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Raman study of photoinduced chain-fragment ordering in GdBaCu;0, thin films
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Raman scattering experiments on oxygen deficient GdB#®, thin films (x=6.53, 6.7, 6.8, and 6.9&s a
function of photoexcitation and annealing induced oxygen disorder are presented. Raman lines, unambiguously
assigned to copper and oxygen vibrations involving atoms at the end of Cu-O chains, are used as markers for
the existence of short chain fragments. The dynamics of chain conjunction and fragmentation was monitored
by the peak intensity dependences with photoexcitation time and annealing temperature. These results dem-
onstrate the presence of photoassisted oxygen ordering in thes& h&ylperconductors, and give definitive
support for its ultimate role in the phenomena of persistent photoconductivity and photoinduced superconduc-
tivity. [S0163-182¢98)04037-5

I. MOTIVATION latter mechanism, common also to other insulating and semi-
conducting materials, are the existence of a peak in the pho-
The existence of persistent photoconductiviPQ (Ref.  toexcitation eficiency in the UV spectral rangéhe correla-
1) and photoinduced superconductiviS (Ref. 2 in oxy-  tion between the spectral efficiency cutveand the
gen deficient YBsCu,0, thin-films was established shortly photoluminescence specfrand the existence of a mono-
after the discovery of high-temperature superconductivity. Atonic behavior for thel o/ o vs oxygen content curve. None
wealth of transport(Hall and electrical resistivity™* and  of these experiments, however, give direct insight into the
spectroscopicexcitation efficiency, infrared absorption, and atomic rearrangements taking place during photoexcitation.
luminescencg®~ experiments have been reported showingln this paper we present Raman scattering experiments in
that illumination with visiblé or UV light” produces an in- GdBaCus0, thin films that provide such microscopic probe.
crease in the conductivity and the superconducting criticallhese experiments rely on the recent unambiguous identifi-
temperature of the material. These changes are metastablecition of Raman lines that are due to vibrations at the end of
the sample is kept at temperatures below 250 K, and rela€u-O fragments, which can be used as markers for the exis-
back to the equilibrium state at higher temperatures. Théence of short chains.
potentiality of photoinduced superconductivity has been re- Raman scattering has been extensively used to study the
cently demonstrated by the nanoscale drawing of supercomnvibrational, electronic, and magnetic properties of high-
ducting circuits by local illumination with a scanning near temperature superconductdfs->Relevant experiments have
field microscopé. Notwithstanding the development of the measured the superconducting gap, determined the symmetry
field, the microscopic process by which illumination gener-of the condensed state, or have been used to study the elec-
ates such long lived physical changes is unclear. In factronic structure of the insulating and superconducting phases.
though it is well established that the phenomena are due t®he phonon scattering spectra, moreover, have been used to
photoinduced doping of the Cy(planes by electron-hole verify isotope substitution, determine the presence of impu-
pair excitation, the electron trapping mechanism is still underity phases and twins, or estimate electron-phonon coupling
debate. constants. Most of the predicted Raman allowed phonon
Basically, two models are cited in the literature to explainmodes have been obsenEd:®and their resonant behavior
the origin of these metastable states, namely, photoassisteétermined®’ However, the use of Raman scattering to
oxygen orderin§jand trapping at oxygen vacancieSArgu-  study the presence and ordering of chain fragments in oxy-
ments based on experimental evidence have been brought gpn deficient YBsCu;0, has been hampered by the fact that
apparently supporting both of them. In the first model, theboth the copper and oxygen chain atoms occupy inversion
photoexcitation is thought to induce oxygen ordering intocenters and thus do not participate in Raman allowed modes.
longer chains, which are well known to constitute better holeOxygen ordering during annealing and evidence for the co-
dopants(and hence electron trapthan shorter fragmentS.  existence of ortho-l, ortho-Il, and tetragonal microstructures
Both, oxygen ordering and photoinduced conductivity pro-has been monitored through Raman scattering in a
duce similar behaviors for the relaxation time scales and rather indirect way by analyzing the line shape of the
change$*and point out a connection between the two physi-Raman allowed band due to theeighbor apical-oxygen
cal processes. Further support for this scenario is found inibrations*®° The recent remarkable micro-Raman experi-
the contraction of thec axis observed both with oxy- ments of isotope substitution during local laser annealing by
gen ordering (due to an induced orthorhombicjtyand Ivanovet al! constitute a breakthrough to this situation: by
illumination? In the second model, on the other hand, theobserving the change of the mode frequency after a site se-
photoexcited electron is trapped into an oxygen vacancy itective 180-%0 substitution they were able to unambigu-
the Cu-O chain layer, leading to a local distortion that acts asusly assign two Raman bands located around 248'@nd
a barrier for recombination. Arguments raised in favor of this596 cm ! to vibrations of copper and oxygen atoms, respec-
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tively, at the end of short chain fragments. These modes
become Raman active due to loss of inversion symmetry of I
the atomic sites, and are thus forbidden for infirfibe very T =293K
long) chains. The assignment of these “defect” modes is
consistent with an earlier suggestion of Wakeal>° Subse-
quent detailed work by llieet al?! has exploited these and
other features of the Raman spectra to probe the transforma-
tion of the local oxygen arrangemertsicrodomaing with
changes of oxygen content upon laser annealing. We have
used these spectral lines to follow the evolution of the chain-
fragment distribution during thermal treatme@nnealing
above room temperatures epnstantoxygen contentand
illumination with laser light. These results provide evidence
for the conjunction of short Cu-O fragments into longer
chains with photoexcitation, and confirm that long fragments
break into shorter ones with annealing at increasing tempera-
tures.

