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Abstract: To measure the entire characteristic of p-MOSFET, we have implemented the fast𝐼ௗ௦ − 𝑉௚௦ 
technique. The latter is used to study NBTI phenomenon with measure-stress-measure method, for electric 
field5MV/cm < 𝐸௢௫ < 7.5MV/cm, and temperatures 27 °𝐶 < 𝑇𝑆 < 120 °𝐶. Measurement time has 
reached10 𝜇𝑠, and a stress-measure delay (switching time) of about a hundred of milliseconds was obtained. 
However, strengths and weaknesses of the implemented technique have been discussed. Furthermore, the 
extraction methods: transconductance (𝑔௠), subthreshold slope (SS), and mid-gap (MG), have been 
implemented and discussed as well. NBTI parameter i.e. ∆𝑉௧௛, n, 𝛾 and E௔were extracted and compared to 
other results. A time exponent n of 0.149 has been touched. Activation energy E௔ = 0.039 eV and a field factor 
𝛾 = 0.41 MV. 𝑐𝑚ିଵfor a stress time t௦ < 10 𝑠 have been obtained. 

Keywords: MOSFET reliability; NBTI; 𝐼ௗ௦ − 𝑉௚௦fast characterization; MSM method; extraction methods. 

1. INTRODUCTION 
Reliability in advanced Metal Oxide 
Semiconductor (MOS) devices is becoming a 
serious issue for life time of integrated 
circuits [1]. One of the most important 
problems is negative bias temperature 
instability in p-type MOS-Field-Effect-
Transistors (p-MOSFETs) [2]. In fact, NBTI 
became a big concern since first discovered 
[3]. It grown-up dramatically with the 
shrinking process of MOSFET channel length 
[4]-[5]. Even-though new technologies have 
been developed as a solution e.g. high-K 
(HK) insulators; such as silicon oxy-nitride 
(SiON) and hafnium dioxide (HfO2); but the 
concernis still occurring[6]-[7]. Several 
models have been proposed to explain the 
NBTI phenomenon, such as two-stage model 
[7], as-grown-generation (AG) [8], and 
reaction diffusion (RD) [7]. Each model has 
its strengths and weaknesses. In addition, 
many measurement techniques and methods 
have been developed and implemented [5]-
[7]-[9]-[10] to investigate NBTI-induced 
degradation. They are used to extract 
MOSFET parameters suffered from NBTI e.g. 
threshold voltage shift (∆V୲୦), mobility 
degradation (∆𝜇), interface states (N୧୲), and 
oxide traps (N୭୲) [7]-[11]-[12]-[13]-[14]-[15]-
[16]-[17]-[18]. 
Moreover, NBTI recovery happened very fast 
as soon as the stress on the gate is stopped 

[12]. And like the stress interruption, 
measurement time delay also induces 
recovery. This was found to be due to 
spontaneous recovery [7]; which is resulted 
from the so-called ‘fast traps’. This issue is 
now considered as a real concern in the 
understanding of the NBTI mechanism. For 
that, researchers concentrate on new fast 
measurement techniques. In 2003, A. Kerber 
et al. [9] developed a new measurement 
technique to reach 100μs in measuring 
time 𝑡ெ, this technique can be called 
fast𝐼ௗ௦ − 𝑉௚௦. In 2004 and by using 
inexpensive RF measurement setup, Shen et 
al. recorded 𝑡ெ = 1μs [10] and moreover 
𝑡ெ = 100ns  in 2008 [19]. 
In this work, we implemented the fast  
𝐼ௗ௦ − 𝑉௚௦ technique. We started by the 
construction of the electronic card i.e. extra 
low-noise transimpedance. Next, the 
experimental setup was automated using 
LabView software. After that, we 
implemented the extraction methods that 
could be used with this technique. Finally, we 
discussed the implemented technique, the 
extraction methods and NBTI parameters. 
Results are presented and compared to other 
works. 
This paper is highlighted as follows, a global 
introduction in section I. Devices details, 
experimental setup, fast  𝐼ௗ௦ − 𝑉௚௦ technique 
and extraction methods are presented in 
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section II. Experimental results are arranged 
in section III.  Discussion is held on section 
III. Conclusion takes a place at secti

2. EXPERIMENTAL SETUP A
EXTRACTION PROCEDURE

 Device details 

Devices used in this experimental work were 
the p-type MOS transistors, fabricated at ISiT 
(Institute for Silicon Technology) of 
Fraunhofer, Germany.With g
of𝑆𝑖𝑂ଶ and a gate thickness
20 𝑛𝑚 (200Å).A gate capacitance
 2.12 ∗ 10ି଻𝐹/𝑐𝑚ଶ, gate width
gate length 𝐿 = 0.8 𝜇𝑚. 

