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Abstract— The technical advancement in the field of device
scaling leads to a major concern i.e. short channel effects in
conventional single gate (SG) Metal- Oxide-Semiconductor
Field-Effect-Transistor (MOSFET). Hence the double gate (DG)
MOSFETs become a best option due to its better controllability of
gate over the both the front and back channel. Primarily thereare
two types of DG-MOSFETS, known as Symmetric DG-MOSFET
and Asymmetric DG-MOSFET. But the misalignment of top gate
and bottom gate is a matter of concern in the fabrication process
of the device. This misalignment of both the gates can cause
damage to the device characteristics and affect the parameterslike
threshold voltage, drain current and surface potential. In this
paper the back gate misalignment effects are investigated for both
symmetric and asymmetric DG-MOSFETs and a comparative
study has been made. The misalignment is considered towards
both source side and drain side. Quantum mechanical effect and
mobility degradation are not incorporated in our work for
simplicity purpose.

Index Terms— DG MOSFET, Gate Misalignment, Threshold
voltage roll off, Drain current degradation, Surface potential
variation

I. INTRODUCTION

In the past few years, the device scaling hasiachd to a
remarkable level in the field of Very Large Scaléegration
(VLSI). But in the sub-40nm region, single gate MBS
exhibits short channel effects such as thresholthge roll
off, drain induced barrier lowering (DIBL), hot cear effect

That the threshold voltage is not affected whetherback
gate exists or not [4]. In this work we investightBe device
behavior of DG-MOSFET with bottom gate misaligned f
20nm region and the effects on various parametestudied
for both symmetric and asymmetric DG-MOSFET. For
simplicity, quantum mechanical effect and mobility
degradation is not incorporated in our work. The
DG-MOSFET device is designed in Sentaurus TCAD
simulator.

II. DG-MOSFET STRUCTURE

The concept of device scaling has tremendouslyitegsin
better device density and performance. As the doalimg) of
CMOS technology approaches physical limitations,ibed
for alternative device structure arises. One stickctre is
Double-Gate MOSFET [5]. The key theme of a DG-
MOSFET is to have a channel of scaled width andanage
that channel, gate contacts are given to both ithesd.e.
front and back side. The two types of gates narialyfront
gate and back gate in DG-MOSFET can be independentl
driven to reduce the power consumption and impritnee
performance of the device [6]. DG-MOSFET devices ar
otherwise known as scalable silicon transistorsbse of its
better control of the short-channel effects in dioeible-gate
structure [7]. In a DG-MOSFET when two gates anepted
with each other, then it reduces the short chaeffietts and

and many more. To overcome these effects multi-galeakage current. The double gate transistors aeatgd with
MOSFETSs are introduced. DG-MOSFETs are one of thgry small input voltage in comparison to the éRgICMOS
most promising one among them. The presence offoath transistors which in terms indicate reduced power
gate and back gate provides better control ovenrtlaand consumption [8]. There are four different kinds of
results in reduction in short channel effects. D@SFET DG-MOSFET designs are available such as the tied
has reduced transistor count and improved perfocedor  symmetric and asymmetric double gates, and theratgul
logic [1]-[3]. But there is a possibility of top dibottom gate symmetric and asymmetric double gates as showiginlE
misalignment during the fabrication process. Thign the tied structure, the two gates are suppliéth same

misalignment can lead to the device parameter teabied
and can cause damage to the device characterigties.
misalignment can happen either side of the gateiiaen side
or source side. It has been observed that gatdigmsgent
effect becomes a major problem with shrinking tleeice
dimension. Previous works have shown

and it has shown
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potential and on the contrary in the separatedsire, both
gates are supplied with different potentials.

lll. GATE MISALIGNMENT EFFECTS

Misalignments of front gate and back gate are tlsom
Ssues during fabrication. The DG MOSFET behaves as
conventional single gate MOSFET because some gart o
channel has one gate due to misalignment. The igngaént
can be happened either side of the device; i.an diide
(DSM) or source side (SSM). Due to this gate migatient,

the device characteristics degrades. The paramédters
threshold voltage, drain current are degraded whergate
misalignment takes place. Furthermore due to alesefic
electric field, electrostatic control over chanreduces [9]
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Figure-3 and Table-1 the variation in thresholdtagé for

