either the poly silicon and WSix interface or the WSix and 

metal interface. In addition, adhesion of both WSi-to-Si and

WSi-to-W is good. WSix acts as the glue layer for metal

and poly silicon. Since this WSix layer is very thin, it does

not change the resistance of the whole stack.

2 SINGLE-WAFER LPCVD SYSTEM

2.1 Single-Wafer CVD Chamber

A 300mm Applied Materials single-wafer chamber,

with an aluminum body, is used for low pressure chemical

vapor deposition (LPCVD) processes, which includes poly

silicon and tungsten silicide. Fig.1 depicts the cross-section

of the chamber. This chamber uses a resistively heated 

ceramic susceptor (heater) to maintain wafer temperature.

The wafer temperature is approximately 25°C lower than

the heater temperature. The heater is mounted on flexible

bellows that can be moved up and down along a lift

mechanism. The wafer is delivered to the chamber through

a slit valve opening onto sapphire lift pins and makes

contact with the heater when the heater moves up. 

The process gases (in addition to the inert dilution

gases) are delivered from a gas panel to the top of the

chamber and flow through a showerhead over the wafer.

Un-reacted gases and by-products are pumped out through 

pumping channels around the circumference of the heater.

Below the heater, an inert gas flows upward to prevent

deposition in the chamber below the heater. The bottom

flow travels around the edges of the heater to merge with

the top process gases.

Fig. 1: Schematic cross-section of a single-wafer

LPCVD chamber.

Chamber pressure is maintained by a feedback

controlled throttle valve on the exhaust line located at the 

back of the chamber. By controlling the heater temperature,
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chamber pressure and gas flow, the desired film is

deposited on the wafer via a thermal CVD reaction.

2.2 CVD System 

Wafer handling is performed in an Applied Materials

CenturaTM mainframe. Four process chambers can be

installed on the system. Wafers are placed in the cassette

located at the factory interface. The automated system

delivers the wafers to the process chamber through a load-

lock and the transfer chamber, which is maintained at a low 

pressure of 2.5 Torr. Fig 2 shows the Applied Materials

CenturaTM platform. A, B, C, and D indicate the LPCVD 

chambers located at the different positions. With this

configuration, high productivity can be achieved for both 

individual as well as integrated processes.
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Fig. 2: Schematic of an Applied Materials Centura

single-wafer system.

3 TUNGSTEN SILICIDE 

The WSix film is deposited in the LPCVD chamber with

dichlorosilane (SiH2Cl2, DCS) and tungsten hexafluoride

(WF6) as the reactant process gases. The chemical reaction 

is shown below.

244226 2123282 HHClSiClSiFWSiClSiHWF x
 (1)

After the wafer is delivered to the process chamber, the

chamber is pumped down to vacuum. The ceramic heater is 

moved up to contact the wafer. Argon (flowing in from the 

showerhead) and nitrogen bottom purge are introduced into

the chamber to pressurize the chamber. After the chamber

is pressurized, the wafer is heated up to the desired set point

temperature. The process gases are then flowed into the 

chamber and WF6 and DCS react on the wafer surface

forming a WSix film. The un-reacted gases and gaseous

residues (HF, F2 and Cl2) are pumped out through the 

exhaust system.

WSix deposition is sensitive to the surface condition.

WSix is easier to grow on the Si surface than on a silicon 

oxide surface. The first step is to introduce SiH4 flow into

the chamber to form a very thin silicon layer. WSix film is 

grown on top of this layer. During the deposition process,

the temperature of the wafer is controlled at a value of 

530oC, for the best known process condition. The 

temperature range for the process can be from 500oC to 

600oC. The chamber pressure is maintained at ~1 Torr.

Process temperature is a parameter that affects the film 

property. As the temperature is increased, the film has more

Si content. Fig. 3 depicts experimental data of the ratio of

Si to tungsten in the film changing as a function of the 

heater temperature. Consequently, the film resistivity

increases as the temperature is increased.
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Fig. 3: Si-to-W ratio versus temperature.

Process gas flows are also important factors controlling

film properties. High WF6 flow will increase the W content

in the film and lower the resistivity of the film. Higher DCS

flow will increase both the Si/W ratio as well as the film 

resistivity. As an example, Fig. 4 shows the resistivity

change as a function of the DCS flow when WF6 and Ar

flows are held constant. 

The typical DCS based WSix CVD deposition process

proceeds at a fast rate. The deposition rate is mostly

sensitive to the WF6 flow in a certain temperature range. It

can achieve 1500 A/min when the WF6 flow is 15 sccm. To 

deposit a thin film of WSix, process gas flows must be 

controlled well at small flow velocities. To deposit thin

WSix, the WF6 flow is controlled in the range of 2 sccm to 5 

sccm and the DCS flow can be between 40 sccm to 100 

sccm. As an example, a 50 A WSix film is deposited at a 

temperature of 550oC, with WF6 flow of 2 sccm and DCS

flow of 60 sccm. The following TEM micrograph shows
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the 50 A WSix film grown on poly silicon. The sheet

resistance is ~700 ohm/sq and the Si/W ratio measured

using X-ray photoelectron spectroscopy (XPS) is 2.4. By

controlling the deposition time and WF6 flow, the nano

WSix film with different thickness from 30 A to 200 A can

be deposited.
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Fig. 4: WSix Resistivity versus DCS flow. 

