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Abstract   
As the critical MOSFET dimensions shrink for the 90 nm 

technology node and beyond, conventional polysilicon gates  
are being replaced by metal gates. In case of logic gates, metal 
gates are being increasingly used to overcome the polysilicon 
depletion effect that adds up to 0.5 nm to the effective gate 
oxide thickness. Some of the metals that are being actively 
pursued for these applications include TiN, TaN, TaSiN, and 
W on nitrided gate oxide or high-k gate dielectrics. However, it 
is still unclear if the metal gates will be introduced with high-k 
gate dielectrics or conventional SiO2 based (nitrided gate 
oxide, SiON, for example) gate oxides. For stacks with metal 
gates directly on SiON the key challenge is to adapt the 
conventional gate etch process flow to the metal gate stack 
and achieve selectivity sufficiently high to stop on very thin 
gate oxides without oxide punch-through. This paper presents 
three challenges encountered in etching TiN metal gates 
stopping on 1.4 nm nitrided gate oxides: TiN to oxide 
selectivity, TiN surface roughness and oxide pitting, and 
overall stack profile and critical dimension (CD) control. 

Introduction 
Conventional polysilicon gates are being replaced by metal 

gates at the 90 nm technology node and beyond. Specifically, 
using a metal gate such as TiN over thin SiO2 based gate oxide 
eliminates: the polysilicon gate depletion effect that adds up to 
0.5 nm to the equivalent gate oxide thickness; boron 
penetration in to the silicon substrate for p+ polysilicon gates; 
and the necessity for mature high-k gate dielectrics.  

A conventional 90 nm CMOS logic gate stack consists of 
about 150 nm polysilicon over 1.5 nm nitrided gate oxide. To 
address the polysilicon depletion effect 10-30 nm of metal film 
(TiN in this study) is added between the polysilicon and the 
gate oxide. Etching this metal gate stack now requires a 
process that defines the TiN profile without affecting the gate 
CD and stops on thin gate oxide without pitting or punch-
through.  

Etching of metal gates has been studied addressing TiN 
and gate oxide surface roughness [1], CD control [2], etch 
selectivity [3], and low damage etching [4]. This paper details  
the process of integrating TiN etch in the conventional CMOS 
gate etch flow. 

Experimental 
 All experiments were conducted in a inductively coupled 

plasma etch reactor (Decoupled Plasma Etcher, DPSII, by 
Applied Materials Inc.) with the source and bias both at 13.56 
MHz. The source has a dual coil design that enables control of 
across wafer plasma density uniformity by varying the current 

ratio between the inner and outer coils [5]. The across wafer 
neutral density uniformity is controlled with a tunable gas 
nozzle (TGN) that distributes the feed gas flow between the 
center and edge of the reactor [6]. The wafer to be etched sits 
on a dual-zone helium-cooled ceramic electrostatic chuck 
(ESC).  

TiN etching was studied using HBr, Cl2, HBr/O2, and Cl2/O2 
plasmas. The cathode temperature was maintained at 60 oC. 
The total gas flow was varied between 100-400 sccm, pressure 
from 10-50 mTorr, source power from 200-1000 W and bias 
power from 0-100 W. Blanket TiN films were deposited using 
CVD or PVD and the etch rate and etch uniformity were 
determined from thickness measurements taken by a 4-point 
probe. Surface roughness characterization employed an atomic 
force microscope (AFM) and scanning electron microscopy 
(SEM). Gate CD measurements were done using Applied 
Material’s VeraSEM-3D.  

  

Results and discussion 
 
TiN etch rate and selectivity to SiO2 
The effect of bias power on the TiN and SiO2 etch rate in a 

HBr plasma is shown in Figure 1. TiBr4 is not very volatile 
(boiling point of 230 oC) and thus high etch rates can be 
achieved only if the etch is ion-assisted. As the bias power 
decreases both the TiN and SiO2 etch rates decrease, however, 
the SiO2 etch rate decreases faster. As a result TiN:oxide 
selectivity exceeding 200:1 can be achieved at low bias power 
(Figure 2). With pure Cl2, the trends are very similar except that 
TiCl4 (boiling point of 136.4 oC) is much more volatile and as a 
result the TiN etch rates are a factor of 1.5-3 times higher than 
those obtained with HBr. Furthermore, SiO2 etch rates 
achieved with pure Cl2 tend to be much higher than with HBr, 
especially at low bias power. Consequently it is not possible 
to achieve high TiN: SiO2 etch selectivity using pure Cl2 even 
at zero bias power. 
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