PHYSICAL REVIEW B 69, 104528 (2004

Magneto-thermopower of single-crystal MgB: Evidence for strong electron-phonon
coupling anisotropy
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The thermoelectric power of superconducting Mg&ingle crystals was measured in the temperature range
4-300 K and in a magnetic field up to 13 T. Both the in-plaBg,] and out-of-plane $.) thermopowers was
found to be positive, with similar, metal-like temperature dependences and an anisotrof, s&8p of the
order of 3—4 in the whole temperature range. Unexpectedly low valu8s were qualitatively explained by
the properties of the Fermi surface topology. The analysis of the low temperdterd0(K), normal-state
thermopower measured in the magnetic field indicated a domination of the phonon-drag thermopower over the
diffusive contribution and gave evidence of a stragbg a factor of 7= 1) anisotropy of the electron-phonon
coupling. The positive magnetothermopower found abbyéor both directions as well as a negative feature
in S,(T) at T~27 K for B>2T were tentatively attributed to phonon-drag effects.
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[. INTRODUCTION ab plane andc axis, as well as at a skewed configuration,
with 2 (B,ab)~30° andVT|ab plane.
Since the discovery of the superconductivity in MgBt
remarkable high value of =39 K, a renewed interest has Il. EXPERIMENT
been sparked to the superconducting and normal-state prop- _. . , .
erties of the non-oxide superconductors. This interest was >Indle crystals of MgB were grown using with a cubic

further escalated by the revelation that an anisotropic, com@m’II high pressure techniqeAll samples were of~0.5

plex Fermi surface of Mgp gives rise to an existence of X 0.5-mm area and of-0.1-mm thickness. Magnetization

o ; . measurements il =2 Oe performed on three samples se-
tv_vo distinct sqperconductlng gaps connected with the tWqected for thermoelectric power TEP measurements have
different Fermi surface .sheets. On the other hand, MQB shown that their properties varied in narrow ranges: transi-
not as far from conventional superconductors as the fiigh- temperatureT, ..o~ 38.1-38.8 K, transition widths
cuprates are. The pairing symmetnsjsthe driving force is AT, 5rc=0.65-1.1 K andAT oc=1.0-1.6 K and the ra-

. . . c, . . y c, . .
the electron-phonon interactid. The differences stem i, “hetween field cooling and zero-field cooling signals

mainly from the fact that the charge carriers in MgEll FC/ZFC=0.42—0.69.

into two distinctive groupsp electrons, similar to those in Thermoelectric powefTEP) measurements were carried
graphite; ands electrons, which represent highly unusual ysing two separate equipments. Initial experiments on all
case of covalent bands crossing the Fermi level. This leads ingle crystals were performed without magnetic field in the
a complex and uncommon features in the band structureaemperature range 15-300 K by a steady-state-mode, semi-
transport properties and superconductivii@esistivity mea-  automatic instrument fitted in the transport liquid helium
surements for MgB show a low residual resistivity of dewar. One of the samples was further investigated by a fully
0.4 m() cm and resistivity ratidRzoo/ R4, values in excess of automatic system working in an Oxford 13/15 T supercon-
20 although the intermetalic compound electron-phonon couducting magnet in the temperature range 1.5—-300 K. In this
pling is apparently largé.The resistivity of MgB single system all measurements were performed upon a slow tem-
crystals has been found to be anisotropic with a resistivityperature drift(0.25 K/min).
ratio of p./pap~3.5." The Hall effect with magnetic field In both equipments the sample was clamped between two
parallel to theab plane is negativéelectronlikg in contrast  spring-loaded Cu blocks provided with heaters and a pair of
to its positive (holelike) sign with a field parallel to the  thermometergsee Fig. L Each thermometer pair was care-
axis, indicating presence of both types of charge carriers andiully calibrated being glued togethdPt-1000's for semi-
thus, the multiband electronic structure of MgB automatic equipment and Cernoxes 1050 for the automatic
In this work we present measurements of the magnetoene to limit an error in the determination of small tempera-
thermopower of the MgB single crystals in the temperature ture differences. The blocks were thermally insulated from
range 4—300 K and in the magnetic field up to 13 T. Due tathe surrounding, therefore a thermal difference of any sign
small sizes of the available samples a special procedure hasight be produced by the heaters. The quality of the thermal
been developed to determine an actual temperature diffecontact between the sample and the Cu blocks was tested by
ence across the sample clamped between two Cu blocks. Tledectrical resistance measurements, only values beldw 2
measurements were performed at configurations with botlwere accepted. The voltage difference between blocks was
magnetic field and temperature gradient aligned along twaneasured using a A2(EM Electronic$ low-noise preamp-
principal crystallographic directions of the MgBstructure: lifier.

