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The rise and saturation, in a parallel magnetic fiBld of the resistivity of two-dimensional electron
systems on the metallic side of the apparent metal-insulator tranéiiin) can be interpreted as the destruc-
tion of a metallic state. It is also compatible, however, with the reduction of screening of charged impurities,
resulting from the breaking of the spin degeneracy, in a traditional Fermi liquid. We demonstrate, using a
Si-MOSFET, that electrons in a strong magnetic fiéid parallel to the Si-Si@ interface may exhibit a
metalliclike behavior, analogous to the effect observeBat0, provided that weak-localization corrections
are suppressed. Conventionally, this suppression is achieved by applying a perpendicular magnetic field, but it
appears that this also happens when a strong electric field is applied between the source and drain. Both
methods are used in this paper. Bf=0, weak-localization corrections are also visible but the metalliclike
contribution to the resistivity is greater. These results suggest that spin polarization may simply reduce the
strength of mechanisms, such as screening, which contribute a metalliclike temperature dependence to the
resistivity, relative to weak-localization corrections. The polarized system undergoes a transition from weak to
strong localization at a lower critical resistivity and at a larger density than the unpolarized system.
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A significant feature of two-dimensioné2D) systems ex- dominate asT decreases. This is because the phase-
hibiting a “metallic” behavior (defined, at finite temperature coherence time,, increases more rapidly with decreasifig
T, as @/dT>0, at carrier densities greater than some than the momentum relaxation time The greater the ratio
valuen. and resistivitiesp less than some valugy) is the - /7 the greater the number of self-intersecting paths that
rise and saturation gi when a magnetic field is applied  ontibyte to weak localizationtWhen T4<7, there are no
parallel to the plane of the electrons. This saturation is r€<uch ath3.Some autho-14have shown that, in samples
lated to the spin polarization of the electrdrfsSome au- ich paths3. . : ’ mp

with low disorder and non-negligible interactions, in zero

thors(see Refs. 3 and 4 and references theraigue that a ic field . ) il
“metallic’ behavior at Bj=0 indicates a genuine metallic Magnetic fields, WL corrections ip(T), while present, may

state, in the sense that the charge carriers are delocalized &i¢aPe notice at moderately low temperatures becajiss
T=0 (a condition that is never achievable experimenjally N0t yet much larger tham. The negative contribution to
so thatp remains finite. Since, in the absence of electronicdp/dT, due to WL, is then overwhelmed by other
interactions, quantum interferengeak localizationmakes ~ T-dependent effects, such as screerit,a semi classical
any two-dimensional system insulating, this metal can onlyeffect that can produce a large, positive/dT. In this case,
exist by virtue of interactions that cancel weak localization.WL corrections inp(T) would become dominant only at low
They also argue that this metal is destroyed when the ele¢emperatures that may not be accessible experimentally. Nev-
trons are fully spin polarized. Recently, a theory by Zalaertheless, WL corrections are still manifestd(B, ), where
et al>® suggested that, when the Zeeman spin splitting i, is a weak magnetic field perpendicular to the plane of the
much less than the Fermi energy, the sign and the magnitudearriers, because and 7, are not dependent on sma|, .
of the gradient @/dT, in the ballistic regime, depend on the Thus, such a systerapproximatesto a metal but is not a
Fermi-liquid interaction parametét], which measures the genuine metal. In a recent paper, Rahanhill’ observe the
strength of exchange interactions. According to this theorygisappearance of the WL correctionsreapproaches,, and
Fg accounts for the metallic behaviopiT in zero mag-  interpret this as an indication that interactions suppress WL.
netic field, but a fully polarized system must always showHowever, their analysis relies on a theory of WL that as-
dp/dT<0. This is in agreement with the reports that Sumesp<<h/e? it should be noted that, in the vicinity of;,
n. diverges asB, increases, which would signal the de- p~h/e? so that the scattering length is comparable to the
struction of the “metallic” state. Experimentally, however, Fermi wavelengttti.e., a disorder-related effect
positive and negativé® values of ¢/dT have been observed The aim of this work is to investigate the “destruction” of
in the spin-polarized state by different authors. The preserthe “metallic” behavior by a parallel magnetic fie} . Our
work seeks to clarify under which conditions and by whatapproach consists of studying the dependence @f T and
mechanism g/dT can change sign. This is necessary to de-Bj after having suppressed the WL correctiongtdHence,
termine whether or not the observed “metallic” behavior re- it is possible to determine whether tdeminantbehavior is
ally shows a true metal. due to strong interactiond=¢) or to a more familiar mecha-