The paper is organized as follows. In Sec. Il we describe
the samples, experimental setup, and procedure used to mea-
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sure the Raman spectra during annealing and photoexcita- Raman shift [cm'1]
tion. Section Il presents our results and discussion. The con-
clusions are drawn in Sec. IV. FIG. 1. Room temperature phonon Raman spectra of

GdBaCus0, thin films with varying oxygen content. The vertical
arrows denote the Raman “forbidden” modes assigned to copper

Il. SAMPLES AND EXPERIMENT (FM and MM) and oxygenOM) vibrations involving atoms at the
end of Cu-O chains. These modes become allowefihite chain

. s . . fragments due to the lack of inversion symmetry. Note that these
sputtering from a stoichiometric target in the parallel off- lines are not observed for=6.53 andx=6.93 as expected from the

axis conf|gurat|or7r.2. Film deposition was done in an infinitely long chains existing in the ortho-1 and ortho-Il structures
Ar(90%)/0,(10%) mixture at a total pressure of 300 mbar. {omed in the basal planes at these oxygen contents. The inset com-
The substrate temperature was controlled at 760 °C duringares the data at intermediate oxygen contents in the spectral region
this stage. After deposition, the films were cooled down tocorresponding to copper-related vibrations.

450 °C and oxygenated fd h at 100Torr of pure Q. The

film thicknesses are around 2000 A for a two hour depositioRyyring 5 Hs of continuous illuminatiortii) a rapid heat up to

growth over the single crystallind 00 MgO substrates. The every 10 min during the slow heating of the sample up to
as-grown films show linear metallic resistivity behavior, and375 K (typically a 2.5 Hs ramp and 0.5 Hs annealing at 375
T¢'s of 85-90 K, with transition widths of 2 K. The oxygen k), and(iii) a quench from 375 down to 80 K, and collection
content of t.he sa_mples was gdjusted in_a controlled manngjf Raman spectra during 5 Hs as in stdje For each stage
using the isostoichiometry line annealing metfidcrour  the Jaser spot was focused onto a new nonilluminated part of
samples, with nominal oxygen content 6.53, 6.7, 6.8, and  the sample. During the illumination periods the light source
6.93 (“fully” oxygenated), respectively, were studied. Prior for the photoexcitation was the same laser line used for Ra-
to any Raman measurements the samples were left to anneahn data collection. The laser power, wavelength, and inte-
several days at room temperatu92 K). Films prepared gration time were selected so as to have good quality spectra
under exactly the same conditions were used in the PPgnd, at the same time, a continuous smooth variation of the
experiments reported in Ref. 24. _ _ studied spectral features. This means that during the anneal-
Raman spectra were collected with a triple Jobin-Yvoning in stage(ii), the thermal treatment coexists inseparably
T64000 spectrometer working in subtractive mode, and deyjith photoexcitation. This is not of great concern for the
tected with a liquid N-cooled charge coupled device camera.higher temperature@35—375 K where the thermal induced
The 514.5 nm line of an Ar-ion laser was used for excitationgisorder is so fast that the sample reaches almost instantly a
in a backscattering geometry with parallel incident and scatstationary staté* For the lower temperature@95—335 K,
tered polarization[z(x,x)z configuration in Porto’s nota- however, the spectra are slightly different if they are taken
tion]. Laser powers ranging from 1 to 50 mW were focussedduring the warming ramp, or after a long annealing at fixed
to a(relatively large circular spot of~100 um diameter. A temperature. In all cases the sample temperature and laser
closed cycle refrigerator equipped with an optical quartzpower density were such that changes of oxygen content due
window was used for controlled temperature experimentsto in or out diffusion(as in Refs. 11 and 2Ikcould be ruled
while a liquid-N, cold finger cryostat was preferred when out.
fast cooling rates were requirdd quench from room tem-
perature to 80 K takes approximately five minutes in this Ill. RESULTS AND DISCUSSION
latter system Experiments on each sample consisted of the
three following stagedi) a quench from room temperatures  In Fig. 1 Raman spectra taken at room tempera(@g2
down to 80 K and collection of Raman spectra every 10 mirK) for the four studied samples are shown. Several phonon

