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Abstract 
We have successfully demonstrated very high-performance 
PMOS and NMOS transistors with high-K/metal-gate gate 
stacks with the right threshold voltages for both p- and n-
channels on bulk Si. We believe that high-K/metal-gate is an 
option for the 45nm high-performance logic technology node. 
 
1. Introduction 
The silicon industry has been scaling SiO2 aggressively for 
the past 15 years for low-power, high-performance CMOS 
logic applications. SiO2 as thin as 1.2nm (physical Tox) has 
already been successfully implemented in the 90nm logic 
technology node [ref. 1]. Research transistors with 0.8nm 
SiO2 have also been demonstrated in the laboratory [ref. 2-3]. 
However, continual gate dielectric scaling will require high-
K, as SiO2 will eventually run out of atoms for further 
scaling. Most of the high-K gate dielectrics investigated are 
Hf-based and Zr-based [ref. 4-6]. Both polySi and metals are 
being evaluated as gate electrodes for the high-K dielectrics 
[ref. 7-9]. There are many challenges reported in literature in 
replacing SiO2 with high-K for high-performance CMOS [ref. 
10-12]. This paper will present results on the 0.8nm SiO2 and 
very high-performance PMOS and NMOS transistors with 
high-K/metal-gate for high-performance logic applications. 

 
2. SiO2 Scaling  
The physical thickness of SiO2 has been scaled aggressively 
for low-power, high-performance logic applications. Figure 1 
shows the physical thickness trend of SiO2 for the various 
logic generations. 1.2nm physical SiO2 has already been 
successfully implemented in the 90nm logic node [ref. 1]. In 
addition, 0.8nm physical SiO2 has also been produced [ref. 2-
3]. TEM cross sections of the 1.2nm and 0.8nm SiO2 gate 
oxides are shown in Figures 2-3. The electrical C-V and Ig-
Vg characteristics of the 0.8nm SiO2 are shown in Figures 4-
5. Figures 6-7 show the device characteristics of the 
experimental 15nm (physical gate length) NMOS transistor 
with 0.8nm SiO2. The data shows that the 15nm transistor 
with 0.8nm physical SiO2 has well-controlled short-channel 
characteristics. 
 
3. High-K Dielectrics 
It has been reported in literature [ref. 12] that Fermi level 
pinning at the high-K/polySi interface causes high threshold 
voltages in MOSFET transistors. It has also been reported  
that high-K/polySi transistor exhibits severely degraded 
channel mobility due to the coupling of low energy surface 

optical (SO) phonon modes arising from the polarization of 
the high-K to the inversion channel charge carriers [ref. 13], 
and that metal gate may be more effective in screening the 
high-K SO phonons from coupling to the channel under 
inversion conditions [ref. 13-14]. On the other hand, the use 
of high-K/metal-gate requires a p-type metal and a n-type 
metal with the right work functions for high-performance 
CMOS logic applications on bulk Si [ref. 15].  
We have successfully fabricated high-performance PMOS 
and NMOS transistors with high-K/metal-gate stacks. The 
transistors have physical gate length (Lg) of 80nm and the 
electrical oxide thickness (Toxe) is 1.45nm measured at 
inversion. Figure 8 compares the leakage characteristics of 
the high-K/metal-gate stacks with the conventional 
SiO2/polySi. Figures 9-10 show the device characteristics of 
the PMOS transistor with high-K/metal-gate, while Figures 
11-12 show the device characteristics of the NMOS transistor 
with high-K/metal-gate. Both the high-K/metal-gate PMOS 
and NMOS transistors show very high drive performance 
(Idsat) with the right Vth for both p- and n-channel 
devices on bulk Si, with very low gate leakage. 
 
4. From SiO2 to High-K 
We have implemented 1.2nm physical SiO2 in our 90nm 
logic technology node [1], and have scaled physical SiO2 
further down to 0.8nm and integrated it in research transistors 
with 15nm physical gate length which show well-controlled 
short-channel characteristics. We have also successfully 
demonstrated very high-performance PMOS and NMOS 
transistors with high-K/metal-gate gate stacks with the right 
Vth for both p- and n-channels on bulk Si, with very low gate 
leakage. We believe high-K/metal-gate is an option for the 
45nm logic technology node for high-performance CMOS. 
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Fig. 1  Scaling of physical thickness of SiO2 gate oxide 
across technology generations. 
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Fig. 2  High resolution TEM cross section of  1.2nm 
physical SiO2 gate oxide at the 90nm logic technology 
node. 
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Fig. 3  High resolution TEM cross section of  0.8nm 
physical SiO2 gate oxide. 
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Fig. 5  Inversion gate leakage measurements of 0.8nm 
physical SiO2 gate oxide for NMOS and PMOS.   
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Fig. 4  Inversion split C-V measurements of 0.8nm 
physical SiO2 gate oxide for NMOS and PMOS.  
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Fig. 6 Id-Vds characteristics of 15nm Lg experimental 
NMOS transistor with 0.8nm physical SiO2 gate oxide.
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Fig. 7 Id-Vg characteristics of 15nm Lg experimental 
NMOS transistor with 0.8nm physical SiO2 gate oxide. 
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Fig. 8 Accumulation gate leakage as a function of electrical 
thickness for high-K/metal-gate gate stacks. Also shown for 
comparison is leakage for SiO2/polySi gate stack.
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Fig. 9  Id-Vg characteristics of the 80 nm Lg PMOS 
transistors with high-K/metal-gate gate stack at Vcc=1.3V. 
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Fig. 10  Id-Vds characteristics of the 80 nm Lg PMOS 
transistors with high-K/metal-gate gate stack. 
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Fig. 11  Id-Vg characteristics of the 80 nm Lg NMOS 
transistors with high-K/metal-gate gate stack at Vcc=1.3V. 

Fig. 12  Id-Vds characteristics of the 80 nm Lg NMOS 
transistors with high-K/metal-gate gate stack.

 


