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. I . 3T-DGFET AT-DGFET

Abstract— The bipolar amplification and charge collection ®
Planar Double-Gate and FIinFET with independent gate is Vg L Vg1
simulated. The transient response of independent gadevices is L
compared to that of conventional devices having thgates tied
together. 2 ﬂ
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Index Terms—Double-Gate, FInFET, independent gates, single 1 o?

event transient, heavy ion, charge collection, bigar amplification —_
tsi Gate 2 l Vg2
I. INTRODUCTION
As CMOS scaling is approaching its limits, Double-&at X 3T-FinFET AT-FinFET
(DG) MOSFET is recognized as the most scalablé L o '\ESi

alternative to the conventional bulk MOSFET duet$ohigh D
short-channel effects immunity [1]. In spite of elent 4
electrical performances due to its multiple coniurct cig
surfaces, conventional DG MOSFET allows only three-
terminal (3T) operation because the two gate eldes, i.e.
the front gate and the back gate, are generalty tbgether.
Planar Double-Gate and FinFET structures with iedeent
gates have been recently proposed [2]-[4], allowendour
terminal (4T) operation. Independent-Gate Planaulle
Gate MOSFET (4T-DGFET) and FinFET (4T-FinFET)
devices offer additional potentialities, such asdynamic
threshold voltage control by one of the two gates,
transconductance modulation, signal mixer, in aaoldito the

cpnventional switgh_ing operation. Thus, AT-DGFET &7T- Drain @ Drain
FINFET are promising for future high performancel dow
power consumption very large scale integrated itscu Gate Gate1 Gate2

Previous simulation studies demonstrate that 3T-BGEnd @4 P

3T-FINFET show better radiation hardness than SiGste

fully-depleted SOI transistors [5]-[7], particubartlue to the

numerical simulation the sensitivity to single-evenf Source Source @
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second gate bias on the transient response andabipmegative \j). However, the collected charge (Fig. 3b) is
amplification of the device submitted to heavy imadiation always higher in 4T-DGFET than in 3T-DGFET. In 4T-

is particularly addressed. DGFET, the control by the front of the electrostgibtential
in the channel is less effective, which enhancesflibating
1. DESCRIPTION OF SIMULATED DEVICES body effects and the collected charge and the jiaragolar
AND SIMULATION DETAILS amplification (Fig. 4) are higher.
The description of the 3D architectures considerethe
simulation and the definition of their geometrigglrameters 1E-04 3

are represented in Fig. 1. Planar Double-Gate tsireg in
both 3T-DGFET and 4T-DGFET configurations are based
that reported in [8]. For these devices the chalamgth is 20

1E-05 -

1E-06 -

<
nm, the silicon film thickness is 6 nm and the gat@e is 1 g 1607
nm-thick. An intrinsic channel and a gate width160 nm are =
also considered. In 3T-DGFET the two gates aretbgdther 2 1£-08 3
and are biased atyVin 4T-DGFET configuration the gates are g 1£09 ]

biased independently aty)V(front gate) and ¥ (back gate). E
FINFET structures are based on devices reportg®]inAn 1E-10 -
intrinsic fin-body with a 12 nm-thick film thicknes(or fin ]
width, t5) and a device width;H=50 nm (or fin height) are 1E-11
considered. The channel length is 25 nm and thet famd 0 0.2 04 0.6 08 1
back gate oxides are 1 nm-thick. Frontgate voltage Vg (V)

3D numerical simulations have been performed with 3Fig. 2. Drain current characteristics as functidrvg; for 4T-DGFET with
Synopsis code [10], including the SRH and Augeqiifferent back gate biases. The drain current \se¥4uof 3T-DGFET is also
recombination models and the Fermi-Dirac carrietistics, 'cPorted for comparison.&v0.7 V.

4T-DGFET- Vg2=-0.1V

Both the impact ionization and the carrier mobitiigpend on 1E-05
carrier energy calculated with the hydrodynamic elo@he 1@ N ATDGFET-Vg2=-01V
mobility model also includes the dependence on l#tice 8E-06 1 ---®--- 3T-DGFET
temperature and on the channel doping level. = ] \\—=— 4T-DGFET - Vg2=0.1V
The irradiation track has a Gaussian shape witlionar % 46 |
radius (14 nm) and a Gaussian time dependencegreenbn g ]
10 ps and with a characteristic width of 2 ps. dmestrikes in E 4E06 ]
the middle of the channel, as shown in Fig. 1. lanar s ]
DGFET, the ion strike is simulated in vertical mence ]
(parallel to the y axis). In FinFET, two ion strikirections 2606 7
have been considered: vertical (direction “1”, flatdo the y ]
axis, Fig. 1) and horizontal (direction “2” paralte the z axis 0E+00
and perpendicular to the gates, Fig. 1). The deggbsharge is 2 6 10 14 18 22 26
calculated considering the Gaussian distributionthe ion Time (ps)
track and the 3D geometry of the silicon body. Théected ! )
charge is given by the drain current integratiorerothe _
transient duration and the bipolar gain is finalaiculated as é) 0.8 1
the ratio between the collected and deposited elsarg 3 .
= 06 1
lll.  PLANAR DOUBLE-GATE %’ ]
Figure 2 shows the static drain current charadiesisas E 0.4 1 4T-DGFET - Vg2=-0.1V
function of front gate bias in 4T-DGFET at diffetev, and £ ]
in 3T-DGFET. As expected in 4T-DGFET Mmodulatesthe 5 021 | 77 3T-DGFET
drain current and the main electrical parameterstha © AT-DGFET- Vg2=0.1V
subthreshold regime (threshold voltagg Subthreshold swing P S —

