Simulation of the
Silicon Tunnel FET

Kathy Boucart and Adrian lonescu

STI-IMM-LEG2 at EPFL (Lausanne)
kathy.boucart@epfl.ch

March 27, 2007
Gl

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

Outline

e Motivation
e Device structure and operation
e Subthreshold swing

e Optimizing the dielectric and the silicon
thickness

e 2D cross-sections

e Conclusion




Tunnel FET as solution to

[ .. .
MOSFET limitations
e The subthreshold swing of a
MOSFET is limited by its Ideal switch:
physics (formation of inversion Swing => 0
channel determines swing) z
Tunnel FETs use different a
physics and can have Swing (o)
< 60 mV/dec. —
= /X
e As MOSFETs become smaller, == MOS switch:
off-current increases due to Swing > 60 mV/dec
leakage .
Tunnel FETs have energy I Vg
barrier in OFF-state which
avoids this power-consuming
leakage.
o Comparison: DG Tunnel FET
and DG MOSFET
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o swing much
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— : —DG Tlunnel FET : Tunnel FET.
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® Device structure
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e Many device
parameters
determine
barrier width.

e Barrier width
determines on-
current for any
Tunnel FET.

° Device operation: ON-state
+V ON-state
v, o V= ot
Y o 0V Vp = positive
Vv, | Vv, e Vs = positive
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° Subthreshold swing

dv

¢ |In general S = - V/d
general, d(logld)[m ec|

e Fora MOSFET, s,,.,, =1n(10)k—T(1+%)[mV/dec]
q

gate

2

V
e For a Tunnel FET, S,.,, = e [mV / dec]
5.75(V, + Const)

Tunnel FET subthreshold

. -
Swin
9 .
Strer = = [mV/dec]
5.75(V,, + Const)
e Dependence on Vgs: o]
Means that slope is not = ™1 /
a straight line (on log
scale) in subthreshold. o) N
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e Dependence on constant:

Includes drain doping, gate dielectric
constant, tunnel junction abruptness, etc.




e Point swing:

Swing definitions

point swing ,

average swing

lowest value of X107

swing on |-V, € 1x10°

curve. < 11071
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Improved characteristics with
high-K dielectric

e Higher dielectric
constant gives
higher on-current g
steeper S z
e Benefits from high-K 2
. o
saturate with ¢ S
value.
e Increase in on- 10" v " ye
current much more Gate voltage [V]
than for MOSFET.
Submitted, IEEE Trans. on Elec. Dev.
Tunnel FET vs. MOSFET
with high-K dielectric
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e On-current:
More improvement shown in Tunnel FET, due to improved coupling
between gate and tunnel barrier.

e Subthreshold swing:
More improvement shown in Tunnel FET — swing of conventional
MOSFET remains constant. Submitted, IEEE Trans. on Elec. Dev.




Tunnel FET current and its

® proportionality to gate dielectric
constant (1/2)
372 (1
42m*E
T(E) xexp| ————— |
[ Jen(E, +AD) | &
Jen(E, +AD) \ &,
logl, oc\/T
gox
[1] J. Knoch and J. Appenzeller, DRC '05, 63rd, vol. 1, June 20-22, 2005, pp. 153-156.
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Compatibility with conventional
MOSFET fabrication: the

+ g=29

¢ =29 (2nm) and 5.7 (1nm)
£=3.9

®
interfacial layer
e The dielectric 10°
materials studied ey
here: HfO, and T o]
ZrO,, typically have £ o]
an interfacial layer & |
which improves "]
interface with Si. =
e For Tunnel FET, ]
this is almost as "

good as high-K
dielectric alone.
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Optimization of the Si body
thickness of the DG Tunnel FET
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¢ almost
constant with Si
thickness.

l,, decreases
when tg; < 10nm.

Therefore,
optimum tg;
gives best | ./l 4

Subthreshold
swing improves
with thinner Si.




|./l¢ ratio vs. Si body
thickness of DG Tunnel FET
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Subthreshold swing vs. Si body
thickness of DG Tunnel FET
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e |n general,
swing improves
with thinner tg;.

e Higher K -
better swing.

e For ¢=29, both
types of swing
can be less than
60 mV/dec
MOSFET limit.
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Lateral electric field:
® 2D cross-section of silicon body
of single gate Tunnel FET

o e Gate and
5 gate dielectric . .
45 dielectric
Tas at top
- 3
315 —
oy ® &y = 29
0 eVy=1V
0 50 100 150 200 250
Location [nm] [ ] VG = 1 8 V

Submitted, IEEE Trans. on Elec. Dev.

Electric potential:
o 2D cross-section of silicon body
of single gate Tunnel FET
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Conclusion

Subthreshold swing for silicon Tunnel FETs
can go below 60mV/dec MOSFET limit.
Optimization:
|/l ratio and S improved by high-K.
Optimum tg; exists.
2D cross-sections show that gate controls
whole body thickness.

Tunnel FETs are promising for low standby
power applications.
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