0163-1829/2004/620)/1045288)/$22.50 69 104528-1 ©2004 The American Physical Society



PLACKOWSKI, SULKOWSKI, KARPINSKI, JUN, AND KAZAKOV PHYSICAL REVIEW B 69, 104528 (2004

heater
Cu block

12 4

10 1

thermometers —
AT, . 89 0 100 200
X T [K
sample S [K]
=
ATgp Cu block T A s
nnnnnnnnnnnnnnnnnin heater

FIG. 1. A setup for thermoelectric power measurements.

A zero-field calibration of both equipments was per-
formed versus a Pt6N) sample’ Since at low temperature
the TEP of copper depfznds strongly on magnetic fedd TIK]
on the material quallljs}’. an a_lddltlonal C_allbratlon was nec- FIG. 2. Zero-field thermoelectric power measured on
essary for the automapc equment. This was performed yerl\'/lgB2 single crystals along thab plane and the axis. Symbols
Sus a SUpercondUCtmg'_ optimally doped, pOchry‘Q’ta"medenote results obtained using the semi-automatic equip(sehd
YBa,Cu07 5 sample with Tc=92 K (T.=76 K at B ¢jrcles, sample A; open circles, sample B; solid triangles, sample
=13 T) atfieldsB=0, 2, 4, 6, 8, 10, and 13 T. The obtained ¢): thick solid lines denote measurements performed by the auto-
calibration curves were extrapolated up to 100 K. matic equipment on sample A. The inset shows the thermopower

Another experimental problem was connected with theanisotropy ratio(solid line, data for sample A by the automatic
determination of the actual temperature difference across th&yuipment; the dashed area represents the uncertainty due to the
sample AT,) which differs from that indicated by thermom- results scatter for all samples
eters ATy,). There are two kinds of detrimental temperature

gradients within Cu blocks influencin§ Ts measurements:  gyreq by different equipments do not exceed 1®4) and
gradients produced by heaters along the vertical akiB,i 1304 (S,) at room temperature and 33%.(,) and 50% G,)
andATy,; see Fig. 1 and those, of unknown direction, re- 4; T—50 K. The higher data spread for theaxis results is
sulting from an inhomogeneous temperature distribution iny5,sed by the particularly short length of the samples along

the gas-flow cryostattheir horizontal components are de- this direction (0.1 mm) what made the compensation pro-
noted asAT,, andAT,;,). To get rid of the vertical gradients cequre less effective.

the thermometers were fixed on these block surfaces which oyr TEP values for theb plane exceed these found in a

are adjacent to the sample. The second problem was oVefacent work3 (Sap=11.3-12.3uV/K at 293 K in our mea-
came by the following compensation procedure. Two subses,,rements versuS,,~7 V/K measured in Ref. 13 Mea-
quent runs with two different values afT, were always syrements performed on polycrystalline material revealed
performed(in order to makeAT,, and AT, reproducible TEp values either close to our in-plane reddltsr, more
we kept all possible run parameters constant, including th?’requently values in the middle betwesg, and S, 13521
temperature drift rate and the gas flow jaféhen, the fol-  gyrprisingly, despite the fact that theaxis electrical con-
lowing formula was used to determine the actual ther'ductivity is much lower than that for theb plane’ we have

