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Abstract: - In this paper, the N2O plasma oxides in-situ grown on CF4 plasma pretreated silicon substrate is 
proposed and demonstrated having excellent characteristics. Those are precise thickness control, low 
temperature fabrication, low leakage current, and high reliability. Those good features will enhance the scaling 
down ability of CMOS devices. The mechanisms that make the process success are also discussed in this paper. 
Those achievements are caused from the incorporations of nitrogen and fluorine. Owing to the incorporations, 
the leakage current and the reliability are largely improved. It could be addressed that the low temperature 
oxides grown by N2O plasma are very attractive for novel CMOS VLSI circuit manufacturing; especially for the 
oxides grown on the CF4 plasma pre-treated substrates.  
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1   Introduction 

In order to fabricate ultra-high integration device 
featuring with precise doping profile control, the gate 
oxides deposited at low temperature were needed. 
However, the low temperature oxides deposited 
below 500 ℃ had poorer characteristics than the 
thermal grown oxide did [1-2]. Recently, low 
temperature oxide grown by using high-density 
microwave-excited Kr/O2 plasma was reported 
having a sufficient quality to fabricate high-integrity 
silicon oxide films [3]. However, the high growth rate 
should cause a scaling down problem. The low 
temperature nitride-oxide films deposited by using 
remote plasma or JVD were reported to have 
relatively low leakage current in comparing with the 
thermally grown oxides, however, a 800 ℃ post 
deposition annealing is needed [4]. 

The N2O plasma produced at 350 ℃ by 
conventional PECVD tool to grown high quality 
ultra-thin nitrided oxide without post annealed was 
reported in this paper for the first time. We can find 
that, the oxides have better quality than the thermal 
grown oxides do. Additionally, with adding a CF4 
plasma pretreatment process, the leakage 
characteristic was improved largely. The low 
temperature thin oxides grown by N2O plasma were 
proved to be a very attractive method, especially with 
adding CF4 plasma pretreatment. 

 
2   Experiments 

In this experiment, the n+ polysilicon /thin 
oxide /n-type silicon MOS (Metal/ oxide/ silicon) 
structures were fabricated to study thin oxide 
quality. At first, the n-type silicon wafers were 
RCA cleaned, and then the N2O plasma with a 
power of 50W was treated at 350℃ for 300 
seconds to grow a 35Å nitrided oxide. In order to 
introduce F into native oxide, the CF4 plasma 
pretreatment was also processed in the same 
PECVD chamber with a power of 10W for 30 
seconds before the N2O plasma treatment. In 
comparison, a 35Å nitrided oxide grown on no 
CF4 plasma pretreated wafer was also shown. 

After thin nitrided oxide grown, a 3000 Å 
polysilicon film was then deposited at 620℃ in a 
LPCVD ambient and doped with POCl3 at 900℃ 
for 20 min to have a sheet resistance of 30Ω/□.  
Aluminum film with a thickness of 5000 Å was 
deposited on the n+ polysilicon film. Aluminum 
and n+ polysilicon films were then patterned to be 
the top electrode of the MOS structure. After 
backside polysilicon and native oxide removed, a 
5000 Å Al were deposited. All samples were 
sintered at 400℃ in an N2 ambient to ensure both 
electrodes were Ohmic contacts. In studying the 
characteristics more detail, the MOSFETs with 



gate oxides of 1.6nm thick pretreated by CF4 
plasma were also fabricated and characterized in 
this chapter.  

The physical thickness of oxides was 
measured by using ellipsometer and electrical 
thickness was by high frequency C-V 
measurement. In this paper, we use the electrical 
thickness to be the oxide thickness. The J-E, SILC 
characteristics were obtained by using HP 4156b. 

 
 

 
 

 
 

3   Results and Discussion 
Figure 1 shows (a) the oxidation rate with 

respect various plasma power at the fixed chamber 

temperature (at 350℃) and (b) the parabolic rate 
constant B vs process temperature with various RF 
power. We can find that the oxide growth rate of the 
N2O plasma is weakly depended on the chamber 
temperature, however, strongly depend on the RF 
power of plasma. The result is highly matched with 
the paper [3]. We can also find that the oxide 
thickness can be easily controlled within 35Å; in fact, 
the thickness of the oxide will saturate at 5.0nm. 
Owing to a weak temperature growth rate, the 
thickness of oxides could be well controlled between 
wafer to wafer. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 

Figure 2 shows the J-E characteristics of the 
N2O plasma oxides with a thickness of 3.5nm; for 
comparison, the thermal grown oxide with the same 
thickness was also prepared as control sample. The 
N2O plasma grown oxides have better J-E 
characteristics than the thermal grown oxide does, 
this could be due to the fact that low temperature and 
low-pressure environment suppresses native oxide 
growth. The N2O plasma could also introduce 
nitrogen into the oxide, therefore, improve oxide 
quality. We can also find that the CF4 plasma 
pretreated sample has the smallest leakage current, 
this could be due to the fact that F incorporation into 
the native oxide during plasma pretreated. 