In noninteracting theories, an insulating behavior arisingnism(WL). The results show that opposing tendencies coex-
from weak localization(WL),'° is generally expected to ist when the electrons are spin polarizegiasitivecontribu-
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tion to do/dT exists, but is weak compared to the WL
corrections. AtBj=0, when the electrons are unpolarized,
WL is also observed but it is now weaker than the positive
contribution, in agreement with Refs. 11-14. This suggests
that the polarized and unpolarized systems may be governe=_
by similar mechanisms, and that thelative significance of
these mechanisms may dependBn Once WL effects are
subtracted, the two systems may be qualitatively similar. In-
deed, our experimental data suggest that the spin-polarize
electrons undergo a transition to strong localization, in a
manner similar to the unpolarized electrons, albeit with dif-
ferent values ofi, andp.. There need not be a fundamental
transition brought about by spin polarization.

Measurements were performed onratype Si-MOSFET
inversion layer with a peak mobility of 19000 éfvs, cor- FIG. 1. (—(c) Magnetoresistivity in weak perpendicular fields
responding to a density~4x 10'* cm™~2. The device has a for total fields of 12, 9, and 6 T, at temperatur@s order of de-
Hall-bar geometry (1000 100 um?), permitting four-point  creasing line solidityof 0.3, 0.6, and 1.0 K. The electron density is
measurements of the resistivity, using constant a.c. current fiked atn=2.05x 10" cm 2. p was measured with a small current
17 Hz. Measurements were performed on a pumpediss=3 nA. (d) The corresponding phase-coherence timgs*
helium-3 cryostat, with bath temperature ranging from 0.3 toplotted as a function of.

3.0 K, fitted with a 12-T magnet and a rotation mechanism It in heat & h ks. ch -
allowing an arbitrary orientation of the 2D system relative to'&SY tin heating and may affe}, . The peaks, characteristic

the magnetic field of weak localization, were measured for three temperatures.
. - 71 .
A magnetic fieldB, suppresses WL by introducing a The correspon_dlng decoheren_ce ratgs _were obtained
phase difference between the partial waves that interfere t5°M Ed: (1), with the assumptions that,=1 and that the
produce WL. This gives rise to a negative magneto-sysrem is always near full polarizatidine., gs=1 and D

resistanc® and to a method for measuring,. The conduc- wh?/e*mp). The use of Eq(1) is justified, in spite of the
tivity o=p~ L is fitted to the functiof? large degree of spin polarization, because the resistivity re-

mains low at this density and an ohmic behavior is retained.
In this paper, all fits to Eq.l) treato,, as a free parameter, to
accommodate any dependences on temperature and electric
field. Also, sinceB, <Bj, the perpendicular and parallel
magnetoresistivities can be considered independent. The re-
sults are plotted in Fig. () and are consistent with the re-
lation r(l,*locT predicted by theors’ It is therefore unlikely
that 7, is significantly affected by the small amplitude of
this current.
Figures 1a)—1(c) suggest that the sign opddT depends
on therelative strengths of competing tendencies, negative
and positive. The data were fitted to EG) to extract the
resistivity in the wings of the curves).,=o_.*, and the
height of the peaks above this baselidg,, =p(B, =0)
=0, is given by —po~—pZAcy, . The effects of WL are contained solely
in Apy, - As T increases from 0.3 to 1.0 ko, increases by
Ty (@) 4%, (b) 0.7%, and(c) 3%, whilep(B, =0) decreases by
Inj —1- (@) 2%, (b) 6%, and(c) 2%. [The values of.. at T=0.3 K
are(a) 6.1, (b) 5.7 and(c) 3.8 k}/J.] We note that, in the
Aoy, is usually small compared @(0) for typical electron  three cases, the net change in the height of the peak between
densities and temperatures. Unfortunately, it is often difficulthese temperatures is approximately 6%, independeBj of
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Here,o ., is the component of that does not depend on WL,
gs andg, are the spin and valley degeneraci#¥x) is the
digamma functionP = 27#2/g,e’mp is the diffusion co-
efficient, 7 is the scattering time anuh is the effective mass.
a, is related to the ratio of inter-valley to intra-valley scat-
tering rates and may take values betwee®.5 and 1.

