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Implementation of new materials in Metal-Oxide-Semiconductor stacks requires capabilities to

predict long-time degradation as well as the impact of process changes on degradation processes.

In this work, the degradation under constant voltage stress of metal gate/Al2O3/InGaAs stacks is

studied for different pre-dielectric deposition treatments. The results show that the degradation,

particularly under negative bias, is strongly affected by the oxide-semiconductor surface treatment

of the samples. Two contributions (interface states and bulk traps) dominate depending on the

stress conditions. Surface treatment with NH4OH shows a better quality of the interface in

term of interface states; however, it contributes to generation of positive charge on the dielectric

layer. VC 2014 AIP Publishing LLC. [http://dx.doi.org/10.1063/1.4861033]

I. INTRODUCTION

InGaAs is an attractive candidate to be used as a channel

material for the extension of CMOS (Complementary Metal-

Oxide-Semiconductor) technology beyond Si due to its high

electron mobility.1 Lacking a good native oxide interface, a

major challenge is the reduction of the density of interface

states, since it causes Fermi level pinning, leading to degra-

dation of charge concentration in the channel and thus affect-

ing the response of metal-oxide-semiconductor field effect

transistors (MOSFETs).2

Recent works have focused on the control of surface ox-

idation since the creation of interface states is often attrib-

uted to semiconductor surface oxidation.3–5 In particular, the

influence of pre-dielectric deposition NH4OH treatment on

the oxide-semiconductor interface to suppress the formation

of surface oxidation has been studied. Lebedev et al. have

reported that NH4OH significantly reduces the amount of

Ga2O3 on GaAs surface,6 and Krylov et al. have suggested

that NH4OH suppresses the formation of Ga-O bonds, which

are related to interface states at the Al2O3/InGaAs interface.7

The pre-deposition NH4OH treatment suppresses efficiently

the XPS peaks of sub-oxides; however, the impact of

NH4OH treatment on the degradation of the MOS stacks has

not been studied in detail.

Implementation of new materials in actual devices

requires capabilities to predict long-time degradation as well

as the impact of process changes on degradation processes.

Recently, some papers have reported on studies of the degra-

dation of high-k dielectric/InGaAs stacks,8–10 but much more

knowledge is needed to understand the degradation mecha-

nism and the influence of the fabrication process. Among the

recent results, Wrachien et al.8 have reported the effects of

stress polarity on the degradation of Al2O3/InGaAs stacks,

and Huang et al.9 found out that the inclusion of an interlayer

on ZrO2/InGaAs improves the performance of nFETs.

However, in both cases, the influence of the oxide-

semiconductor interfaces on the mechanisms involved in the

degradation has not been studied in detail. Particularly, much

effort has been performed to reduce the density of border traps

and/or interface states, but more information is needed to

describe and model the mechanisms responsible for the degra-

dation on high-k dielectric/InGaAs stacks.

In this work, the influence of the oxide-semiconductor

interface on the degradation is studied by the dynamics of

the flat band voltage (VFB) under different polarities of the

stress voltage. In the first part of the manuscript, the quality

of the Al2O3/InGaAs interface treated by NH4OH and its

influence on the electrical characterization are analyzed,

while the second part is focused on the study of the dynamics

of degradation of the flat band voltage (VFB) and the genera-

tion of defects at interfaces of the stack.

II. EXPERIMENTAL

In this work, two different sets were used on n-type

InGaAs substrates epitaxially grown on InP wafers. In one

set (set A), a pre-dielectric deposition treatment (PDT) was

performed by a 36% NH4OH solution. Then, a 9 nm-Al2O3

layer was prepared by atomic layer deposition (ALD) using

trimethylaluminium (TMA) and H2O precursors at 300 �C.

In set B, a 9 nm—Al2O3 film was deposited by the same

ALD process but without the NH4OH PDT. In both sets, the

area of the devices was 1.1 � 10�4 cm2, and the gate metalli-

zation consisted of Ti(1 nm)/Au(200 nm) deposition fol-

lowed by post deposition annealing (PDA) at 400 �C in N2

flow for 30 min. Further details about the samples can be

found in our previous work, Ref. 7.

Capacitance–Voltage (C-V) measurements were carried

out at different frequencies using an Agilent 4285A LCR

meter. Current-Voltage (I-V) and constant-voltage-stress

(CVS) measurements were performed using an Agilent

4155C parameter analyzer. During CVS, the stress was peri-

odically interrupted for C-V measurements to track the deg-

radation of the device parameters such as VFB. For each

stress condition, a dozen of devices were measured.

