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A Stacked Nano Sheet Gate All Around Thin Film Transistor (SNS GAATFT) with Triple Material
(TM) has been proposed in this paper. The TM of the Thin Film Transistor (TFT) is varied by applying
three different work functions (WFs) by having different gate materials being used. The transistor consid-
ered here for implementation is a p-channel device. The analysis has been carried out using the physical
model: temperature-dependent carrier transport model (DD). Mobility Model (MM) includes the effects of
doping concentration and electric field, Bandgap Narrowing Model (BNM) and Shockley-Read-Hall recom-
bination Model (SRM) are for carrier lifetime. Synopsys Sentaurus TCAD has been used for the simulation
of the proposed model and thus analyzing its characteristics. The characteristics of the proposed TM have
been compared to those of the previously proposed Single Material (SM) SNS GAATFT model. For the pro-
posed model, the first and third WFs were kept constant while the WF of the middle region varied between
the first and third WFs. The output characteristics analyzed proved a better result for WF values closest to
the third WF. Thus, a higher value of the middle WF was used in determining the different characteristics.
From the characteristics it can be analyzed that due to varying electric potentials on the gate terminal due
to varying WF, the influence of high-speed moving electron is reduced from the source side, and this helps
in improving the carrier transport efficiency and thus, it is clear, this, in turn, helps in lowering the hot
carrier effects. The comparison result shows that drain current in a TM is found to be almost 4 times high-
er than that of a SM model which shows better improvement in Ion current.
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1. INTRODUCTION

Cost reduction and functional enrichment of a smart
phone plays a vital role in the market today. This
means that numerous functions need to be embedded on
a glass substrate of OLED display, and this is termed as
System on Panel (SOP). Hence a TFT with better per-
formance is favorable and to enhance transistor charac-
teristics, a multi-gate transistor would be a better solu-
tion. There are many multi-gate structures, like gate
all-around [1], with ultra-thin body channel [2, 3], tri-
gate [4], which effectively enhance the gate control of
the channel. These models help in the reduction of
Short Channel Effect (SCE) and effects of leakage cur-
rent. Among all other multi-gate structures, GAA is the
best one to control the channels when it comes to stack-
ing of nanosheet in TFT explained in [5]. Stacking of
channels in the same structure will improve the drive
current and performance of the device [6, 7]. In GAA,
most of the devices having single material (SM) gate
have an increased hot carrier effect on the drain side
due to the increased electric field on the drain side.

Gate engineering is one of the promising solutions
to reduce the hot carrier effect and thus increase the
lifetime of the device. MOSFET device structures in-
cluding TFT, FinFET, nanowires that employ gate
material engineering [8] improve transport efficiency in
the gate by adjusting the pattern of electric field and
the surface potential along the channel, which results
in improved carrier transport efficiency, better trans-
conductance and also clampdown of SCEs. [9] explains
the dual material gate in FET, which employs gate-
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material engineering, i.e. dual material in a single gate
with different work functions (WFs) creating the step
potential at the interface leading to better performance
in carrier transport efficiency and reduced SCEs. The
WFs for the materials are selected in such a way that
the one near the source is of the maximum value and
that near the drain is of the minimum value in the
structure [10, 12] because of the consideration of the n-
channel transistor. Having a higher WF beside the
source leads to highly improved acceleration of carriers
in the channel, while the lower WF beside the drain
leads to reduction of the electric field peak near the
drain side, thus reducing hot carrier effect. For an n-
channel MOSFET in dual material gate engineering,
WF for the first metal gate should be greater than that
of the second metal gate. In case of a p-channel
MOSFET, the second metal gate WF should be greater
than that of the first metal gate.

To enhance the performance of a stacked nanosheet
TFT, the advantages of triple material (TM) gate and
GAA are incorporated in this paper. This structure
comprises of three materials based gate electrode each
having different WFs. This allows to increase the drain
resistance and better control of the gate over conduct-
ance of the channel region, thus improving the gate
transport efficiency. The rest of the paper comprises of
the sections: Device Structure (2), Results and Discus-
sion (3) and Conclusions (4).

2. DEVICE STRUCTURE

Fig. 1 illustrates the schematic view of the p-channel
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SM SNS GAATFT which is formed using the TCAD
Simulation tool from the parameters that have been
taken from experimental work [5]. In our previous work,
the SM SNS GAATFT structure was validated and com-
pared with different dielectrics. The result is shown in
[13] and among the compared dielectrics HfO2 produces
a better performance and [14, 15] also supports this.