0 50 100 150 200 250 300

mopowerS of the sample: found thatS, values for MgB are substantially lower than
U U U.—U the in-plane onesY.~3.7-4.3 uVI/K at 293 K).
-t~ t 72 (1) The character of the TEP temperature dependence is very
ATsy ATsp ATini—ATene similar for both directions: thé&(T) dependence is almost

whereU stands for the measured voltage and indices 1 and nearly increasing with temperature betwegnand 80 K
denote the first and second runs, respectively. The validity ofSlope 6.2 10°° V/K= for S;p and 2.2<107° V/IK= for S;),
this approach was confirmed by several tests whff,, &t higher temperature the curvature becomes increasingly
%_ATch and WIthATth 1:,&0 andATth 2%0 on shorter ahd nega.tlve. This is in contrast with Ref. 13, Where.a wide
longer Pb samples. During the measurements on thB1aXimum around’~60 K was found forS,(T). The inset
MgB, single crystal we keptATy,; linearly varying be- N Fig. 2 shows the thermopower anisotropy ratio which is of

tween 0.5 K at LHe temperature and 2 K at room temperathe order of 3—4 in the whole temperature range.
ture, wheread\ Ty, , was kept close to zero. Figure 3 presents the results of the in-field thermopower

measurements for a configuration witlB|ab plane

[£(B,ab)=0°*10°] andVT||ab plane. Figure &) shows

the TEP behavior in the normal state upTe-100 K. At
Figure 2 presents the zero-field measurements oB=0 normal-stateS,,(T) varies almost linearly, 88=6 T

MgB, single crystals performed using both equipmentsthe S,y values are only slightly higher, whereasBx13 T

along theab plane and the axis. The differences between the growth ofS, is already evidentby ~20% at 80 K.

TEP values for different samples and for same sample medaFhis nonlinear field dependence of TEP was confirmed by a

Ill. RESULTS
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FIG. 3. Field-dependent thermoelectric power of Mg&ingle
crystal(sample A for B||VT|ab plane:(a) in the temperature range
up to 100 K forB=0, 6 and 13 Tthe dashed line is proportional to
the normal-state specific heat data taken from Ref, @2 in the
temperature range 4—45 (the inset shows the magnified view of
the superconducting transition B&=0).

separate measurementy,(B) at constant temperatufaot
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FIG. 4. Field-dependent thermoelectric power of Mg8ingle
crystal (sample A for a skewed configuration withv (B,ab)
=30°*10° andVT|/ab plane.

figuration(Fig. 3), howeverB,, values are substantially low-
ered: a field oB=6 T is now enough to destroy supercon-
ductivity at all.

The thermoelectric power measured Bfic axis and
VT||c axis is presented in Fig. 5. For this configuration the
alignment of the platelet-shaped crystal irBfc axis posi-
tion is of much higher accuracy. On the other hand, ex-
tremely short length of the crystal along the axis
(~0.1 mm) made our compensation procedure less effective
and higher absolute measurements errors should be expected.
Figure 5a) shows theS.(T) behavior in the normal state up
to T=100 K. ForB=0 S,(T) decreases almost linearly with
temperature down td@., for B=6 and 13 TS,(T) curves
are linear down te-60 K, then they deviates downwards. In
contrast toS,,, above~60 K S; increases approximately
linearly with the magnetic fieldby ~25% at 80 K forB
=13 T). This linear-type field dependence of TEP was con-
firmed by a separate measurementgfB) at constant tem-
perature(not shown.

In the superconducting state TEP should drop to zero. As
seen, in our case some error remained uncompensated, giv-

shown. Figure 3b) presents a more detailed view of the ing the apparent value d,=+0.13 uV/K just below T,
influence of the magnetic field on the superconducting tranfthis corresponds to the measured voltage of eABO nV).
sition. In our case the field =13 T is enough to destroy Therefore, we applied an additional correction using the
the superconductivity at all. Somewhat lower values of theS.(T,B=0) line for T<T, extrapolated up to 42 K. Figure
B., were found here in comparison to these reported in lit5(b) shows the correctel. data in the region of the super-
erature(compare, e.g., Ref. 22The reason is probably our conducting transition. The apparent transition widths are
limited accuracy in aligning theb-plane of the crystal along higher than for theéB|ab plane configurationAT ~2 K for
the B direction. The dashed curve shows the scaling betweeB=0. Magnetic fields up to 1.2 T do not modify the shape of
the MgB, specific data and the thermopower, see Sec. IV fothe normal state curve, which may be fitted by th&
details. The inset shows the magnified view of the supercon+cT? formula (dashed line, see Sec. )V

ducting transition aB=0. The apparent transition width of

The highest field at which we detected a superconducting

~0.5 K is comparable to the estimated temperature differtransition isB=2 T only. However, at this field the normal-

ence across the sampde ;=0.53 K (which is ~20% lower
then the apparent temperature differensd,;), so that the
actual transition width may be even lower.