 Circuit design and implementation

The idea is to measure  𝐼ௗ then convert it into 
𝑉௢௨௧ using (1) to be recorded by an 
oscilloscope using a low noise 
transimpedance Op-Amp. So, based on the 
IMEC developed pulsed 𝐼ௗ௦ −
and by following the procedures elaborated 
by Chen et al [10]-[19], we implemented this 
technique using the low noise Op
OPA657 (bandwidth = 1.6GHz), for small 
signal measurements i.e. 𝐼ௗ =

 

𝐼ௗ =
(𝑉௢௨௧ − 𝑉ௗ)

𝑅ௗ

 

 
where, 𝑉ௗ is the drain voltage; 
plus to that, 𝑅ௗ contains other resistance 
effects like cable resistance (neglected), and 
the contact resistance between probes and 
DUT pads. Because of these resistances, 
calibration is needed later on data processing. 
However, the other resistors and capacitors 
shown in the circuit (Fig. 1) 
stability enhancement. A picture of the two 
implemented transimpedance circuits is 
presented in Fig. 2. 

 

Fig.1 The circuit of the transimpedance using 
OPA657. 
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ate width 𝑊 = 1 𝜇𝑚, and 

design and implementation 

then convert it into 
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Amp. So, based on the 
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and by following the procedures elaborated 

, we implemented this 
he low noise Op-Amp 

OPA657 (bandwidth = 1.6GHz), for small 
= 10ି଺  μA. 

)
                          (1) 

is the drain voltage; 𝑅ௗ = 𝑅௙ + 𝑅௜௡, 
contains other resistance 

effects like cable resistance (neglected), and 
the contact resistance between probes and 
DUT pads. Because of these resistances, 
calibration is needed later on data processing. 
However, the other resistors and capacitors 

 were added for 
A picture of the two 

implemented transimpedance circuits is 

 

The circuit of the transimpedance using 

Fig.2 A picture of the implemented 
transimpedance. 

 Measurement setup 

We went through three different setups
obtain the experimental setup illustrated in 
Fig. 3. The objective was to reach; easy 
manipulation, less measuring time and a 
wanted stress voltage. The setups 

 MSM using Keithley 3940 
(stress/measure). But we have faced a
problem with output voltage
10V as maximum. This was not enough 
for NBTI study. 

 As a solution for this problem, we hav
added the Keithley 
source with a maximum voltage of 30V, 
but it is still suffering from the switching 
time.  

 To fix that, we have used the Agilent 
16440A (Generator selector) as a fast 
switch, of course using the Agilent 4156A 
(SMUs) for stress and the K
to generate measurement signals.

Fig.3Schematic block diagram of the fast 
experimental setup. 

So, as a final setup, Agilent selector 16440A 
was used to balance between 
(measure/stress). Agilent 4156C for
signals, the multifunction synthesizer Keithley 
3940 to perform the measurement pulses, 
and the oscilloscope Tektronix Model TDS 
3054B to measure the Op
voltage. Finally, the acquisition was 
performed using LabView sof
buses. A picture of the final measurement 
setup is shown in Fig. 4. 
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We went through three different setups to 
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. The objective was to reach; easy 
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MSM using Keithley 3940 for both phases 
. But we have faced a 

output voltage limitation, 
10V as maximum. This was not enough 

As a solution for this problem, we have 
 617 for stress as a 

maximum voltage of 30V, 
but it is still suffering from the switching 

To fix that, we have used the Agilent 
16440A (Generator selector) as a fast 

rse using the Agilent 4156A 
and the Keithley 3940 

to generate measurement signals. 

