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Doping dependence of the upper critical field of electron-doped Bt ,Ce,CuO, thin films
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Using resistivity measurements as a function of applied magnetic field down to 38 mK, we evaluate the
temperature dependence of iyaxis upper critical fieldifi.,,,) for electron-doped Br,CgCuQ, thin films.
We compare its temperature dependence to the irreversibility line as determined by ac suscéptjp(lity]
betwea 2 K and the transition temperature. For all Ce conteits,(T) presents an upward curvature, with
no sign of the expected conventional saturation at low temperature, even down to 38 mK. The onset of
resistivity follows closely the irreversibility line, and the general trend in temperaturél fgr(T) is rather
insensitive to the criterion used for its determination. Only a rough criterion corresponding to a full recovery
of the normal-state resistivity for=0.15 is bringing the characteristic field temperature dependence close to
the expected description by Werthamer, Helfand and Hohenberg. Doping affects mainly the zero-temperature
value ofH,, andH,_which are scaling with the critical temperature, but not the superconducting gap. The
temperature dependence is very similar to that observed with the hole-doped cuprates, and underlines a similar
physical origin related to the properties in the vortex-liquid phase and contributions of superconducting fluc-
tuations.
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[. INTRODUCTION scattering by magnetic impuritié3 localization of charged
bosons'®  antiferromagnetic  correlations  in d-wave

The determination of the upper critical fieldH(,) and  superconductors, mixing of d,>_,2 and s or dy, order
many other parameters characterizing the superconductirgarameters? or some granularity or inhomogeneity effeéts
state of high-temperature superconduc{¢t$SC's), similar  have been proposed to explain this apparent positive curva-
to the magnitude of the gap, its anisotropy, and the magniture of H.,(T). However, different approaches to the inter-
tude of the penetration depth is a crucial test for the vali- pretation of the experimental d&taand several other
dation of any theory trying to explain the phenomenon. Aexperiments—2* seem to contradict this positive curvature
knowledge of the evolution of these parameters with carrieand generate larger valuestaf, at a fixed temperature. This
concentration is likely to be a stringent test of competingfact alone might indicate simply that resistivity is not an
theories:® However, the strong anisotropy and the smallappropriate probe for the determinationtdf,.
in-plane coherence length of HTSC have a major impact on Recent reports on the measurement of the high-field
their field-temperature H-T) phase diagrarh.It modifies ~ Nernst coefficierft?* have revived the interest in the signifi-
significantly the nature of the phases observed with respectance of these very different values of the meastuegsl
to the conventional picturéFor the HTSC, a broad region of The Nernst effect shows thit.,(T) determined by a loss of
the phase diagram is occupied by a vortex liquid, its relativevorticity (i.e., loss of entropy carried per vorjess signifi-
importance in theH-T plane being tuned mainly by the cantly higher than that measured by resistigtyoreover,
anisotropy and defecté:'® Furthermore, superconducting H,(T) extrapolates to a much higher temperature than the
fluctuations along theT.(H) line are also expected to actual critical temperatur&.. This observation might indi-
contribute! The presence of the vortex liquid phase andcate a nonzerdshort-rangg pairing amplitude at much
these fluctuations in the hole-doped cuprates might be detrhigher temperature thah,, while phase coherence is only
mental to the determination &f,. setting in atT., i.e., H,, would then be a measure of the

Indeed, most reports using resistivity as a probe of theactual onset of pairing amplitude, and not phase coherence
transition between the normal and the superconducting statés/hich occurs afl.).
have shown an anomalous positive curvaturéigf ,(T) for For hole-doped HTSC, the low-temperature behavior of
the hole-doped cuprates, even with the indications of posH.,(T) extracted from resistivity mimics the temperature de-
sible divergence at low temperaturés?in apparent contra- pendence of the irreversibility line close to the vortex solid
diction with the expected low temperature saturation deto liquid crossover(transition). It was actually shown re-
scribed theoretically by Werthamer, Helfand, andcently that the temperature dependenceigf,, determined
Hohenberd? Based on these observations, several theoriedyy resistivity measurements, can be correlated to the changes
such as melting in proximity to a quantum critical potfit, in anisotropy obtained by varying the carrier concentration,
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as probed by the irreversibility line defined at the onset ofthese optimal crystals give an incomplete dataset in view of
flux flow.2” It was further shown that the criterion used to our goal to span over the whole phase diagram. Despite the
determineH,,, usually picked either by extrapolation or by fact that all the results presented here were obtained for films
using the field corresponding to a certain percentage of then LAO, data obtained with different substrates do not differ
normal state resistivity, has an impact on the actual temperaignificantly for the few compositions studied in more details
ture dependence deduced. This fact clearly underlines oun the temperature range from 1.5 K .. Most of the
limited understanding of the flux-flow regime deep into thePr,_,CegCu0Q, (PCCO films were patterned into Hall bars
vortex liquid state of these systems, and our need to clarifyising ion milling (width=275 um, length=2.17 mm, and

