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COMMENTS

Comments are short papers which criticize or correct papers of other authors previously publisiégydital Review B. Each
Comment should state clearly to which paper it refers and must be accompanied by a brief abstract. The same publication schedule as
for regular articles is followed, and page proofs are sent to authors.

Comment on “Exchange instabilities in semiconductor double-quantum-well systems”

F. A. Reboredo and C. R. Proetto
Comisi Nacional de Energi Atamica, Centro Ataico Bariloche, 8400 Bariloche, Argentina
(Received 25 February 1997

Semiconductor double-quantum-well systems in the low-density regime are prone to magnetic and charge-
transfer instabilities. While recent calculations, using both a pseudospin approach and a local-spin-density
approximation(LSDA) [Phys. Rev. B55, 4506(1997] seem to rule out the instability towards a monolayer
configuration, the present contribution is devoted to refuting this conclusion in the LSDA. In this approxima-
tion, it is found that there is a charge-transfer instability for barrier widths that are neither too small nor too
large.[S0163-182@08)07732-7

In a recent contribution, Zheng, Ortalano, and Das Sarma 1 (=
have considered various exchange-driven electronic instabili- P. :N_f dZ n(z) = n(—2)], 1)
ties in semiconductor double-layer systems in the absence of s/0

any external magnetic field. One of the main conclusions ofyhere N, is the total bidimensional electronic density, and

their work is that there is_ no e_xchgnge-driven bilayer toﬂ(Z)ZPT(Z)—Pl(Z) is the local-density magnetization, with
monolayer charge transfer instability in the double-layer sys- (2)[p,(2)] being the density fraction of ugdowr) spin-

tems. In this Comment, we want to point out that accordingy;|arizeq ejectronsz=0 corresponds to the midpoint of the
to our calculationgwhich in principle use the same approach

and similar system parameters as Ref.there is a charge-
transfer instability in double-layer systems. Typical param-
eters for this instability are two-dimensional densities of
10'%cm? and barrier widths of 80 A.

Before presenting our results, we give a few details about
our (numerica) calculations. We have solved in a self-
consistent way théeffective one-dimensional Schdinger
and Poisson equations of the double-quantum-well system.
Exchange and correlation effects are included by using the
local density approximatién (LDA) for the exchange-
correlation potential of the density functional thedyor the
study of the paramagnetic and fully spin-polarizédrro-
magneti¢ configurations we use a parametrizafi@f the
exchange-correlation potential based in the variational
Monte Carlo results of Ceperley and AldeFor the treat-
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ment of arbitrarily spin-polarized phases, we employ the
spin-density LDA(LSDA), with the interpolation proposed 0.02 ki
by von Barth and Hedfhfor the exchange-correlation poten- 40 50 60 70 80

tial at intermediate polarizations. B : : 2
; ; - arrier width, 4, A
We have considered four different phases in this low- ! ( )

density re_gime: a bilayer paramagnetic phase, a biIaye_r fer- ric. 1. Phase diagraiin parameter spagef the double quan-
romagnetic phase, and the two monolayer paramagnetic angy well, as a function oNg andd, . The shaded area covers the
ferromagnetic counterparts. In order to avoid any ambiguityegion where the monolayer ferromagnetic phase is the ground
in the search for the stability of the four phases, we haveyate, the gray intensitin meV/particle being proportional to the
calculated the total energy of eatlfor a given set of pa- total-energy difference with the bilayer ferromagnetic phase. The
rameters(densityNs and barrier widthd,) we have chosen rectangle in the upper right corner indicates the size of the grid. The
the one with the lowest energy as the ground state. Besidegmaining parameters are as follows: well widtly,=150 A; bar-