To avoid recovery-related artifacts,11 we kept constant

values of the delay time between the C-V measurements and

the CVS pulses. The calculation of VFB was performed by

the recently introduced inflection point technique.12a)E-mail: palumbo@mt.technion.ac.il. Telephone: þ972-4-829 2779.
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III. RESULTS AND DISCUSSIONS

A. Influence of the oxide-semiconductor interface on
electrical characteristics

One of the most common approaches for interfaces-state

characterization in MOS stacks is to measure the capacitan-

ce–voltage characteristics over a wide range of frequen-

cies.7,13,14 Figure 1 shows typical multi-frequency C-V

curves of the two sets. Set A, treated by NH4OH (Fig. 1(a)),

shows a relatively small increase of the capacitance in the

inversion regime; while in set B, no NH4OH treatment (Fig.

1(b)), the capacitance is increased significantly in this re-

gime. This dispersion in inversion is defined in literature as

“weak inversion hump” and is attributed to Al2O3/InGaAs

interface states.13,15 As reported in our previous work,7 the

origin of such differences between both sets is due to the

NH4OH treatment, which when applied suppresses the for-

mation of Ga-O bonds in the Al2O3/InGaAs interface, which

was clearly correlated with the decrease of interface.

The area under the C-V hump (Qhump) measured at

100 kHz, which is related to the density of interface states,15

shows a reduction from 4.67 �10�7 Q/cm2 to 2.5 � 10�7

Q/cm2 for set A (treated with NH4OH), indicating the effi-

ciency of this treatment for Al2O3/InGaAs gate stacks.

On the other hand, it is observed in Fig. 1 that the dis-

persion with frequency of the accumulation capacitance is

small and similar for both sets of samples, indicating no

influence of the NH4OH treatment on the border traps den-

sity in the vicinity of the Al2O3 interface.16 Moreover, Table

I shows similar C-V hysteresis results for both sets indicating

also a similar density of border traps.17–19

Figure 2 shows typical current-voltage (I-V) curves for

both sets. For positive bias, both sets shows a similar behav-

iour; while for negative bias, at low voltages, set B shows

initial current levels higher than those of set A (treated by

NH4OH). Note that the comparison of the I-V curves of both

sets is consistent with the analysis of the C-V curves of

Figure 1.

In n-type InGaAs stacks, the positive-bias-voltage

region (i.e., accumulation) is dominated by interaction of

border traps.2,19,20 Therefore, the similarity in the I-V curves

at positive bias can be explained by a similar density of bor-

der traps in both sets,8 since the defects in the oxide that are

likely to impact the I-V curves are those that result in

charge-transition levels within the Fermi-level range.

At negative voltages, the increase of the leakage current,

observed in Figure 2, resembles the stress-induced-leakage-

current (SILC) of ultrathin SiO2 layers in MOS structures,21

since at high voltages both I-V curves show the same behav-

iour. As the Fermi level goes into the lower part of the band

gap towards the valence band, due to negative bias applied on

the gate, the energy levels of defects above the semiconductor

conduction band edge are empty, thus allowing carriers to tun-

nel into them, increasing the leakage current through the gate

dielectric.21 Hence, a difference in the density of defects may

result in difference on the I-V characteristics.

The negative-bias voltage region is dominated by interac-

tion with interface states,2,19,20 the density of which is higher in

set B. Therefore, such as increase of the interface states can be

responsible for the difference in the I-V curves. Moreover,

FIG. 1. Typical multi-frequency capacitance-voltage curves from 1 KHz to

1 MHz. (a) Set A. (b) Set B. Arrows mark the direction of frequency

increase.

TABLE I. Description of C-V hysteresis at RT.

Set Fresh After CVS for 15 min@

�4.8 V&27 �C
After CVS for 15 min@

�4.8 V&125 �C

DVHyst
FB (V) 6 %10 DVHyst

FB (V) 6 %10 DVHyst
FB (V) 6 %10

Set A 0.15 0.20 0.30

Set B 0.13 0.19 0.31

FIG. 2. Typical current-voltage characteristics for both sets.
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Krylov et al.15 showed that the Ga-O bonds (present in set B as

reported in our previous work Ref. 7) may create energy levels

located near mid gap in InGaAs, and Weber et al.22 showed

that oxygen vacancies (such as Ga-O) in Al2O3/InGaAs stacks

introduce energy levels that can contribute to the leakage cur-

rent through the gate dielectric. Therefore, it is reasonable to

assume that the Ga-O bonds present in set B7 contribute defects

that increase the leakage current.