 

Schematic block diagram of the fast 𝐼ௗ௦ − 𝑉௚௦ 

Agilent selector 16440A 
to balance between the two phases 

Agilent 4156C for stress 
, the multifunction synthesizer Keithley 

3940 to perform the measurement pulses, 
and the oscilloscope Tektronix Model TDS 
3054B to measure the Op-Amp’s output 

. Finally, the acquisition was 
performed using LabView software via GPIB 
buses. A picture of the final measurement 
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Fig.4 A picture of the experimental setup.

 Measurements protocol 

As a measurement protocol (see Fig. 
DUTs were stressed logarithmically i.e. 
stress time 𝑡ௌ (2s, 4s, 6s, 8s, 10
300s, 400s, … .1000s); with 𝑉௚ =

min; under different stress fields (
𝐸௢௫ < 7.5MV/cm with 0.5MV
and different temperatures 
(𝑇ௌ = 27,80,100,120 °C). The measurement 
pulses (could be labeled as double 
were taken at 𝑉௚ = 𝑉௚,ெ௘௔௦௨௥௘

measurement time 𝑡ெ = 10μs 
 

 Extraction Methods 

Here we give an overview of the extraction 
methods that can be used with fast 
characterization, to extract NBTI
parameter degradation. However, some of 
these methods couldn’t be implemented with 
our experimental data. The reasons behind 
this issue will be discussed in section III.

A. Transconductance 
method(𝒈𝒎):Transconductance method 
[17]-[20] gives the threshold voltage more 
precisely comparing with CC method 
[13]-[16]. As shown in Fig. 6
calculating the transconductance

Fig.5 Fast MSM protocol used in this work.
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an overview of the extraction 
used with fast 𝐼ௗ௦ − 𝑉௚௦ 

characterization, to extract NBTI-induced 
parameter degradation. However, some of 
these methods couldn’t be implemented with 
our experimental data. The reasons behind 
this issue will be discussed in section III. 

Transconductance method [13]-
gives the threshold voltage more 

precisely comparing with CC method [12]-
. As shown in Fig. 6 and after 

calculating the transconductance 

 
Fast MSM protocol used in this work. 

Fig.6 The 𝐼஽ − 𝑉  transfer characteristics and 
curves for (before/after) NBTI conditions; for p
MOSFET device (𝑊௠ =
𝑡௢௫ = 20 𝑛𝑚) measured at
stress protocol of (𝑇௦ = 80 °
19 𝑚𝑖𝑛); where 𝑉௧௛ଵ = −1.05

using (2), we draw the tangent at the 
intersection of 𝑔௠,௠௔௫  with 
intercept with 𝑉௚ axis is 𝑉
 

𝑔௠ =  𝑑𝐼ௗ

𝑑𝑉௚

ቤ
௏೏ୀ௦௧

      

 
𝑉௧௛ =  𝑉௚ห

ூ೏ୀ଴
            

 
B. Subthreshold slope method 

(𝑺𝑺):Subthreshold slope method 
the slope of the subthreshold region of
𝑉௚, as shown in Fig. 7. It gives the shift of 
both interface state density 
trapped oxide charge density 
 

∆𝑁௜௧ =  ∆𝑆
𝐶௢௫

𝑞𝑙𝑛
 

∆𝑁௢௧ = (∆𝑆 −

 
and 
 

∆𝑆 =
1

𝑠ଶ

−
1

𝑠ଵ

                

 
where, 𝑁௔,ௗ is the channel doping (
𝑠ଵand 𝑠ଶare the subthreshold slopes 
measured before and after stress, 
respectively. 
 

C. Mid-Gap method (𝑴𝑮
interface traps 𝑁௜௧ are not involved in 
when Fermi level is at the mid
bands are bent at the interface inducing 
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) measured at Vୈ = 50 mV; after a 

°𝐶, 𝑉௦ = −10 𝑉 𝑎𝑛𝑑 𝑡௦ =
05 𝑉 and𝑉௧௛ଶ =  −1.3 𝑉. 

using (2), we draw the tangent at the 
with 𝐼ௗ − 𝑉 ௚curve;the 
𝑉௧௛ (3). 

                                     (2) 

                                     (3) 

Subthreshold slope method 
Subthreshold slope method [14] uses 

the slope of the subthreshold region of 𝐼ௗ −
. It gives the shift of 

both interface state density ∆𝑁௜௧ (4) and 
trapped oxide charge density ∆𝑁௢௧ (5). 