The GdBaCuz0, thin films were grown by dc magnetron
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- = the strong spectral features observed at 225, 260, and
oo 595 cm ! (marked with arrows in Fig. )] present for the
(a) samples with intermediate oxygen contdgrt=6.7 and x

=6.8). The fact that only residual features are observed at
these frequencies for the samples with 6.53 andx=6.93
confirms these assignments: the equilibrium state at these
oxygen contents corresponds to the ortho-1 and ortho-II

- - structures, respectively, characterized both for the presence
O 00000 00 of infinitely long (and hence Raman inactiv€u-O chaing®
O Cu The fact that two lines are observed at 225 and 260'cm
(b) (and not only one at 248 cm as in Ref. 11 is consistent

with the data reported for orthorhombic YEau:0, (see,
e.g., Refs. 14, 20, and RIThe possible origin of this differ-
chain fragmt_entsb). These modes are labeled in the tgxt as_MM and\(/ev?lfir\:;;" th))en S](:Jdrg:((e; Sd:ﬁcgﬁégll?ﬁgf t';g tf/t/]g Itilrr:;i k;fcl)r:j%dwe
FM, respectively. See Ivanost al. (Ref. 17) for a detailed discus- 50 et and the i t 595 ot d to stretchi
sion of the symmetry and assignment of the Raman modes due 1% cm = an €line a ci, correspond to stretching
vibrations involving copper and oxygen atoms at the end of chainvmr":ltlons of COp_per and oxygen atoms, respectively, at the
fragments. end of short chain fragm_ent;. _
The reason for the activation of these modes can be easily
i i ) explained in a practical way starting from a bond-
lines due to Raman-activg)-polarizedA, symmetry modes  q|arizability model(BPM) (Ref. 26 for the Raman effi-
are observedilat 160 ch (CuO,-plane copper in-phase ciency as follows(a group theory mode analysis can be
m°d9!330 cm = (CuO,-plane oxygen out-of-phase made  found in Ref. 1). In a macroscopic formulation of Raman
435cm (CuOyplane oxygen in-phase mode and  scattering, the Raman efficiency can be written @s
500 cm * (apycal oxygen mode Besides these Raman- «(;4/gu)u. It reflects thechangeof the electronic polariz-
aIIovx_/ed bands many additonal spectral features appear USHpility « due to the phonon-induced atomic modulation
ally in oxygen deficient YBgu;0, samples, due to local The BPM provides a simple way to evaluatéy postulating
changes of the atomic environment resulting in activation ofat the electronic polarizability can be expressed as a sum of
otherwise Raman-forbidden mod€s’® Of these additional  jngividual bond polarizabilities(which are assumed to be
lines, two at 248 and 596 cm were recently unambiguously independent of the chemical environmerit an atom is lo-
assignelf’ to Ag-symmetry stretching vibrations of copper cated at the inversion center of a Cu-O chain and is displaced
and oxygen atoms, respectively, at the end of short chaigjong the chain direction, the change of the polarizability of
fragments(see the scheme in Fig).ZThis identification was )| ponds to one side is exactly compensated by the bonds on
accomplished by studying the evolution of the phonon specthe opposite side. When a chain is infinitely long, this can-
tra of tetragonalYBa,Cus'®0g , microcrystals after a site se- cellation occurs for all atoms. However, for a finite fragment,
lective isotopic substitution with®0. This assignment is the displacement due to even modesspect to the fragment
also consistent with the copper and oxygen Ramitowed  jnversion centerinvolving the atoms at the extremes of the
vibrations of the double Cu-O chains of the “124”  chain is not compensated leading to a finite Raman cross
YBa,CuOz compound’® observed around 250 and section. Note that for the copper atoms at the end of the
605 cm *, respectively. We identify these vibrations with fragment the modulation of the strongest first near neighbor
Cu-O bond contributes to the Raman efficiency. Forgbe-
ond pair of copper atoms, instead, the noncompensation