In Fig. 2, the SM gate is replaced by the TM gate,
i.e. it is a TM SNS GAATFT. From the structure it is
seen that the gate electrode consists of three different
WFs (p) based materials M1, M2 and M3 that are de-
posited over the lengths L1, L2 and L3, respectively, on
the gate oxide layers. pM1, pM2, ¢ M3 are the material
WFs for the first, second and third gate, respectively,
and it is chosen that pM1 < M2 < M3 is the consider-
ation for the p-channel transistor. The total length of
the metal is L=L1+ L2+ L3, each having the same
length of 333 nm. The gate material at the source end
with the lowest WF [16] can be termed as the control
gate. The material between the source and the drain
with the next higher WF can be termed as the first
screen gate, whereas the material at the drain end with
the highest WF can be termed as the second screen
gate. The device is composed of the first gate material
with the WF WK1 = 4.4 eV (Ti), the second gate materi-
al with WK2 = 4.6 eV (Mo), and the third gate material
with WK3 = 4.8 ¢V (Au) [17]. In the Synopsys Sentaurus
TCAD, the device has been analyzed by employing a
physical model, such as the DD model. The MM model
was included for the effects of doping concentration and
electric field, whereas the BNM and SRM models are for
predicting the carrier lifetime [18]. The fabrication flow
of SM SNS GAATFT has been explained in [5].
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Fig. 1 — Schematic view of a SM SNS GAATFT
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Fig. 2 — Schematic view of the proposed TM SNS GAATFT

3. RESULTS AND DISCUSSION

3.1 Electric Potential
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Fig. 3 depicts the comparison of electric potentials
of the SM gate (SMG) and TM gate (TMG). The values
of V6=—0.3V and Vp=-0.5V are considered for op-
eration. In the SMG, it is noticed that the electric po-
tential monotonically increases from the source to the
drain, whereas there is an abrupt change near the
transition of different gate materials in the TMG. It
should be noticed that there are two drawbacks in the
SM model. First, near the drain region the leakage
current will be high due to the low negative potential
causing the Iorr current to increase. Second, with the
monotonous electric potential, the carrier velocity and
mobility will begin to decrease as the electrons move
towards the drain from the source.

In case of the TM model, low electric potential in
the M1 region is observed. From this it is understood
that there is very little influence on the drain current
after saturation with variations in Vp. This, in turn,
helps to reduce the drain conductance and thus the
impact of Drain-Induced Barrier Lowering (DIBL). In
the saturation region, M3 absorbs additional Vp, and
M1 is thus screened from the potential variations in
the drain region where the M2 and M3 act as screening
gates. Due to varying electric potentials, there is a
reduction in the impact of high-speed moving electrons
and, thus, the hot carrier effects are reduced and, in
turn, the carrier transport efficiency improves.
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Fig. 3 — Electric potential variation for different channel
lengths (um) across the proposed TM and SM

3.2 Drain Current

Fig. 4 shows the output characteristics of the pro-
posed TM model. The p-channel based transistor is ap-
plied with constant WFs WK1 and WK3 while varying
WK2 from lower to higher value. The voltage is equal to
the supply voltage Vpp, i.e., Vo=—1V is applied on the
gate terminal to observe the on-current (Ion) of the tran-
sistor. It is observed that with the maximum WEF of
4.9 eV, a higher Ion of 22 pA is obtained in comparison to
7.5 1A at 4.6 eV.

Fig. 5 depicts the transfer characteristics of the p-
channel transistor varying WF WK2 having constant
Vp=-1V. The characteristics obtained prove the be-
havior of a MOSFET, and little variation in the thresh-
old voltage (V1) in the saturation region can be observed.
The maximum saturation current of 20 pA is also ob-
tained as in the case of the output characteristics.
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Fig. 4 — Output characteristics of the proposed TM model by
varying WF WK2 keeping WK1 and WKS3 constant at a con-
stant Ve=—1V
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Fig. 5 — Transfer characteristics of the proposed TM model by
varying WF WK2 keeping WK1 and WK3 constant at a con-
stant Vp=—1V

Fig. 6 shows the comparison of the output currents
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of a SM SNS GAATFT with respect to that of a TM
SNS GAATFT. From the previous results for the M2,
WK2 =4.9 eV is being used due to higher Ion current.
As specified earlier, in the p-channel device the second
screen gate (M3) has a higher WF compared to that of
M1. We can thus infer from the comparison that the
drain current in the TM is almost 4 times higher than
that of the SM model.
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Fig. 6 — Comparison of drain currents of SMG and TMG with
respect to varying drain voltage