௢௫ln (
ேೌ,೏

௡೔
)

𝑞𝑙𝑛(10)
                   (4) 

∆𝑉௧௛) 
𝐶௢௫

𝑞
                 (5) 

                                (6) 

is the channel doping (𝑐𝑚ିଷ). 
are the subthreshold slopes 

measured before and after stress, 

𝑴𝑮):Assuming that 
are not involved in ∆𝑉௧௛ 

when Fermi level is at the mid-gap (MG), the 
bands are bent at the interface inducing 
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current flow of amount (𝜙௕ = 𝑘𝑇/𝑞)ln (𝑁௔/𝑛௜). 
𝐼௠௚ =  10ିଵସ𝐴 atroom temperature. So at MG 
level, ∆𝑉௧௛ = ∆𝑉௠௚ = ∆𝑉௢௧). [11]-[14]-[15] 
 

∆𝑉௧௛ =  ∆𝑉ே೔೟
+ ∆𝑉ே೚೟

           (7) 
 

∆𝑉ே೚೟
= ∆𝑉௠௚ =  𝑉௠௚ଶ − 𝑉௠௚ଵ           (8) 

 

∆𝑁௢௧ = ∆𝑉ே೚೟

𝐶௢௫

𝑞
             (9) 

 

∆𝑁௜௧ = ∆𝑉ே೔೟

𝐶௢௫

𝑞
               (10) 

 
where, ∆𝑉ே೔೟

and ∆𝑉ே೚೟
 are the voltage shifts 

induced by interface traps and oxide traps, 
respectively. 𝑉௠௚ଶand 𝑉௠௚ଵ are the mid-gap 
voltages before and after stress, respectively. 
The method is presented in Fig. 7. 

 

D. 𝒏, 𝜸 and 𝑬𝒂extraction method: From RD 
model point of view [7], we convert (11) into 
logarithmic scale, as shown in (12). After that 
we fit the threshold voltage shift versus stress 
time (t) to get the power exponent n, as given 
by (13); versus stress field (𝐸௢௫) to get the 
acceleration factor 𝛾 (see (14)); and versus 
stress temperature (T) to get the activation 
energy 𝐸௔ (15). 
 

∆𝑉௧௛ = 𝐴 exp(𝛾𝐸௢௫) exp ൬
−𝐸௔

𝑘𝑇
൰ 𝑡௡        (11) 

 

log (∆𝑉௧௛) = log(𝐴) +
𝛾𝐸௢௫− 𝐸௔

𝑘𝑇
+ 𝑛𝑙𝑜𝑔(𝑡) (12) 

 

Fig.7 Presentation of both SS method and MG 
method for (before/after) NBTI; on p-MOSFET 
device (𝑊௠ = 1𝑚, 𝐿௠ = 0.8𝑚 𝑎𝑛𝑑 𝑡௢௫ = 20 𝑛𝑚 ) 
measured at Vୈ = 50mV; after a stress protocol of 
(𝑇௦ = 120 °𝐶, 𝑉௦ = −14 𝑉 𝑎𝑛𝑑 𝑡௦ = 19 𝑚𝑖𝑛). 

 

𝑛 =  𝑑log (∆𝑉௧௛) / 𝑑log (𝑡)|୅,ா೚ೣ,்ୀ௦௧    (13) 
 

𝛾 =  𝑑log (∆𝑉௧௛)/𝑑𝐸௢௫|୅,௧,்ୀ௦௧                   (14) 
 

 𝐸௔ =  𝑑log (∆𝑉௧௛)/𝑑(1/𝑘𝑇)|୅,௧,ா೚ೣୀ௦௧        (15) 

 

