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With the aggressive scaling of CMOS
High-K technology continues and the scaling of the device

channel length, the gate leakage current increases as

; a result of direct tunneling. In order to reduce the

high-K gate leakage current, the higher K dielectric constant

materials, such as high-K and the plasma-nitrided

K oxides, are mandatory. However so far, the high-K

gate dielectrics technology used in CMOS devices

are not matured at al. Most of them do not have

0.1um good thermal stability but have more traps or defects,

which will worsen the device reliability. On the other

0.1um hand, even the K value of plasma- nitrided oxide is

not so-high (around 4-5), its leakage can meet the

(16A) requirement of sub-100nm device specification,

(0.1um)  which has been used in nano-scaled device design.

RTNO Thus, in this project, we will focus on the

(base oxide) plasma-nitrided oxide and analyze its plasma-induced
(RPN) 2-3  order ozide damage.

: (D) In this project, we will study the plasmainduced

0.1 damage and the related reliability issues for the 16A

(2 plasma-nitrided gate oxide in 100nm device. First,

(base  we designed and fabricated test samples with 200nm

oxide) feature size. The base oxide is formed by RTNO
(mobility) (3) process, and then remote plasma nitradation (RPN)

treatment was used to obtain a lower gate leakage

/ / and a near high-K gate dielectric. Several important

results have been drawn from this study. First, as

expected, the plasma-nitride oxide has reduced



tunneling leakage for the 100nm devices. This can
reduce the power consumption during circuit
operation. Second, the high concentration nitrogen
has been driven into gate oxide in the plasma-nitrided
oxide, which will induce large amount of interface
traps and degrade the device mobility. Third, the
plasma-nitrided oxidation will induce extra plasma
damage and be reflected in the non-uniform wafer
yield, oxide quality, and device characteristics.
Therefore, to find the more suitable manufacturing
equipment for forming a higher quality gate dielectric
has become a key technology for the sub-100nm
device design.

Keywords: high-K gate dielectric, plasma- nitrided
oxide, plasma damage, charge pumping technique,
devicerdliability.
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Fig. 1 Capacitance measurements for the
16A base oxide (RTNO) and RPN treated
gate dielectricsin NMOSFET's.
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Fig. 4 Charge pumping measurements for
the 16A base oxide and RPN treated gate
dielectricsin NMOSFET's.
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Fig. 7 Saturation drain currents for the 16A
base oxide and RPN treated gate dielectrics
in pMOSFET's.
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Fig. 10 Threshold voltages for the 16A base
oxide and RPN treated gate dielectricsin
short channel NMOSFET’ s at various wafer
Sites.
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Fig. 2 Subthreshold characteristics for the

16A base oxide and RPN treated gate
dielectricsin NMOSFET's.
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Fig. 5 Gate currents for the the 16A base
oxide and RPN treated gate dielectricsin
NMOSFET’s.
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Fig. 8 Charge pumping measurements for
the 16A base oxide and RPN treated gate
dielectricsin pMOSFET's.
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Fig. 11 Transconductances for the 16A base
oxide and RPN treated gate dielectricsin
short channel NMOSFET'’ s at various wafer
sites.
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Fig. 3 Saturation drain currents for the 16A
base oxide and RPN treated gate dielectrics
inNMOSFET’s.
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Fig. 6 Subthreshold characteristics for the
16A base oxide and RPN treated gate
dielectricsin pMOSFET's.
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Fig. 9 Gate currents for the the 16A base
oxide and RPN treated gate dielectricsin
PMOSFET’s.
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Fig. 12 Saturation drain currents for the
16A base oxide and RPN treated gate
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various wafer sites.
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Fig. 13 Charge pumping currents for the

16A base oxide and RPN treated gate

dielectricsin short channel NMOSFET's at
various wafer sites.
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Fig. 16 Transconductances for the 16A base
oxide and RPN treated gate dielectricsin
long channel NMOSFET's at various wafer
sites.
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Fig. 19 Gate tunneling leakages for the 16A
base oxide and RPN treated gate dielectrics
inlong channel NMOSFET' s at various
wafer sites.
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Fig. 22 Saturation drain currentsfor the
16A base oxide and RPN treated gate
dielectricsin short channel pMOSFET' s at
various wafer sites.
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Fig. 14 Gate tunneling leakages for the 16A
base oxide and RPN treated gate dielectrics
in short channel NMOSFET’s at various
wafer sites.
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Fig. 17 Saturation drain currents for the
16A base oxide and RPN treated gate
dielectricsin long channel NMOSFET’ s at
various wafer sites.

— 0.90f

= E 0—oRTNO 16A

T ' O--BRTNO 16A + RPN

~ 0.80F

= £ W/L=10/0.14um

(0] F

S o7of PMOSFET

= Eoo.

o E TD .|
= 0.60F g
k=] | o/s\-E o— o606
° g T l

@ 0.50F o

o F [ RPN o

< g

= 040 L -

5 43210123 4
Site From Wafer Center, (Nm)

Fig. 20 Threshold voltages for the 16A base

oxide and RPN treated gate dielectricsin

short channel pMOSFET' s at various wafer
sites.
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Fig. 23 Charge pumping currents for the

16A base oxide and RPN treated gate

dielectricsin short channel pMOSFET's at

various wafer sites.
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Fig. 15 Threshold voltages for the 16A base
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Fig. 18 Charge pumping currents for the
16A base oxide and RPN treated gate
dielectricsin long channel NMOSFET’ s at
various wafer sites.
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Fig. 21 Transconductances for the 16A base
oxide and RPN treated gate dielectricsin
short channel pMOSFET' s at various wafer
sites.
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Fig. 25 Threshold voltages for the 16A base

oxide and RPN treated gate dielectricsin

long channel pMOSFET’s at various wafer
Sites.
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Fig. 28 Charge pumping currents for the
16A base oxide and RPN treated gate
dielectricsin long channel pMOSFET’s at
various wafer sites.
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Fig. 26 Transconductances for the 16A base
oxide and RPN treated gate dielectricsin
long channel pMOSFET’ s at various wafer
Sites.
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Fig. 29 Gate tunneling leakages for the 16A
base oxide and RPN treated gate dielectrics
in long channel pMOSFET’s at various
wafer sites.
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Fig. 27 Saturation drain currents for the
16A base oxide and RPN treated gate
dielectricsin long channel pMOSFET’ s at
various wafer sites.



