b\\“ r
r

?JALCII—I\I/%AE SSTATTE Effects of a Series Resistor on Quantum Tunneling Current in Dissimilar Metal-Insulator-Metal Nanogap
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l. Introduction lll. Parameters V. Effects of Resistance

: : : . ° ' Contour plots - logarithmic scale of impedance (£)
* Quantum tunneling effect plays a crucial role in the development of tunnelin W : W= - T The effects of series resistor R on the . . .
field-effect t ' tg (TFI];‘,TY) d | d p' Th = ork function (Al-Au) ar = 4.08eV, Wy, = 5.1eV, AW = 1.02 eV tunneling current I for different voltage normalized by resistance (R) across varying gap
1C1A-CIICCU lransisStors S) and Nnovel vacuum nano-acvicces. C Necessary regime distance(D) and circuit voltages (V)

interconnects of the circuits inevitably introduce a parasitic series resistance to Electrode surface area S =70 * 60 nm?
the nanodevice.
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Electrode Temperature T = 300K

* Itis essential to precisely characterize the current-voltage behaviors in
nanoscale metal-insulator-metal (MIM) junctions across a broad range of Electron emission energy E,=0
material properties and dimensional configurations. The current density-voltage
relationship could be divided into three regimes(Fig. 1): direct tunneling, field
emission, and space-charge-limited regime. It would be useful in memory
devices such as dynamic random-access memory (DRAM) capacitors or IV_ Res u Its
memristors.
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* In this work, we apply the Zhang and Banerjee’s model[1], [2] to a dissimilar
MIM nanogap with a series resistor. We provide a detailed study on the effects
of series resistor on current voltage characteristic curves for different voltage
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Tunneling Current as a function of gap distance(D) for different series
resistor of different voltage regime(l’) under RB(solid line) and FB(dashed
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regimes, which 1s either parasitic to nanoscale circuits, or intentionally added to line) conditions. g =7.6,AW = 1.02 eV ST e T D[nm] D[nm]
improve the stability[3] of the current and reduce the abrupt rise. 10 - - __ — —— * Atlow voltage, the characteristics are almost identical for FB(solid

W, = 416V, W, =5 16V, ~LX = 0eV,D = 1 nm ey S — et | \: L=l line) and RB(dashed line). Resistor R does not affect the tunneling
s b — R 190 r————— et current- governed by quantum tunneling.
10—11_ g \\\
-18 O X . . . .
= 107 oy ~ * Asresistor R increases, the difference between FB and RB 1s not
= - . - e obvious at high voltages, indicating that the impact of the series
1071 ) resistor becomes more dominant than the differences 1n work

Two electrodes having work function W; = 10" (a) V=05V . (b) V=5V 107 - (C) V=30V function.

4.1eV,W, = 5.1eV, insulator layer &, = 1, 10 S—

gap distance D = 1 nm. i . ]5. ; i . ]z' : i o ]z' ; * The contour plot clearly marks the boundary where resistor

nm nm nm . . . . . . .
s A d | | significantly impacts the behavior of dissimilar MIM nano-gap
e 1+ Nomalied Curmon densli,é Ez‘snafunction . Tpnnehng C.urrent.as a func.tlon of insulating la.yer permittivity (er). fo.r across different voltage and gap distance configurations.
- | different series resistor of different voltage regime(l') under RB(solid line) . . . .
and FB(dashed line) conditions. * As R increases, Fhe 1mpedanc.:e 1s getting larger ar.ld app.roache?s the
" M o de IS D = 1nm. AW = 1.02 eV value of R. The impact of R 1s more pronounced 1n regions with
. -y _ small D and high V.
. . 1\(a) — e 1 1\ (b) I (¢
Ve Reverse bias Forward bias 1\ el e | PP v
o d(x) N —— R=1e9Q . —— R=1e9Q
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br . o — R-oa_ We investigate the influence of a series resistor on the tunneling
WA lofé V=5V -SSR V=30V current-voltage characteristics in a dissimilar MIM nanogap. The
R v 0 e ——— ; A é é model 1dentifies the regimes where the series resistor 1s important and
_ € e er provides a quantitative evaluation of 1ts comparative significance.
» Self-consistent model 2 Tunneling Current as a function of work function difference(AW) for Our finds hiohlioht that the infl FR t i
Schrédinger equation: d*q L a2le — Grc  4(¥, — v2) +Elq=0 different series resistor of different voltage regime(l') under RB (solid u1.‘ Indings 1g. 12 at the 1n uen(?e O 15 Ost p .ronounce n
172 by 9 o, line) and FB (dashed line) conditions. regions characterized by small D and high I(, where the impedance of
2o 24 Electric potential: ¢ =% D=1nme =3 W =408V, AW = Wy — W; the MIM nanogap approaches that of the resistor.
Poisson’s equation: = 3 Dimension: X = = 10 ok
" Exchange-correlation potential ¢, = q;—’: 107" 3 - EZ?&Q j \\\ : E:)?sg ~~~~~~~~~~~ o iz?gg
With the boundary conditions: Biased voltage: ¢, = 22 — r=tes [0 T Ny — R=le6@ || i TS R=le0
9 Ey T —— R=1e9Q | 1 —— R=1e9Q —— R=1e9Q
$(0) =0, p(1) =1 Net cument densty: y = - N\ References
q(1) = {A[y1 + V2 + 2y V172 cos(B)]}Y/? Electron emission energy: Ey = e’% g :
4 (T2 Blsation densis 7 = - o 22 1073 ) 1] S. Banerjee and P. Zhang, AIP Adv., vol. 9, no. 8, p. 085302, Aug. 2019
q(1)' = ( oD 2) in(B) Wavelength: 1 = 2 where 4 [ 2] P. Zhang, Sci. Rep., vol. 5, no. 1, p. 9826, May 2015
] _ 10 4 ’ Jemels o1 V=05V 1 J. W. Luginsland, A. Valfells, and Y. Y. Lau, Appl. Phys. Lett., vol. 69, no. 18, pp.
where A = ===, B = 21+ Eq Child-Langmuir Law : Jg =3€0\/I§V93 : ,(a) T | : 2770-2772, Oct. 1996.
. . : 4 - " 5W[eV]2 ! 6W[eV] 5W[eV]
The normalized emission current den51ty from two electrodes y, and y, are:
V1= 4,:@ $572 TJy in(1+ ™7 “7 ) D(E)dE; o pjoézlfn(i; D(E;) The work 1s supported by the Air Force Office of Scientific Research (AFOSR)
_Ext¢g-Frp Temperature: T = 22~ Award No. FA9550-22-1-0523. M I ‘ H I G AN S I A I E
Vo = 47_[9\/_ > 5572 T f In (1 + e Tg )D(Ex)dEx Electron Energy:E, = E,/ Ey s“r
Fermin Energy: Er = Er/ Ey r
* Lumped circuit Department of Electrical and Computer Engineering, U N | V F R S | T Y

V=V, +IR =V, +JSR Michigan State University, East Lansing, Ml 48824, USA
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