3. EXPERIMENTAL RESULTS 
Data analysis as a final phase in the 
experimental work was an important phase. 
For that, calibration, smoothing, extraction 
methods implementation and figures 
visualization were performed using Python 
software. Fig. 8 presents the smoothing 
process of the collected data. As shown in 
the figure, data were not ready to use 
(extraction & interpretation) i.e. so noisy. We 
went through two smoothing processes; 
normal average filtering and polynomial 
fitting. For𝐼௢௡ (device on) interpretation 
average filtering was extremely enough. 
However, when it comes to 𝐼௢௙௙ (device off) 
polynomial fitting proved its competence in 
front of the first one. Using the polynomial 
fitting, allows us to easily investigate what 
happened on that spot i.e.𝐼௢௙௙, as we will see 
later. Extraction methods 𝑔௠, 𝑆𝑆, and 𝑀𝐺 
were shown previously in Fig. 6 and Fig. 7, 
respectively. Despite SS and MG methods 
couldn’t be used with fast 𝐼ௗ − 𝑉௚, but they 
were implemented to extract ∆𝑉௜௧ and ∆𝑉௢௧  
from the conventional 𝐼ௗ − 𝑉௚. Fig. 9 
presents∆𝑉௜௧(extracted using 𝑆𝑆) and ∆𝑉௢௧ 
(extracted using 𝑀𝐺) versus 𝐸௢௫, for the 
same device and under the same conditions. 
 

 

Fig.8Filtering process on p-MOSFET device 
(𝑊௠ = 1𝑚, 𝐿௠ = 0.8𝑚 and𝑡௢௫ = 20 𝑛𝑚) after a 
stress protocol of (𝑇௦ = 100 °𝐶, 𝑉௦ = −14 𝑉 
and𝑡௦ = 19 𝑚𝑖𝑛). 



ALGERIAN  JOURNAL OF SIGNALS AND SYSTEMS (AJSS) 
 

Vol. 6, Issue 1, March-2021| ISSN: 2543-3792- EISSN:2676-1548 28 
 

Fig.9 Extracted ∆𝑉௜௧ and ∆𝑉௢௧ from p-MOSFET 
device of 0.18𝜇𝑚 technology with (𝑊௠ = 1𝑚,
𝐿௠ = 0.8𝑚 and𝑡௢௫ = 20 𝑛𝑚 );On the top ∆𝑉௜௧ shift 
versus 𝐸௢௫ for a stress duration of𝑡௦ = 19 𝑚𝑖𝑛 
extracted using SS method, and on the bottom 
∆𝑉௢௧ shift versus 𝐸௢௫ for a stress duration of𝑡௦ =
19 𝑚𝑖𝑛 extracted using MG method. 

Fig. 10 presents the MSM results using both 
classical and fast 𝐼ௗ − 𝑉௚ characterizations. 
Both techniques show NBTI time 
dependency in p-type MOSFET devices. It is 
very clear that fast 𝐼ௗ௦ − 𝑉௚௦ characterization 
allows us to investigate smaller time intervals 
comparing to the classical one. 
Plus, the new technique proved that NBTI 
depends strongly on the stress time. It can be 
seen clearly that, the more the stress the 
more the resulted threshold voltage shift ∆𝑉௧௛ 
and the less in the on-current of the 
device𝐼௢௡. However, the latter deteriorates 
because of mobility (𝜇/𝜇଴) degradations. 
Here, we can say that; besides the 
temperature dependency of the cut-off 
current, NBTI stress field provides leakage 
current in p-MOSFET devices as well.On the 
other hand, Fig. 11 presents interface states 
degradation (∆𝑁௜௧) as a function of time for 
different stress fields. These measures 
resulted from a MSM protocol of 1ℎ (3600𝑠), 
with stress time 𝑡௦ = 100𝑠before

Fig.10Classical 𝐼ௗ − 𝑉௚  characteristic (top) and fast 
𝐼ௗ − 𝑉௚ characteristic (bottom) curves as a function 
of stress time (𝑡௦) under NBTI conditions (𝑇௦ =
80 °𝐶, 𝑉௦ = −10 𝑉 𝑎𝑛𝑑 𝑡௦ = 19 𝑚𝑖𝑛); on p-
MOSFET device (𝑊௠ = 1𝑚, 𝐿௠ = 0.8𝑚 
and𝑡௢௫ = 20 𝑛𝑚 ) measured at Vୈ = 50mV. 
 
