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Resonant Gate Tunneling Current in Double-Gate effects. As shown in the band diagram in Fig. 1(a), the same potential
SOI: A Simulation Study retains between the two gates for SDG structure. Thus, even though tun-

neling can locally occur between the front (back) gate and front (back)

Chang-Hoon Choi, Zhiping Yu, and Robert W. Dutton channel, the net current is zero, if the gate current flowing from the

source/drain is not taken into account. Meanwhile, for SGP structure a
Abstract—Gate tunneling current in fully depleted, double-gate (DG) p(_)tent|al difference exists bet)/veen the two gates, When_t.he bias is ap-
silicon-on-insultor (SOI) MOSFETSs is characterized based on quantum- plied to the front gatel(re > V). Also, note that p-type silicon layer
mechanical principles. The gate tunneling current for symmetrical DG SOl is inverted to n-type when the silicon layer thickness is thin enough.
with ground-plane (tox =1.5nm andTs; =5 nm) is shown to be higher ;5 for very thin oxide thickness electrons can tunnel the oxide from
relative to single-gate (bulk) MOS structure. The tunneling is enhanced as o
the silicon layer becomes thinner since the thinner silicon layer acts a deep the back gate to the front gate, such that positive gate current flows, as
quantum well. The simulated I—V¢ of DG SOI has negative differential  shown in Fig. 1(b).
resistance like that of the resonant tunnel diodes at the gate bias' 1.4 V. In quantum-mechanical theory, an electron is treated as a wave-
Index Terms—Asymmetrical DG (ADG), double-gate (DG) silicon-on-in- ~ function, such that there is some probability that electrons can tunnel
sulator (SOI), fully depleted (FD), gate tunneling current, quantum-me-  through the barrier even though the electron energy is below the
;:‘:&‘:‘%ﬂ)ggg?’s’ée;)onant tunneling diodes (RTD), symmetrical DG with o er |n DG SOI structure with a thin silicon layer, a quantum-well
' forms in the silicon layer between the oxide barriers. Thus, the gate
tunneling current with regard to the bias can be discontinuous in DG
I. INTRODUCTION structure due to the resonant tunneling as a consequence of discrete

The fully depleted (FD) double-gate (DG) silicon-on-insulator (Soﬁnergy states in the silicon layer (quantum-well).
is known as a promising device for the ultimate stage of MOSFET

§ca|ing, where~1Q—nm channel lengths are intimated, owirllg to its IIl. QUANTUM-MECHANICAL SIMULATION
inherent suppression of short channel effects and almost ideal sub-
threshold slope. The target oxide thickness X for the DG-SOI de- In this work, the tunneling current is calculated using a 1-D Greens

vice is expected around 0.5 —1.5 nm for the gate length of 25 nm [1].function simulator, NEMO [5], which is a Schrodinger equation solver.
such a thin gate oxide regime the gate direct tunneling current cleafgr NEMO simulation, the multiple single band structure with Hartree
appears, which can alter device characteristics significantly. To dase]f-consistency model is used. We assumeibat= 5-40 nm{., =
however, no study has been yet reported on the gate direct tunnelllgnm, N, _c.1, = 1.0x 10** cm™* andN, o1y = 2.0x 10%° cm®.
in FD/DG SOl MOSFETSs. If the silicon layer thicknesEs() in DG Fig. 2 compares the simulated direct tunneling currents of SGP struc-
SOl is ultrathin, the energy quantization effect becomes evident in thwge for various silicon layer thicknessebs{ =5-40 nm); gate tun-
guantum well, which considerably affects the electron distribution imeling currentis higher as the silicon layer becomes thinner. The silicon
the silicon layer; this in turn affects electron tunneling significantljfayer can act as a quantum well for very thin layer DG SOlI, such that
since the current transmission through the potential barrier is inflthe silicon thickness (ie. quantum-well thickness) determines eignen-
enced by the energy states in the silicon layer (ie., quantum welygies of the confined states.
Therefore, the mechanism of gate direct tunneling in very thin silicon Fig. 3(a) compares simulated band diagram&¥er= 5 and 40 nm
layer DG SOI must be assessed based on a quantum-mechanicalndenirq = 1V andVea = 0 V. Itis obvious that thinner silicon layer
proach to determine the design parameters of future DG SOI. This aasily undergoes theolume inversionin which the whole volume of
ticle includes modeling and simulation of gate tunneling current for D@e silicon layer is in the strong inversion state. As a result, the potential
SOl based on a quantum-mechanical equation solver. barrier in the silicon layer fofs; = 40 nm is not favorable for elec-
trons to tunnel from the back gate (left) to the top (right) gates. Thus,
the electron tunneling from the back-gate to the front-gate through the
. . double barrier becomes significant as the silicon layer is thinner.

