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Abstract- For the first time, an improved charge pumping (CP) 
method has been implemented for direct determination of the 
interface traps in ultra-short gate length CMOS devices with 
ultra-thin gate oxide in the direct tunneling regime. The leakage 
current in a 12-16A gate oxide can be removed from the 
measured CP current, which enables accurate determination of 
the interface traps. This method has been demonstrated 
successfully for various RTNO grown and RPN treated oxide 
CMOS devices with very thin gate oxide. Moreover, it can be 
used as a good monitor of ultra-thin gate oxide process and the 
evaluations of device reliabilities in relating to the interface trap 
generation. 

Introduction- As predicted from the SIA roadmap, scaling of 
sub-l00nm device in 2005 will need a to, in the range 10-15A. 
One faces a big problem of how to measure the oxide quality 
with thickness 10 to 20A, in particular the interface traps, Nit. So 
far, there is no definite approach to measure the NI, for very 
small and ultra-thin gate oxide devices. 

It is also well known that two pronounced effects occur as a 
result of the gate oxide scaling below 30A, i.e., direct tunneling 
gate leakage and the quantum mechanical effect [l-21. This 
makes the device characterization more difficult. Basically, two 
methods can be employed to determine the interface traps in a 
CMOS device, i. e., conventional CV method [3] and the CP 
method [4-71. However, CV method needs a large area capacitor 
for the measurement and will encounter difficulties when gate 
leakage current exists. Until recently, the CP method on a thin 
gate oxide measurement has aroused much interest [8]. However, 
this method is in-accurate when to, I 12A. 

In this paper, two new methods derived from the 
conventional charge pumping (CP) method have been 
demonstrated for accurate determination of the interface traps in 
CMOS devices with short channel length (very small dimension) 
and ultra-thin gate oxide. 

I. Device Preparation 
The devices used in this study were fabricated by the 

state-of-the-art IC manufacturing. 12- 16A gate oxides were 
formed by rapid thermal nitric oxide (RTNO). And, remote 
plasma nitridation (RPN) treatment was used for a split of 16A 
devices after gate oxide formation to reduce 2-3 current orders of 
gate leakage. The masked lengths ranged from 0.22 to O.llum 
(gate ashing length = 0.04um, to form nano-meter channel length 
device) were used. 

11. Results and Discussion 
A. Principle of the Method and Experimental Observations 

Figure 1 shows the popular schematic of the two-side [4-61 
and single-side [7] CP measurements. In method 1, with both 
S/D grounded and by applying a gate pulse with fixed base 
voltage (V,,), the channel will operate between accumulation and 
inversion. This gives rise to the charge pumping current ICP 
measured from the bulk. Method 2 has floating source and the 
IcP is measured from the drain. As we see from Fig. l(b), the 
leakage of Icp is very small at low Vgh when to, > 30A. However, 
it is noticed that the leakage current becomes dominant for to, 
less than 20A. 
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B. Comparison of the Leakage for Two CP Setups 
Figs. 2 and 3 show that Method 2 is not adequate for the CP 

measurement since the leakage current becomes dominant in the 
accumulation region. While, method 1 is well suited for the CP 
measurement purpose with suitable chosen gate voltage. 

C. New Charge Pumping Methodology 
Fig. l(c) shows the steps of the new method. Experimental 

results in Figs. 4 and 5 show that: (1) the bulk current decreases 
with reducing channel length. This means that it is better to 
measure a low leakage CP current with a shorter channel length 
device, and (2) the leakage current increases with reducing to, (at 
VG<: OV). Before calculating NIt from Icp, we need to remove the 
leakag,e current from the Icp. Here, we provide two different 
methods to achieve this purpose. 

(1) High-low frequency CP method (modified from [8])- First, 
we measure the ICP for various frequencies as in Fig. 6. At 
lciw frequency, group 2 curves are considered as the leakage 
current. Curve 1 is the Icp at high frequency. Curve 1 
subtracting group 2 curves gives the correct Icp(group 3) 
without leakage component. 