Voo Vre drain side misalignment for both symmetric and asatmic
Fr DG-MOSFET is observed and from Figure-4 and Table-2
threshold voltage for source side misalignment both
symmetric and asymmetric DG-MOSFET is observed.
transfer characteristics comparison for 4nm DSM in symmetric and asymmetric condition
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Figure 1. Schematics of various types of tront gate voltage Vgt
DG-MOSFETs (A) Symmetric Tied DG-MOSFET, A

(B) Symmetric Independent DG-MOSFET, (C)
Asymmetric Tied DG-MOSFET, (D) Asymmetric
Independent DG-MOSFET [8].
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Figure 2. Schematics of gate misalignments (A) Saur
Side Misalignment (SSM) and (B) Drain Side : ! :
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front gate voltage Vgt

IV. SIMULATION RESULTS AND DISCUSSION B

In this work we designed symmetric and asymmetr@ D teanster charactersics comparison for Gm DSM in symmetric and asymmetrc condhton
MOSFET on Sentaurus TCAD simulator [10]. Front gate eos [
oxide and back gate oxide are taken to be 2nmickrness. [
The Silicon film thickness is taken to be 20nm. Boarce
and drain are of constant doping with doping cotregion of r
10"%cmi®. The doping concentration for substrate is taken t s |-
be 16° cm?®. The back gate misalignment of 4nm, 6nm ant [
8nm are taken on both source and drain sides. @tation

in device parameters are compared for gate migakg in [
symmetric and asymmetric condition. 2005 -
A. Comparison of Threshold Voltage Variation ’
When the gate is misaligned towards the source side
control of gate over the channel is reduced yields

drain current Id

corresponding degradation of on current resulting a of

increment  in threshold voltage occurs for asymimetr - o5 :
DG-MOSFET [4]. The misalignment of back gate toveard

source side weakens the back channel and henegriant in C

threshold voltage happens. However for symmetrigig,re-3 (A) Comparison of transfer characteristas4nm
DG-MOSFET, as the back gate is biased with sameuatmo pgn i symmetric and asymmetric condition (B)

of voltage as that of front gate, the control oflbgate over comparison of transfer characteristics for 6nm DM
the back channel increases. For the back gateigriga¢nt symmetric and asymmetric condition (C) Comparisdn o

towards either side i.e. source side or drain tideontrol of { ansfer characteristics for 8nm DSM in symmetriod a
back gate persists and relatively small incremeitieshold asymmetric condition

voltage occurs than that for asymmetric DG-MOSHEDBmM
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TABLE-1 Variation in Threshold Voltage For Different
Drain Side Misalignment For Symmetric And
Asymmetric Condition

Drain Side Threshold Threshold
Misalignment voltage for voltage for
(DSM) in nm symmetric asymmetric

condition condition
4nm 0.528V 0.624V
6nm 0.532Vv 0.632V
8nm 0.534V 0.638V

From Tablel it is observed that for drain side misalignm
(DSM) for symmetric DGVIOSFET exhibits a less variati
in threshold voltage than that of asymmetric-MOSFET.
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Figure-4 (A Comparison of transfer characteristics for 4
SSM in symm#ic and asymmetric condition )
Comparison of transfecharacteristics for 6nm SSM

symmeric and asymmetric condition ) Comparison of
transfer characteristics for 8nm SSM in symmetricd
asymmetric condition.

TABLE-2 Variation In Threshold Voltage For Different
Source Side Misalignment (Ssm) In Symmeic And
Asymmetric Condition.

Source Side Threshold Threshold
Misalignment in voltage for voltage for
nm symmetric asymmetric

conditior condition

4nm 0.540V 0.558V

6nm 0.542v 0.560V

8nm 0.544V 0.563V

From Table2 it is found that the threshold volte increases
more for asymmetric D@AOSFET compared to symmet
DG-MOSFET for different source side misalignment (S¢
B. Comparison of Drain Current Degradation

Previously it has been found that for asymme
DG-MOSFET the drain current degradation is rrfor either
side misalignment i.e. for drain side misalignmamdl sourct
side misalignment [4]Now for symmetric D-(MOSFET, as
the back gate is biased with some amount of voltageh is
equal as of front gate, the back gate controlctzanel in ¢
beter manner compared to an asymmetric one. Thoug
the back gate misalignment towards either sidedrain side
or source side, the gate control over the back redlagxxists
to some extent. So the drain current degradatemizcome
less for symmetric DBAOSFET comparing asymmetr
DG-MOSFET as observed from Fig-5 and Figure-6.
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drain current Id

drain voltage Vd

cC
Figureb (A) Comparison of output characteristics for 4
DSM in symmetric and asymmetric condition |
Comparison of output characteristics fénm DSM in
symmetric and asymmetric condition (C) Comparisdr
output characteristics for 8nm DSM in symmetric
asymmetric condition