From Eq.(1), the magnitude of the WL correction, Bt

. (1)

avgsgvez
47%h

2

Aoy =0,.—0(0)=

to determiner,, unambiguously sincA oy, is a function of
both @, and 7. The following results assume, =1, cor-
responding to simple bands without spin-orbit scattering.

WL was measured for nonzero values Bf, i.e., when

Thus, in Figs. 1a) and Xc), a negative d/dT is observed at
B, =0 because g, /dT<—d(Apw,)/dT, whereas a posi-
tive do/dT is apparent for large|B,|, where ¢/dT
~dp., /dT. This effect is not apparent, however, in Figb)l

the electrons are spin polarized, by tilting the sample relativavhere ¢.,/dT is small. Similar data obtained by other

to the solenoid. Figures(d-1(c) show the perpendicular
magnetoresistivity p(B,) at a fixed density n=2.05
X 10 cm™? for fixed total fieldsB=6, 9, and 12 T. Be-

authors'~**for unpolarized electronsB(=0) show ¢/dT
>0 for all values ofB, , evenB, =0. This behavior was
reproduced in the present sample®at0 and is consistent

causeB, <B, we haveB~B. A weak source-drain current with dp../dT>—d(Apy,)/dT in this regime, within the
of rms amplitude 3 nA was used, as strong currents mayange of accessible temperatur¢dt lower temperatures,
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FIG. 2. Suppression of the weak localization correction,,, 0 5 0 0 5 10
=—p2Aay, by (a) temperature ofh) a large source-drain current By (T) By (T)
lsg- Electron density n=2.05<10" cm™2, parallel field B;
=12 T. For the dashed curves i@ and (b), 1=3 nA, T FIG. 3. Temperature dependencepgB)) for (a) | ¢=3 nA and

=032K (r,=13.1ps). Dotted curves:(a) I=3nA, T  (b)15=100 nA.n=2.05¢ 10! cm™2. The vertical dotted lines in-
=0.97 K (r4=4.4 ps), and (b) 1¢=100 nA, T=0.32K (, dicate transitions from “metallic” (@/dT>0) to “insulating”
=4.2 ps). The horizontal lines below the curves show the corre{dp/dT<0) behavior. There is no “metallic” regime at lard in

sponding baseline resistivitigs,= o, that remain when the WL the low-current caséa) within the available magnetic field. For the
corrections are subtracted. temperatures shown, the crossing points of the curvéy ioccur at

the dotted lines.

though, we expect, /dT<—d(Apw,)/dT.] Figure 1 thus
illustrates the principal qualitative conclusion of this paper: Figure 3 compares thEdependences of thgarallel mag-
under some conditions, the behavior pf may depend netoresistivity p(Bj), for the same densityn=2.05
strongly on whether WL is presenB(=0) or absenfi.e., ~x10" cm % and fixedB, =0, for small(3 nA) and large
far in the wings of thep(B,) curved. (100 nA) l¢y. For smalllgy [Fig. 3@], there is no positive

An electric field between the source and the drain carflp/dT at Bj=12 T. As confirmed in Fig. (), this is the
reducer,,.** This may be interpreted as an electron-heatingegime where WL dominates. For lardg, [Fig. 3(b)], a
effect analogous to raising the substrate temperaftsew- positive dp/dT is observed aBj=12 T. This is the same
ever, we find that these two sources of “heating” affgct qualitative behavior as that gf., in Fig. 1(a). (The range
differently. Figure 2 shows the effect @if B, ) of (a) raising 7 T<Bj<11 T, shows the opposite tendency, but the behav-
the substrate temperature, ¢b) applying a large low- ior in this regime is likely to be complicated by the fact that
frequency source-drain currehy (or, equivalently, an elec- the electrons areartially polarized)
tric field. The constant electron densityn=2.05 There is therefore no simple correspondence between the
X 10" cm™2 and the parallel magnetic fielBj~B=12 T.  dephasing brought about by the use of a strong current and
At this density,Apy, and the heating effects are small com- by the substrate temperature. Our results suggest that the
pared to the parallel magnetoresistivity and can be treated d8rge current reduced, but did not affectr significantly
perturbations. [p(Bj=12 T)—p(Bj=0)~5 kQ/0J. This _(pxzm/nezr). This effect will b_e used to probe the behav-
value is not strongly dependent dg, in this regime] The  ior of p(T) once the WL corrections have been subtracted. It

