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Wavelength and photon dose dependence of infrared quenched persistent photoconductivity
in YBa,Cu30g, «

Daniel M. Bubl¥ and J. F. Federici
Department of Physics, New Jersey Institute of Technology, Newark, New Jersey 07102

S. C. Tidrow
Sensors and Electron Devices Directorate, Army Research Laboratory, Adelphi, Maryland 20783

W. Wilber
U.S. Army CECOM, Fort Monmouth, New Jersey 07703

J. Kim and A. Pique
Naval Research Laboratory, Surface Modification Branch, Washington, D.C. 20375
(Received 19 February 1999

Infrared quenched persistent photoconductiv®Q is studied as a function of wavelength and photon
dose in order to investigate a defect structure which may be responsible for PPCi804Bg, , . It is found
that the magnitude of IR quenching saturates quickly as function of visible photon dose, long before the PPC
effect saturates. The wavelength dependence is essentially linear below 1.3 eV and saturates above. The photon
dose dependence of IR quenching indicates behavior which cannot be explained using a purely oxygen order-
ing model for PPC[S0163-18209)03633-4

. INTRODUCTION oxygen-deficient YBCO that vacancies in the Guehains
tended to order. This ordering was characterized by a large
Several years ago the phenomena of persisterdorrelation length along thec axis in samples with oxygen