the nature of the vortex liquid for large drivindorent2  thickness=3000 to 6000 A allowing a battery of transport
forces(at high field$ and the possible impact of supercon- measurements in the normal and superconducting sStatés.
ducting fluctuations extending on a significant part of theUnpatterned films were also studied, giving the same behav-

phase diagram around tAe(H) line. ior as patterned ones, thus ruling out ion milling as a source
In the case of the electron-doped-{ype) cuprates of modification of the properties of the films.
R,_,CeCuQy, 5 (with R=Pr, Nd, Sm, it was initially ob- All the films were mounted on a rotating probe which

served that the temperature dependendd gfseemed to be allowed angular-dependent measurements in a variable-
more conventional® despite their huge anisotropy, of the temperature insextl.5 to 300 K with magnetic fields up to
order of p./py~=10°—10* [comparable to overdoped 10 T. All the data presented here correspond to field always
Bi,SrL,CaCy0Og (Bi-2212)]. However, more recent reports applied parallel to thec axis (i.e., perpendicular to the
show that the temperature dependencel gf is very similar ~ copper-oxygen plangsOur measurements for fields along
to thep-type cuprate$®3°All reports showed, however, that the planes revealed a large anisotropyHig similar to pre-

the absolute value dfl,, at low temperatures is low com- Vvious reports’ ~2°A few of the thin film samples were also
pared to its closest hole-doped counterparts_L&r,CuQ, measured in a dilution refrigerator down to 38 mK, and up to
(LSCO).?’ For this reason, the-type cuprates are members 12 T. Particular care was taken to avoid self-heating of the
of a unique family of HTSC for which a moderate external samples belv 2 K by varying the applied curreni@t least

dc magnetic field applied along tleaxis, in the vicinity of by one order of magnitudeSusceptibility with an ac field of

10 T, is apparently sufficient to suppress completely superd Oe parallel to the axis (normal to the surface of the films
conductivity forall dopings, i.e., from underdoping to over- as a function of an applied dc field also parallel to ¢fexis
doping. Reaching the normal state of these materials for aft fixed temperature was measured using a physical proper-
dopings becomes a powerful tool for probing the groundties measurement systefPMS from Quantum Design. We
state T=0) from which, we assume, arises the use the imaginary part of the susceptibility to determine the
superconductivityl3? irreversibility field (see below.

In this work, we present a systematic study of the doping
dependence of the upper critical field of,PyCeCuG,
(PCCO thin films down to 38 mK. We show that the choice
of the criterion affects the temperature dependende of, . To introduce our results and analysis, we first focus on our
This fact is further emphasized by the similarity of the data for thex=0.15 thin films. In Fig. 1a), we show the
Hco,(T) lines and the irreversibility line determined by ac in-plane resistivity p,,) as a function of applied magnetic
susceptibility. Only by choosing a very rough 100% criterionfield at several temperatures down to 38 mK. These traces of
are we able to approach the expected Werthamer, Helfang, (H) are roughly parallel with respect to each other in the
and HohenberdWWH) behavior. We use the extrapolated transition region(flux-flow regime.?®=3° The specific tem-
zero temperature value &f;, to evaluate the doping depen- perature dependence of this flux-flow regime will be dis-
dence of the in-plane coherence length. cussed further below. One can see anomalies at high fields
and very low temperatures which suggest the possible pres-
ence of a slight distribution of critical temperatures. This
might have an influence on the exact determinatiohl gf at