B. Degradation characteristics of the C-V curves

In order to study the degradation characteristics, the

devices were subjected to CVS of both polarities applied on

the gate with the other terminal (wafer’s back contact)

grounded. In this section, the main characteristics of C-V

curves after single pulses of voltage stress are analyzed for

both sets. Figures 3(a) and 3(b) show typical CVS measure-

ments with positive polarity for both sets, where the current

was continuously measured as function of time, for voltages

ranging from þ3.5 V to þ5.2 V. Note that the initial current

levels are similar for both samples, indicating similarities in

the current-voltage characteristics as observed in Figure 2.

Regarding the degradation, it is relevant to mention that only

the early stage of the CVS is going to be considered, where

the SILC is negligible, since the post-breakdown characteris-

tics of these MOS structures are out of the scope of this

work. At high voltages and longer times, large current varia-

tions are observed that can be related to large amounts of

damage in the dielectric layer. This evolutionary behaviour

resembles the soft-breakdown event of ultrathin SiO2 layers

in MOS structures.21

During the early stage of the CVS, the main characteris-

tic is a decrease of the current with a constant slope

(a¼�0.17), namely an indication of a power law depend-

ence (log(I)� a.log(V)). This constant degradation rate over

a large stress bias range is a clear indication that the first

stage of degradation for positive stress bias is dominated by

negative charge trapping independently of the voltage.23 We

believe that the decrease of the gate current can be ascribed

to existing bulk/border Al2O3-InGaAs traps. A recent work20

shows that the tunneling of electrons into the border traps

near the oxide/semiconductor interface in Al2O3/InGaAs

plays a significant role in accumulation. Since the density of

border traps seems to be similar for both sets based on simi-

lar dispersion in frequency of the accumulation capaci-

tance;14,16 and on similar C-V hysteresis measurement (see

Table I),17–19 it could be assumed that the constant degrada-

tion rate was caused by similar densities of border traps in

both sets of samples. The degradation was also studied by

multi-frequency C-V curves. Figures 3(c) and 3(d) show a

comparison of the C-V curves before (curves marked by

squares) and after (continuous lines) a positive stress pulse

of þ5 V for 100 s. It is clear that the C-V curves shift

towards positive bias (negative charge trapping) and that the

weak inversion hump, which is related to the density of inter-

face states,14,16 does not show any significant variation; after

the stress pulse, the area under the C-V hump (Qhump) meas-

ured at 100 kHz15 shows a small variation of around 10%.

Note that this behavior is consistent with the results of

Figures 3(a) and 3(b) where negative charge trapping domi-

nates. A different scenario is found out for negative bias

CVS. The first observation, in the I-V curves of Figure 2 dis-

cussed above, is that at low voltages, set B shows initial cur-

rent levels higher than those of set A, but this difference

diminishes as the voltage is increased showing similar levels

from �4.8 V. Therefore, the comparison of CVS characteris-

tics between both sets should be performed for stress vol-

tages ranging from �4.8 V in order to obtain similar current

levels during the experiment. Figures 4(a) and 4(b) show typ-

ical CVS measurements with negative polarity in this regime

FIG. 3. Typical measurements of cur-

rent as function of the time under con-

stant voltage stress for the Set A (a),

and Set B (b). Typical multi-frequency

capacitance-voltage curves from 1

KHz to 1 MHz before (curves marked

by squares) and after (continuous lines)

a positive stress pulse for Set A (c),

and Set B (d).
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for both sets, where the current was continuously measured