photoconductivity (PPQ and photoinduced content close to 6.5. This had been previously observed
superconductivity (PISO were reported in oxygen-deficient along thea and b axed* for samples with different O con-
YBa,Cu;0g, « (YBCO). Subsequent studies were performedtent. In samples quenched rapidly from high-temperature an-
as a function of oxygen contenwith the discovery that the nealing effects were observed even at room temper&ture.
magnitude of the effect is peaked nea~0.4 in  Optical measuremerifssupported the observations by Veal
YBa,CuzOg, . Attempts to explain the mechanism have et al, and oxygen ordering was recognized to be of great
generally fallen into two classe$l) photoassisted oxygen importance in understanding the optical properties in both
ordering? and (2) photoinduced charge-transfer mechanism.the normal and superconducting states of YBCO.
In the photoinduced charge-transfer mechanism, an excited To explain the PPC/PISC effect in terms of oxygen
electron is trapped either in a Cy®hain fragmeritor an  ordering”8it has been proposed that absorbed photons cre-
oxygen vacancy?® In both cases, the trapping of an electron ate perturbative electron-hole pairs. The effect of these per-
is thought to result in the transfer of a hole to the GuO turbations is such that the local electric fields and charge
planes where it contributes to the conductivity. In the photodistributions are modified, creating dipole moments. These
assisted oxygen-ordering model, photons enable the motiamoments cause rearrangement of basal plane oxygen atoms
of basal plane oxygen atoms to move within the lattice andvith consequent lengthening of chain fragments. As de-
become part of the CuCchains. As these chains lengthen, scribed previously, once the chain fragments become greater
they inject holes into the CuOplanes by acting as charge than the critical length, they inject holes into the Guslanes
reservoirs. A statistical calculation® shows that for very and the bulk conductivity is enhanced. Even in using such a
low oxygen contents, almost all of the Cy€hains are well model defects may be necessary to trap photogenerated
below the critical length needed to inject holes into the €uO charges which modify local fields, thus inducing oxygen re-
planes. Despite experimental evidence indicating that the efarrangement. Variations on percolation models have been
ficiency of hole doping is independent of oxygen confent, suggestet''*?°with the common feature being the growth
the ability of light to affect the bulk resistivity of the sample of the CuQ chains. Once the chains reach a certain length,
is clearly a function of oxygen contenf. The importance of they touch, forming a percolation path. Recent experimental
oxygen ordering is evidenced from measurements of photowork has provided some evidence for such a mé%élor
structural chang@$°~*'on oxygen-deficient samples which that work, the authors attempt to explain the ac conductivity
mimic those that occur due to reversibly increasing the oxyfound by optical conductivity measurements in a region of
gen content. The effects of oxygen ordering were shown tdhe phase diagram where dc measurements yield insulating
be linked to the orthorhombic/tetragonal structural phasdehavior. A simple model for the dielectric function is used.
transition which occurs at 700 ¥ Also, it was observed in The chains are treated as spherical metallic particles embed-
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ded in an insulating matrix. The dielectric function for fully been observed for photon energies as small as 0.2% eV.
deoxygenated YBCQ(x=6.0) is used to represent the in- This presents a stumbling block for oxygen ordering models,
sulating matrix. At some critical point in the phase diagramnamely that visible wavelengths order the lattice but subse-
the metallic particles begin to touch each other and form &uent exposure to IR wavelengths disorder it. Additionally,
percolation path. The transition to overall metallic behaviorthe character of the dc electrical response to IR light depends
occurs close to the metal-insulator transition and thedn whether or not it has been exposed to visible light. The
orthorhombic-tetragonal ~ structural phase transitiom ( Purpose of this paper will be to present wavelength and pho-
—6.35). Despite excellent agreement between optical medon dose dependent studies of IR quenching for oxygen-
surements of films with extremely low oxygen contents ( deficient YBaCuOg,,. We believe that these results sup-
=6.1,6.2) and numerical calculations, the model remain®0rt the notion that trap.ped carriers play an important role in
somewhat problematic in that it no longer applies once thdn® PPC/PISC mechanism in YR2Us0q. -
transition to overall metallic behavior occurs. A more com-
plete description would require a forbidding calculation for Il. EXPERIMENTAL DETAILS
higher oxygen conterft® (x>6.3) and would not allow the
model to remain as simple, i.e., metallic particles in an insu- The YBaCuOg.., samples used in this study were either
lating matrix. However, it must be noted that the authorsfabricated at the Army Research LaboratoARL), the Na-