Our measurements were made on c-axis oriented PCC@ery low temperature depending on the criterisae below.
thin films made by pulsed-laser depositit?LD)>3 on three  In the case of single crystals, these anomalies would be at-
different substrates, namely, LaAJQLAO), SrTiO; (STO),  tributed to inhomogeneity of the composition, which is con-
and yttria-stabilized Zr@(YSZ). Contrary to single crystals, trolled by both cerium and oxygen contents. Since we are
it is possible to control very accurately the cerium concenworking with thin films, in which case compositional inho-
tration and even the oxygen content in thin films. It is still mogeneity should be ruled otit,another likely candidate is
the only reliable and reproducible growth technique to targestrain induced by lattice mismatch with the substrate. This
composition at will very accurately and thus studying incould lead to a thin layer at the substrate-film interface with
great details the phase diagram of these compotirmtddVe  slightly different properties than the rest of the film. This has
should mention that similar measurements done on higlyet to be confirmed by exploring more thoroughly the data
quality single crystals withx=0.15 grown by the directional obtained with films on different substrates with different lat-
flux growth technique result in very similar behavior, com-tice mismatches and various thicknesses at these low
parable to data previously publish&iHowever, because of temperature&’
the limited ability to vary efficiently the cerium content, From thep,,(H) traces, the choice of a criterion to deter-

Ill. RESULTS AND DISCUSSION

II. EXPERIMENTAL SETUP AND PROCEDURES
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FIG. 2. () Temperature dependence of the characteristic fields

FIG. 1. (a) Field dependence of the resistivity at various tem- fo; x=0.15. (b) Same data plotted on a log-log scale to show the
peratures down to 38 mK for PCCO=0.15 thin film (T=38, 605 temperature dependence closeTta Hy: solid circles,Hso: solid
mK, 1.7, 3, 5, 7.5, 10, 12.5, 15, 17.5, 20.Kb) Definition of the  gquaresH.,,: solid diamondsH,o,: solid triangles,H, : open
various characteristic fields for a fixed temperature. The doublegjcles andHg: open squares. Solid lines are guides to the eye.
arrow represents the uncertainty Bigp. Dashed line is the expectesvave clean limit temperature depen-

dence deduced from the value l8f,(0) (see text

mine the upper critical fieldH,,,) remains arbitrary, mainly

because of the very wide rounded curvature of the high field . ' . .
flux-flow resistivity typical of all HTSC's. The onset of re- much higher field corresponding to our estimate of the total

sistivity (p=0) is independentof current density in our recovery of the nor_mal Sta_td_i(w‘))' Here, H1g presents a
range of measurements, and the corresponding field shouf@ily large uncertainty which we have underlined by the
follow closely the irreversibility lindsee below. Beyond the ~ natched regioriabout 1 T wide forx=0.15). Hey; and Hso
onset, a flux-flow regime is established until the resistivityhave been used regularly as representing an acceptable de-
reaches asymptotically a value close to its normal-state limit€rmination ofHc, in HTSC's?® Here, we argue that this

In order to clarify the role of the criterion in the determi- assumption is wrong becaus,,; and Hs, correlates with
nation ofH, and its possible link to the irreversibility line, the irreversibility line(and the onset of resistivityin agree-
we adopt a scheme introduced by Andetal?’ for  ment with previous observations patype cuprates®?’
La, ,Sr,CuO, and also presented in Fig(l. The same In Fig. 2@, we show the temperature dependence of
procedure was also used in another report o§SBCuQ;  these characteristic fields. Except fdny, at temperatures
(Bi-2201).12 We choose the field values corresponding ap-<close toT,, the temperature dependence of these character-
proximately to the onset of flux flonH;;) and to 50% Hsg) istic fields show an upwar@positive curvature, similar to
of the high field normal state value. We also add the exmost report$® In a sense, this is not surprising since the
tracted value Kl.,) at the extrapolation point of the flux- reported resistivity anisotropy of the electron-doped cuprates
flow regime and the normal-state asymptote, and a value a$ in the vicinity of p./p,,~100- 1000 (see Ref. 4}, rela-

