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A New Technique to Extract Oxide 
Trap Time Constants in MOSFET’s 
Tahui Wang, Senior Member, IEEE, T. E. Chang, L. P. Chiang, and C. Huang 

Abstract- A new technique to determine oxide trap time 
constants in a 0.6 pm n-MOSFET subject to hot electron stress 
has been proposed. In this method, we used GIDL current 
as a direct monitor of the oxide charge detrapping-induced 
transient characteristics. An analytical model relating the GIDL 
current evolution to oxide trap time constants was derived. Our 
result shows that under a field-emission dominant oxide charge 
detrapping condition, V , ,  = -4 V and v d s  = 3 V, the hot 
electron stress generated oxide traps exhibit two distinct time 
constants from seconds to several tens of seconds. 

1. INTRODUCTION 

RAP creation in gate oxide due to hot carrier injection 
has been recognized as a major reliability concern in 

submicron CMOS and flash EEPROM technologies [ 11-(31. 
For example, threshold voltage shift, oxide leakage in a 
floating gate [3] and oxide wearout are all related to oxide 
trap creation. In the past, physics and characteristics of oxide 
trap charging/discharging mechanisms have been intensively 
studied [4]-[9]. The time-dependence of oxide trapped charge 
was usually monitored by use of flatband voltage as an 
indicator [4]. This approach is not appropriate for hot carrier 
stress generated oxide traps in a MOSFET since the traps have 
a nonuniform spatial distribution along the channel. Moreover, 
the flatband voltage shift extracted at each measurement time 
break only gives a discrete and indirect description of a 
charge trapping/detrapping process. Third, flatband voltage is 
linearly dependent on oxide charge and thus may not provide 
sufficient sensitivity to an oxide charge variation. In contrast. 
it can be shown that a GIDL current arising from band-to- 
band tunneling in a MOSFET [ lo]  exhibits an exponential 
dependence on oxide charge. In this letter, a new technique 
to determine oxide trap time constants from a GIDL current 
transient was proposed. 

A conventional SID n-MOSFET with 120 8, gate oxide, 
0.6 pm gate length, and 20 pm gate width was used. The 
device was stressed under a maximum gate current ( I , )  
injection condition, V,, = 8 V and V d ,  = 5 V, for 2000 s. 
It was reported that the maximum 1, stress can generate a 
large amount of oxide traps while interface trap creation is 
moderate [ l l ] ,  [12]. A measurement consisting of a series of 
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oxide trap charging and discharging conditions was performed. 
During the charge detrapping phase, the evolution of a GIDL 
current was monitored continuously in time to extract oxide 
trap time constants. 

11. MODEL OF GIDL CURRENT TRANSIENT 

Fig. 1 illustrates the energy band diagram of oxide electron 
detrapping near the Si/SiOz surface. A typical GIDL bias 
condition is applied. A strong oxide field due to a large drain- 
to-gate bias (V&) causes electron emission from oxide traps 
to the conduction band of the n-type drain. As a result of 
electron detrapping, both the oxide field and silicon surface 
field decrease and the GIDL current decays with time. The 
formulation of the electron detrapping induced GIDL current 
transient is shown below. 

Assume the hot electron stress generated oxide traps have 
1%’ different detrapping time constants. The oxide charge 
detrapping rate for each kind of oxide traps is 

dQi - &i 

d t  Ti 
(1) - -__ - 

and 

Qi( t )  = Qi(O) exp (-t/ri) i = 1 to N .  (2)  

By applying the Gauss law, the change of the Si surface field 
AF. due to electron detrapping is 

where to, is the gate oxide thickness and di is a distance from 
the centroid of the traps to the Si/SiOZ surface. The band- 
to-band tunneling induced GIDL current, also illustrated in 
Fig. 1 ,  is expressed below [lo] 

(4) 

Assuming A&:, is small compared with the initial surface field 
E:(t  = 0) and using Taylor’s expansion, (4) is reduced to 

I d  = AFs exp ( - B / F s ) .  