(2) Incremental frequency CP method- From the measured Icp 
for various frequencies, we take the difference of Icp 
between two successive frequencies as shown in Fig. 7. For 
example, I C P ( I M H ~ ) - I C ~ ( ~ O O ~ H ~ )  is regarded as the IcP at 5OOkHz 
since ICp is proportional tof 

Both methods give a close result of I,, for lMHz signal (e.g., 
compare curve 3 in Fig. 6 and curve A in Fig. 7). Since the 
leakage component is close at two successive frequencies, the 
incremental frequency CP method can give more accurate results 
As expected, even for very-thin (to, I 12A) gate oxide devices, 
this new CP methodology is still valid. 

D. Determination of the Interface Traps and Applications 
To determine the interface traps, NI, can be calculated from 

the ICp,MAx. The equations, method, and results are given in Table 
I, Figs. 8 and 9, respectively. Fig. 9 shows the calculated NI, per 
unit width for the measured 80 devices with n- and p-channel. It 
is noted that : ( I )  a thicker gate oxide exhibits larger Nlt as a 
result of a longer thermal treatment, (2) €U" treated gate oxide 
has larger N,,, and (3) the slopes of these curves give the NI, 
values, which can be used as a monitor of the oxide quality. In 
short, the developed method not only can be used to calculate the 
N,, values but also be useful as a monitor of the oxide quality in 
an ultra-thin gate oxide process. 

' 

In summary, a new CP methodology, based on two different 
CP methods, has been developed for ultra-short channel length 
and ultra-thin gate oxide in the range 12-16A. It allows fast and 
easy calculation of the Nlt generated during the process. This 
method is superior to the conventional CV method for Nit 
characterization in that the latter needs a large area capacitor 
samples. On the other hand, both methods can also be applied to 
the device hot carrier reliability in relating to the generated 
interface traps for nano-scale devices. 
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Fig. 1 (a) Two-side and single-side charge pumping (CP) setups. (b) Upper- Local threshold voltage (V,) 
and flat band ( V d  distribution in relating to low level and high level gate voltage (Vgl and V@). Bottom- 
Normal and abnormal CP curves. (c) The flow chart of the new CP methodology. 

Table I Extraction of offset length (&= AL, 
(ashing length) + AL (overlap region) ) from 
interface traps distribution. 

Gate Voltage, V, (V) 
Fig. 4 Length dependent bulk currents. Shorter 
channel device has smaller bulk current. 
A 5 Frequency, Af (KHz) 

h 

v a 
- 8 

a 
5 

5 

+- C 

2 
L 

cn 
C 
a .- 

a 
F 0) 

m 
High Level Gate 

-1.0 -0.5 0.0 0.5 1.0 
Voltage, V,, (V) 

Fig. 2 Current components for two-side and 
single- side CP setups. Note that: (1) I, = I, + I,; 
(2) Method 1 has lower bulk current and hence 

has lower leakage component for CP measurement. 

Fig. 3 Two-side and single-side CP curves. 
Method 2 shows a huge leakage current at low V,, 
(accumulation region). 

a High Level Gate Voltage, V,, (V) 
Fig. 5 Measured CP currents for ultra thin 
(1 2-16A) gate oxide. Note that 12A gate oxide 
has large leakage currents for Vg < OV. 
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Fig. 6 Bottom- High-low frequency CP method 

Frequency depen ent maximum k P  currents. 

Fig. 7 Botro/ri- Incremental frequency CP method 
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Fig. 8 Illustration of 4 extraction from CP data. 
(1) Parameter definition and extraction method. (2) 
Interface traps distribution in short and long 
channel length devices. 
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Fig. 9 Calculated N,, from kpMAx i n  Fig. 7. It also 
shows the extraction of offset 'length AL, (= AL, ( = 
0.04um) + A b ) .  
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