094507-3



P. FOURNIER AND R. L. GREENE PHYSICAL REVIEW B8, 094507 (2003

(@) 1510° 200
20K x=0.15
~.: 150 |
~ 110° g
=]
a Q
2 @)
o 2K = 100
faa)
510% 4K Z
K "
8 %* 50
12K
14K
010’
1 2 3 4 5 0
B (T)
(b) 1.210°
’ [ FIG. 4. Field dependence of the first derivative of the resistivity
110° F with respect to the field at various temperatures for PCLO
=0.15. Same temperatures as Fip)1
8107 [
’g 6107 14K tion can be confirmed simply by plotting these characteristic
) L fields as a function of (£ T/T.) on a log-log scale as seen
32 4100t 12K 8K 4K 2K in Fig. 2b). In the case of hole-doped cuprates, this plot is
2107 F often used to extract the power-law temperature dependence
N of the irreversibility line close td;.*® In our case, this par-
010" [ ticular figure clearly demonstrates that, exceptqg, all
2107k 'f T T T T the other characteristic fields, includimty,,, are following
[ closely the irreversibility line. In fact, the temperature depen-
T —— dence of all these “characteristic” fields close Tq is fol-
6 1 2 3 4 5 6 7 &8  |owing H~Hy(1—T/T,)" with n~1.5. This value ofn is
B (D consistent with previous report of exponent related with the

temperature dependence of the vortex glass transition and the
critical behavior in the transitioflin NdCeCuO. Because the
irreversibility line is sensitive to the out-of-plane vs in-plane
anisotropy and thatH., should not be(with H remaining
parallel to thec axis), these characteristic fields are unlikely
tively close to that of overdoped Bi-22f2We should un-  to be linked to the real value ¢,. Thus, we conclude that
derline thatH 1o(T) tends to zero at a temperature very closethe determination oH, is severely affected by the peculiar
to T, for x=0.15. vortex state and probably by the fluctuation region around
To complete our analysis of the=0.15 films, we present Hco(T).
in Fig. 3(a) the imaginary part of the ac susceptibility data  Interestingly, it seems that otiy(T) [andH, (T)] and
for a comparable film{(sameT., same normal-state resistiv- Hyo(T) lines are converging at low temperatures and close
ity and Hall coefficient On a close-up scald=ig. 3(b)], we to T.. If we assume that théd.,(T) is very close to
show that the imaginary part of the susceptibility reaches a4 T), the behavior observed in our resistivity data should
field-independent value at a field which we define as thesimply reflect the fact that the largest field interval between
irreversibility fieldH,_ (our criterion corresponds roughly to the irreversibility field and the real value #f, is observed
the field at which the susceptibility reaches the noise level ofor intermediate temperature3 £ T./2). This is confirmed
the PPMS setup The extracted irreversibility fieldsH(, ) by another systematic behavior observed for all our high
for several temperatures dowm 2 K are shown in Fig. @). quality thin films with narrow transitions, independent of the
In the same figure, we show the fielti corresponding to doping level. In Fig. 4, we can observe a clear evolution of
the vanishing poinfwithin our noise levelof the real part of the sharpness of the transition in the flux-flow regime as a
the susceptibility(data not shown hey&® One can see that function of temperature: the maximum slopes are observed
the temperature dependence of the irreversibility llaed  for temperatures close . and towardsT=0. This obser-
Hg) follows closely the resistivity onset lineH().** vation suggests that the irreversibility line is approaching
Actually, the temperature dependence observedifpris  H., at T—0 andT,, and that it sets apart strongly at inter-
very similar to that observed fall the characteristic fields mediate temperaturdasH, gets significantly smaller than
determined from resistivity, exceptyqo. The latter observa- H,). From this data, we conclude once again that our ability

FIG. 3. (a) Field dependence of the imaginary part of ac suscep
tibility at various temperatures dowm 2 K for x=0.15. (b) A
close-up allowing the determination bff; .
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to determine the upper critical field in the intermediate tem-alue ofH,,) as a measure of the anisotrofiast into the
perature range is affected severely by the special nature @frefactor of the temperature dependence clos&_ o one
vortex dynamics, in particular for the field range over whichcannot really conclude anything about a change of anisot-
a vortex liquid phase is possible and beyond into the criticatopy from Figs. %b), 5(d), 5(f), and §h). In fact, our evalu-
fluctuation region. Because the anisotropy in PCCO is of thgtion of the irreversibility line fox=0.13 and 0.17 seems to
order of '1(3 (:_see Ref. 4}, the liquid phase must surely span actually show that the prefactet, [in H~Hq(1—T/TJ)",