each measure. The implemented technique 
was the regular  𝐼ௗ − 𝑉௚ characterization, 
using Agilent 4156C. It is clear that the 
regular technique shows the time 
dependency with a time exponent0.149 <
 𝑛 < 0.33. But, this time exponent is not clear 
at the first stage; the one labeled ‘fast 
degradation’. In fact, it shows a jump instead; 
at this level this jump couldn’t be interpreted 
(𝑛 ≫ 1). Now, for that and also to avoid NBTI 
degradation recovery, fast 𝐼ௗ௦ − 𝑉௚௦ 
characterization was proposed. 
Now, using this technique, gives the hand to 
investigate NBTI degradation in small stress 
durations i.e. 𝑡௦ ≪ 10ଶ𝑠. Furthermore, with 
this technique our measurement is almost out 
of recovery i.e. 𝐼ௗ௦ characteristic is taken in 
less than 10 μs; 100 ns elsewhere [19]. Fig. 
12 shows NBTI time dependence with a time 
exponent0.149 < 𝑛 < 0.33, these results are 
similar to others [21]-[22]. In addition to time 
dependency, NBTI shows other 
dependencies; electric field and temperature. 
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Fig.11 ∆𝑁௜௧ shift versus time for a stress duration 
of 𝑡௦ = 3600 𝑠 (measures were taken each 100 𝑠); 
under stress temperature𝑇௦ = 80 °𝐶; for 𝐸௢௫ from 
6to7.5𝑀𝑉/𝑐𝑚 ; with the presentation of 𝑛 
exponent; on p-MOSFET device of 0.18𝜇𝑚 
technology with (𝑊௠ = 60𝑚, 𝐿௠ = 1𝑚 and𝑡௢௫ =
20 𝑛𝑚 ). 
 
It depends strongly on the stress electric 
field.It can be seen clearly from Fig. 12, Fig. 
13, and Fig. 14 that the more the stress, time 
and temperature, the more the threshold 
voltage shift∆𝑉௧௛.Even though time, field and 
temperature dependencies exist, but they 
don’t follow the same mechanism. It is clear 
that time exponent and activation energy 
show a clear dependence compared to γ field 
factor. Electric field factor  𝛾 and activation 
energy  𝐸௔ are both extracted and plotted in 
Fig. 13 and Fig. 14, respectively. The 
extracted field factor values were found lower 
(0.28 cm/MV < 𝛾 < 0.61 cm/MV) compared 
with that given in [23]. That’s return strongly 
to the stress time i.e. < 10𝑠 in our case, and 
> 100𝑠 with others [23]. 

 
Fig.12 ∆𝑉௧௛ shift versus time for a stress duration 
of𝑡௦ = 19 𝑚𝑖𝑚 under stress temperature 𝑇௦ = 27°𝐶; 
for different stress fields 𝐸௢௫; with the presentation 
of 𝑛 exponent; on p-MOSFET device (𝑊௠ = 1𝑚,
𝐿௠ = 0.8𝑚 and𝑡௢௫ = 20 𝑛𝑚 ).  

Fig.13 ∆𝑉௧௛ shift versus electric fields𝐸௢௫after a 
stress duration of𝑡௦ = 6𝑠; under different stress 
temperatures;with the presentation of the field 
factor 𝛾; on p-MOSFET (𝑊௠ = 1𝑚, 𝐿௠ = 0.8𝑚 
and𝑡௢௫ = 20 𝑛𝑚 ). 

Fig.14 Threshold voltage degradation with 
activation energy𝐸௔ presentation as a function of 
temperature variation, after a stress duration 
of𝑡௦ = 6𝑠; under different stress fields; on p-
MOSFET (𝑊௠ = 1𝑚, 𝐿௠ = 0.8𝑚 and𝑡௢௫ =
20 𝑛𝑚 ). 

For activation energies literature states that 
neutral 𝐻ଶ diffusion is described with 
0.2 eV < 𝐸௔ < 0.3 eV  and the time exponent 
𝑛 ≈ 0.25 [5]. Moreover, recent measurements 
of nitride-oxides gave 0.19 eV < 𝐸௔ < 0.24 eV 
and 0.095 < 𝑛 < 0.158 over the 183 −
513 °𝐾temperature range, in contrast to the 
previous values, for pure 𝑆𝑖𝑂ଶ[5]-[24]. A more 
commonly-accepted value for dry 𝑆𝑖𝑂ଶ 
is 1 − 0.15 eV. The value of 0.27 eV is likely 
due to partial wet oxide. Or, it is due to 
different defect generation mechanisms i.e. 
𝐸௔ ≈ 0.02 𝑒𝑉 is referred to hole trapping while 
𝐸௔ ≈ 0.25 𝑒𝑉 to hydrogen diffusion; as 
reported here [5]-[24].  However, our results 
showed a good agreement with literature; we 
recorded0.039 eV < 𝐸௔ < 0.191 eV. We 
should mention that our devices were 
fabricated in dry oxidation, for that 𝐸௔ is 
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lower. Also, it can be noticed (from Fig. 14) 
that 𝐸௔ is influenced by stress field 𝐸௢௫ i.e. it 
shows a concave-up at𝐸௢௫ = 7.5 MV/cm. 