Results for a skewed configuration(B,ab)=30°*10°

stateS;(T) dependence deviates downwards from the these
observed for lower fields. The tendency is more clear for the
B=6 T curve, for which a round, negative peak with the
maximum atT=27 K appears. The height of the peak in-

andVT|lab plane is shown in Fig. 4. Results for the normal creases with the fieltsee the curve foB= 13 T). The origin
state are very similar to that presented for the parallel conef the influence of the magnetic field on normal-state TEP in
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2.0

have some similarity with a negative peak in tB€rl) at T
=35 K for graphite, which is also strongly increasing with
magnetic field®?°This low-temperature feature was also ac-
counted for the phonon-drag effects.

TEP data for all three measurement orientations are sum-
marized in the phase diagram presented in Fig. 6. The critical
temperature values were determined in the middle of the
transition. All theB.,(T) lines have a slightly positive cur-
vature. The middle curve, measured at the skewed configu-
ration with 2 (B,ab)=30° andV T||ab plane, goes definitely
closer to that for the out-of-planeB(VT|c) configuration
than to that for the in-planeB(VT||ab) one. This confirms
. - . - that theB, slope is determined mainly by the orientation of
() the magnetic field versus crystal axes, and not by the direc-

T[K] tion of the thermal gradient.

VT|c, Bl|c

S, VK]

0.5

0.0 1

IV. DISCUSSION
A. Anisotropy

As shown by the electronic structure calculatiori$the
transport properties of MgBare determined by contribu-
tions four sheets of the Fermi surface of comparable values
of the electron density of states. Twotype sheets are three-
dimensional; the antibonding one centeredkgt0 is of
electron type, and the bonding one centerekl,atw/c is of
hole type. The two similar hole-type sheets are almost
cylindrical, with very low out-of-plane dispersion. Table |
schematically shows the cross sections of the Fermi surface
sheets along the two principal directions. Each of the bands

5. IuV/K]

20 25 30 35 40

(b) contributes to the total diffusion TERy, according to the
TK] well-known expression which may be derived from the Mott
1

FIG. 5. Field-dependent thermoelectric power of Mg&ingle formula®
crystal(sample A for B||VT]|/c axis:(a) in the temperature range up 52 5 2
to 100 K forB=0,6 and 13 T, the dashed line is a fit used as a __ T kgT (dIno 7 kgT [dInAg
correction in Fig. €); (b) the corrected data—details of the super- d 3|e| de 3|e| de ’

. » . E e=E

conducting transition in the temperature range 18-42 K. F %)

MgB, seems to be unclear. For pure simple metals thavherec=AXAg is the electrical conductivityhr stands for
magneto-thermopower was accounted for the increase of thbe area of the Fermi surface sheet. If, as in the second part
phonon-drag terrfthe case of noble metals, Cu, Ag, and Au of Eq. (2) the energy dependence of the electron mean-free-
(Ref. 23] or the change of the electron-phonon enhancemerpath A is neglected, then, the sign of the TEP contribution
leading to the increase of the diffusive TIfRe case of Al from a particular band is determined rather by the slope of
(Refs. 24 and 28. In the case of the complicated, highly the A:(e) dependence and not by the sign of charge carriers
anisotropic and multiband electronic structure of MgBe  indicated by the sign of the Hall coefficient. A careful analy-
explanation of the magneto-thermopower is an extremelis of the electronic structure data given in Fig. 1 of Ref. 5
difficult task?® Waiting for the larger single crystals neces- leads to the conclusion that the Fermi-surface sheets con-
sary for more precise and comprehensive TEP measurememigcted with bothr bands as well as the antibondimgband