FIG. 2. Scheme of the Raman active modes involving displace
ment of copper atoms at the end of Cu-O-Cu “monome(®”and

fragment. Having realized this, one can see that the intensity
of these modes can be used almost asoanter of chain
fragments. In fact, in order to study the process of chain
fragment formation in oxygen deficient YBau;O,, the Ra-

man inactivity of the copper and oxygen atoms in long
chains turns out to be of a great advantage. Consider as an
example two chain fragments separated by an oxygen va-
cancy, and nearby a “monomer,” consisting of a single oxy-
gen atom bonding two coppers. Any physical process pro-

FIG. 3. Raman spectra continuously taken with 10 min integra-ducing the jump of the latter oxygen atom to the vacancy
tion time for (a) illumination with 50 mW 514.5 nm laser light at 80 Separating the fragments would reduce the Cu-vibration Ra-
K after a rapid(5 min) quench from room temperatures afg ~ Man signal toone third of the original value. A physical
annealing with increasing temperature from 295 to 375 K. The timeProbe sensitive to all the atoms in the chains such as, e.g.,
increases from top to bottom. The spectra correspond to the samplgfrared absorption?* would display instead only a subtle
with oxygen contenk=6.8. The vertical arrows denote the studied change due to the minor effect on the global dielectric sus-
Raman modes. ceptibility.

' ' om om
F“i' TM | (@ L P ?M ®) starts only with the third-near-neighbor copper-oxygen bond.
i This implies that the main part of the observed Raman signal
n will arise from vibrations of the atoms at the end of the Cu-O

Raman intensity [arb. units]
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FIG. 4. Examples of the three Lorentzian line fits performed for ~ FIG. 5. Raman irjtensity of the F_:I(A;q_uarest_emd MM (triangles
a quantitative analysis of the spectra. Only the relevant FM and®€@ks,(@ as a function of illumination time with 50 mW 514.5 nm
MM lines are shown. The spectra correspond to the first and lad@Ser light at 80 K after a rapid quench from room temperature and
curves in Figs. @ and 3b). The fit to the individual peaks are (b) as a function of temperature while heating the samplg frqm
shown with dashed curves. The thick solid curve corresponds to th?0m 295 to 375 K. These data correspond to the spectra in Figs.
full fit, including the Raman allowed mode at 330ch 3@ and 3b). The curves in@ are fits with exponential decays.
(CuOy-plane oxygen out-of-phase vibratiorThe arrows indicate T_he time constar_lt is mversgly proportional to the laser power den-
the direction of increasing illumination dose or temperature, respecSity: The curves ir(b) are guides to the eye. Note that for the data
tively. Note the strong optical bleaching of the two lines, and theiri? (b) @ true annealing only occurs for temperatures higher than
enhancement with increasing oxygen disoréimealing tempera- about 335 K._The temperature ramp is too fast to allow complete
ture). Note also in(@) the photoexcitation induced line narrowing of ©Xygen ordering at lower temperatures.
the MM mode. In the text, the Raman intensity is defined as the
integrated area of the fitted Lorentzian peaks. for the shorter illumination time spectrum in Fig(a# and

