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We find the true low bound of the size of a critical nucleus of the low-current state in double-barrier resonant
tunneling structures. By changing the structural parameters of the device, the critical nucleus size can be made
as low as the typical distance between electrons in the well. We thus reaffirm that the decay of the metastable
upper current state via the nucleation mechanism can be achieved in resonant tunneling structures.
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The authors of the Commeénbn our earlier papéresti- To further support our point of view, we estimate the true
mate the critical size of the initial nucleus of the low-currentlow bound of the critical nucleus size based on the theory of
state in a double-barrier resonant tunneling structurtochastic switching.In Ref. 2 the radius of a critical
(DBRTYS). Their estimate is based on the theory of determinnycleus is found to be0=\e’77(ay)‘1/4, where the parameters
istic switching front propagation. They claim that for realis- y are given by Egs(4c) and (4d), and 7 is found in the
tic parameters of DBRTS, the size of the critical nucleys paragraph preceding EGL5) of Ref. 2. The parameter,,

is comparable with the sample size. Even whgns smaller  jyiroduced in the Comment coincides with at e(Vy,—V)
than the size of the sample, it is still macroscopic and, there-_ E.. Under these conditions we find
F.

fore, is too large for the switching to occur, as the switching
time should increase exponentially with the area of the an
“ enTy’

nucleus. They subsequently conclude that the decay of the 1)
metastable state via the nucleation mechanism is doubtful.

The conclusion that,, is macroscopically large is based Here o is the conductivity in the wellT, and Ty are the
on the numerical estimate rather than on physical argumengransmission coefficients of the left and right barriers, and
Therefore, we first discuss this numerical estimate and theg the electron density in the well. To obtain Hd) we also
give our physical estimate far,. The authors of the Com-  5qqumed that the energy of the level in the Viigllis of the

ment define the macroscopic size as “egl0 um.” They  oqer of £, and estimated the capacitance of the device per
claim thatr is given by the front widti, which is found unit area a<C ~ €?v, wherev is the two-dimensional density

using the theory of deterministic switching front propaga- : - - :
tion. This theory describes the deterministic growth of theoﬁtitaézs ('Zr; tgfetrv]ve e”C.:oNn?rt'r?etr?tatTtEies! i;%mb?sﬁoﬁnnistigng

nucleus of the new phase well after the critical size has bee Le standard . for th bilite o/en the level
reached. On the other hand, the formation of the critical ¢ Standard €xpressions for tn€ mo ity o en Ine leve
idthsI'| g~ E(T, g, and by takind’ ~I'g as implicitly as-

nucleus is not deterministic, but a stochastic process that wd d by th N fihe C ;
considered in our papéit the formation stage the theory of sur]r1e b?' ethaul orsbo de forrlrﬁer:. L p
switching front propagation can be expected to provide an. 0 obtain the low bound Of¢;, the transSmiSsion Coettl-
order of magnitude estimate faf, such as Eq(2) in the cients of the barriers should be pr;e to their maximum value
Comment. Under certain assumptions this estimate can b-@»Rfl' and the metallic conductivity shoqlq take the_ lowest
reproduced from the theory of stochastic switcKitgpe be- possible valuar~e/h. Ur;dgr these _condlfuons we firg,
low). ~d~20 nm, wherad~ 1/vn is the typical distance between

Substituting the values of the parameters quoted by thgle_lgtrons Iin theh wle_ll._ ¢ licability of ol
authors, namelyu=10F cm?/V's, Ec=10 meV, and I, o explore the limits of applicability of our approach, let

=1 meV, into Eq(2) of the Comment, we find the numerical us es“’_“at? the exponefit of the mean switching timer
value ofr, to be 0.26um. This estimate disagrees with the . Itis given by Eq.(16) of Ref. 2, and can be expressed
result of 10um reported by the authors of the Comment. as

The increase by a factor of 40 in the mininrgl is claimed 1 hoe(Vy-V)

on the basis of numerical simulatiofRef. 12 of the Com- F~ . E 2
mend. In our opinion, the discussion in the Comment and R F

references therein does not convincingly explain the origirSubstitutingo~€?/h, Tzy~1, and &(Vy,—V) ~Eg into this

of the additional large numerical coefficient. It is conceivableresult, we find=~ 1. For more realistic structural parameters
that the result of 1Qum is a correct estimate of the front o~10°¢?/h and Tr~0.2, which correspond tou
width W for the nuclei of the size well above the critical size. ~10° cn?/V's, Er~10 meV, andl’, ~1 meV used by the
However, for these nucleus sizes, the front widihis obvi-  authors of the Comment, we obtdtr~ 500. This value of
ously notr,.. Thus in our opinion Eq(2) of the Comment is too large forr to be measured experimentally. To reduce it
gives a more reliable estimatg,=0.26 um than the subse- one has to tune the voltage closerMg, as we discussed in
quent numerical estimatg, =10 um. Ref. 2. If we takee(Vy,—V) ~ 0.0, we findF~10. When
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the voltageV approaches the threshdlg, the critical sizer However, we agree with the authors of the Comment that for
increases, albeit very slowlyy=[Ez/e(Vy,—V)]¥4 In the  small (Vy,—V) the inaccuracy of the applied voltage may
above example,~60d~1 um. become an important issue.

The numerical coefficient in the exponéhtin principle To summarize, we have found that the true low bound of
can be large. In this case, the increasd=afhould be com-  the size of the critical nucleus is the typical distance between
pensated by tuning the voltage closer to the threshold valugjectrons. We conclude that the switching via the nucleation
Note that even fore(Vyy~V) ~107*Er the critical nucleus mechanism driven by shot noise can be achieved with the
size is of order 200~4 um for o~10°e’/h andT, g~0.2.  proper choice of the parameters of DBRTS and applied bias.
This ry is still small compared to the size of the sampfe.
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