we could only make some suggestions. If the phonon-dragre collapsing with increasing energy, whereas the sheet con-
term is dominating, as was proved by fitting the low tem-nected with the bonding band is expanding with increasing
perature part of the normal-state curves, then, in the firseénergy. Thus, the three sheets characterized by the negative
approximation, the magnetothermopower may be tentativelyalue of the derivative give a positive contribution the diffu-
attributed to the phonon-drag effects too. The main argusion thermopower. On the other hand, the bondingpand
ments are some analogies with more classical materials. Thatith positive value of the gives a negative contributicee

is, the positive magnetothermopower observed forthe first column of Table)l Therefore, for theab plane, for
MgB, aboveT, for both directions resembles the case of thewhich all four bands take part in the transport phenomena,
noble metalg/ for which it was observed that the phonon- the three positive diffusive TEP contributions should defi-
drag peak is strongly enhanced with the magnetic field. Thaitely prevail the single negative one. On the contrary, since
negative peak irS,(T) appearing aff~27 K for B>2 T  the ¢ bands do not participate in the transport along the
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TABLE I. Schematics of the cross-sections of the Fermi-surface sheets for the particular bands along the
two principal directions. The dashed regions represent filled states. The slope of the Fermi surface area
dependence on energhAr /de was estimated by the analysis of the electronic structure data given in Fig. 1
of Ref. 5. The sign of the diffusion TES; was determined using E@R). The sign of the phonon-drag TEP
S;h was determined using the Ziman rule. Namely, the electrons scattered in N-processes by phonons of
guasimomentum which are crossing filled or unfilled regions of the Brillouin Ze@e examples for both
band cross-sections for tlad plane give, respectively, negative or positive contributionS§dRef. 33. The
sign of the Hall coefficienRy was determined by the sign of the curvature of the respective Fermi-surface
Cross section.

Band Cross-section along the ab-plane Cross-section parallel to the c-axis
ar-antibonding, Spn=(—) Spp=(+) T M
centered at k. =0, Ry=(-) Ry=(+)
dAplde<0 M &
Sqa=(—)X(—)=(+) M K A L
ar-bonding, Spp=(=) T M
centered at k.=/c, Ry=(—
dAplde>0
Sa=(—)X(+)=(-) A L
two o-bands Spp=(+) do not r M
dApde<0 Ry=(+) contribute §
Sg=(—)X(—)=(+) M

M K A L
net values: net values:
Sq=(H)(—)(H)(+)=2(+) Sa=(+)(—)=0
Spn=()(H)(H)(F)=2(+) Spn=(—)(+)=0
Ry=(—)(H)(H)(+)=2(H) Ry=(—)(+)=0

axis, the two mutually opposite contributions of thebands  signg. Now, we consider the phonon-drag TEP for thexis.
are expected to roughly cancel each other making the absdhe o bands do not contribute. Due to a honeycomb struc-
lute value of S, much smaller tharS,,. The sign of S, ture of boths bands the curvature of the cross-section along
cannot be estimate@ee the last row of Table.IThe results the c axis is opposite to that of the cross-section parallel to
of the above analysis seem to agree with the observed resulise ab plane(i.e., Sy, is positive for the antibonding- band
of the TEP anisotropy, for which€9S.<S,;, was found. and negative for the bonding band. Thus, bothw bands
Despite this qualitative agreement we have also to conS,,, contributions again roughly cancel each other resulting
sider the phonon-drag TEB,,. That is, since the Debye in the low absolute value db, predicted for this direction,
temperature of MgB is particularly high[®.¢=920 K at  the same as in the analysis of the diffusive TEP.
T=298 K (Ref. 32] S, may play an important role even A similar analysis may be also used for the Hall coeffi-
near the room temperatute maximum ofS,, could be ex-  cient, in this case the sign is determined by the curvature of
pected afl ~ 0 .¢+/5= 184 K). The estimation of the signs of the Fermi-surface cross-section perpendicular to the mag-
the phonon-drag TEP contributions of particular bands mayetic field. The sign prediction foRy for particular bands
be performed according to the Ziman rifeSpecifically, for  exactly agree with these for the phonon-drag TE&e Table
the convex Fermi-surface sheétghich is the case, compare 1), thus giving a large, positive net result for taleplane and
Fig. 3 in Ref. § and considering only scattering in N pro- smaller, undetermined in sign result for tieeaxis. These
cesses a negative phonon-drag TEP is anticipated for tharedictions could be compared with the resent measurements
electron bands and a positive one for the hole bands. For thaf the Ry anisotropy described in Ref. 7. In accordance with
ab plane this gives three positive contributioffisom bothe  our predictions, the authors found the in-plane Hall coeffi-
bands and from the bonding band and a single negative cient positive Ry, = + 160X 10 *?> m®/C at room tempera-
one (from the antibondingr band. The net value is again ture), whereas the out-of-plane coefficient was found smaller
positive, as in the case of the diffusion TEPis interesting in absolute value and negative Ry,,=Ru,x=—40
to indicate that for bothr bandsSy and S, are of opposite X 10™'* m®C at room temperatuye
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0 10 20 30 40 from Ref. 33 as a function ofT?; the solid thin lines are fits