the larger temperature one ifbd. Note in Fig. 4 the clear

In Fig. 3 we show typical Raman data taken every 10 minoptical bleaching and enhancement with increasing tempera-
for the sample wittk=6.8, during illumination at 80 Ka),  ture of the FM and MM peaks.
and while heating up to 375 Kb). Spectra in(a@) correspond Figure 5 shows the Raman intensity of the FM and MM
to stage(i) described above, while spectra(l) to stageii). peaks as a function of illumination time, measured at 80 K
The data of stagéii) are qualitatively similar to that ifa).  after a rapid quench from room temperatde, and as a
It is evident that the peaks assigned to vibrations at the enflinction of temperature during annealing up to 375K
of chain fragmentgmarked with arrowsdecreaseor almost  These curves correspond to the sample with oxygen content
disappear with photoexcitation, while they aemhanced x=6.8 (spectra shown in Fig.)3 The Raman intensity is
with annealing at increasing temperatures. The other phonodefined here as the integrated area of the fitted lorentzian
lines are basically independent of illumination time or an-peaks, normalized with respect to the Gylane oxygen
nealing. The peak at 595 crhis more or less prominent for out-of-phase mode at 330 c¢th This is done to take into
the different studied samples or scans. It is, however, alwayaccount any possible alignment variation during the long in-
on top of a broad constant featureless band that thwarts itegration times. Besides this Raman intensity change, it is
analysis. In what follows we will hence only center our apparent from Fig. éb) that there is also a photoexcitation
quantitative discussion on the copper vibration modes ainduced narrowing of the broader peak centered at 260'cm
225cmt (FM) and 260 cm' (MM). The reason for the (MM). The linewidth dependence on illumination time of the
election of these labels will be justified latéfM stands for three fitted peaks is shown in Fig. 6. Several features can be
“fragment” mode, MM for “monomer” modg. Within our  commented on these two last figuréig:an exponential-like
experimental error the peak at 595 chdisplays basically decay with saturation of the intensity of both FM and MM
the same general behavior. We have analyzed the spectra pgaks is observed with photoexcitation. We have verified
performing fits with three Lorentzians of the spectral regionthat, as for the PP(Ref. 1) and the P§Ref. 2 experiments,
between 200 and 380 crh Typical fits of the first and last the decay times scale inversely with the incident laser power,
spectra of Figs. @ and 3b) are shown in Fig. 4. The spec- meaning that the important parameter is the illumination
tra are reasonably well described by two narrow peaks at 228ose. However, the saturation valiound 25% of the first
and 330 cm?! (not shown, and a broader one centered point for this sampleis independent of laser power. At this
around 260 cm®. The latter takes into account not only the low temperature any illumination induced changes remain
contribution of the peak itself, but also a background scatterfrozen, and only relax back to their equilibrium value above
ing observed betwees 240 and~290 cm !, most notable ~250 K. (ii) The normalized intensity of the two peaks in-
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creases with increasing sample temperature. Below ' T T T T T '
~330-340 K the time scale of the experiment does not al- 25| T=80K (RT quench) |
low to reach a stationary state in Fighh and the effect is
thus partially compensated by simultaneous photoexcitation. 20
(iii) Both the optical bleaching and the annealing enhance- I

1

~

'€
ment are more pronounced for the MM mode, which almost £ 151 1
disappears with photoexcitatiofiv) The linewidth of the =
FM peak is illumination independent, while the MM peak E 10 T

displays a photoexcitation induced narrowing with an expo-
nential decay behavior. 5F
Point (i) above provides definitive evidence for the con-

junction of short Cu-O fragments into longer chains during ob— . .+ . - - . .
irradiation with laser light at 514.5 nm. On the other hand, 0 50 100 150 200 250 300
point (i) confirms the established knowledge that annealing Time [minutes]

at higher temperatures produces the fragmentation of the o _ _ .
longer chains, basically due to the role of the configurational FIG. 6. Linewidth(defined as the full width at half maximum of
entropy in the free energy of the systé?nThiS disordering the fitted Lorentzian linesof the FM(squarey MM (triangles, and
of the Cu-O chains at constant oxygen content has been prg_SO cm 1 (circles peaks as a function of illumination time with 50

viously investigated by Raman scattering through its indirecfz\ri]vpii:t'jrg”}Laeszgftto‘:‘rteigoi daftt:rtﬁer:g'edct?;eizcga;?g";t;oom
effect on the line shape of the apycal oxygen mode aLthe photoexcitation induced narrowing of the MM line. We tenta-

500 cm .18 |n this context, the contrasted behavior ob- . ) o :
L S - tively assign this latter mode to the vibration of copper atoms in
served with illumination and annealing in Fig. 5 can be taken. , 5 ~, monomers, and the FM mode to copper vibrations at the

as a consistency argument for _the interpretation of p@)nt end of larger chain fragmentsee the text for detalls The solid
These two features together bring strong support for the exs