dashed curves in Figs(& and 2b) correspond to the same is emphasized that the justification for using this technique is
data, withl¢e=3 nA andT=0.32 K. ;=3 nA is aweak empirical, and awaits a rigorous treatment. In the meantime,

current that does not limit,,. We note that the data obey the qualitative conclusions of these results are consistent.
|B, |<#/4eD7r~0.26 T, the range of validity of Eq1). We Figure 4 shows the magnetoresistivigyB;), measured
obtain7,=13.1 ps. For the dotted curves, is reduced to with a current amplitude of 100 nA, for a number of electron
remarkably similar valuefr,=4.3 ps in(a) and 4.2 ps in densitiesn and a range off. At B=0, this system has a
(b)], through the two different “heating” mechanismé&) critical resistivityp.=42k(}/J, and the densities shown cor-
le=3 nA, T=0.97 K and(b) 1s4=100 nA (corresponding respond to the “metallic’ regiméwith dp/dT>0). For all

to an electric field~7 mV/m between the source and the the densities showr increases and then saturatesBasis
drain), T=0.32 K. Interestingly, these curves differ in their increased. For eaah at the point;=Bf*, p=p; (upward
baseline resistivitiep.. , as indicated by the horizontal lines arrows, p is T independent. The value gf,; decreases as
at the bottom of the figures. The temperature cha@g@3— By increases, in agreement with other experimefds ex-
0.97 K) in Fig. 2@ raisesp., by 4%, whereas the current ample, Ref. 22 The plateau resistivities at lardgg for n
increase(3—100 nA in Fig. 2(b) raisesp.. by only 0.3%. <1.25<10" cm™ 2 increase strongly with decreasing tem-
This result suggests that we cannot associate unambiguoughgrature. It is likely that this tendency will continue at still
an effective temperature with the “heating” produced by thelower temperatures. This is the “destruction” of the “metal-
large current. Despite the uncertaintydn, due to the lim-  lic” state that has been discussed by other authdtew-
ited number of data points used for fitting Hd), Fig. 2a)  ever, this does not happen for 1.56x 10" cm™ 2, where a
highlights the central qualitative result of this paper: in asecondcrossing point is visible aBH=B“|32 (downward ar-
strongBy, the T dependence gf may be dominated by WL rows). For these densities, a positivg/dT is recovered at
corrections; having subtracted these corrections, otheargeB). The discussion of Fig. 2, above, suggests that this
mechanisms with a positive contribution t@/dT become results from thesuppressiorof WL by the strong current.
apparent. Although magnetic fields beyond 12 T were not available,
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3 10
B (T)

FIG. 4. Magnetoresistivity in a parallel magnetic field for a
range ofn and T, measured with dstrong currentl =100 nA.
Number labels give the densft§0' cm 2). T ranges from 0.3
(solid line) to 3 K. Arrows (I, |) atBj= Bﬁl,Bﬁz indicate the cross-
ing points of the low¥ curves.

one may reasonably expect that a second crossing point
not likely to exist forn=1.25x 10** cm™2.