establish a strong correlation between chain length and théal Research LaboratoryNRL) or Advanced Technology
optical properties including PPC. To do this, the samples arMaterials(ATMI ). SamplesA andC were grown by pulsed-
heated to well above 300 K300 °O), thereby shortening the laser deposition 0100 LaAlO; substrates at ARL with the
chain length while not altering the oxygen content. A lowerdetails published elsewhefé.Both are ~2500 A thick.
free-carrier concentration is evident from a reduction of theSample A had T.=88K before annealing with transition
spectral weight in the midinfrared reflectivity, along with a width AT <1 K. SampleA was annealed in two stages. The
small blueshift in the peaks. The chain length as a functiorirst stage was 625 °C in 910 ppm,OX-ray-diffraction mea-
of temperature is already known from an Arrhenius plot.surement$XRD) of the c-axis length coupled with the 005/
When PPC is initiated through exposure to visible light the006 (Ref. 29 intensity ratio give an oxygen content of 6.6.
opposite evolution occurs. There is an increase of spectrdihe sample was then exposed to 4 (&l lines) argon-ion
weight in the midinfrared and a redshift in the peaks. Thislaser light for~5500 s, or a photon dose of approximately
yields convincing evidence that the chain length is correlatedx 1072 while immersed in liquid nitrogefLN2). As a result
with exposure to visible light. That is, exposure to visible of this illumination the sample’s resistance chang&&/R
light causes the oxygen atoms to end up in a more ordered 1.6%. Next, the sample was annealed at 780 °C in 980
and higher conductivity state. Problematic issues with thippm O, (balance N) and allowed to cool to room tempera-
model and these measurements are that no definitive answetge rapidly. After annealing, the surface resistance was ob-
are offered as to the microscopic origin of PPC in YBCO. Inserved to increase from 120 to 2.6 K). XRD showed that
this respect there remains a “black box” between the initia-the c axis grew and the 005/006 intensity ratio changed con-
tion of PPC and the lengthening of chain fragments. sistent with a reversible decrease in oxygen content. Now,
Experimental evidence for the photoinduced charge transAR/R~90% upon illumination. The character of thess T
fer model has been obtained from photoluminescenceurve indicated insulating behavior and the final oxygen con-
measurement$ and photoconductivity measuremehtsn  tent was assessed to be 6.26. San@lead similar starting
heavily oxygen-deficienRBa,Cu;0, (R=Y, Gd) films. In  conditions as Sampla. It was annealed in argon at 520 °C.
addition to the luminescence measurements, infrgtBd  Several times it was deoxygenated and annealed in pyure O
quenching? of persistent photoconductivity suggests that de-Each time the original surface resistance was recovered.
fects are important for PPC in YBCO. When oxygen- Similar to A, XRD measurements give an O content of 6.15.
deficient YBCO is exposed to visible radiation the resistance SampleB was fabricated by single liquid source metalor-
is observed to decrease in accordance with dtretched-  ganic chemical vapor deposition in an inverted vertical reac-
exponentiallaw. This decrease in resistance persists aftetor at ATMI.?® The substrate was once ag&ird0) LaAlOs,
the light is blocked, indefinitely at low temperatdfé.De-  The film was~1300 A thick. SampleB was annealed in
spite difficulties in determining the saturation value of several stages as well. The final stage was at 748 °C. Micro-
resistivity?® the dynamics, if not the origin of PPC/PISC Raman measurements over several areas of the film gave the
appear to be well modeled. It was discovered that subsequef(4) Ag line at 481 cm* (+/—2 cm%). This places the
to illumination with visible radiation, if the sample was ex- oxygen conterif between 6.35 and 6.46. Further, resistivity
posed to IR radiation the resistance was observed tmeasurement$indicated that the sample had an O content
increase? Since the observed changes in resistance, thougbf approximately 6.4. This, coupled with the weakly metallic
small, were found to be inconsistent with sample heating, ip vS T curve between 77 and 300 K lead us to assign oxygen
was supposed that this was evidence supporting a defecontent 6.4 to this sample.
based model for PPC/PISC. As will be shown, the cutoff SampledD andE were fabricated at the NRL pulsed-laser
wavelength for the onset of IR quenching is about 750 nndeposition facility. The substratéQ01) SrTiOs;, was fastened
(1.60 eV). lllumination with shorter wavelengths causes theto a heater block held at 750 °C during deposition. The O
resistivity to continue to decrease. Interestingly enough, thipressure was 320 mT, with laser fluence 1.35 3/@ample
coincides with the semiconducting géjin heavily oxygen- D is 1500 A thick, which was verified by profilometry. The
deficient YBaCusOg, 4. This effect is observed continu- T. of the fully oxygenated film is 88.3 K, witAT.~1 K.
ously for photon energies between 1.24 and 1.6 eV. It haXRD indicates a value of 6.41 for the oxygen confeff
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TABLE I. Summary of characterization data for Y504, Samples.