) ) Y = “"Curve is a fit with an exponential decay. The dashed lines are guides
istence of photoassisted oxygen ordering in oxygen deficient, e eye.
GdBaCuw0, thin films, and on the role of the latter in the
observed persistent photoconductivity and photoinducethe other hand, only the conjunction of fragments into larger
superconductivity. ones should be reflected on the bleaching of the peak at
While the above conclusion emerge directly from the225 cni?, but not their slight length increase by the incor-
data, the understanding of pointi§) and (iv) requires an poration of a single oxygen atom. This accounts for the ma-
additional hypotesis on the origin dfvo separatepeaks jor sensitivity of the MM mode with photoexcitation. Figure
linked to vibrations of copper atoms at the end of chain5(b) indicates also that the creation of monomers is the pre-
fragments(FM and MM). We believe that our data can be ferred path for entropy increase with annealing. The mono-
consistently explained if we assign the higher frequencymer mode frequency should be more sensitive to the local
mode at 260 cm' to copper stretching vibrations in Cu-O order(the nearby presence of chain fragments, or individual
chainmonomergMM), while the mode at 225 cit would ~ oxygen atoms in orthogonal Cu-O bondhrough its impact
correspond to vibrations of the end copper atoms in longeon the Cu-O bond lengths. In fact, a distribution of frequen-
fragments(FM). We base this tentative assignment on thecies may be expected, that shrinks with oxygen ordering in
following two observations: first, both the chain Cu-O bondthe Cu-O planes. This scenario is consistent with the line-
and the chain-Cu-apycal-oxygen bond are reduced aroundwidth dependence with illumination displayed by this mode
and 3%, respectively, when going continuously fram 7 in Fig. 6.
(orthorhombig to x=6.35 (tetragonal?’” The higher fre- Although the physical mechanism involved in photoexci-
guency of the monomer vibration can be explained if a locatation and oxygen disorder by annealing is the same, as we
order close to the tetragonal structure is assumed arourtthve demonstrated here, resistivity studies in GABgO,
these short and disordered fragments, while an orthorhombihin films show that they behave as noninteracting from the
bond length applies for the longer chains. The force constaroint of view of persistent photoconductivit§.One conse-
depends on the third power of the atomic distarfGebus  quence is that thegio notcancel out: the final state obtained
explaining the order of magnitude of the observed shift. Suclioy photoexcitation is not the same for initial states charac-
“incipient orthorhombicity” effect should be absent in te- terized by a different oxygen ordé&t.This nonadditivity of
tragonal YBaCuzO,: this is consistent with the observation photoexcitation and annealing induced oxygen disorder is
of only one peak in Ref. 11. Second, the Cu-Cu nearestlso found in our Raman data. In fact, a systematic shift
neighbor relative displacement is larger for the monomer vitowards a larger number of chain fragments, that cannot be
bration than for the longer fragmersee the scheme in Fig. cancelled by photoexcitation, is observed when the sample is
2): this augments both the stretching force energy and thguenched from 375 K as compared with room temperature.
Coulomb repulsion, shifting the MM mode in the same di- This is shown in Fig. 7 for the FM peak measured in the
rection as the bond contraction. Within this interpretation thesample with compositiorn=6.7. The two curves shown cor-
curves in Fig. Ba) imply that photoassisted ordering occurs respond to the experiments and (iii) described in Sec. Il.
mainly through the displacement of monomer oxygen atom&Vithin our experimental resolution the MM peak displays
which incorporate themselves at the end of, or help to bondyasically the same behavior as the FM mode. We note that
larger fragments. In fact, each disappearing monomer is ader the sample withx=6.8 the two experiments could not be
compained by a reduction of the related Raman signal. Odistinguished within our experimental error.
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0.35 T T T sample withx=6.8 mainly because of two reasons: first, as
0.30F GdCuBa0,, we concluded above the number of short Raman active frag-
o . . g

0.25[ "B = RTquench | ments is larger forx=6.7 due to the smaller mean chain
kS 370K quench length, and second, it is more likely that long chains become

Raman silent after photoassisted conjunction if they start
] from larger fragments.

IV. CONCLUSION

We have presented Raman scattering experiments on oxy-
gen deficient GAB&Z u;0, thin films as a function of illumi-
nation and annealing induced oxygen disorder. Samples with
oxygen contentx=6.53, 6.7, 6.9, and 6.93 were studied.