An alternative method used for detectin@ﬁ1 and
Bﬁz was to varyn andT, keepingB; constant. The crossing

points were again clearly identifiable. The results are sum
marized in Fig. 5, where the circles represent the crossing,

points obtained by sweepirig), and the squares by sweep-

ing n. The consistency between the two sets of data confirm

PHYSICAL REVIEW B9, 075316 (2004

that is independent of WL. For convenience, let us name the
“metallic” region BH<Bﬁl “MU,” the “metallic” region B,
>Bﬁ2 “MP,” and the intermediate region “S.” The data sug-
gest that region S marks the boundary between fully polar-
ized (region MP and unpolarized or partially polarizede-

gion MU) electrons. Indeed, Figs. 4 and 5 show that S
corresponds to the “knee” ip(By), i.e., before the electrons
are fully polarized. Although @/dT<0 in region S, it must

not be considered as a real insulator, in the sense ghat
increases exponentially dsdecreases.

The lowest point on Fig. Blabeled MITJ represents the
usual “B=0 metal-insulator transition.” Heren.=0.88
X 10" cm~? andp.=42 kQ/O. As B is increased, the tran-
sition shifts to largen and p. drops rapidly, as indicated by
the numbers written along the curves. Other authSrsave
observed a similar effect which they interpreted as the de-
struction of the “metallic” state by the magnetic field. Our
data indicate that, wheB is sufficiently large so that the
electrons become fully polarized, metallic behavior becomes
apparent provided that WL corrections are subtracted. At
‘grge enouglB, region MP extends to arbitrarily large val-
ues ofn. This is in contrast to the prediction of Zata al®
which predicts @/dT<<0 even in theabsenceof WL.

There is therefore no reasoa, priori, to discard tradi-
tional theories that predict a positive/diT (neglecting WL.
T-dependent screenify'® has the advantage of providing a
asonable agreement with experiment on the basis of semi-
classical mechanisms. It assumes that interactions affect,
ﬁwough screening, only the effective disorder seen by the

that any hysteresis in either the field or gate-voltage SWE€PIarriers. The screened disorder potential, treated in the Bolt-

if present, is weak. Figure 5 is not intended to be a precis

mann formalism, has the fofh

phase diagram, but rather to discriminate roughly regions o

phase space according to thign of dp/dT, under the con-
dition 1,4=100 nA. Following the discussion of Fig. 2 pre-
viously, we argue that this behavi@t |4~ 100 nA) reflects
the behavior op.., i.e., the component of the total resistivity

26

10 “MP”

dp/dT >0

By“(T)

wn
T

< 6MU77
dp/dT > 0

MIT1 — / 2 . 4
1

n (1011 cm'z)

FIG. 5. Map ofT-independent pointBﬁl(n) (lower curve and
B‘Tz(n) (upper curvg, obtained by sweepindg; (circles or n
(squares The current used for the measurements wag

=100 nA, which seems to suppress WL, as discussed in the maifith C>0. This theory,

14 a<a)

V(q)=Vo(q) 3

) -1
whereV(q) =e?/4meeyq is the unscreened potentiaj the
scattered wave vector, amgd the screening wave vector. At
T=0, within the Thomas-Fermi approximatiorg-¢0),
g<(q) is a constant:

ql':z gO/Me/Ameegh?=1.2x10° m™1, (4)

wheregs=g,=2 are the spin and valley degeneracies in sili-
con. This signifies that screening is directly related to the
total density of states, since electrons of either spin partici-
pate equally in screening. The random-phase approximation
is more general and allows finite values @qf For q<<2kg
(where kg is the Fermi wave vectdr q4q)=q."; for g
>2kg, Qs is a sharply decreasing function qf A kink (the
Kohn anomaly separates these two regimes; the smearing of
this anomaly by finite temperatures produces the lipgai
usually associated with metallic systeths
p(T)=p(0)[1+CT/Te];

T<TE, 5

of course, neglects WZalaet al?®

text. Regions on the map are labeled for convenience as MU, Mpredict a similar form, but withtC being unpredictably posi-

and S. Numbers indicate the resistiviip kQ2/[1) at the crossing
points. MIT1,2(at n=n¢;,n.2) show the location of the MIT for
unpolarized and polarized electrons.

tive or negative. In principle, Eq.(5) also applies to polar-
ized electrons, but(1) dp/dT should decrease since
Tr doubles upon polarization, an@) p(T=0) should in-
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crease by a factor of approximately 4, as a consequence ef2) and MIT2 (wheregs=1), it follows from the experi-
the breaking of the spin degeneragy{>1) (Ref. 24: mental data thaX is roughly four times as large for MIT1 as
B 2 12 9 _2 for MIT2. In other words, a greater degree of disorder is
px|V(q=2kp)|*=|el4meey(gst 2Kp)|°xgs . (6) necessary to localize thenpolarized electrons. This is at