S and off-state currengs).
The drain current transients produced by the iokestre
shown in Fig. 3a for a LET value of 1 MeV/(mgRmThe Time (s)

: : e i : Fig. 3. Drain current transient (a) and collectadrge (b) in 3T-DGFET and
- [3
drain current peak in 4T-DGFET is higher than inRBGFET 4T-DGFET with\g2=0.1 V and \j;=-0.1 V. The transistors are biased in off-

for positive g, (and respectively lower for negativg), due  sate (y=0 V for 3T-DGFET and =0 V for 4T-DGFET) and V= 0.7 V.
to the higher J¢ current (and respectively loweyIlcurrent for  The ion strike LET is 1 MeV/(mg/cth
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Fig. 4. Bipolar amplification as function of LET iBT-DGFET and 4T-
DGFET at \42=0.1 V and \j>=-0.1 V.

IV. FinFET
Static drain current characteristics as functiorfroft gate
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Fig. 6. 3D profile of electron density in the 3STMFET and 4T-FInFET at
V42=-0.1 V before the ion strike. For a better view tjate material, oxide
gate and spacers are not showgs0/V for 3T-FINFET and =0 V for 4T-

bias in 4T-FIinFET at different ¢ and in 3T-FINFET are fginFeT. vi=0.7 V.

shown in Fig. 5. In 3T-FinFET the gate better colstrthe
potential in the silicon body and reduces shoriaeh effects.
Then, by in 3T-FINFET is slightly lower thangd in 4T-

FinFET with V=0 V (Fig. 5) and the subthreshold slope is

improved in 3T-FINFET compared to 4T-FIinFET.
3D electron density profile in the silicon film 8T-FInFET

and 4T-FInFET av4=-0.1 v, before the ion strike, is presented

in Fig. 6. In 4T-FIinFET, near the back gate (gaténgrface
the electron density is lower than that of 3T-FifiFde to the
negative bias of the back gate. 2D electron deivsigyvertical
cross section perpendicular to the gates (C-C’sesestion
shown in Fig. 6) confirms this observation.

Similar to Planar DGFET configuration, the peaktbé
drain current transient in 4T-FIinFET is higher than3T-
FinFET for positive V., and smaller for negativegy (Fig. 8).
The bipolar amplification (presented in Fig. 8 & ion strike
in vertical incidence) increases (at low LET) witie increase
of positive Vj, and with the decrease of the negatiye V
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Fig. 5. Drain current characteristics as functidnVg: for 4T-DGFET at
different back gate biases. The drain current cuereus \j in 3T-FIinFET is
also shown. ¥=0.7 V.
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Fig. 7. 2D profile of electron density in a verficaoss-section (A-A’ plane
defined in Fig. 6) in the middle of the channel3@ FinFET before the ion
strike and at t = 10 ps (maximum charge generatifin@ gate material and a
part of the buried oxide are not shown=0 V for 3T-FInFET. V=0 V and
Vg=-0.1 V for 4T-FinFET. \¥=0.7 V. The ion strike LET is 1
MeV/(mg/cnf).
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Fig. 8. Drain current transients in 3T-FINFET anttEInFET (at different
back gate biases) for an ion strike in verticalideace. The transistors are
biased in off-state (40 V for 3T-FINFET and ¥,=0 V for 4T-FinFET) and
V4= 0.7 V. The ion strike LET is 0.1 MeV/(mg/én
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Fig. 9. Bipolar amplification versus LET in 3T-FiBF and 4T-FIinFET (at
different back gate biases) for an ion strike irrtical incidence. The
transistors are biased in off-state;€0 V for 3T-DGFET and Y¥;=0 V for
4T-DGFET) and M= 0.7 V.

V. DISCUSSION

To facilitate the comparison between FinFET andn&la
DGFET, we simulate the transient response for arstdking
horizontally, parallel to the z-axis (perpendicularthe gates,
direction “2”) in 4T-FInFET. Figure 10 compares idraurrent
transients in 4T-FINnFET for the two ion strike ditiens. The
simulation results show that the peak of the draimrent
transient is lower for a horizontal ion strike thfan a vertical
ion strike. The collected charge is smaller fori@m striking
horizontally on the gates of 4T-FinFET than for ertical
strike, because of a lower deposited charge. Honwethe
bipolar amplification is higher at low LET for a fiwontal
strike than for a vertical strike, as shown in Hig.

Finally, the bipolar gain is found to be highedif-FinFET
than in 4T-DGFET for all LET values. This is due tlme
thicker silicon film considered in FINFET archites (12 nm
compared to 6 nm in DGFET). Then, floating bodef§ are
more important in FINFET (because the front gaterob over
the body potential is less effective), which leadsmore
important bipolar amplification.
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Fig. 10. Drain current transients in 4T-DGFET fertical and horizontal ion
strikes. The ion strike LET is 0.1 MeV/(mg/@m
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Fig. 11. Bipolar amplification versus LET in 4T-DE&F for vertical and
horizontal ion strikes.

VI.

This paper presents the transient response to heavy
irradiation of independent gate (4 terminals) DGFEmd
FinFET. The bipolar gain and charge collection fAIGFET
and 4T-FinFET are analyzed as function of LET amdstrike
location, and compared to that of 3T-DGET and 3iFET,
respectively. Our results show that the bipolar lfiogtion is
higher in independent-gates devices for both p@sitind
negative back gate bias. The bipolar gain of FinkEfound
to be higher than the bipolar amplification of DGFElue to
the thicker silicon body considered for the firsthatecture.

CONCLUSION
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