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Mobility of holes and suppression of antiferromagnetic order in La_,Sr,CuQO,
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We have measured the static magnetic susceptibility and the resistivity of 2a<0.25) and Sr (&x
<0.03) doped LgCuQ,. Our data clearly show that Zn impurities lead to an increase of fle tdmperature
Ty in weakly hole doped compounds. This increasd gfcorrelates with an increase of the resistivity. The
analysis of our data strongly suggests that the hole mobility is the most important source for the strong
suppression of antiferromagnetic order in,LaSr,CuQ,. [S0163-182¢09)50102-1

Doping of the parent compounds of high-temperature sunominal compositions were prepared: one with a fixed Sr
perconductors with charge carriers has a pronounced inflieontent ¢=0.017) and various Zn doping €z<0.25),
ence on both the antiferromagneti&F) order and the elec- and another with a fixed Zn concentration=0.15) and
tronic transport properties. L@uQ, for example is an various Sr doping (&x=<0.03). For comparison we show in
insulator with AF order below a Ng& temperature ofl'ﬁ addition results on La ,Sr,CuQ, and LaCuy;_,Zn,0Q,, i.e.,
~300 K. In La,_,SKCuQ, (LSCO) this long-range mag- samples doped either with Sr €x=<0.023) or with Zn (0
netic order is almost completely destroyed by doping the<z=0.25). To reduce the excess oxygen all samples have
CuO, planes with the small amount of-2% holes & been annealed for 72 h at 625 °C in purg &mosphere.
~0.02) 2 In contrast, a much weaker influence on the mag-Within a series of samples with identical(z) the differ-
netic order is observed when the Cu spin lattice is diluted byences of the SfZn) content are smaller thaix~ +0.001
nonmagnetic Zn iond.In this case an impurity content as (Az~ =0.01). In order to obtain this necessary accuracy of
large as 30—40% is required to destroy the AF order which ishe Sr content, a complete series of samples with diffezent
in fair agreement with the theoretical predictions by the sitewas prepared from the same mixture of,0a and SrCQ.
percolation theory for a two-dimensional2D) square The error ofx was checked by measurinfy of different
lattice? In contrast the situation is less clear in the case okamples with identical compositiorie.g., forz=0).
doping with charge carriers. While it is well known that At low temperatures all investigated samples<(.03)
doped holes strongly disturb the antiferromagnetic bonds imre insulators. It is well established that the electrical resis-
the CuQ planes and that there is a strong coupling betweentivity in this nonmetallic regime is described within the vari-
the hole motion and the AF correlations, the detailed mechaable range hoppingvVRH) model asp(T)xexp((To/T)9),
nism of the rapid suppression dfy upon hole doping is where T, is a characteristic temperature controlled by the
poorly understood. It has been argued that the strong supnobility of the holes and the exponent depends on the
pression of AF order in lightly hole doped 4@uQ, is re-  dimensionality of the VRH procesS8 As shown in Fig. 1 the
lated to a segregation of the holes into quasi-oneresistivity p of Lay o35Sl 01CWU —,ZN,0, is well described
dimensional, antiphase domain boundaries which lead to aassuming an exponeat=1/3 which corresponds to a two-
in-plane anisotropy of the magnetic exchafigeA similar
scenario has been recently derived from a comparative stud» T (K)
of Sr- and Li-doped LgCuQ,.2 In particular, it was pointed 125
out in this study that the magnetic properties do not correlate
with the electrical transport properti®&ased on this obser- 10'k
vation it is argued that the strong suppression of AF order is__
caused by the motion of AF domains which are surrounded§
by charged, antiphase boundaries, i.e., due to collective hol&
phenomend. g