] Raman lines unambiguously assigned to copper and oxygen
1 vibrations involving atoms at the end of Cu-O chains were
- used as markers for the existence of short fragments. As a
verification of this assignment, we find that these lines are
observed only for the two samples with intermediate oxygen

0 50 100 150 200 250 30
Time [minutes] content, but not fox=6.53 andx=6.93. In the latter, the

oxygen atoms in the basal plane are ordered forming infi-

FIG. 7. (@ lllumination time dependence of the Raman intensity nitely long Cu-O chains in the so-called ortho-I and ortho-II
of the FM mode after a rapid quench to 80 from 295(%0lid  stryctures. The dynamics of chain conjunction and fragmen-
squaresand from 375 K(open symbols Note the systematic shift  {5tjon was monitored by the peak intensity dependences with

to larger values after a quench from the higher temperature, indi- hotoexcitation time and annealing temperature. These re-
cating the presence of a larger number of chain fragments. The M

) e . ) ults demonstrate the presence of photoassisted oxygen or-
mode displays, W|th|n.our experimental .resolutlon, the same behavdering in these hig-, superconductors, and give definitive
lor. The curves are fits to the data with exponential decéys. support for its ultimate role in the phenomena of persistent
Comparison of the illumination dose dependence of the FM . . L
(circles and MM (triangle3 Raman peaks for the two studied photoconductlvn_y and phOtomduce.d superconductIVIt_y.
samplesx=6.7 (solid symbols and x=6.8 (open symbols Note Two Raman lines are obser_ved in the spectral region cor-
that while the saturation value for the FM mode is larger for '€SPonding to copper-atom vibrations at the end of chain
=6.7, for both samples the MM peak optical bleaching is almost@dments. We have proposed from a qualitative vibrational
complete. The exponential decay fimlid and dashed curveare ~ a@nalysis the tentative assignment of the higher frequency one
meant only as guides to the eye. to a copper-mode in single oxygen Cu-O-Cu monomers, the

other being due to larger chain fragments. We argue that this

Of the four samples we have studied, only two possesgssignment is consistent with the observed photoexcitation
chain fragments and display the related Raman modes. The#duced narrowing of the assigned monomer Raman peak.
two samples are compared in the inset of Fig. 1, normalized he identification of these modes enabled us to conclude that
to the amplitude of the Cu@plane oxygen out-of-phase photoassisted oxygen ordering occurs mainly through the re-
Raman-allowed mode at 330 ¢h The FM and MM modes accommodation of monomer oxygens, which results in the
are larger on the sample with oxygen composition6.7.  almost complete optical bleaching of the related Raman line.
This is consistent with nuclear quadrupole resonance experin contrast, a residual Raman signal due to copper vibrations
ments performed ofY,Gd)Ba,Cu;0, as a function of oxy- at longer fragments persists after prolonged illumination.
gen composition, reported by tgemeieret al?° These clear This saturation value can be related with the mean chain
experiments show a sharp increase of the mean chain lengt@ngth, and thus depends on the oxygen conienf the
from about 10 to 30 whe® goes from 6.7 to 6.8, together sample. We believe that a proper description of the chain
with a decrease of the number @aman-activecopper at-  length distribution function, together with a bond polarizabil-
oms with three-near-neighbor oxygens. Both features conity model for the scattering by the vibrations of atoms at the
tribute to a reduction of the Raman signal due to the “for-end of chains, may provide quantitative information on the
bidden” (end of fragment modes. Interesting also is the dynamics of chain formation and fragmentation with illumi-
compared photoexcitation dependence of the Raman peakétion and annealing.
for x=6.7 andx=6.8, shown in Fig. ®). It turns out that
while for both samples the bleaching of the “monomer”
peak is almost complete, the saturation intensity of the FM
peak is notably largefaround the doub)gor x=6.7. This is We would like to acknowledge fruitful discussions with
again consistent with our conclusion that photoexcitatiorB. Maiorov, G. Nieva, E. Osquiguil, and R. G. Pregliasco for
acts mainly on the shorteg@nonomey chain fragments, and invaluable help during different stages of the investigation.
that the latter almost disappear after prolonged illuminationSpecial thanks are due to F. Tutzauer, R. Gludovats, C. Egg-
The number of larger fragments is reduced mainly by theenschwiler, R. Soto, B. Eckardt, and G. Burmeister, for the
conjunction of two short ones into a larger one mediated byconstruction and design of different parts of our experimen-
the jump of a monomer oxygen. It is expected that the retal setup. The work was partially supported by Fundacio
sidual Raman active fragments are less frequent in théntorchas, FundacioBalseiro, and CONICET.
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