as function of time. These figures show that the main charac-

teristic is a significant increase in the fluctuations of the cur-

rent for set B. The physical origin of the randomly fluctuated

current profile observed in the early stage of the CVS experi-

ment is originated from defects in the oxide.24 It is believed

that this phenomenon is related to the trapping/detrapping of

carriers in the dielectric.21,24 At positive bias, in the early

stage of the CVS, the fluctuations of the current are not

observed since the degradation is dominated by electron

trapping into the borders traps near the interface.20

Although the study of the variations of the gate current

is not the scope of this work, it is important to note that such

fluctuations on the gate current are consistent with the obser-

vation in Figure 2, where the increase of the leakage current

at low voltage is a clear indication of defects in the dielectric

that can contribute to the fluctuation of the current.21,24 For

the set A, at low voltages, the current level is constant; while

at higher voltages, it is observed an increase of the current

near the breakdown event (BD) due to the stress-induce-

leakage-current (SILC).21

Figures 4(c) and 4(d) show the effect of degradation in

the multi-frequency C-V curves after a single pulse of �5 V

for 100 s. We observe a shift of the C-V curves towards neg-

ative bias (positive charge trapping), and an increase of the

weak inversion hump suggesting generation of interface

states.14,16 It is observed that after the stress pulse at negative

bias, the area under the C-V hump (Qhump) at 100 kHz

(related with the interface states) for both sets shows a signif-

icant increase of 40%. The overall results obtained so far

show that the degradation under constant voltage stress

behaves differently under positive and negative bias stresses,

in agreement with previous works.8,9 and we find that the

surface treatment with NH4OH affect the CVS at negative

bias.

C. Evolution of VFB under constant voltage stresses

In order to understand the root-cause of the degradation

phenomena, we studied the evolution of the degradation

manifested in the C-V characteristics. For this purpose, CVS

experiments were performed and the stress was periodically

interrupted to measure the VFB by C-V curves (at 500 KHz).

Figure 5 shows the shift of VFB (DVFB) as function of the

stress time at þ3 V on the gate electrode (positive gate bias)

at room temperature (27 �C) for both sets. It is observed that

sets A and B show a similar behavior suggesting a common

degradation mechanism. Moreover, it is observed in the inset

of Figure 5 that VFB (calculated after CVS at þ3 V for 30 s)

does not show temperature dependence. Note that the insen-

sitivity of DVFB to temperature is consistent with trapping of

FIG. 4. Typical measurements of cur-

rent as function of the time under con-

stant voltage stress for the set A (a),

and Set B (b). Typical multi-frequency

capacitance-voltage curves from 1

KHz to 1 MHz before (curves marked

by squares) and after (continuous lines)

a negative stress pulse for Set A (c),

and Set B (d). The breakdown event of

the gate oxide is marked by sign BD.

FIG. 5. Time evolution of the shift of the flat-band voltage (DVFB) after

CVS pulses at þ3 V at room temperature (27 �C). The inset shows the de-

pendence of the shift of the flat band voltage (DVFB) as function of the tem-

perature for both sets. In this case, VFB is calculated after CVS at þ3 V for

30 s for both cases.
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electrons tunneling from the channel into native traps in the

oxide during positive bias stress.23,25

Figure 6 shows for both sets DVFB as function of the

stress time for a stress voltage of �4.8 V (negative gate bias)

at two temperatures. At room temperature (27 �C), it is clear

that set A (treated with NH4OH) shows a larger shift at the

same stress time; while at a high temperature (125 �C), both

sets show similar behavior. It is important to note that the

differences in the DVFB values are not an artifact due to dif-

ferences in the initial VFB for both sets of samples. The com-

parison for the same value of VG-VFB in both sets will only

increase a little the difference of DVFB observed at RT in

Figure 6; while at high temperatures, the dependence with

the stress voltage is weak and the comparison for the same

value of VG-VFB in both sets will not change the main

observations.

Figure 7 shows DVFB as function of 1/KT for both set of

samples at negative stress polarity. It shows that the activa-

tion energy under negative bias stress is much higher than in

the case of positive bias stress (inset Figure 5), and different

for both sets. Set A (treated with NH4OH) shows an

activation energy (EA¼ 0.05 eV) much lower than set B

(EA¼ 0.12 eV), indicating that the two contributions to the

positive charge mentioned above hold a different tempera-

ture dependence.

The positive oxide charge generated under negative gate

bias can be understood in terms of the dissociation of the

bonds at the interface (i.e., depassivation of the interface).

This interpretation assumes that when a negative gate volt-

age is applied, it initiates a field-dependent reaction at the

oxide-semiconductor interface that generates positive

charges breaking the passivated bonds at the interface.8,26–29

Particularly, Wrachien et al.8 suggested this mechanism to

explain the different trapped charge polarity observed under

CVS at positive and negative bias in Al2O3/InGaAs stacks.

In our case, for set A, due to the pre-deposition treatment

with NH4OH followed by post deposition annealing (PDA)

at 400 �C in N2, it is expected to have an Al2O3/InGaAs

interface more N-rich than set B. It is important to note that

in standard gate oxides, it has been demonstrated that nitro-

gen plays a relevant role at the semiconductor-oxide inter-

face in the generation of positive charge when negative bias

is applied,28 suggesting that similar effects could occurs in

Al2O3/InGaAs stacks.