Sample c axis length(A) Substrate Oxygen content Fabrication
A 11.839,[1.35% LaAlO; (100 6.26° e

B N/A (481 cnh)P LaAlO; (100 6.4 f

c 11.858,[1.53] LaAlO; (100 6.157d e

D 11.776 SrTiQ (009 6.41° See text

E 11.798 SITiQ (001) 6.39' See text

4005/006 ratid.
®O(4)A, Raman mode.
‘Reference 25.
dReference 27.
®Reference 21.
fReference 26.

after annealing similar to Samp& For SampleE, which is  statement about the sample’s dc response to visible light than
1000 A thick, we arrive at 6.39 as the post-annealed oxygeabsolutgAo) or relative(Ao/o) changes in conductivity can.
content by the same analysis as sanipléhese details are We can say unambiguously that the sample’s response to
summarized in Table I. visible light was dramatically enhanced by the final anneal-
Before annealing, gold or silver pads are deposited on thang process. Before annealing, the net change in the sample’s
samples. Gold wire is used for leads and silver paste is usatieasured resistance due to illumination was-3() at satu-
to attach the wire to the pads. The samples are mounted onration. After the final annealing stage the change in resis-
copper pad with GE varnish as an adhesive. They are thetance due to illumination is-14 k(). Additionally, the rela-
bolted to a cold finger and placed in an optical cryostat. Tdive change in resistivityAp/p) increased from 1.6% to 90%.
insure thermal contact Apezion™ grease is used. The
samples are cooled and fully immersed in liquid nitrogen
(LN,). For each run, before illumination, the sample’s resis- ]
tivity vs temperature curve is recorded. A current is applied 12
across a bias resistor and a differential voltage across the
sample is measured. Any changes from one run to the next
would preclude the continued use of the sample. For the
measurements of the IR quenching spectrum the sample is
illuminated with 4 W of Ar-ion laser(all lines) light. Typi-
cally, after approximately 1-51h the light is blocked and the
sample is maintained at 77 K. Next, the sample is exposed to ] after
CW IR light from a Ninja-4 Clark MXR tunable Ti-Sapphire 2 illumination
laser. The IR beam is split withr1% directed into a 0.25 m 1 \
scanning monochrometer with resolutierl nm. After each
exposure to the IR light, the sample is then illuminated with
visible light for several minutes until the resistance value
prior to IR exposure is recovered. For the electrical measure- 0
mentsa 1V or 0.1 V acsignal is applied and phase sensitive
detection techniques are used. All data acquisition is auto-
mated through the use of a GPIB interface. For the visible
photon dose-dependent quenching measurements a 70 mW

AR/R = 90%
after illumination

before
illumination

Resistivity (Arb. Units)

T T T T T T T
50 100 150 200 250 300

(a) Temperature (K)

Sample A
before final
anneal

1330 nm(YULF) laser is used. 2 7
m 4
<
Ill. RESULTS %07
Figure 1a) shows thep vs T curve for sampleA before 504 after final anneal

and after illumination with Arall lines) laser light. Signifi-
cant hysteretic behavior is observed which is typical of PPC/

PISC in YBCO. Figure (b) shows the response to visible S s e 1 e 2
light. When the oxygen content is 6.6, averaged over the first
1000 s during illumination, theAR/photon is 1.82

X 10 ?22. When the oxygen content was reduced to 6.26 FiG. 1. (a) Resistivity vs temperature curve for sampiéefore
the AR/photon increased to 7.3810 '°(). We are trying to  and after exposure to-10% photons of AF all lines laser. (b)
avoid the pitfalls encountered by oth&?s*®®in characteriz- Comparison of samplé’s response to visible light before and after
ing the magnitude of the PPC effect. By expressing our reannealingAR/R increases from 1.6 to 90 % ardR increases from
sults in terms ofAR/photon we are making a more general ~3 Q to 14 K.

Cumulative Photon Dose (1022)
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Photon Energy (eV) FIG. 3. Simultaneous exposure of sam@do visible and IR
(1330 nm light when the PPC effect is near saturation. The char-

FIG. 2. Quenching efficiency as a function of photon energy foracter of the response is not appreciably different after exposure to
samplesA andB. The meaning of the separate trials is explained inq 3 photons as compared with £0

the text.

