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Transmissia zelo engineerig in laterd double-barrie resonahtunnelirg devices is investigated.
We show that, by insertirg aresonahcavity in the quantum well region of a laterd double-barrier
resonah tunnelirg structue ard engineerig the placemen of transmissia zero-poé pairs the
current peak-to-vallg ratio of the device can be drasticaly improved at low temperature An
advantag of this structue al is tha a lower pe& voltage can be obtainel comparé to the

correspondig laterd double-barrie resonah tunnelirg device

Physics [S0003-695(96)01615-4

A large numbe of investigatios on double-barrie reso-
nart tunneling (DBRT) devices hawe been reported seg for
exampeé Refs 1-7. It is believal tha laterd resonah tun-
neling device4~’ posses sone merits over their vertical
counterpart$-2 For example the artificially imposel barrier
height and quantun well dept can be adjustel continuously,
the shag armd geomety of the gates can be definal with
gred flexibility, and a laterd devie is more suitabk for
integratel circuit (IC) fabricatian due to its plana structure.
However in both laterd and verticd double-barrie resonant
tunnelirg devices the currert peak-to-vallg ratio (PVR) is
limited, even in the ballistic transpot regime® becaus their
transmissia minimum has afinite value.

Recen studies hawe shown that the electrons wave na-
ture can give rise to new quantum waveguia devices on the
nanomete scale’® Transisto action can be achievel in pro-
posel stub-tune devicest®!! Negatiwe differentid resistance
region may also be obtainal in the current-voltag character-
istics of split-gate waveguids at low temperaturé? In ear-
lier studies we found pronounce transmissia propertie of
guantum waveguide systems with
cavities’® Using a scatteriy matrix approach we proved
that transmissia zercs exig on the real-energ axis in the
abowe system We found tha ead quasi-boud stae in the
resonah cavity leacs to a zero-pok pair in the complex-
energy plare which, in turn, leads to a strorg modulation of
the transmissio probability.

In this letter, we apply this zero-transmissio featue of
the cavity to explore the possibility to maximize the current
peak-to-vallg ratio in two-dimensionhlaterd DBRT struc-
tures Combinirg the transmissia features of DBRT devices
ard of quantum waveguids with resonantly-couple cavi-
ties we inset a resonah cavity (stub herg in the quantum
well region of a laterd DBRT structue (see Fig. 1). We
shaw that the valley currert in this device is reduce due to
the zero-transmissiofeatue of the stuh We also show that
this device possessealower pe& voltage compard to lat-
erd DBRT devices where pe& voltage refers to the voltage
at which the maximum currert is reached.

For a laterd DBRT device the first transmissia peak,
Epdbrts 1S determiné by the enery of the first propagating
moce of the channe| Eyy  =#?m?/(2m* W2,), ard the first

qguasi-boud stae enery of the correspondig one-
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dimensiona DBRT structure E;=#27%/(2m*W?2), i.e.,
Epabri=Ew_, +E1. Dueto theinsertel stul for the structure
shown in Fig. 1, the first transmissia peak Es;yp, is deter-
mined by the bourd stat enery of the stub in the y direc-
tion, E =#%7w?/(2m*L?), and E;; approximately,
Epstub=EL+E;. SineL isalways large than W, (see Fig.
1), the position of the first transmissia pe& for the structure
shown in Fig. 1 is always lower than that of the correspond-
ing laterd DBRT device i.e., Epsiup < Epgnrt (COMpae Fig.
2).

In orde to utilize the resonah natue of the first trans-
missian pe&k and transmissia zem for the structue in Fig.
1, the pe& enery mug be highe than the energ of the first
propagatig moce of the channeli.e,, Eysip > Ew,, - There-
fore, the correspondig desia criterion for this deviee is that
the dimension parametersW,, Wy, ard L, shoul satisfy
(L™2+W;?) > W_?. We can achiew this condition by
appropriate} engineerig the systen dimensions.

In resonahtunnelirg devices the pe& and valley cur-
rent are determine by the values of the transmissia prob-

resonantly-coupledhbility at the maxima ard minima, respectively Since the

transmissia minimum is zero for the structue shown in Fig.
1 due to the insertal stub (see Fig. 2), its valley curren is

FIG. 1. (8) Schemat drawing of a quasi-one-dimensiohdaterd DBRT
structue with an insertel stun The shade area represet the potential
barriers (b) The device potentiad profile with an applied bias V;,s.
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FIG. 2. Transmissia probabilities of the new device (solid line) shown in
Fig. 1 and the correspondig laterd DBRT device (dashé line).

reducel compare to the laterd DBRT devices Furthermore,
note that since Epsyp < Epgpre and the position of Eg,,can
be engineereda lower pe&k voltage can be obtaineal for the
new device.