and for a complementary characterization, we have defineder high, 220 meV; coordinates of the delta-doped plarzes,
two order parameters, +(dy/2+d,+80 A).
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fect paramagnetic seed, as our self-consistent procedure pre-
i1 O O @ ©®@ ® ® ® O OO serves naturally this constraint. They are, however, unstable
against small ferromagnetic perturbations: we have checked
. = that if the seed has a small ferromagnetic component, the
- g O self-consistent procedure leads to an increase of the polariza-
£ oo e g tion, until convergence to a fully polarized ground state is
o A A O O A attained. The degeneracy between the bilayer and monolayer
-g A O phasegboth for the paramagnetic and ferromagnetic cases
T o s a 4\% . actually means that the self-consistent procedure always con-
5 0.1 - A A verges towards a bilayer solutigeven when starting from
o A an monolayer seed Also note thatP,.=1 and P_=0,
§§ A A which is consistent with having a fully polarized bilayer
2 e A AE(FB-PB) ground state.A A
w (i) For50 A=d,=150 A, the ferromagnetic monolayer
024 A AE(FM-PB) phase is the ground state of the double-quantum-well system,
: O AE(PM-PB) reaching optimum stability for some intermediate barrier
T ' 1 | ! I

width of about 75 A. The paramagnetic monolayer phase
. has also a lower total energy than the bilayer solution, but
Barrier width, d_(A) this happens for a somewhat larger barrier witds com-
pared to thed, where the ferromagnetic monolayer configu-
FIG. 2. Total-energy differenceer particle with respect to  ration becomes the ground statgord,=75 A, it is impor-
the PB solution versud,, for each one of the four possible configu- tant to remark that according to our calculations, both
rations: PB: paramagnetic bilayer, PM: paramagnetic monolayerparamagnetic and ferromagnetic bilayer phases are meta-
FB: ferromagnetic bilayt_er, FA: ferromagnetic monolayer. The slopestaple with respect to their respective broken symmetry
of the straight dashed line corresponds to &).in the text. counterparts. In other words, starting from a ferromagnetic
seed with a small monolayer component, the self-consistent
barrier, which separates both two-dimensional electroProcedure converges towards the perfect bilayer solution, in-
gases.P,=P_=0 in both paramagnetic phases, while stead of falling towards the monolayer phase with lowest
|[P,|=1 andP_=0 in a fully polarized symmetric phase. energy. The situation is analogous for both paramagnetic
Finally, |P.|=|P_|=1 in a fully polarized monolayer Phases.
phase. In the case of partial polarization and/or not complete (iii) Ford,=150 A, the bilayer ferromagnetic solution is
depopulation of a quantum wellP.| and |P_| can take @again the_ groungl state o_f the system. In contrast from the
values closgbut not equal to unity. situation in the intermediate range of barrier widths, now
Proceeding in this way, we have obtained the result$oth (para and ferrpbroken symmetry solutions are meta-
shown in Figs. 1 and 2. Figure 1 compares the stability oftable with respect to their respective symmethdayen
both ferromagnetic phases, bilayer and monolayer, as a fungounterparts. o
tion of Ng andd,,. The intensity of the gray regions is pro- ~ AS a summary of the results p_resented_ln Figs. 1 and 2, we
portional to the total energy difference per particle betweeree that the bilayer ferromagnetic phase is the ground state at
both phases. According to these results, the bilayer ferrosmall or large enough barrier widths, with the monolayer
magnetic phase is unstable against the monolayer ferromaégromagnetic phase being the ground state in the intermedi-
netic phase for low enough densitiel<10'%cn?) and até range ofd,. We discuss in what follows the physics
thick enough barriersd,=50 A). None of the two para- behind s_uch behavior and give some qualitative estimations
magnetic phases is the ground state in the parameter spal&explain our results. _
shown in Fig. 1. The bilayer paramagnetic configuration is _In the first place, it seems to be quite reasonable that the
stabilized at higher densities and smaller barrier widths; irPilayer phases be the only solutions at small enough values
this Comment we have concentrated our attention in the low©f dy: the electrons can tunnel easily through the barrier in
density regime of a double-quantum-well system, thethis regime, so .the.k|net|c energy cost associated with a
intermediate-density regime (cnm?<N.=<10"Ycn?) be- monolayer solutp_n is too Ia_rge to be overcome by other
ing treated separatefy. effects. The staplllty of the bilayer phases for large (_anough
The results shown in Fig. 2 are complementary to thosél, also I(.)oks_qune.reasonable, but for a completely different
shown in Fig. 1. We display here the total energy of the foufr€ason: in this regime, the larger energy corresponds to the
phases, referred to one of thefthe paramagnetic bilayer classical Coulomb energy between the electronic charge dis-
phasg, for a constant densityNs=0.06x 10'/c?) and asa  tributions in both wells, which increases linearly witly in-
function ofd, . Note that in this case we have explored Va|_th¢ monolayer situation. From simple electrostatic consider-
ues ofd, larger than in Fig. 1; the order parameters definecgtions we obtain for the difference between monolayer and
by Eq. (1) are shown also. bilayer phases the expression
The following features should be pointed out: I
(i) Ford,=<50 A, only bilayer phases are stable, with the >
ferromagnetic solution having a lower energy than the para- 2e
magnetic phase, and being therefore the ground state. Thehich is positive and corresponds to the cost in energy as-
paramagnetic solutions were explored by starting from a persociated with the charge transfer in going from a bilayer to a
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monolayer configuratiorg is the dielectric constant of the energy as the ground state of the system. Proceeding in this
well-acting semiconductor material (GaAsge=12.5). To way, we never found a problem in assigning the character
this we should add a negatiwk, independent contribution, para/ferro bilayer/monolayer to any point in tNeg versusd,,