We have investigated in more detail the relationship be-.
tween hole mobility and antiferromagnetic order by measur-
ing the magnetic and electronic transport properties of
La,CuQ, doped by both Sr and Zn in the AF phase. Here, the 10"
Zn doping is used to reduce the mobility of the holes intro-
duced by the Sr doping. Our data show a clear correlation 43 03 oa 05 020 025 090
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between the degree of the hole localization and the magnetic AB 3 B
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ordering temperatur&y . In particular, we find that Zn dop-
ing incrgases‘l’ n in lightly hoIe.doped LaCuQ, due to the FIG. 1. Resistivity of LaggSlh 0l _,Zn,0, plotted on a
localization of the charge carriers. logarithmic scale v& ~Y2 for z<0.1 (a) andz=0.1 (b). The char-

Using a standard solid state reacfidaur series of poly-  acteristic temperaturg, is obtained from the linear fits to the data
crystalline La_,Sr,Cu,_,Zn,0, samples with different (solid lines.
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FIG. 2. Ty and localization radius,,. of La,_,SrCu;_,Zn,0,
normalized to the value found for=0.017 andz=0 as a function
of Zn (left) and Sr(right) doping. The solid lines are guides to the

eye. Values for L, i &) are extracted fronp(T) data
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dimensional hopping at elevated temperatdtéghe general . . o
trend Ofp(xyz) as a function of doplng is an increase with FIG. 3. Static magnet|c Susceptlblhty'l(:l Tesla) VS tempera-
decreasing and increasing, respectively. In the case of 2D Ure of L& 35,01 - 20,0, for different Zn doping. The dot-

VRH the characteristic temperatuFg is related to the local- t€d line is a guide to the eye to emphasize the nonmonotonous
ization radiusr..... of the holes via dependence dfFy on Zn doping. The curves are displaced vertically
loc by 1x10™% emu/mol for clarity.

0=L82, (1) In the following we will show that this strong influence of
keN(€F)lioc the Zn doping on the hole mobility as revealed from our
resistivity data clearly correlates with the magnetic proper-
whereN(eg) is the density of states at the Fermi enefy. ties. In Fig. 3 the magnetic susceptibilify is plotted for
Measurements of the electronic specific heat yield thaome representative LgSr o1-CU;—,Zn,0, samples with
N(er) does not vary significantly in the doping regime of 3 fixed Sr contenk=0.017 and different Zn concentrations
our experiments? Therefore, we neglect a possible weak (0<z<0.25). The susceptibilities are similar to that of the
dependence dfi(er) onx andz in our qualitative discussion canted antiferromagnet b@uO,.**> The paramagnetic state
of the localization radius,,. . at high temperatures is characterized by a Curie-Weiss-like
The values forTé’3 and the normalized localization radius increase ofy with decreasingdr, followed by a well defined
l'oc are summarized in Fig. 2. Let us first focus on the datgpeak which indicates the transition to AF orderTaf. At
obtained for LaggsSlh 01U —,Zn,0,4 shown in Figs. 2a)  very low temperature a Curie-like upturn due to small
and 2b). A clear increase of, i.e., an increasing localiza- amounts of paramagnetic momefésg., uncompensated Cu
tion, is observed with increasing Zn doping. The localizationsping is visible. Without Zn dopingTy= 125 K is observed
radiusr,. determined fromT, using Eq.(1) strongly de-  which is significantly belowT of pure LgCuQ, due to the
creases with increasing and saturates for Zn doping  Sr doping &=0.017). The remarkable feature of Fig. 3 is
=0.15. the fact that additional Zn doping initially does not lead to a
The corresponding results fdi, andr . for the samples  further reduction off . In contrast,Ty even increases up to
with fixed Zn contentz=0.15 and variable Sr concentration Ty =144 K for z=0.05. Only forz>0.05, T, starts to de-
x<0.03 are shown in Figs.(® and 2d) (full symbolg.  crease again. Note that a large Zn concentratior=e®.1 is
With increasing Sr conten‘[})’e’ (rioc) decreasesincreases  required to reaci =125 K measured foz=0.
i.e., the holes become more mobile. However, we stress that A similar study of the influence of Zn doping df\ has
for this high Zn content . stays small even for the largest been performed fox=0, i.e., for samples without doped
Sr doping &=0.03). Indeed, our findings fa=0.15 mark-  holes. A comparison of th€y obtained for these two sets of
edly differ from the behavior in pure La,Sr,CuQy, i.e., for  samples is given in the phase diagram shown in Fig).3
z=0, which is also shown in Figs(® and 2d) (open sym- For x=0, the well-known linear decrease f,(z) with in-
bolg). In the latter case there is a much stronger increase afreasing is observed. The distinction to our findings for the
the hole mobility ¢,,c) with increasingx. lightly hole doped compounds is apparent. However, note
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FIG. 4. (a) Néel temperaturdy as a function of the Zn content 0.00 005 010 015 020 025
for samples withix=0.017(®) andx=0 (O, ¢). Error bars show Zn content (2)