over a wide field range in thil-T diagra.m‘.‘s Figure 4 high- 54 thus the anisotropy, does not vary significantly over the
lights glso the presence of the anomalles_ at low temperatur%pmg range fronx=0.13 to 0.17. This is also understand-
and high magnetic fields also observed in the(H) traces able from the fact that the narrow range of doping over

at 38 and 605 mK(Fig. 1). This might be indicative of a . . o -
slight T, distribution which could ot be detected at higher "WNiCh we are studying the phenomenon is likely not suffi-
temperatures. An obvious conclusion from this figure is thaf:Ient 0 observz_e a significant cha_nge n anlsqtropy. We con-
the value oH g (0r Hoy) extrapolated aT =0 is likely to be clqde that a definite .test of a ppss!ble correlation betwgen the
very close to the real ,(T=0). anisotropy and the irreversibility lineand the characteristic
efields) has yet to be done, but it will remain a difficult task

In Fig. 5, we show the field dependence of the in-plan . )
resistivity for several compositions at fixed temperaturesPecause of the narrow range of doping for which supercon-

From this data, we can extract the same characteristic field&Ctivity is observed combined to severe materials issues
as in thex=0.15 case. These fields are shown also in Fig. 5With single crystals.
Data forx=0.13 and 0.20 were taken only down to 1.6 K  One might use the zero-temperatig, evaluated from
and data for several temperatures had to be ignored becau@¥irapolation of the irreversibility line or any of the charac-
we did not reach large enough fields. A very similar field teristic fields[assuming they all converge td:,(0)] to fol-
dependence is found for all compositions, including thelow its Ce concentration dependence. This is of considerable
variation of the maximum flux-flow slope with temperature interest since, within the previous assumption, the in-plane
(not shown. However, one can see for example in the caséoherence length can be evaluated as a function of cerium
of x=0.17 that the transition to the normal state occurs on &l0ping. These values and their trend with doping can then be
wider range of applied magnetic field than fo0.15. Us- compared to competing theories. In Table I, we present sev-
ing the same criteria as before, one can estimate the chara@t@l parameters one can evaluate from our data and combine
teristic fields described above. However, it is difficult to them _W't‘g data from a recent report on point-contact
evaluate a “well-behaved” value dfi1, for all Ce contents funneling:
apart fromx=0.15. In fact, this is best illustrated for Our measurements down to very low temperatures allow
=0.17[Fig. 5(f)] for which H,(T) seems to converge to a US 10 pinpoint(with an uncertainty of gbo_ut 0.5 The value
much higherT, value than the one measured by ac suscep®f Hc2(0) for a few Ce contents, while it can only be done
tibility and resistivity’” This trend could be the same as the With & larger uncertaintyabout 1 7 for x=0.13 and 0.20
one observed in LSCO by Wanet al. using the Nernst (Measured only down to 1.5)Kin Fig. 6, we showH,(0),
effect?® We should mention here that our measurementd ¢ and the gapinormalized using the BCS weak-coupling
done on several PCC®=0.17 thin films annealeih situ  €XPression A,/3.5Xg) as a function of cerium content. One
with different procedures could not clarify the possible con-¢an see a convincing correlation betwegnand Hc,(0).
tribution from inhomogeneity which could lead to a distribu- However, there is no such agreement betweign and the
tion of T.'s and broadened transition, and that this featured@p. This is in complete contradiction with the expectations
seems to be very robust whatever is done to affect the qualiffom the clean limit He,cAf) or the dirty limit (Hc,
of the films (including using different substrates xAo/l, wherel is the mean-free pathOne should mention

