STUDY OF TRANSCONDUCTANCE FOR DOPED TRIPLE-GATE TRANSISTORS
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ABSTRACT This work is based on three-dimensional device
simulation implemented in Atld40].
This work presents the study of the influence ohso The cross-section of the studied device, with some

physical and constructive characteristics of trigéte dimensions, is represented Fig. 1L The gate-oxide and
SOI-MOS devices on the transconductance. More gate thickness are respectively 2nm and 4nm, thareh
specifically, the sidewall inclination angle causésg length is 200nm, the base channel width ) and
imperfections in process technology and the dojergl channel height are fixed in 50nm and the top chlanne
influences are analyzed through three-dimensionalwidth (W) ranges from 30 to 70nm, in order to vary the
numeric simulation. The current values obtainednfro side-wall inclination angle.

simulation are normalized by the total gate widtk #he
transconductance is obtained from the derivativehef
normalized drain current. The maximum
transconductance showed to be highly dependenhen t
device cross-section shape. Better transconductaaree
obtained for devices with larger top-gates.

1. INTRODUCTION

Silicon-on-Insulator (SOI) has been an alternative
technology to planar MOSFETS transistors, sincefitee
SOl transistor was introduced in 1964, fabricated o
Silicon-on-Sapphire (SOS). SOI technology has aelue
excellent results, allowing the scaling down ofistures
bellow 40nm, with less significant short-channefieets
than planar transistofs, 2, 3, 4]

With the first dual gate transistor developed 89,9
an even better control of the channel charges atiow
smaller short channel effects (SCE), better suésthold
slope (S) and improved transconductangg [8, 6]. The
experience with dual-gate transistors leaded rekees to

i . . Wiop
develop other multiple-gate devices, as triple-ggtge- PELLN
aII-arOL[J)nd and FinFET[i? 2,3, 4] Peds oxide thicknesg .".j_—\“L gate thickness
Triple-gate devices may be constructed with two t !
vertical and one horizontal gate. Due to todaythtions C*[‘]a'.‘”if' Gate
in process technology, some variations along the elght Channele Oxide
transistor side-wall are experienced and, as a
consequence, what should be a rectangular crotisfsec ‘(W—)‘ ) i
base Buried oxide

becomes a trapezoidal cross-section, as showEdyirl
Works regarding the influence of side-wall angi ¢n
some electrical parameters have already been petlis
[7] and some current models have also been prog8sed (b)
9]. This paper presents the study of how transcoaduet
may change for nMOSFETs with doping concentrations
of 1x10", 5x107, 1x10%m? as a consequence of the
variation in the side-wall inclination angle causby
imperfections in process technology that can imiply
larger or smaller top channel width.

Back gate (substrate))

Fig. 1. simulated device description: three-dimenal view
(a) cross-section view at middle of channel ler{gdh

According to previous studies on triple gate FinBET
up to four different threshold voltages might exast a
result of the three gates plus the back ¢aig, but for



lower doping levels, as those of the studied tsi0Es,
only one threshold voltage is observed.

2. THREE-DIMENSIONAL SIMULATION

The device transconductance,)fganalysis has been
conducted based on Atlas three-dimensional sinmuati
results. Simulations have been performed usingaSata
(SHI) and Klaassen (KLA) mobility models, a draiad
(Vps) of 0.05 V and base width (}44) of 50nm. The first
simulation has the doping level (Na) of 1x%n°, the
second 5x18cm?®, and the third 1x18cm?.

For a better analysis of values obtained from

simulations on different device geometries, thexVgs
curves were normalized dividing the current datathsy
gate cross-section perimeterg,M/{(see equation (1)).
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@

This normalization procedure is justified by thetfa

that the current is concentrated near the gateeoxid

interface, forming a thin layer bellow each gatéiding
the total current density in the channel by thetkiof the
three gates will result in current density per bang
allowing comparisons between the different traosist

geometriesFig. 2 shows the current density at the cross-

section for a transistor with doping concentratioh
Na=1x10%m?® W,,=30nm and gate polarized with

Fig. 3 presents theskxVss curves normalized for each
W,,, values and doping levels of 1X1@m°, 5x10’cm®
and 1x16%cm?,
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Fig. 3. bsxV s curves for all three doping levels studied.

Departing from these curves,,gcan be easily
obtained using the first order derivative of draimrrent
(Ips) versus gate voltage (¥s) [12] as described in
equation(2).

&)

0.76V, that corresponds to maximum transconductance
(9mmay- As a consequence, all curves resulting from a|| g, curves have been plotted togetheFig. 4 (a)and

IpsXV s are also normalized.
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Fig. 2. current density for Na=1x1@m?, W,,;=30nm and
V<=0.76V in cross-section view at middle of chanreidth.
The red color near the gates represents highererurr
concentrations and the pink color at center remtes®ower
current concentrations.

(b). The value of maximum transconductance increases

for higher values of top width (M). It is also observed
that the increase in doping level implies in a dase of
maximum transconductanceg g.xvalues (sedab. J).
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Tab. 1. ¢ maxValues.
160+ doping level (cri) Wigp (NM) On.mas (S/mM)
] 30 147.8
155
] ) 40 150.5
o 1x10 60 155.3
£ 70 159.5
= 145 30 139.2
> 0] 7 40 142.C
£ 5x10 6C 1461
e 70 150.6
s 130 30 1303
210 s 40 132.7
S 1x10 60 135.3
. «/ 70 140.0
0.40 045 050 055 060 065 070 075 0. 80 085 090
Vo V) 3. CONCLUSION
(b)

This study presented the effects in transconduetanc
caused by variations in the side-wall inclinatiomgles
due to limitations in process technology for trigkte
The observed change in transconductance is dieto t MOS transistors that can imply in larger or smattep
change in the coupling between the gate planesyahk channel width.
gate and the inversion charge. Wheg\é smaller than The maximum transconductance is increased as the
Whase back gate will have a greater influence on the top width of the transistors is increased, becaihee
channel and consequently top gate control will be coupling between the gate and the controlled inwers

Fig. 4. transconductance curves: (a) and (b).

reduced, especially on top corners, decreasifg,gOn
the opposite situation, where yWis larger than W
back gate influence will reduce and top gate veilse its
control of the channel, raising,gax €specially on top
corners.

As maximum transconductance values are,Rgper

length, the increase on,gax is the result of changing

charge is increased, and lower doped levels hayleehi
maximum transconductance. For smaller top gatehwidt
the channel is more exposed to the influence obtmrk
gate, and the maximum transconductance decreases.
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