(The last relation uses the facts that, for typical experimentaPdds with Mott's prediction thaX should be universal.
electron densitiesy> 2k and qexgs.) Both of these pre- As dlscgssed pre\{lously, some authors have argued that a
dictions are confirmed in Fig. 4, for those densitiesn., real metallic state exists &=0 (see Refs. 3 and)4ut that

. . _ pc2 it is destroyed once the spins are polarized. This occurs pos-
showing the crossing au—B‘T - _ iblv vi thy hi ?th F;‘ int . Hp )}
Of course, screening theory is only applicable wheh sibly via In€é quenching of the exchange Interactions. How
1 (corresp(;nding t(p<h/2e2= 13 k0/00), wherel is the ever, a simpler scenario is that of a transition from weak to

mean free path. Mott-Anderson localization occurs when th&rong localization whose condition is palarization depen-

level of disorder reaches a critical value, in the regime wher ent. MOtt.S or|g|r]al treatment O.f the Anderson model is of
kel ~1.252% Since the strength of screeninggs-dependent course strictly valid only for a spin-degenerate system where

through Eq.(4), it is possible that a system just on the “me- all the quantum states are doub_ly occupied. This_ is likely to
tallic” side of MITl in Fig. 5 undergoes a Mott-Anderson be true for extended and localized wave functions whose
localization whenB, is applied. The absence &? for n decay IgngthR is large, SO that the Coulomb repulsion O.f
—1 25 10 o2 |”n Fig. 4 is consistent with thys hypoth- same-site eI_ectrons;c(e:Z/R) is small compared to the Fermi
. e ) ! energy, but it may be incorrect whddis small. Reference

esis. If, however, the initial yalue df,:l'at B“.:O Is suffi- 30 predicts a ferromagnetic ground state for disorder-
C|entl_y large (when n__>nc2), its value in region MP may localized electrons; this magnetization is destroyed when the
remain above the critical value.

o ... _electrons are delocalized. In this case, it is possible that lo-
NIHTZ n {:Ig.M?Tia? th;ahn be rega:cdedlas tr:je tlrants't'oncalizing an unpolarized electron gas would require larger lev-
g‘;? ?Igous E. MITZOT | € tcadse Oth polarized €lec rk?ns'els of disorder, to create enough localized states to accom-
rictly speaking, M1z 1S located on the Upper CUrve Wner€y, ,4te the carriers of both spin orientations. This hypothesis

p takes its asymptotic value; the data suggest that this valu

fquires further investigation.
is less than 20 K/J. We shall assume that the transitions q g

; . It would be highly desirable, as a support to the above
MIT1 and MIT2 can be discussed in the framework of the: :
X L ., interpretation, to show that MIT1 and MIT2 represent tran-
Mott-Anderson modet>2?® This may be justified by consid- P P

) - . sitions to insulators with an activated temperature depen-
ering the consequences, on the critical concentratjoand

2 ) _ _ ; dence, as predicted by the Mott-Anderson model. Unfortu-
reSIStIVItch of MIT1, of increasing the_eﬁecnv_e disorder nately, as MITL and MIT2 are approached, the system
by applying a large negative substrate bias relative to the Sbecomes increasingly non-ohmic, making Et. unreliable.