B &( t )  = A(E:(O) - AF,)exp 

zx AFs((0)(l - a F s / ~ 5 ( 0 ) ) e ~ p ( - B / F , ( 0 ) )  
exp (--A&> B 

F; ( 0 )  
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Fig. 1. Schematic representation of the energy band diagram of 
field-enhanced electron detrapping and band-to-band tunneling induced 
GIDL current. 

and 
B 

F,2(0) aFs 
N 

where 

It is noteworthy that the GIDL current is very sensitive to 
oxide charge. It is ln(Id(t)) in (6) to have an exponential 
decay with time. 

Assuming the transient behavior of the GIDL current is 
dominated by the i-th kind of the traps in a certain period 
of time, the following equation can be immediately derived 
from (6) 

Therefore, the oxide trap time constant ri can be extracted 
from the slope of the In ( I  $[ln ( I d ) ]  I )  versus time plot. 

111. RESULTS AND DISCUSSIONS 

Fig. 2 shows the temporal variation of the pre-stress and 
post-stress drain currents in electron trapping and detrapping 
phases in the conventional S/D MOSFET. The bias conditions 
in the trapping and detrapping phases are V,, = 3.5 V and 
vds = 3.5 V, and V,, = -4 V and vds = 3 V respectively. In 
this measurement, the trapping/detrapping cycle repeats two 
times. No noticeable difference in the drain current between 
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Fig. 2. Temporal variation of pre-stress and post-stress drain currents in 
electron trapping and detrapping phases. Trapping phase: V,, = 3.5 V and 
vd, = 3.5  V. Detrapping phase: v,, = -4 V and Vd, = 3 V. 
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Fig. 3. The plot of’ In (~$[ln ( I d ) ]  I) versus time. The two linear slopes 
shown by the dashed lines indicate the existence of two oxide charge 
detrapping times. 

the two cycles is observed, which implies no stress effect in 
the measurement itself. In the electron trapping phase, a small 
hot electron gate current (about 1pA) was obtained to fill the 
oxide traps by electron thermal capture. The drain current 
in the trapping phase declines after stress due to a positive 
threshold voltage shift resulting from electron occupation of 
the acceptor-like oxide traps. On the contrary, the post-stress 
GIDL current in the detrapping phase is greatly enhanced 
and its transient behavior becomes particularly pronounced. 
This transient phenomenon can be explained by two possible 
mechanisms, electron emission from oxide traps or hot hole 
injection incurred hole-trapped electron recombination. Since 
a modest Vas of 3 V was applied in the measurement, 
lateral field enhanced hot hole injection is unlikely to happen. 
Thus, trapped electron emission via field-enhanced quantum 
tunneling should be a mechanism responsible for the observed 
transient. This result is different from the conclusion by Cheng 
et al. at a large vdg [13] that the GIDL current transient is 
mainly caused by hot hole injection. To study the trap transient 
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Fig. 4. Measured GIDL current transient and calculated results from (6). 
The dashed curve has one time-constant, 71 = 26.9 and 31 = 1.22 .  The 
dotted line has two time-constants, 71 = 4.5 s, 7 2  = 79.4 s, ,31 = 0.37 
and p p  = (1.80. 

characteristics, we plot In ( 1  %[In ( I d ) ]  I) versus time in Fig. 3. 
The noise in the figure is associated with measurement and 
numerical differentiation. Apparently, this plot contains at 
least two different slopes (dashed lines). According to (8), 
these two linear slopes indicate the existence of two types 
of oxide traps with different detrapping time constants. The 
dispersion of the field-dependent detrapping time constant is 
believed due to nonuniform energetic or spatial distribution 
of the traps [7] .  The result of an alternative time constant 
extraction procedure based on a least square error fit, which is 
much less sensitive to measurement noise, is shown in Fig. 4. 
Again, it was found that the measured GIDL transient (solid 
line) cannot be fitted well by a single time-constant model 
(dashed line) while a two time-constants model with 7 1  = 4.5 
s, 7 2  = 79.4 s, ,& = 0.57, and /?2 = 0.80 can reproduce 
the measured result excellently (dotted line). The multi-time- 
constant feature of oxide traps observed in this measurement is 
generally consistent with the findings by using flatband voltage 
measurement [6].  

IV. CONCLUSION 
We have proposed a new characterization technique to study 

the oxide trap transient characteristics. This technique has been 
shown to be very sensitive to an oxide charge variation. Using 
this method, we found that the hot electron stress generated 
oxide traps contain at least two distinct time constants. 
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