the scatter ofl' for different samples with identical nominal com-

positions.(b) Ty as a function of the Sr content for samples with  F|G. 5. Neel temperaturdly’ corrected for the influence of Zn
z=0.15(®) andz=0 (O, ©). The solid lines are guides to the eye. doping(®) (see textand normalized localization radiug,. (O) of

The dashed line iffia) represents an extrapolation of the linear part g, o,.Sr, ,;Cu; —,Zn,0, Vs the Zn content. Inset: separation of the
of the Ty(x=0.0177) curve to smalk. Samples marked with®)  contributions of static holes and the mobility of holes to suppression

this paper.

that this difference reduces with increasing Zn content. InSuSceptibility data strongly suggest that one has to distin-

deed, for large Zn contents=0.15 the slopedTy/dz is guish two regimes of Zn doping. There is a strong doping

about the same for the two sets of samples. Thus, it is eVir_egime forz=0.15 where the degree of localization does not

dent from the measurey(z) dependences that for the hole change significantly as a function of the Zn content, i.e., the
doped samples witt=0.017 there is a kind of threshold mobility of holes is already reduced to its minimum. In this

value z~0.15 for the Zn doping. Above this valuBy is doping regimeTy decreases linearly with the Zn content

consistent with a simple spin dilution, whereas for smallerWhiCh can be interpreted in terms of simple spin dilution. In

Zn doping there is an apparently different mechanism conSontrast to_ ‘hé?t’ the charge mObi“ty.iS strongly af_fected by
trolling Ty for compounds with a finite hole content. the Zn doping in the weak d(-)pln-g regime0.15 as signaled
To obtain further insight into the effect of Zn and Sr dop- by the _strong decrease O in Fig. 2b). In the same range
ing on Ty in La,CuQ, we have studied the susceptibility of of do_pmg the unusual nonmonotonous qhangeTpfas a
samples with a fixed Zn contemt=0.15 and various Sr con- functlon of the. Zn content Is obsgrvésbe Fig. 48)]. Hence,
centrations in the range<0x<<0.03. The Nel temperatures in the low doping regime Zn doping plays a twofold role. On

L . the one hand it reducely due to the creation of static spin
of these samples monotonously decrease with increasasy ) . \ L
shown in Fig. 4b) (full symbols. A quite remarkable result holes in the Cu spin latticéspin dilution. However, on the

is obtained when comparing these findings to the wel-other hand it causes a localization of the mobile holes thus

known Ty(x) dependence of samples without Zn doping redt_n_:ing the effect of Sr doping on the AF order. The super-
[open symbols in Fig. @)]. In the absence of holes, i.e., for position of these two effects causes the nonmonotonous