Figure 2 shows the quenching spectrum for samplasd ~ resistance occurs after the light is blocked. Above 890 nm, a
B. For sampleA, the quenching efficiency was measureddecrease occurs. Because of possible ambiguity, the quench-
between 830 and 990 nm. For samBlethe quenching effi- N9 efficiency is defined in such a way as to include the net
ciency was measured between 725 and 990 nm. The meSifect of illumination with IR light. That is, the photoinduced
surement protocol was slightly different for each samplechange is taken to be the value of resistance after the sample
Measurements on sampe followed the pattern that con- relaxes” minus the value of resistance before illumination.
secutive trials at a particular wavelength would be per- Another interesting effect is the response of samile
formed. In between the sample was exposed to visible illuPefore and after exposure to visible light. As shown in Fig. 4,
mination in order to fully recover the PPC state. For sampldhe resistivity decreasesduring exposure to 887 nm light
B the wavelength of IR light would be incremented in units Peforeexposure to visible light. We found this effect to be
of 10 nm and the entire spectrum between 830 and 990 niiuite surprising given the results we had encountered
would be recorded in each run. After each exposure to [FPreviously” along with the results of othefd’In the PISC
light the sample would be exposed to visible light in order toefficiency measuremeritseported by Kudinoet al. the re-
fully initiate the PPC state again. sponse at 1.4 eV was negligible compared with that at 2.4

The ordinate, quenching efficiency, is defined as the rati@V- Our results contradict thié\fter exposure to visible light
of the change in resistivity due to illumination with IR light in order to induce PPC, illuminating the sample with 887 nm
to that of the change in resistivity due to illumination with light causes amcreasein resistance. We undertook a study
visible light. A 100% quenching efficiency indicates that the Of the magnitude of quenching as a function of visible pho-
value of resistivity prior to illumination with visible light is ton dose for samplea andC with the IR wavelength being
recovered. For a single wavelength, the largest quenching330 nm(0.93 eV). This is shown in Fig. 5 for sample. We
efficiency observed is-2%. Broadbanded1.5-5 um) IR  also obtained a similar curve for samyile The behavior of
light has been used in order to achieve a quenching effithe samples is quite surprising in that the character of the
ciency of 5-109%2 This seems to suggest that there is a

broad distribution of defects with narrowly spaced energy after visible
] illumination

levels. /

Another interesting phenomenon is the “tail” that occurs 7
when the IR light is blocked. Figure 3 shows the response of T
sampleB to visible (Ar+ all lines, 100 mW and IR (1330 0
nm, 70 mW light. The sample was exposed to IR and visible
light simultaneously after having been exposed té* Ms-
ible photons. When the resistivity had not changed for a long
time the visible light was blocked. After the response to the
IR light is saturated, the IR light is blocked. The resistivity
continues to change for some time after the IR light is
blocked. As has been described previoifélshis effect can %7
be attributed to small thermal changes when the light is
blocked. Unlike the change in resistivity while the light is 00 o0s 1 15 20 25
on, this change is consistent with the slope of the samples’ 887 nm Cumulative Photon Dose (10'%)
resistivity vs temperature curve. This “tail” also seems to be
wavelength independent. However, samplghows different FIG. 4. Response of sampketo 887 nm light before and after
behavior. For wavelengths below 890 nm, an increase ifllumination with visible light.

before visible
illumination

\

ARJphoton (1077q)
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FIG. 5. AR per IR photon for samplé as a function of visible FIG. 6. Comparison oAR per photon for 150 mW Af all lines
photon dose. The ordinate changes quickly from large and negativiaser and 70 mW 1330 nm lasdSampleC). Note that the PPC
to positive values. A similar curve was obtained for san(ple response saturates more quickly for 1330 nm than for visible wave-

lengths.

response to IR changes dramatically for photon doses as lo

as~10'®. Similar effects were observed in sampzandE.
Figure 3 shows the response of samplehen it is nearly

saturated in the PPC state. The response to IR light is n

)[,I\%e PPC response. As shown in Fig. 6, the PPC response to
IR wavelengths saturates at a lower photon dose than at vis-
AIPIe wavelengths. We suggest that this occurs because there