TABLE-3 Comparison of Drain Current For Different
Source Side Misalignment (Ssm) In Symmetric An
Asymmetric Condition

Drain Side Drain current Drain Current
Misalignment in| for symmetric | for asymmetric
nm condition Condition
4nm 94.6pA 63.10 pA
6nm 92.5 uA 60.03 pA
8nm 90.6 HA 59.40pA

From Table3 it is observed that the drain current gradu
decreases for momisalignment towards drain side in b
symmetric and asymmetric DMOSFET. But for
asymmetric DGVIOSFET the drain current value is mu
less as compared to symmetric one. The reasondéhs
better gate controllability of symmetric [-MOSFET
providesdrain current to degrade to a lesser ex

output characteristics comparison for 4nm SSM in symmatric and asymmetric condition
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Figure-6 (A Comparison of output characteristics for 4
SSM in symm#ic and asymmetric condition )
Comparison of output characteristics for 6nm SSN
symmetric and asymmetricondition () Comparison of
output characteristics for 8nm SSM in symmetric

asymmetric condition.

TABLE-4 Comparison Of Drain Current For Different
Source Side Misalignment For Symmetric Anc
Asymmetric Condition

Source Side | Drain curent for | Drain current for
Misalignment in symmetric asymmetric
nm conditior condition
4nm 0.193m/# 78.21A
6nm 0.182m/# 76.3 A
8nm 0.171m# 75.2 A

From Table4 it is found that the drain current degrades n
for source side misalignment in asymmetric condittwan in
symmetric one. Btter gate control in symmeti
DG-MOSFET ensures that the degradation in drain ctirse
less than compared to asymmetric-MOSFET.
C.COMPARISON OF SURFACE POTENTIAL
VARIATION

From Figure-7 it is observed that for the drain si
misalignment in asymmetric D-MOSFET, the front surface
potential decreases as compared to symmetr-MOSFET.
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The more decrement in front surface potential &lsppens front surface potential for 8nm DSM in symmetricdan
for source side misalignment in asymmetric DG-MO$FEasymmetric condition

than the symmetric DG-MOSFET as observed from [eigur

As for symmetric DG-MOSFET the back gate has same
amount of voltage, it creates an impact on thetétetield

and leads to less decrement in front surface patenten for

the back gate misalignment. For the misalignmenbaxtk
gate either source or drain side, fringing fieltéef exhibits a
significant role on the front surface potential[1Hrger back
gate misalignment lowers more the front surfacemi! due

to stronger electric field effects.
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Figure-7 (A) Comparison of front surface potenf@ 4nm
in symmetric and asymmetric condition (B)
Comparison of front surface potential for 6nm DSM i
symmetric and asymmetric condition (C) Comparisdn

DSM

surface potential comparison for 4nm DSM in symmetric and asymmetric condition
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Figure-8 (A) Comparison of front surface potenf@ 4nm
SSM in symmetric and asymmetric DG-MOSFET (B)
Comparison of front surface potential for 6nm SSM i
symmetric and asymmetric DG-MOSFET (C) Comparision o
front surface potential for 8nm SSM in symmetricdan
asymmetric DG-MOSFET.

From Figure-9 it can be observed that the surfaatential
decreases more for drain side misalignment (DS ttor
source side misalignment (SSM) in symmetric cooditi

game as that of asymmetric one.
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Figure-9 Comparison of front surface potential§om DSM
and SSM in symmetric condition

V. CONCLUSION

In the present work, the effects of gate misalignitteave
been investigated in the DG MOSFET structures bggus

Sentaurus TCAD device simulator. For the back gate

misalignment towards source and drain side for asgtric
DG-MOSFET, the threshold voltage increases andssthe
leakage current . There is a degradation in draimeat,
which is observed from the output characteristltsalso
shows that the device suffers short channel eftecsource
side misalignment (SSM) than for drain side misatignt
(DSM) for asymmetric DG-MOSFET. Also for

is compared with that of asymmetric one. It hashbfeeind

that the asymmetric DG-MOSFET suffers more increnmen
threshold voltage, hence the leakage current,
degradation in drain current and also more decrériren
surface potential when the gate is misalignedifbeesource
side or drain side. For symmetric DG-MOSFET thacky
gate, biased with same amount of voltage thatasftfgate,

shows a better control over the channel
misalignment of gate towards either side of it.
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