Figure 3 shows the (a) C-V characteristics of the 
N2O plasma oxides and (b) the Dit calculated from 
C-V measurement. The Dit of the oxides is less than 
1011(cm-3 eV-1); this is comparable with the thermal 
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Fig. 1. (a) the oxidation rate with respect various 

plasma power at the fixed chamber 
temperature (at 350 ℃ ) and (b) the 
parabolic rate constant B vs. process 
temperature with various RF power. 
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Fig. 2. The J-E characteristics of the oxides grown 
by N2O plasma on CF4 plasma pretreated 
and un-pretreated wafers. The control 
sample is the thermally grown oxide with 
N2O annealed. 



grown thin oxides and could be used in fabricated 
novel ULSI circuits. Because of the high leakage 
current of the control sample, the quasi-static C-V 
cannot be obtained, the C-V and Dit characteristics of 
the control sample are not shown in this figure. 

 

 
 

Figure 4 shows the SILC characteristics of the 
N2O plasma samples, we can find that the samples 
have a good SILC characteristics; especially, the N2O 
plasma oxide grown on no CF4 plasma pretreated 
sample. The oxide shows nearly no SILC effect even 
with taking a 300C/cm2 stress (with 100A/cm2 

constant current stress for 3000 seconds). The high 
SILC resistance could be due to the high 
concentration of N incorporation in oxide. After 
taking a 300C/cm2 stress, the CF4 pretreated sample 
has a J-E characteristic very closely to the 
non-pretreated one. This could be due to the fact that 
F incorporation in the native oxide layer during the 
plasma pretreatment and those Si-F bonds were 
broken by the high energy electrons while constant 
current stress. Therefore, the characteristics of the 
layer are closed to the native oxide. The Si-F bonds 
suffer severer reliability problem than the Si-N bonds 
had been reported by Liu et al [6]. This could explain 
the CF4 pretreated sample has severer SILC 
characteristics than the non-pretreated one does; 
additionally, the phenomenon that the stressed J-E 
are nearly the same. The control sample was 
breakdown with taking about 10C/cm2 stress, so the 
SILC characteristic of the sample was not shown in 
the figure. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5 shows the drain current and 

transconductance vs gate voltage of the MOSFETs 
fabricated by using the 1.6nm gate oxides grown by 
N2O plasma. We can find that the device fabricated 
on the CF4 pretreatment substrate has better 
characteristics. That is, the CF4 pretreated sample has 
higher drain current and higher transconductance. 
Additionally, similar results could also found in the 
drain current vs drain voltage as shown in the Fig 7.6. 
The improvement could be explained by the gate 
current shown in the Fig. 7, the figure indicates that 
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Fig. 3. The C-V measurement of the plasma grown 

oxide samples with, (a) the quasi-static C-V 
and the high frequency (100KHz) C-V 
characteristics, (b) the Dit calculated from 
the C-V measurement. 
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Fig. 4. The SILC (stress induced leakage current) 
characteristics of the N2O plasma grown 
oxides. The stress current is 100mA/cm2.



the pretreated sample has a gate current 1 order lower 
than the non-treated sample, thus, the device has 
higher drain current. The figure also shows that the 
N2O grown thin oxides has very good reliability; with 
stressing for 5000 seconds, the characteristics of the 
oxides remain unchanged.   

 

 
Fig. 5. The drain current and transconductance vs. the 

gate voltage of the MOSFETs with 1.6nm 
gate oxides grown by N2O plasma. The F5N 
sample is the gate oxide grown on the CF4 
pretreated substrate. 

 

4   Conclusion 
We conclude that the high quality thin oxides can be 
grown at low temperature by using N2O plasma. The 
thickness of the oxides can be easily controlled 
within 35Å, and have a leakage current lower than 
the thermal grown oxides do. We also find that the 
CF4 pretreated method can improve the leakage 
characteristics of the N2O plasma grown oxides; it is 
especially true for the ultra-thin oxides (i. e. 1.6nm 
thick oxide). The improvement of the CF4 
pretreatment could be due to the fact that the native 
oxide was fluorinate by the process. The process is 
very attractive in novel ULSI process. 
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Fig. 6. The drain current vs. the drain voltage of the 
MOSFETs with 1.6nm gate oxides grown by 
N2O plasma. The F5N sample is the gate 
oxide grown on the CF4 pretreated substrate.
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