Abstract #769, 223rd ECS Meeting, © 2013 The Electrochemical Society

Capacitance-Voltage Characteristics of Gate-All-
Around In,Ga;.,As Nanowire Transistor

Saeed Uz Zaman Khan*, Md. Shafayat Hossain,
Fahim Ur Rahman, Md. Obaidul Hossen,
Rifat Zaman and Quazi D. M. Khosru
Department of Electrical and Electronic Engineering
Bangladesh University of Engineering and Technology
Dhaka-1000, Bangladesh. *Email: anim.buet@gmail.com

In recent years, lll-V MOSFETs has drawn much
attention for its high carrier mobility and suppes short
channel effects (SCE). Out of various single/midtigate
structures for CMOS transistors, gate-all-aroundhAJs
structure has exhibited better immunity to SCE [B-
Lately, gate-all-around |®a&.,As MOSFET with 50nm
channel length has been demonstrated with various
experimental results [4]. However, Capacitance-agst
(C-V) characteristic of the device, which is one thé
important electrical characteristics of interest {dOS
structures, remains to be explored. Here, we ptesen
complete C-V characteristics of the GAA,Bw_,AS
nanowire transistor that is yet to appear in ttezdture. In
this work, Finite Element Method (FEM) is used tive
Poisson’s equation and Schrédinger's equation self-
consistently, considering wave function penetrataomd
other quantum effects to calculate gate capacitamze
charge profile for different gate bias voltage.
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Fig.1l. Schematic view of an inversion-mode GAA muthel
Ino.55Gay.47AS hanowire transistor with ALD ADs/WN gate stacks

Now, for C-V characteristics, gate capacitanceper

length is obtained from the following basic congept
dQmeaas
&=y 1)

Where, Qgans iS the charge deposited insidgGmay ,As
channel which is obtained from,

Reans= [, Jy pCe, y)dy dx (2)

Fig. 2 shows probability density fof' Eigen state and
conduction band profile under inversion conditioa a
obtained from numerical simulation. Variation of' 1
Eigen state (Fig. 3) with gate voltage demonstr#tes
inversion becomes prominent when discrete Eigetesta
go down the Fermi level. The saturation capacitaadee
of typical C-V curves is equal to the gate oxide
capacitance. Before any rigorous numerical simuati
this observation can be used to calculate inversion
capacitance by approximating the nanowire as citat
co-axial cable. The capacitance of the dielecwicsuch
structure is given by,

&= 2 goedn((2tox+dw)/dnw) 3)
For rectangular GAA device, empiricallggdyw = 4W.
Here, t, and d are thickness of the oxide and diameter
(film thickness) of the nanowire, respectively ahis
the fin-width. Calculated value (1.2x¥0of capacitance
using Eqg. (3) is in reasonable agreement with the
numerical simulation. Saturation capacitance under
accumulation can be obtained multiplying by a faeib
(mh/me) 0.25.

Finally, numerical C-V curves thus obtained are
presented in Fig. 4 and have been compared with the
result of ATLAS. It reveals a good agreement betwee
guantum mechanical C-V curve and ATLAS simulation
with an obvious disagreement with semi-classical.Qt

reiterates the necessity of considering quantum
mechanical effects in nano-scale structures. Appare
disagreement between ATLAS and this work around low
gate voltage region can be attributed to dis-inolusof

the effects of oxide traps and interface statesirjSihe
simulation of this work. The outcome of this worklve
useful in future CMOS applications and advanced-ULS
designs using gate-all-around nano-scale devices.
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Fig. 2 .(a) Probability density of electron fot' Eigen energy (b) 1-D
Conduction band profile and Eigen energy levels/fioe1V
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Fig.3. Variation of 1 Eigen energy of electron, heavy-hole and light-
hole with gate voltage. It shows that inversiontstavhen ¥ Eigen state
of electron crosses Fermi level.
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Fig.4. Semi-classical and quantum mechanical C-thefdevice used in
this study. ATLAS simulation is included for comjsan. As, ng< m,,
saturation capacitance is less in inversion region.
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