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Influence of the local trapped charge in oxide to the gate - drain
capacitance in a finFET

'Foziljonov M.B., *Karimov I.N., 2 Abdikarimov A.E.

TAndijan State University named after Z.M. Babur, 170100 Andijan, Uzbekistan
2Urganch State University, 220100 Urganch

Mony4yeHa 1 mas 2023 r. MpuHaTa k nevatn 25 masa 2023 r.

Abstract: In this paper, the influence of the local trapped charge in the gate oxide layer on the total of the capacity of
gate-drain is studied. It was investigated that the approaching of the local trapped charge in the gate oxide layer towards
the source influences the change in the density of electrons and holes in the drain-channel regions and electric capacity of
drain-channel regions.

Key words: trapped charge, oxide-semiconductor region, density of electrons and holes, p-n junction, electric capacity,
gate, drain and channel.

AHHOTauus: B pgaHHOM paboTe nccrnegyeTcs BNUSHME NOKanbM30BaHHOIO 3apsida B OKCMAHOM Croe 3aTBopa Ha
€MKOCTb 3aTBOP-CTOK. HOKaSaHO, 4YTo C I'IpVI6J'II/I>KeHVIeM NOKalnbHOro 3apsaga B OKCUMAHOM CIloe K UCTOKY BINUAET Ha
n3MeHeHne NNOTHOCTUN 3NEKTPOHOB U ObIPOK B obnacTaxX CTOK-KaHan U eMKOCTb obrnacTen CTOK-KaHarn.

KntoyeBble cnoBa: nokanbHOro 3apsifi, OKCUAHO-MOMyNpPOBOAHNKOBAsA 06nacTb, NNIOTHOCTb 3NEKTPOHOB U AbIPOK, p-
N nepexopn, aneKkTpruyeckasl EMKOCTb, 3aTBOP, CTOK U KaHar.

Annotatsiya: Ushbu magolada biz zatvor ostidagi oksid gatlamidagi gamralgan zaryadning zatvor-stok sig'imiga
ta'sirini o'rganamiz. Ko'rsatilgandek, oksid gatlamidagi gamralgan zaryad istokga yaginlashganda, u stok-kanal soxalaridagi
elektronlar va kovaklarning zichligi va stok-kanal soxalari sig'imining o'zgarishiga ta'sir qgiladi.

Kalit so’zlar: Qamralgan zaryad, oksid va yarimo’tkazgich soxasi, elektronlar va kovaklar zichligi, p-n o’tish, elektr
sig’imi, zatvor stok, kanal.
PACS number(s): 85.00.00,85.30.De

l. Introduction source layers. The trapped charges can act as addi-
tional charges that contribute to the capacitance be-
tween the gate and the source, and can increase or
decrease the effective capacitance depending on
their polarity and density. Moreover, the presence of
trapped charges can also alter the threshold voltage
of the device. The trapped charges can create an
electric field that opposes the gate electric field,
leading to a shift in the threshold voltage. This shift
in the threshold voltage can cause the device to op-
erate at a higher or lower voltage than intended,
which can result in performance issues. To mitigate
the effects of trapped charges on the capacitance be-
tween the gate and the source layers, various tech-
niques may be used, such as incorporating a high-k
dielectric material to reduce the density of trapped
charges, or using a gate stack engineering technique
to reduce the effective thickness of the oxide
layer[7]. Additionally, annealing or bias-stress tech-
nigues may also be employed to reduce the impact
of trapped charges on the device's performance. An-
nealing is a process that involves heating the FinFET
device to a high temperature for a short period of

At the semiconductor-oxide interface in a metal-
oxide semiconductor stack, imperfections in the
chemical structure lead to interface traps. These lo-
calized defects can trap and release mobile charge,
leading to drain-current noise [1-2] as well as a re-
duced electrostatic control of the gate over the chan-
nel [3-5]. Interface traps are formed during device
processing, but can be additionally created by e.g.
ionizing radiation and electrical stress. CMOS pro-
cess development, process control and reliability as-
sessment require an accurate estimate of the inter-
face state density in these devices. Trapped charges
can have a significant impact on the capacitance be-
tween the gate and the source layers in FinFETSs.
Trapped charges can cause a shift in the threshold
voltage, which can affect the device's performance,
and can also alter the effective capacitance between
the gate and the source layers [6]. When charges are
trapped in the gate oxide layer of a FinFET, they can
alter the effective thickness of the oxide layer, which
affects the capacitance between the gate and the
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time. Annealing can help to reduce the effects of
trapped charges on the capacitance between the gate
and the source layers. During the annealing process,
the trapped charges can be neutralized or redistrib-
uted, which can reduce their impact on the device's
performance. Bias-stress techniques involve apply-
ing a voltage bias to the gate of the FinFET for an
extended period of time. The application of the bias
voltage can cause the trapped charges to move, and
the effect of the trapped charges on the device's per-
formance can be measured[8]. By studying the ef-
fects of the bias voltage, the impact of trapped
charges on the device's performance can be charac-
terized, and steps can be taken to mitigate their ef-
fects. Trapped charges can significantly impact the
capacitance between the gate and the source layers
in FinFETS. The presence of trapped charges can al-
ter the effective thickness of the gate oxide layer,
which affects the capacitance between the gate and
the source layers. Additionally, trapped charges can
also shift the threshold voltage of the device, leading
to performance issues. Various techniques such as
high-k dielectric material, gate stack engineering,
annealing, and bias-stress techniques can be used to
mitigate the effects of trapped charges on the de-
vice's performance [9]. Nowadays, studying the in-
fluence of the accumulated charges in the defects of
the gate oxide region via the long-time operation of
FinFET is one of the actual problems. The purpose
of this paper is to study the influence of the local
accumulated charge in the gate oxide layer on the
capacitance of gate-drain.