T[K] according to Eq(5) for TEP and to theC,=yT+ BT relation for
specific heat folT<40 K.
FIG. 6. Superconducting phase diagram of single-crystal
MgB, derived from TEP measurements at three orientationsThe a andc coefficients are connected with the Sommerfeld
B|VT|ab, B|VT|c and a skewed one, witlt (B,ab)=30° and  coefficienty (C.=yT) and theB coefficient describing the
VT|ab. low temperature behavior of the lattice specific he@j (
= BT?®) through the following relations:
Summarizing, the analysis of the Fermi surface topology

leads to the conclusion th&;, should be relatively large and a= 2y ©6)
positive, whereas the absolute value of Sc is expected to be 3nsuNape

much smaller thats,;, due to the interplay between the two

7 bands, giving mutually opposite contributions both in case . B @

of S4 and Sy, (the sign ofS; remained undetermined in the = 3nNpe’
above analysjs This agrees well with our experimental re- ) ) ) )
sults. A further support of the presented physical picture wa¥/h€reny, is the carrier concentration per formula unit and
given by the Hall effect analysis. However, the above picturéVa iS the Avogadro number. Despite the complicated nature
is not able to indicate the dominating mechanism contribut®f MgB, electronic structure the simple formula given by

ing to the thermopower: the diffusive or the phonon-drag one=d: (5) is fulfilled for T<T. (compare dashed lines in Figs. 3
(this problem will be addressed in Sec. IV.B and 5. To perform more quantitative evaluation of that scal-

ing we plottedS/T andC,/T versusT? (see Fig. 7. From
the specific heat data below~40 K the values ofy=8.9
x10 % J/gatk and B=3.4x10 ° J/gatk’ have been
The diffusive and phonon-drag TEP are strictly connectedound. Due to the multiband nature of the MgBhe Hall
with electronic C¢) and phonon €,) specific heat, respec- effect cannot be used for the estimationrgf,. Therefore,
tively. In low temperature approximationsT£®p) these  one should rather use the results of the band structure calcu-
relations may be expressed by following simple formdfas: |ations which predict that the total;, is of the order of
unity.?”3#Thus, just to get an idea on the order of magnitude
2C, of the quantities of interest we assumeg,=1 for the

B. Low temperature analysis

4" 3ne’ ©® present estimations.
Table Il presents tha andc coefficients calculated using
CL Egs.(6) and(7) as well as the fitting parameters for TEP. As
Soh=T 356 (4)  seen, thea andc values derived fronC,(T) agree well in

the order of magnitude with these obtained fr@&y,(T),
where n is the charge carrier concentration ands the  supporting the validity of the physical picture used. More-
phonon-electron coupling parameter defined by the ratio ofver, similar values of parameters indicate that the phonon-
the phonon-electron scattering rate to the total of phonorlectron coupling for theab plane isr,,~1. Another con-
scattering rates. Thus~1 in case of dominating phonon- clusion is that at low temperature the phonon-drag
electron scattering and<Or <1 if other phonon scattering contribution dominates the tot&l,, of MgB,. For example,