All the data for all Ce contents seem to provide a clearhere that the doping dependence of the superconducting gap
connection between the irreversibility field and the characmeasured by point-contact tunnefffigs reminescent of the
teristic fields determined by resistivity. In fact, if one plots behavior observed in hole-doped cuprdte?.
the characteristic fields on log-log scales as in Figp),2ve In Table I, we include the in-plane coherence length
conclude that all of the characteristic fields are linked to theevaluated within two different scenariol) cleans-wave
temperature dependenceldf, . In Ref. 27, a clear correla- (Heo= ¢o/27£5),% and (2) dirty swave Hcp= ¢ol2méol,
tion was shown between the line defined by the onset oWherel is the mean-free patfi>* Here, ¢, is the quantum of
resistivity (our Hy) and the corresponding anisotropy, with flux and &, is the in-plane coherence length B&=0. One
respect to the effect on the various characteristic fields detepould also add to the previous list the expression for the
mined in a similar fashion. In our case, it is impossible tocleand-wave casé®>*However, we did not include it since
estimate the doping dependence of the anisotropy with outhe corresponding correction deduced from the linearized
thin films, and only a rough estimate of the anisotropy usinggap equation is small and our data cannot help us to discrimi-
the existing dat#t on single crystals can be achieved. Be-nate realistically between the cleanand d-wave cases, in
cause doping proceeds by varying both cerium and oxygeparticular with our error bars as large as 10%. From our
contents, we prefer to avoid a direct parallel between singléneasurements, coherence lengths as low as 56 A can be
crystal and thin film data, even though their cerium content iestimated X=0.14, clears-wave scenarip
the same. One can also link the zero-temperature value Hy,

If one uses instead the irreversibility liner the related and the slopedH.,/dT at T.. In the swave clean limit
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TABLE 1. Values of several parameters measured on these 60 12
Pr,_,Ce,CuQ, thin films as a function of cerium content.
o S0 Q 410
X T¢ Hea0) & clean s py,(0) kel MFP &g dirty s Ag = R
K] [T]  [A] pwOem [A] [A] [meV] 2 aof o 15
0.13 10 65 70 475 32 45 1085 65 ° 30 L SN > 1e P
014 21 10 56 125 12 17 185 B "o =
015 23 9 60 70 215 31 15 44 & | - 1. 3
017 13 7 67 40 375 54 85 175 M SN N
020 6 25 113 35 429 61 208 =" 10l s k. © 15
e
0 T E— ' 0
for example, we haveﬁHc2/0T|THTc=—¢0/C§%TC= 0.05 0.1 0.15 0.2 0.25
—2mH,(0)/CT,, whereC=23.44(see Ref. & In principle, Cerium content (x)

the same value fo&, should be obtained from both evalua- ] ]

ons.Ofcourse, 1 s ot exected o our datafor ll e F8 % Cobareon 11 e onenh Sepencns o e

criteria, exceptmaybe forH;oo. In Fig. Aa), we show the PCCO. Solid circlesT,, open circlesH,(0), andsolid squares:

expectedH.,(T) close toT, in the swave clean limit as a A~ Solid and dashed lines are auides o the eve

dashed line assuming,(0)~9 T. It approaches the value ~° g ye.

of Hygo @nd is another hint at the inappropriate criteria one

might use to determingl., from resistivity. to a temperature dependence approaching the conventional
Serious questions remain, however, on the validity of outbehavior described by Werthamer, Helfand, and Hohenberg,

100% criterion and if our estimate is really in proximity to giving us an in-plane coherence length as low as 56 A in the

the realH,,, in particular when considering the behavior electron-doped cuprates. Thermodynamic, force-free experi-

observed foix=0.17. Moreover, it is not quite sure that we Ments which can help determine the upper critical field are

can use the determination f, in the clean limit in our Needed to confirm our interpretation.

case since the estimated mean-free path one can determineNOte added in proofSince our first submittal, new reports
from the low-temperature resistivity for x=0.15 is about " the Nernst effect clearly demonstrate the need for better

30 A [Kkel~23, withke~0.70 A (Ref. 54]. For this rea- probe than resistivity foH, determinatior>®The data on

son, we have included in Table | the estimation of the coher?'rrd"‘r’lr PCCObthlnt_}‘llmssglearZ |nd|<|:a'ges traceshof Voét'cﬁs at

ence length in the dirty limit as a reference. I1|e (Sé)Up lj?sﬁeoi?s r%gg fo?cl)Jtndg?dotilr;5 e(\:/(()ar?triwOv':ga mﬁra;b-
It is clear from the above interpretations that resistivity is ecrgv atiolr31 extracted from the resistivFi)t ?jata Thiz Shows once

far from being the appropriate probe for the determination otV he inad fth uvity : b

a thermodynamic property such Big, for the HTSC. This again the inadequacy of the resistivity as a probe-ej.

underlines the need for experimental techniques measurin'A‘\g;It(ij(')trllonaI work by Yanget al.” supports further this obser

bulk thermodynamic properties such as the specific heat, the
Nernst effect or thermal conductivity. ACKNOWLEDGMENTS
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