Fully depleted, symmetrical doyble-gate (SI_DG) NMOSFET with two Meanwhile, for the ADG structure without source and drain, there
n-type poly-gates has an unde§|rable, negatlve. threfhold voltage [g]l’ess strong volume inversion in the p-type silicon layer due to the
[3]. To overcome this, asymmetrical DG (ADG) with fp* poly-gates influence of p~ poly-gate, as shown in Fig. 3(b). Thus, few electrons

and SDG with ground plane (SGP) have been proposed for adjusm\?/mbe available in the poly-gate and the silicon layer. As a result, there

threshold voltage by using a different gate work function or differeri1§ no conceivable tunneling current in the ADG

back-gate b.ias.. Schematics a“‘?' band dia_grams O_f DG SOI nMOSFETﬁig. 4 compares simulated gate tunneling currents between DG SOI
are shown in Fig. 1[4]- SDG with gate bias applied to bothgates (Ts; = 5nm) and single-gate (bulk) MOS structure wiith = 0.5 um.

(SDG) and SDG with back-gate grounded (SGP). Consider one-dimen;, gate current for DG structure is higher than for single-gate MOS

sional (1-D) device structures without considering the source and drEE‘e to the resonant tunneling effects in the DG. For zero bias there will

be no tunneling current in the DG structure. As the front-gate bias in-
creases the energy level of the cathode (back-gate) begins to align with
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Fig. 1. DG structures and corresponding band diagrams without considering source/drain (2-D) effects. (a) SDG. (b) SGP. There is gate-tremidhng cur
SGP, but no gate current for SDG structure.
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Fig. 2. Simulated gate tunnelifg; -V of SGP structure for different silicon @)
layer thicknesses. 5 . . ,
ADG, Tsi=5nm
= J
again as the bias further increases due to either thermionic current or 2 ) E— 1
the second resonant tunneling condition. :,é',’ sl p-poly :“m |
As aresult, this gate tunneling current of DG structure has a negative- w v Poy
differential resistance like that of the (heterostructure) resonant-tun- 10 , . .
neling diode (RTD), which has received considerable attention lately 0 20 40 60 80
for digital/analog and memory circuit applications [6], [7]. position (nm)
(b)
IV. CONCLUSION Fig. 3. Comparison of simulated band diagrams for SDG with SGP and ADG.

) ) _ . (a)SGP fofls; = 5and 40 nm; (b) ADG withfi/p™ poly-gatesTs; = 5nm.
Gate direct tunneling current for FD/DG SOl is modeled and verified

by using Schrddinger equation solver. Gate tunneling current of SGP
devices is significant which is enhanced as the silicon layer beconsesolution. However, since the gate current has a negative-differential
thinner. To overcome the gate current problem, use of ADG SOI cantasistance SGP structure may be used to realize RTDs.
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5000 , : Novel X- and Gamma-Ray Sensors
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g 3000 |- peak current  valley current [ - Abstract—n this brief, preliminary experimental results and the theo-
2 / retical assessment of various compositions of bulk-grown, single-crystal sil-
~ - / icon-germanium (SiGe) for application in X- and gamma-ray sensors, are
9 2000 | Vg 4 presented. It is shown that the absorption efficiency of Si_,Ge, sensors

is significantly superior to that of silicon sensors, even for relatively low
germanium concentrations, while the bandgap narrowing should be suffi-
zero current . . . - .
1000 L | meptly small not to restrict the d_ewce operation to cryogenic temperatures,
g as in the case of pure germanium detectors. The experimental results ob-
- tained with PIN-like devices manufactured on Sj g5 Gegy. o5 indicate suit-
L able hole mobility, and superior detection efficiency for X-ray photons.
o ;
° -5 ! 18 2 Index Terms—Bulk SiGe, detectors, semiconductor, X-ray.
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Fig. 4. Simulated gate tunneling currents for DG (barrier) structiye & I. INTRODUCTION

1.5 nm andls; = 5 nm) and single-gate MOS structute,{ = 1.5 nm and .

Ts; = 0.5 um). Note the resonant tunneling current for DG structure. X- and gamma-ray sensors are key components in most X-ray
imaging systems as well as in numerous scientific applications. In
response to the varying requirements in detector performance from
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Il. THEORETICAL CONSIDERATIONS

Primary photon absorption in the energy range (betotv MeV)
mainly occurs through the photoelectric effect and the incoherent
(Compton) scattering. The cross section for the photoelectric effect
in silicon-germanium (SiGe), which is dominant for photons with
energy up to 40-100 keV (depending on Ge concentration), is
roughly proportional td&Z”, whereZ is the atomic number angis a
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