x=0, Ty is much smaller in the Zn-doped compound aschange Ofr.N with increasinge. S L
expected due to the dilution of the Cu spin system. Howeverf Sumra?tlr&g thef effECt of szpmodllutlon Villh'Chf'S kntﬁwn
the decrease of with increasing Sr concentration is much rom the Tindings for QCU_PZ n,0, (as well as rom the
weaker in the Zn-doped compounds and, finally,of these high Zn dppmg regime fox—0.01'7.) allows to determine the
samples is significantly larger than for the samples withoup PPresston OTn plue o the_moblllty of tE? holes. The reosult
Zn doping. The extrapolated critical Sr content for which is_plotted in  Fig. 5 which showsTy=Tn(x,2) +[Ty
Ty=0 is as large ax,=0.033 forz=0.15 and therefore — In(0.2)] as afuncu%n of the Zn conteatfor the samples
clearly exceeds the corresponding vase=0.02 of samples  With x=0.017. Her%,T_N=292 K'is the Nel temperature of
without Zn. A comparison of these experimental findings forPure LaCuQ, and Ty is the Neel temperature corrected for
TN in Fig 4(b) to the results of the resistivity measurementsthe influence of the dilution of the Cu Spin lattice due to Zn
on the same samples shown in Figd)2indicates a relation- doping. That is, Ty represents the ordering temperature of

ship betweenTy andr,.: a strong decrease dfy with ~ “hypothetical” exclusively Sr-doped samplesx0.017)
increasing« seems to correlate with a strong increase,gf ~ With different degree of hole mobility as measuredripy, .
which is only present foz=0. From a comparison ofy andr . in Fig. 5 the crucial role

In order to clarify this relationship between,. and Ty  of the hole mobility for suppression of AF order becomes
we consider again the series of Zn-doped samples with apparent. The strongduction of f,. at smallz corresponds
fixed Sr content ofk=0.017. Both, the resistivity and the well with a respective stedpcrease of ' by more than 100
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K. In the limit of strong localizatiorflargez) bothTﬁ'(z) and  Neel temperature oT =175 K. This value is in fair agree-
Moc(2) tend to saturate. However, note tHEY is still by =~ ment with the measurements revealifig=140 K,'* if we
about 40-50 K less thah{, as illustrated in the inset of Fig. take into account the slightly larger hole content in the Li-
5. According to our analysis this remaining difference has todoped sample, i.e., 2% instead of 1.7%. This agreement
be attributed to the decrease B due to quasistatic holes. strongly confirms our data analysis in1gSr,Cu; - ,Zn,0,
This suppression which amounts to about 40-50 Kor and, moreover, gives further experimental evidence for a cor-
=0.017 is still about three times stronger than that for a Zrrelation between transport and magnetic properties in lightly
content ofz=0.017 in LaCu,_,Zn,0,. The reason for this hole doped LgCuGy. In this respect our findings do not sup-
stronger influence is obvious, since a doped hole on an oxyport the conclusions in Ref. 8. According to our results there
gen site does not only dilute the spin lattice, but also causeis no apparent contradiction to the assumption that the mo-
a ferromagnetic exchange between the adjacent Cu gpinsbility of individual holes determines both the electrical resis-
Nevertheless, only a small part of the decreaselfin tivity and the suppression of the magnetic order.
LSCO can be explained with the presence of quasistatic |n summary, the investigation of the static magnetic sus-
holes. For a Sr content=0.017 this fraction amounts to ceptibility and the electrical resistivity of
about 1/4 of the total suppressi¢see inset of Fig. b There- | 5, 'Sy Cu,_,Zn,0, has revealed a clear correlation be-
fore our data show that the charge mobility plays the mostyeen the antiferromagnetic ordering and the mobility of the
_S|gn|f|cant role in destruction of the AF order in LSCO with pqjes in these compounds. Localizing the holes by Zn doping
Increasingx. _ _ increasedTy and finally leads to a situation which is similar
This main conclusion of our study seems to contradict theE0 that in LaCu, ,Zn,0, where the AF order is only sup-

above-mentioned findings on Li-doped taiQ,. " However, pressed due to the dilution of the Cu spin lattice. From our
also for Li hole d_oplng the resistivity (_Jle_creases_strongly fordata we conclude that the hole mobility is the most important
small concentration¥ From the resistivity data in Ref. 14

we have estimated, andr,,. for a Li content of 2%. The igurcgr gﬂo the strong suppression of AR order in
results are included in Fig. 2. As expected the holes are less 2 ¥~ ¥~ *
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