1. Device structure and simulation con-

ditions

In our research 3D-modeling was carried out us-
ing the Advanced TCAD Sentaurus program [10].
The structure of the FinFET studied in this paper by
of the simulation is shown in Fig. 1. A diffusion-drift
transport model was used in the simulation. The
model takes into account the Shockley—Read—Hall
recombination and Auger recombination for minor-
ity carriers. The mobility model doping dependence
and velocity saturation was also included. Since the
transistor has a nanometer size, it is necessary to
take into account the quantum effects. The most pre-
ferred for diffusiondrift simulation is the density
gradient quantum correction [11], which was used in
this study. The model was calibrated according to
the experimental results (Fig. 2) [12].
Fig. 1. The structure of the FinFET studied by of the
simulation
Fig. 1. The structure of the FinFET studied by of the
simulation
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Fig. 1. The structure of the FInFET studied by
of the simulation
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Fig. 2. Calibration of the 1-V characteristic of (1) a
simulated transistor by (2) experimental results of at
Lgate = 25 nm and Vgs = 50 mV.

The following structure parameters were used in
the simulation. The length of the polysilicon gate
(G) doped with phosphorus at a concentration of
10%° cm2 is Lgae = 25 nm. HfO, with an equivalent
thickness of tsx = 0.35 nm is taken as a gate oxide
layer. The length and width of the buried oxide layer
were Lyox = 75 nm and Whox = 100 nm, respectively.
The transistor fin is doped with boron at a concen-
tration of 10 cm-3, has the height Ts=30 nm and a
base width of Wy = 12 nm, the drain (D) and source
(S) regions are doped with phosphorus with a Gauss-
ian profile with a maximal concentration of 102 cm-
3. The lengths of the drain and source regions are 25
nm. For study influence the trapped charges in sem-
iconductor-insulator interface to the capacitance be-
tween the gate and the source layers. In simulation
charged layer has set as fig.3. At here width of
charged layer is 5 nm which as shown Fig. 3. Vol-
ume bulk density of charge is equal to 4-10'8 C/m?3,

1. Simulations results and discussion

In the simulation, the charged layer moves from
drain to source with 5nm step by step as shown Fig.
3. Besides, in the second stage the charged region
extended from 5nm to 25 nm step by step. In simu-
lation, the change in capacitance between the gate

Physical and Mathematical Research Vol. 5 Iss. 1 2023
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and the drain was studied when the charged gate ox-
ide region moved from the drain to the source when
the drain was supplied with a voltage of 5 V. The

obtained results are presented in Fig. 4.
Channel

Charged
gate oxide

Source

Buried oxide layer
Fig. 3. Location of charged gate oxide region
and its moving from drain to source with 5nm step.
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Fig. 4. The change capacitance between the gate
and the drain depending on the located distance of
charged gate oxide region

The analysis of the results obtained in Fig. 4. in-
dicates that, there is impact of the local charged re-
gion on the gate-drain electric capacity. The change
of the gate-drain electric capacity depends on the
change of the p-n junction capacity. Because the
charged region influences to the depletion region in
the p-n junction. For to determine this, we will check
the influence of the charged region on the density of
electrons and holes in the p-n junction. The obtained
results are presented in Fig. 5. and Fig. 6.

eDensity [cm ]

Fig.5. Electron density along the channel 1 nm
below the top of the channel
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Fig.6. Hole density along the channel 1 nm be-
low the top of the channel

If we analyze the obtained results, the ap-
proaching of the charged region to the source side
causes a change in the density of electrons and holes
in the p-n junction region. we can see it from Fig. 5.
and Fig. 6. It is the change in the density of electrons
and holes that changes the electric capacity of the p-
n junction. If the capacitance of the p-n junction
changes, the total capacitance of between the gate
and drain also changes. But the influence on the total
electrical capacity of gate-drain is less than that of
the p-n junction electrical capacity. Because the total
capacitance of the gate-drain is formed by the series
connection capacitance of metal-oxide, capacitance
of oxide-semiconductor and capacitance of p-n junc-
tion. In this paper, the investigate of the thickness of
the gate oxide layer on the capacity of gate-drain is
also studied. In simulation prosses, the capacity of
drain-gate was calculated in the thickness of the
HfO, oxide layer from 2 nm to 3.5 nm. The obtained
results and the equivalent structure of the vertical
field-effect transistor (FinFET) studied in the simu-
lation are shown in Fig. 7. and Fig. 8.
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Capacitance of drain-gate, C g [F1
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t =25nm
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Fig.7. Impact of oxide layer thickness on capaci-
tance of drain-gate
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Gate oxide
Gate

Source Drain

Buried

oxide
Fig. 8. Equivalent structure of the vertical field-ef-
fect transistor.

v. Conclusion

Using the obtained results and their discus-
sion can be give as follow main conclusions. The
trapped charge at the gate oxide influences the den-
sity of electrons, holes in the drain-channel region
and capacitance of the p-n junction in the drain-
channel region. The approaching of the trapped
charge to the source has a stronger influence on the
electric capacity of the p-n junction in the drain-
channel region. It was determined that the capaci-
tance of drain-gate increases when the thickness of
the oxide layer increases.
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