Si0;, interface. This reduces the mobility for a giveras a ¢ is gifficult, in this regime, to discriminate the effects of
result of enhang%eyngcatten_ng by mterfa(ie roughness or Biyierference and those arising from other mechanisms. It
interface charges. In_gomg fgﬂn VS_ug_o 0 =25V, mnyst also be borne in mind that the Mott-Anderson transition
MIToln Shftzs from _ncl_o-88><1 cm © 0 n—1.22 g an approximation that neglects interference effects. The
><01 cm %, butpc,=42 K)/LJ remains constant &tg within - yresent data suggest that, at laBye these effects may well
5%. This is consistent with the Anderson-Mott madébr a g gignificant. Nevertheless, the Mott-Anderson model pro-
disorder-induced transition, where it is the valuepgf(the  \iges a convenient framework to picture the underlying pro-
“maximum metallic resistivity’) and notn, that defines the ggq.
MIT. ) . . ... . Thequestion why, in region S, the sign of the temperature
The discrepancy between our two critical resistivities ISgependence should differ from that in MU and MP also re-
intriguing: pc;=42 KQ/UJ, whereas p~17 KQ/0I, al-  mains to be answered. In this regime, spin-up and spin-down
though this value, obtained at the largest availdBle iS  electrons coexist and differ greatly in their concentrations
certainly underestimated. Nevertheless, Fig. 4 suggests th?\’iT and n)) and Fermi wave vector§ke; (n, T)1/2]_
pcz Should be less than-20 KQ/T1. On the basis of the \oreover, since minority spin electrons, at the Fermi energy,
Anderson localization mod®and neglecting the effects of are screened by both majority- and minority-spin electrons,
multiple scattering, Moff predicted that the value of ang majority-spin electrons are not screened significantly by

pc should in fact be universal: the minority-spin electrons, the two subsystems experience
different effective disorders. Scattering times and mean free
2 h paths differ correspondingly. It is therefore possible for the
Pmax™ g g, gx’ @) minority spins to satisfy the loffe-Regel criteriokg(|~1)

and become localized, whilst the majority spins are metallic
whereX is a constant expressing the degree of disorder; it igkg1>1). In this model, the minority spins|§ conduct by
related to the suppression of the density of states resultingopping while the majority spins(( propagate as waves.
from disorder broadening.Although this formula was origi- The overall behavior near full polarization is a balance be-
nally derived for states in an impurity band, Mott argued thattween opposing tendencies, whoedependence may be
it should apply to all Anderson-like transitions, regardless ofvery different. A quantitative treatment would involve calcu-
the origin of the disorder or of the form of the conduction lating screening effects in the regime of Idwl for partial
band. Assuming that this model applies to MITWheregs  spin polarization; this is not achievable at present.
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The existence of a spin-polarized metal has been disization at all polarizations in this regime, including Bf

cussed by other authors. Shashkiral® report a transition,
at bothB=0 and largeB|, where the activation enerdy,
for conduction vanishegThe corresponding critical densi-
ties are very similar to those for MIT1 and MIT2 in Fig.) 5.
On the “metallic” side,E,=0 but go/dT<<0. On the other
hand, Merteset al.” observe positive and negative/dT at

=0, suggests that the system is an insulatofTat0, in
agreement with Refs. 13, 14, and 31. At finiteWL correc-
tions may be small enough to make the positiyédd ap-
parent. It is possible that this behavior can be described on
the basis of screening theory, given that, forng,, p(B
—x)~4p(B;=0). However, the WL corrections may domi-

large n in strong fields; their results show consistency withNate the weak positive contribution of screening fgd¥.
the existence of region S in Fig. 5 without applying a per_Th|s role of WL was observed by quenching it, either by

pendicular magnetic field. Neither of these papers, howeve
addresses the issue of WL and the need to suppress it befor
considering theT dependence of other mechanisms. The,
present work demonstrates that this is crucial. It is likely that

a comprehensive experimental study of the resistiwitth-
out WL will provide a useful insight into the similarities in

the scattering mechanisms in the unpolarized and polarize:

“metals.”

gpplying a weak perpendicular magnetic field or a large
'gurce-drain current to dephase the electrdiihie latter
method, although justified empirically in this paper, awaits a
full characterization and a theoretical treatmeiitus, the
systemappearsmetallic forn>n, andB=0, and insulating

at largeB. An interesting, and so far unresolved, issue is the
ifference in the “maximum metallic resistivity” for polar-
ized and unpolarized electrons.

In conclusion, our results suggest that the reason for the This work was made possible thanks to funding from the

disappearance of the positive/dT in large B is due to a
change in the significance of WL correctiordativeto other

EPSRC, Trinity College, Cambridge, and the Semiconductor
Physics Group of the Cavendish Laboratory. The devices

mechanisms, such as screening. The existence of weak localere fabricated at the NMRC in Cork, Ireland.
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