Fig 5: A TEM micrograph of 50 A WSix film deposited on

a poly silicon film.

4 THIN TUNGSTEN SILICIDE

INTEGRATION WITH SILICON FILMS 

To grow thin WSix layer on silicon successfully and to 

achieve good film properties, several techniques are

applied.

4.1 Un-doped Silicon Capping Layer 

For some applications, poly silicon layer is doped with 

phosphorous. The dopant will slow down the Si source

contribution during WSix formation. This results in more

tungsten incorporation in the film, referred to as “tungsten

rich”. In some cases, the ratio of the Si to W is less than 2.

Tungsten rich WSix is harmful for the device because free

W radicals will react with the poly silicon layer during

annealing and deform that layer making film defects and

film resistance unstable. Film delamination can occur when

there is a tungsten rich layer. To prevent “tungsten rich”

WSix film, poly film has to be treated to reduce the 

phosphorous concentration at the interface with the silicide

layer. After doped poly silicon deposition, an un-doped Si

capping layer is deposited on the doped layer so that the

dopant level at the interface is reduced. Fig. 6 shows the

phosphorous concentration profile. In the doped poly 

silicon layer, the dopant level is 2e20 atoms/cm3. However,

at the surface of the un-doped poly silicon layer, the P

concentration is only 3e19 atoms/cm3.
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Fig. 6: Phosphorous concentration profile in poly silicon.

4.2 Poly Si surface and WSix nucleation 

A native silicon dioxide layer is easy to form when the

silicon surface is exposed to the ambient. If the WSix is

grown on a silicon substrate, the idle time between WSix
deposition and poly silicon deposition processes (typically

due to queue time between lots) can not be too long because

WSix nucleation on oxide is more difficult than on silicon.

There are two methods to resolve this problem. One is to

strip the oxide by dipping the wafer in HF (or other native

oxide removal solutions) before WSix deposition. For

example, a 1% HF and DI water solution can remove the

surface oxide. The other method that can avoid a native

SiO2 surface is to use the in-situ integrated system to grow 

poly silicon in one chamber followed by growth of WSix in 

the second chamber attached to the same mainframe [1].

For example, using the Centura system shown in Fig. 2, the

wafer is sent to the poly silicon chamber (for example,

Chamber A) first to deposit the Si film. Then, it is moved to

the WSix chamber via a transfer chamber. Since the transfer

chamber is purged continuously with nitrogen, the oxygen

level in film is as low as 1e18 atoms/cm3. Fig. 7 shows the

oxygen concentration of integrated WSix and silicon films

at different conditions. The oxygen level of in-situ

integrated films of poly silicon and WSix is much lower

than that of films that have a 3 hour idle time between poly

silicon and WSix deposition.
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4.3 Surface Treatment after WSix

Deposition

The WF6 precursor contains F atoms. High fluorine in

the WSix film is harmful for device applications. This

element must be minimized as much as possible in order to

achieve adequate film purity. After WSix deposition, a 

certain amount of silane is flowed into the chamber. The

silane decomposes and combines with fluorine forming HF

and SiF4 gases, which are pumped out through the exhaust.

After this treatment, the fluorine contamination is reduced

from 1e19 atoms/cm3 down to 1e17 atoms/cm3. The

experimental data shows that the adhesion of WSix is also

improved after this treatment.
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Fig. 7: Oxygen concentration in the film stack of poly

silicon and WSix.

5 APPLICATION

Fig. 8: A cross-section drawing of a typical transistor.

One application of nano WSix film is in semiconductor

transistor metallization. As shown in Fig. 8, the transistor

gate is poly Si and W forms the gate electrode. A buffer

layer is needed between these two materials to prevent

unstable resistivity due to an anneal process that follows in 

the process flow. Tungsten silicide is a good candidate for 

this buffer material. Since it contains the silicon and

tungsten compounds with the saturated bonds, it will react

with the silicon layer and W metal during the consequent

process steps. By keeping the WSix film in the nano

dimension, the resistivity loss is minimal.

6 SUMMARY

Nano WSix film can be deposited successfully in a

single-wafer LPCVD chamber. This layer improves the

sheet resistance stability and the adhesion property of the 

gate metal stack. The integration of poly silicon and WSix

processed in a multiple chamber LPCVD single-wafer

system leads to lower oxygen contamination. A thin silicon

layer aids nucleation of the WSix film. Process temperature

and process flows have major impact on film properties. An

un-doped poly silicon layer is deposited as a cap on doped

poly silicon to avoid “tungsten rich” interface that can be

detrimental. Fluorine content of the film is managed by a

silane post treatment.
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