 
4. DISCUSSION 

Before we proceed in parameters 
interpretation, we should explain the 
appearance of different technologies in this 
work i.e. 1 μm for fast 𝐼ௗ௦ − 𝑉௚௦ 
characterization and 0.18 μm for the classical 
one. It is out of the paper’s scope; however, 
the effect of this variation (i.e. gate geometry) 
has been discussed and modeled as well, 
based on CP measurements [25]. The latter 
modeling approach did not account for NBTI 
degradation; it was just expected to be a 
useful tool for interface-trap densities 
extraction. Moreover, it has been revealed 
that NBTI has more breaks out in short 
channel transistors comparing with those of 
long channel [26]. Others [16], based on CC 
method, found that  𝑉௧௛ increases with the 
increase of gate length. Therefore, in addition 
to field, temperature and stress time; gate 
length also included to NBTI effect (for more 
details see [26]). In this work we neglect 
geometry effect and we concentrate only on 
NBTI parameters. 
On the other hand, 𝑔௠ gave very exact 
values and showed better precision 
comparing with CC method [12]-[13]-[16]. For 
SS and MG, even with calibration, the exact 
𝐼ௗ slope couldn’t be reached because of high 
noise at very low currents i.e. 𝐼ௗ~ μA. Also, 
our results couldn’t go under 𝐼ௗ =  10ି଻ A 
while 𝐼௠௚ =  10ିଵ  A. However, both methods 
were used on the conventional 𝐼ௗ − 𝑉௚ to 
show the variation of ∆𝑉௜௧and ∆𝑉௢௧ as function 
of𝐸௢௫. Plus to that, solutions for these issues 
(i.e. high noise and 𝐼ௗ can’t go beyond10ି଻ A) 
have been proposed and they would be 
implemented as a next work. 
Also like other works [5]-[7]-[10], our 
measurements proved that 𝑉௧௛ degradation, 
which is due to both interface states (∆𝑁௜௧) 
and oxide charges∆𝑁௢௧, is directly 
proportional to the stress time. We should 
remind that this dependence couldn’t be 
observed clearly on the early stages using 
the classical techniques. Because the very 
early degradation (𝑡 < 10ଶ𝑠) labeled ‘fast 
degradation’ needed to be zoomed-in. 
However, this has been explained by the long 
stress duration, for which Yang et al.[5]-[27] 
extended the stress measurement times from 
10ିଷ𝑠 s to10ଶ𝑠. Also it was referred to the 
measurements affection by the stress-to-
measure delay [5]. And it was found that the 

shift measured by conventional dc 
measurement is only 20% of the true value, 
and gives a very poor estimation of the 
trapped charge [10].  
Finally, as a solution for recovery issue 
injected, frequently, from stress-measure 
interruption delays; we propose a new 
technique. The technique works with same 
principle as the presented one. The evolution 
would be on the generated MSM signal. We 
will try to generate a one-well-studied MSM 
signal, for all the stress protocol. We believe 
strongly that this technique won’t be suffering 
from switching delays i.e. 𝑡௦௪௜௧ = 0 𝑠. 
 

5. CONCLUSION 
In this paper, we have used MSM method, 
based on fast Iୢୱ − V୥ୱ measurement 
technique, to investigate NBTI-induced 
degradation in p-MOSFET devices. Using 
fast measurement, we have presented and 
discussed different extraction methods. Also, 
we have extracted electrical parameters and 
compared to other published results. 
Compared to the conventional ones, the 
present technique has shown usefulness. 
However, for better understanding of basic 
mechanisms of NBTI phenomenon, more 
improvements are still needed, such as 
reducing the time delay between stress and 
measurement and the leakage current of the 
setup. These enhancements will be achieved 
by proposing a new experiment setup in 
future work. 
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