as the system gains exchange-correlation energy by goinghase diagram. Besides, it is important to note that for a
into the high-density asymmetric phases. The linear behavidfroad range of parameters some phases are metastable with
with dy, is clearly seen in Fig. 2 for both the paramagneticrespect to the ground-state configuration. For instance, for
and ferromagnetic monolayer phases, #g=100 A. The ¢,=75 A, both paramagnetic and ferromagnetic bilayer
straight dashed line is just a plot of E@), where the nega- phases are metastable against their respective monolayer
tive exchange-correlation contribution has been adjusted t80unterparts. This means that unless one started from many
fit the calculated points. Two points should be clear Withquite different seeds and let the system attain full self-

respgct to this. First, we are adjusting the absolute Verticaclonsistency it is possible for the algorithm to become
position of the dashed line and not its slope, which is Ob'trapped in a’ local minima in configuration space

tained using Eq(2). Second, the value we obtain for this : X .
The monolayer phase is a result of our rigorous applica-

negative exchange-correlation contribution is close to what. i
can be estimated by assuming simple density distributiongon. of LSDA theory tp th? do_ub_le-quantum_—well system;
esides the clear conflict with similar calculations of Ref. 1,

for the bilayer and monolayer configurations. . . .
While we are quite confident about the results of our cal-OUr "esults point out something that can be considered a

culations, the source of the discrepancy with the conclusiondre Serious and deeper discrepancy. Zhengl." claim

of Ref. 1, where no instability towards monolayer phasedreementabsence of the monolayer phasetween results
were found is not clear to us. From our experience with thiobtained with  two different methods: pseudospin
type of self-consistent calculations, we are, however, quitélescription for the layer degree of freedofaero-tunneling
critical of the methodology used to explore the stability of @pproximation in Secs. Il and Ill, and LSDA formalism in
the four phases. According to what is stated in Ref. 1, toSec. IV. In light of our results, no such agreement exists
search for the stability of the ferromagnetic phases, the selbetween both treatments, and as the modelling of the system
consistency procedure was started from two seeds with difis much more realistic in the LSDA&or instance, tunneling
ferent polarization$10 % and 90 % If both choices lead to is treated exactly this casts some shadows on the accuracy
a polarized final state, they conclude that the state is polalef the pseudospin formalism as applied to the present prob-
ized. If only one choice leads to a polarized final state, theyem.

conclude that the result is not well defined, which gives rise In summary, within the framework of the LSDA, we have
to an uncertain region in theMg versusd, phase diagram found that there is an exchange-correlation driven bilayer to
equivalent to our Fig. 1. Nothing is said about how the staimonolayer charge transfer instability for the double-layer
bility of the monolayer phases is explored. This “ad hoc” system in the low-density regime. As a function of barrier
procedure should be contrasted with our systematic methodvidth, the instability appears in some intermediate range
ology, where we calculated the total energy of each of thé50 A<d,<150 A). The results are at variance with re-
possible configurations, and chose the one with the lowestent claims presented in Ref. 1.
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