In our experimental conditions, set A shows a better

interface quality, which is associated with the suppression of

Ga-O bonds by the treatment with NH4OH and PDA as

reported in our previous work Ref. 7. Taking into account

this aspect, the origin of DVFB differences may be attributed

to the different densities of passivated Ga-O bonds between

the two sets. Set A consists of a much larger density of passi-

vated bonds (an aspect that was confirmed by XPS in our

previous work7); therefore under a de-passivation process

(such as a negative stress bias), set A contributes a larger

positive charge than set B, explaining the different curves at

27 �C in Figure 6.

At high temperatures, an additional mechanism seems to

dominate the generation of positive charge. This is a reasona-

ble interpretation, since both sets (with a low or a high number

of passivated Ga-O bonds) show a similar behavior in

Figure 6; and at high temperatures, the existing bonds (Ga-O

and others) could be easily broken under stress27,30 and con-

tribute to the shift of VFB. The experimental evidence that

supports this assumption are the C-V hysteresis measurements

before and after CVS pulses at �4.8 V at 125 �C and 27 �C
(see Table I). The C-V hysteresis calculated at flat band is an

indication of charged defects, namely border traps.17–19 Note

that the C-V hysteresis measurement was done in a retrace

mode where the voltage was swept from inversion to accumu-

lation and back to inversion. All the C-V hysteresis measure-

ments were performed at 27 �C. The voltage shift due to

the hysteresis loop was calculated at CFB capacitance

(DVHysteresis
FB ),19 which could related with the trapped charge

by Qtrapped¼DVHyst
FB .eo.k/tox.

19,25 Further details about the cal-

culation of DVHyst
FB can be found in Ref. 31.

It is observed in Table I that DVHyst
FB is much larger after a

CVS pulse at a high temperature (125 �C), than after a CVS

pulse at RT (27 �C), which is a clear indication that the gen-

eration of border traps is much relevant at high temperatures.

Since the degradation at RT is mainly dominated by the

FIG. 6. Time evolution of the shift of the flat-band voltage (DVFB) after

CVS pulses at �4.8 V for both sets at 27 �C and 125 �C.

FIG. 7. Dependence of the shift of the flat band voltage (DVFB) as function

of the temperature for both sets. (a) The flat band voltage is calculated after

CVS at þ3 V for 30 s. (b) The flat band voltage is calculated after CVS at

�4.8 V for 6 s.
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interface (as discussed in Figure 6), the generation of border

traps during CVS at a high temperatures supports our

assumption that an additional degradation mechanism is

present in this condition.

Another important observation from the results of

Figure 6 is the evolution with temperature of the slope (n) of

the DVFB curves. At room temperature, the DVFB curves

show a power-law time dependence with an exponent

n¼ 0.16 for both sets; while at high temperatures, the expo-

nent increases to n¼ 0.22–0.25. It is important to mention

that a similar exponent on both sets is a clear indication of

occurrence of a similar degradation process. These observa-

tions agree with literature where a power-law dependence

with n¼ 0.16 is reported at room temperature in several

publications,26–28 and an increase of the exponent with tem-

perature in the range of 0.20–0.30 is observed as well.27,30,32

The increase of the time exponent at high temperatures also

supports the existence of an additional degradation compo-

nent. At accelerated stress conditions (high T), it is possible

to generate positive bulk traps causing an additional contri-

bution to the degradation of the oxide-semiconductor inter-

face increasing the time exponent26,31,33 and over-riding the

room temperature mechanism.

D. Interface states

The analysis of interface states (Dit) generation is a rele-

vant aspect since the main mechanism at negative bias seems

to be strongly affected by the quality of the oxide-

semiconductor interface.

Figures 8(a) and 8(b) show the parallel conductance

GP/A.w.q contours plots for fresh devices of sets A and B,

respectively; a different behavior is observed between them.