. . ; 3 are a smaller percentage of the total defects being populated,
appreciably different when it has been exposed>ttC” i.e., only those with energy equal to and less than 0.93 eV

photons as opposed to ¥0photons.This change suggests - SR ; ;
that defects populate quickly compared with the other dy_are populated when illuminating with 0.93 eV light. When

namics of the PPC effecContributing to this interpretation '”“”.“'”a“”g with photon energy above 1.6 eV, the t‘“‘.”"
is the photomodulation spectroscdp§® work done by available defects are .populated and the_response to IR light
Taliani and co-workeré®2?° Photomodulation spectroscopy changes. As shown in the work of Taliast al, there is
allows for much more sensitivity than mid-IR reflectivity photomduced '”f“?‘red absorptioiPlA) Whe_zn_lllu_mmatlng
measurements such as those reported by Widtlat, al- with photon energies above 1.6 eV. The similarities between

lowing for resolution to 1 part in 0 During low intensity PIA and IR quenching suggest that they are two manifesta-

visible illumination Talianiet al.recorded the IR spectrum in tlor_:%Of tht(_e S?Te E)henct)mefngn;c ; VBa.0-.. h
transmission. Specifically, they recorded fractional changesh eotrhe Lcat [;|e§a mer: S0 efec S P”thzméls &*hx . a\ég

in transmission between 0.09 and 2.5 eV. They observed tw own tha k%a centers can form in the Lytthains.
distinct energy bands, one broadl eV) and centered at 0.8 arller_w_or was done concerning the form"’?“"” of_po-
eV called the high-energdHE) band. They observed another Ia_rons n |nsulat|plg YBgLUsOg.. . A resonance interaction
band having width 0.1 eV at 0.1 eV called the low-energyWith @o=200cm = (wo=averaged phonon frequencyas
(LE) band. They found that the LE band grew quickly com- predlcted in good_ agreement with recently observed photo-
pared to the HE band when the modulation frequency of thénduced Raman liné$ in YBa,CuyOg..«, Which have been

pump beam was decreased, thus suggesting phenomena 'gfntified as CuQ modes™ The relationship between reso-
two different time scales. Additionally the absorption nant Raman scattering and PPC is unclear. Although at least

bleaches above 1.6 eV and saturates around 1.3 eV. We o€ authot® reports stretched-exponential decay of resonant

serve the onset of IR quenching at 1.6 eV and saturatiofl"®S during iIIuminatio_n, the bleaching .is. present in .f!‘”y
around 1.3 eV. a g oxygenated YBCO which does not exhibit PPC. Addition-

ally, the resonance is very weak for heavily oxygen-deficient
materiaf® which strongly exhibit PPC. An extensive body of
IV. DISCUSSION work® was done on insulating YB&uOg_. in which the

Our results seem to suggest that if we extended the waveUPPression 35°f local tetragonal symmetry by mode
length dependence measurements of IR quenching to IongQ}%‘Ch'né ~"* and the subsequent emergence of local
wavelengths we would continue to reproduce the results ofrthorhombic symmetry was seen. Normally, this is taken as
Taliani et al. Not only do the curves we measured have simi-€Vidence of oxygen ordering in the sense that photodoping is
lar shapes { 10°AT/T vs energy and IR quenching effi- Seen to mimic increasing the oxygen content. However, it
ciency vs energy but the measurements suggest the coexN@S been shown that changes in thaxis and local ortho-
istence of two phenomena with different time scales. Ouf"ombic symmetry can be directly attributed to electron trap-
results become distinct from those of Taliatial. when we P9 1N the chain layers or the conversion of afi @on into
interpret the slower componefitE band to be related to the
motion of the oxygen atoms and the faster comporikeiit _
band to be a true defect band. In addition, the response to IR A. Role of defects in PPC
light before and after visible illumination suggests that the In the light of these results, it seems that there are two
population of defects plays a central role in the character ofoles that defects may play in PPC in YBCO. First, they may
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be an independent phenomenon associated with chain oxlie samples than in semiconducting ones, and is nearly im-
gen vacancies in YBCO. Their existence has been investipossible to observe for O contents greater than 6.6. We at-
gated and shown to be plausiBigt3°3As a distinct mecha- tribute this to a decreasing number of traps whose excitation
nism of PPC, their contribution may be at most 10%gives a negligible contribution to the macroscopic resistivity.
compared to oxygen orderifg.This estimate is inferred However, this does not shed light on the aforementioned
from the fact that IR quenching can only cause a smaldiscrepancy regarding the Kohlrausch parameters involved
change in resistivity when compared with that caused byn the stretched-exponential fit. The stretched-exponential fit
visible light. However, it seems unlikely to us that the implies a distribution of lifetimes in the system. We believe
mechanism responsible for IR quenching and PPC are unréhe shorter time constants are involved with the population of
lated. First, they have overlapping spectral features. Thadefects(as implied by IR quenching and the longer time
alone is not convincing, but the fact that the overlappingconstants are those due to structural changes. Even though
spectral features depend on one another is suggestive. llRe physical meaning of the parameters involved in the fit is
wavelengths initiate PPC before exposure to visible light andsomewhat blurred, the overall picture remains consistent: a
partially quench it after, suggesting to us that the mechafast change that is primarily electronic accompanied by
nisms for both phenomena are intimately related. slower changes that are structural.