We numericaly modela two-dimensionhlaterd DBRT
with an inserta stuh Using the finite elemetn method we
first solve the two-dimensionh effective-mas Schiodinger
equation in orde to find the transmissia probability
T(E,V) as afunction of enery at different biases We then
calculae the current-voltag characteristis by

2e (=
I(V)=FJ’0 [f(E)—f(E+eV)]T(E,V)dE, (0]

where f(E) is the Fermi-Dirac distribution function We
choo® aFerm enery of E;=5 meV in our calculation,
which correspondto acarrig densiy of 5.96x 10° (1/cm).

We use an exampe to illustrate our analysis We choose
the following sd of parametes for the structue shown in
Fig. 1(@: L=200 nm, W =100 nm, L,=15 nm,
W;=8.0 nm, ard V,,=0.3 eV. In Fig. 2, we shaw the trans-
missian probabilities of this structue (solid line) and the
correspondig laterd DBRT structue (dashéd line) at zero
bias We hawe usal the energ of the first propagatig mode
of the channel Ey =A2m?/(2m*W2) = 561 meV
(m*=0.067n), as the unit of the energy Note that trans-
missian zercs exig in the new structure.

For this particula se of device parametersit happens
tha the DBRT transmissia pek (dashd line) lies just about
midway betwee the two peals of the new device (solid
line). If we were to increag the stub lengh L and keep the
channé width W,,, unchangedthen the two peals of the
solid line will move toward lower energies resultirg in
lower current-pek voltages.

Figure 3 shows the current-voltag characteristis of the
abowe structue at severd temperature from T=0 to
T=100 K (solid lines). The resuls of the correspondig lat-
erd DBRT devie are also shown (dashé lines). It can be
sea tha the PVR of the new devie (PVR = 1457, 148.66,
49.6Q 26.21, 15.93 10.40 is improved over the correspond-
ing laterd DBRT device (PVR = 18.56 15.95 13.04 10.80,
9.1Q 7.76 at the various temperature (T=0, 20, 40, 60, 80,
100 K). Especialy at low temperaturesthe ratio increases
substantialf becaus of the near-zeo valley current Also,
this enhancemenof the PVR does not sensitivey depend
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FIG. 3. Current-Voltag characteristis of the new device (solid line) and
the correspondig laterd DBRT device (dashe line) at various tempera-
tures.

upaon the height of the tunnelirg barriess since the energies of
the DBRT transmissia peals are a wea function of the
barrier height.

The secom currert pe& in Fig. 3 stens from the second
transmissia pe& in Fig. 2, which is relatal to the second
quasi-boud stae in the stub™® At elevatel temperatureghis
transmissia pe& leads to an increag in the valley current
ard acorrespondig decreas in the PVR. In orde to reduce
the contributian of this additionad transmissia pe&k to the
valley current it is required tha the first and the second
transmissia peals in Fig. 2 be well separatedThis can be
achievel by using smalleg device dimensiors since the en-
ergy differene betwea the first and the secoml transmission
peals increase with areductio in size With today’s fabri-
cation technoloy where the lithographt resolution ap-
proachs 10 nm, an experimenthrealization of our device
appeas to be feasibk at low temperatures.

Note that in Fig. 3 the currert is plotted as afunction of
the voltage differen@® V—Vear, Wher Ve, is the peak
voltage The actua value of V¢ isthe voltage at which the
[-V curve intersecs the V—V ., axis (zerw curren). From
thes figures it can al be sea that lower pe&k voltages are
obtainel in the new device structure.

In DBRT devices alower pe& voltage is obtainal when
the well width is large [ E,=7%2#2/(2m* W3)]. But, thisalso
leads to alower PVR sinae E; and E, are close in this case.
Therefore thete is a confli¢ betwee the requiremers of
low ped voltage and high PVR in DBRT deviae design On
the othe hand by insertirg aresonahcavity in the quantum
well region of a DBRT structure both highe currert peak-
to-valley ratio and lower pe&k voltage may be achievel at
the sarre time.

In our treatmen here we hawe usal hard-wal boundary
condition for simplicity. In red device design a parabolic
potentid may be more appropria¢ for the channé and stub
walls** However we expec the main conclusiors to remain
unaffecte by the detailel choice of the confining potential*®

In summary an approat for improving the PVR of lat-
erd DBRT devices is investigated Throudh engineerig the
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zero-transmissio featue of resonantly-coupkt lateral
waveguideswe find that the valley current of the proposed
device structue may be drasticaly reducel compare to the
laterd DBRT device As aresult the currert peak-to-valley
ratio is increasedA lower pe& voltage is alo achievel in
the new device structure Both merits shoutl offer better de-
vice performance.

This work is supporté in pat by ARPA/ONR and
AFOSR.
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