The traces in the middle of the conductance plots represent

the conductance peaks. Since the band bending is correlated

with the shift in the frequency of the maximum of the nor-

malized conductance peak [GP/A.w.q]max as a function of

gate bias,34 the change in [GP/A.w.q]max with respect to cer-

tain gate bias change reflects the trap density level at the

oxide-semiconductor interface.2,34 High Dit creates high drag

to [GP/A.w.q]max movement. Set A shows that [GP/A.w.q]max

moves vertically across the map, indicating that the band

bending is efficient. In contrast, set B shows a marked fre-

quency shift with gate bias, indicating much larger density of

interface states.2,34 Moreover, the magnitude of

[GP/A.w.q]max for set B (Fig. 8(b)) is much larger than for set

A (Fig. 8(a)), also an indication of a high density of interface

states. Note that this observation is consistent with the previ-

ous results of Figure 1, where set A shows a lower "weak

inversion hump" due to low density of Dit by reduction of

the Ga-O bonds as results of the PDT treatment.7

Figures 8(c) and 8(d) show such analysis of the

[GP/A.w.q], but after degradation by CVS at �4.8 V. In set

A, there is a marked frequency shift with gate bias, and an

increase of the magnitude of [GP/A.w.q]max, both indicating

a much larger density of interface states after stress at nega-

tive bias. On the other hand in set B, there is only a small

increase of the frequency shift with gate bias (compared to

the fresh state), and no change of the magnitude of

[GP/A.w.q]max.

It is clear that under negative stress bias, the generation

of positive charge (showed by DVFB shift on Figure 6) is

accompanied with generation of interface states. Set A with

an smaller initial density of interface states (an aspect

FIG. 8. Maps of the normalized parallel conductance GP/A.w.q, as a function of gate bias VG and frequency (f) measured at 27 �C. The traces in the middle of

conductance plot represent the conductance peaks. (a) and (b) Fresh devices for set A and B, respectively. (c) and (d) after CVS at �4.8 V for 15 min for sets A

and B, respectively. (e) and (e) after CVS at þ3 V for 30 min for sets A and B, respectively. The traces in the middle of the conductance plots represent the

conductance peaks.
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confirmed by XPS in our previous work,7 by the "weak

inversion hump" in the C-V curves (Figure 1), and by the

parallel conductance [GP/A.w.q] (Figure 8(a))) generate,

under negative stress bias, more positive charge (see Figure 6)

and interface states than set B with a higher initial density of

interface states. The simultaneous generation of positive

charge and interface states suggest that depassivation of the

interface is the main mechanism for the generation of posi-

tive charge, as stated above.

Moreover, it is important to note the similarity between

Figures 8(b) and 8(c), with respect to the frequency shift

with gate bias and the magnitude of [GP/A.w.q]. Figure 8(b)

correspond to set B with higher density of Ga-O bonds,7

while Figure 8(c) correspond to set A with an initial lower

density of Ga-O bonds,7 but after CVS at �4.8 V. The simi-

larity suggests that the stress at negative bias depassivates

the interface leading to a state as in the case of set B.

Therefore, the origin of DVFB differences observed in Figure 6

may be attributed to the different densities of passivated Ga-O

bonds between the two sets as suggested in Sec. III C.

Figures 8(e) and 8(f) show the parallel conductance

[GP/A.w.q] contours after CVS at a positive bias for sets A

and B, respectively. Contrary to the previous cases, under

this condition, there is not relevant change compared to the

fresh case neither in the frequency shift with gate bias, nor

the magnitude of [GP/A.w.q]. This observation is a clear indi-

cation that the interface does not play a relevant role in deg-

radation under positive bias supporting the interpretation that

electron trapping is the main degradation mechanism.

IV. SUMMARY

The results of this paper show that the oxide-

semiconductor interface affects differently the degradation

under positive and negative bias. The physical reason for

such a difference lies in the origin of the generated charge

that shifts the VFB. At positive bias, the lack of generation of

interface states and the insensitivity to temperature support

the assumption that the main degradation mechanism is

related to electron trapping in border traps.

For negative bias, two contributions (interface states and

bulk traps) dominate depending on the stress conditions:

room or high temperature. At room temperature, the positive

charge generation is mainly due to the interface contribution,

since the accumulation of positive trapped charge is accom-

panied with generation of interface states. The physical ori-

gin of the interface contribution can be understood in terms

of the dissociation of the bonds at the interface (i.e., depassi-

vation of the interface). This physical mechanism explains

the differences of the VFB between both sets of samples with

different density of passivated bonds. At high temperatures,

the generation of bulk traps seems to be the dominant contri-

bution supporting the similarity of DVFB between both sets

of samples.

Further experiments should be performed to confirm this

interpretation. The evaluation of the XPS spectra before and

after CVS pulses would clarify the correlation of the bonds

at the oxide-semiconductor interface with the generation of

positive charge and interface states. The overall results show

that surface treatment with NH4OH improves the quality of

the interface in term of interface states, but it contributes to

the generation of positive charge trapping under negative

bias.
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