A more comprehensive description of PPC could include
defects as precursors to oxygen ordering during illumination
with visible light. The trapped charges modify the local

electric-field distribution which leads to induced dipole mo-  \when oxygen-deficient YBCO is illuminated with IR ra-
ments. These dipole7s create the necessary impetus for thgation, the response to IR wavelengths is dramatically dif-
movement of oxyger’ In this model PPC would result from ferent depending on whether or not the sample has been ex-
the combined action of two mechanisms. First, the populapgsed to visible light. Before the sample is exposed to visible
tion of defects would occur quickly resulting in changes injight, IR light initiates the PPC state. After the sample is
local structure. Secondly, as a result of the modification Ofexposed to visible light, IR light partly quenches the PPC
local fields, structural changes would occur over a muchstate. Oxygen ordering alone cannot account for the exis-
longer time _scale that reflect the periodicity of the Iattice._tence of IR quenching nor the fact that it saturates for one
Then, PPC is understood as the sum effect of an electronigart in 1¢ of the photon dose required for saturation of the
contribution (defects, fastand a lattice contributioforder-  ppc effect. The IR quenching efficiency is not substantially
ing, slow). This model can account for the quicker saturationgitferent after illumination with 18 photons as opposed to
of IR quenching as well as the much smaller change in req?3 \ere this simply a manifestation of the PPC effect, one
sistance when compared to PPC. Further, this view on thgoyid expect the IR quenching efficiency to be proportional
role of defects is consistent with almost any model that conin some way with the visible photon dose. One sees this with
tains oxygen ordering and actually enhances them by providy,e changes in the axisi®* (Ac/c) as measured by XRD

V. CONCLUSION

ing a clue as to the precursor of this ordering. during illumination, i.e., it follows stretched-exponential de-
. _ cay just as the resistivity. However, the magnitude of IR
B. Timescales in PPC quenching does not appear to be related to the cumulative

After illumination with visible light, and during illumina- visible photon dose unless the functional form is on a scale
tion with IR light the change in resistance as a function ofvastly smaller than the PPC effect. In that case, this result
time can be fit with a stretched exponenf@Dbviously, the would still be suggestive of two phenomena on different time
saturation parameters are different for IR quenching angc@les. Different time dynamics exhibited by IR quenching
PPC. The dispersion parameters are expected to vary as wéffd PPC in YBCO, coupled with the observed wavelength
although no formal temperature-dependent measuremengé§pendence of IR quenching, suggest that defects may play
have been carried out. Difficulty arises in assigning a physi&n important role in PPC.
cal meaning to the parameters involved in these fits. In fact,
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