4. CONCLUSIONS

In this paper, the simulation and performance analy-
sis in terms of electric potential of a TM SNS GAATFT
has been carried out in comparison to a SM SNS
GAATFT. In the study, results prove to have better
Ion/Iorr ratio which makes it suitable for low power
applications like OLED displays.
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MogenmoBanua Ta aHas1id npoayKkTuBHOCTI Tpau3ucropie GAA SNSTFT
i3 3aTBOpPOM 3 MOTPiHUM MaTepiaIoMm

Jenyfal Sampson, P. Sivakumar, S.P. Velmurugan

Department of Electronics and Communication Engineering, Kalasalingam Academy of Research and Education,
Krishnankoil, Tamilnadu, India

¥ poboti 3amporioroBano a0 poarsany TpaHauctop SNS GAATFT 3 morpitinum martepianom (TM). TM
ToHKOILTIBKOBOro TpaHaucropa (TFT) Bapitoerbes MIIsXoM 3aCTOCYBaHHSA TPhOX PI3HMX POOIT BUXOIY 34 pa-
XYHOK BUKOPHCTAHHS PI3HUX MaTepiayiB 3aTBOpiB. TpaH3uWCTOp, PO3TVISHYTHH y POOOTI, € p-KaHAJILHUM
mpucTpoeM. AHAJTI3 IPOBEIEHO 3 BUKOPHUCTAHHAM (PISMYHOI MOJIENI — TeMIIePATYPHOI 3aJIesKHOCTI IIePeHOCY
HociiB sapsany (DD). Momens moGinbsaocTi (MM) BR/IIOUaE epeKTH KOHIIEHTPALII] JIETYBAHHS Ta €JIEKTPUYIHO-
T0 II0JIsI, MOJEJIb 3BY:KeHHsA 3aboporenol 3ouu (BNM) ta momens pexombimarii loximi-Piga-Xomma (SRM)
CTOCYIOTHCSI TPUBAJIOCTI sKUTTSA Hocls. [Iporpamuuit mpoaykr Synopsys Sentaurus TCAD 0yB Bukopucranmit
IUUTST MOJIEJIIOBAHHSI 3aIIPOIIOHOBAHOI MOJEJIl Ta aHAI3y ii XapaKkTepucTuk. XapakTepPUCTUKY 3alIPOIIOHOBA-
"ol mMomesi 3 TM Oyim MOpiBHSHI 3 XapaKTepPHCTUKAME 3amporoHoBanol paxinie momeni SNS GAATFT 3
ogmuapHuM marepiasom (SM). st 3anpomoroBanoi Mozesti nepia Ta Tpers poboru Buxoxy (WFs) migrpu-
MyBasIuCh HeaMmiaHUMH, Toml sk WF cepemuboi obsracti BapiooBasiaca Misk mepimnoo Ta tTpersoo WFs. Ilpo-
aHaIi30BaHl BUXIIHI XapaKTePUCTHUKY JOBEJIN Kpalluil pedysbrar A 3HadeHb WF, HalOmmxvux 10 Tpe-
101 WF. Takum umrHoM, 17157 BU3HAYEHHS PI3HUX XapaKTePUCTHK 0yJI0 BUKOPHCTAHO O1/IBII BHCOKE 3HAYEH-
Ha cepenaboi WF. 3 anmasizy xapakTepucTUK BHUIHO, 10 BHACTINOK PISHUX €JIeKTPUYHUX IMOTEHINAJIB HA
eJIeKTpoal 3aTBopy 4epe3 pisui WF, BIUIMB IMIBHAKICHOTO €JIEKTPOHA, IO PYXAeThCs, 3MEHIIYETHCA 3 OOKY
IsKepeJia, 1 Ie CIpusie MIBUIIEHHIO e(DeKTUBHOCTI ITIEPEeHOCY HOCIIB 3apsay i, 0T#ke, B CBOIO Yepry, JOIIOMAarae
3MEHIIUTH e(PEeKTH rapsAaunX HOCIiB. Pe3ysibTaT mopiBHAHHA IIOKa3ye, 110 CTPYM CTOKy B Momesai TM Bussis-
eThbCsA Maike B 4 pasu BUIUM, HIsK B Momesi SM, sika mmokaaye OlybIle IIOKpaIeHHsa cTpyMmy Jon.

Kmiouosi cnosa: 3arsop 3 morpitinum martepiasiom (TM), SNS GAATFT, Po6ora Buxony, Enexrpuwunmit
HOTEeHITialI, 3aTBOp 3 omuHapHuM MaTepiagom (SM).
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