processes are important. atT=40 K theS,,/Sy ratio estimations vary between 5 and
Therefore, for the total TEP at low temperature a simplell. This result stands in opposition with the previous inter-
dependence is expected: pretations of the TEP behavior, which attributed the dominat-
ing role rather to the diffusive TE®:'8 Similar fitting pro-
S=aT+cT°. (5) cedure performed by authors of Ref. 18 abdyén a higher
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TABLE IlI. The coefficients for the lineata) and cubid(c) terms  Sec. ), that the positive magneto-thermopower found for

describing the low temperature dependence of TEP as well as thgoth directions abov&, should be accounted for in terms of
ratio of the phonon-drag and diffusive TEP contributio8s, /Sy, the phonon-drag effects.

at 40 K. The data scatter for theb plane results from both the

measurements errors and the influence of the magnetic field.

V. SUMMARY
data origin a (mV/K?) ¢ (mV/K?) S,,/Syat40 K _ )
specific heat In the present report we olescnbe the thermoelectr!c power
[Egs.(6) and(7)]  6.1x10°3  1.2x10°5 31 measurements of the MgBsingle orystals performeq in the
S, atB=13 T 40¢10°2  16x10°5 6 temperature range 4_—300_ K and in the r_nagnetlc field up to
Bt T 21x10~3  15x10-5 1 B=13 T. Three configurations were studied: WBHV T||ab
B=2 T 3103 12x10°5 5 (in-plane, with B||VT|c (out-of-plang and with 2 (B,ab)
S, for B=12T L0103 2.0x10°6 17 =30° andVT|ab plane(skewed configuration

Both the in-plane and the out-of-plane zero-field ther-
mopower was found positive, with similar, metal-like behav-

temperature range 45-90 K gave the values 1.76 ior and the anisotropy ratig,,/S. of the order of 3—4 in .the
X102 mV/K? and c=1.26x10"°% mVv/K*, and, thus, the yvhole temperature range. Low vaIue_s of'EBleare surprising
S,/Sq ratio was found as small as 0'11-’&# 40,K. ' in the faoe of the high eleotrlcal resistivity aloog t.bems

For thec axis, thea parameter(describing the diffusive rep_orteo! in the Ilteraturé?l'hls_ paradox was qualitatively ex-
TEP) is nearly 6f the same value as that found &y plained in terms of the Ferml s_urface topology. It was shown
whereas the parametetdescribing the phonon-drag TEbé that total TEP of the contributions from particular sheets of
one order of magnitude smaller in comparison to its in-plam%r:)?1 F\?vrr]rglrzggf?g? ;ﬁ;a;giﬁpgh%ouslg'\éilejzﬁ :gxé?r;ﬁ glt;oc—
counterpart. Hence, tH8,,/S; ratio was found equal only to solljte valug(the sign of Sc remained undetermied
1.7 at T=40 K. This means that at low temperature the

. . : The low temperature =40 K), normal-state ther-
electron-phonon coupling for the axis, r., is much lower . D .
. S mopower measured in the magnetic field was analyzed in
than this for theab plane direction:

terms of a sum of two contributions: a linear one arising
ab  Cab from the diffusive TEP and a cubic one connected with the
r—=c—=7i1. (8)  phonon-drag TEP. A scaling with the literature data on
¢ ¢ normal-state specific heatsupported this approach. This
This conclusion, which is the central one for the current2n@lysis indicated a dominant role of the phonon-drag ther-
paper, agrees well with that given in the report on the ddNCPOWer in comparison to the diffusive one, especially for
Haas—van Alphen effeéE The authors have found that the theabplane(at 40 K the ratioS,,/Sy is of the order of 5-11
electron-phonon coupling strength(defined as the electron fOr theab plane and~2 for thec axis). A comparison of the
mass enhancement factds a factor~3 larger on the two- phonon-drag contributions for both dlrect|ons gave an evi-
dimensional2D) o orbits than on the 3Dr orbits. dence for a strongpy a factor of~7=1) anisotropy of the
At higher temperatur,;, deviates from the scaling with electron-phonon  coupling. ~ The  positive  magneto-
C, due to increasing role of the phonon-phonon scatteringth€rmopower found abové, for both directions as well as
thus reducing the parameter. For simple metals a maximum € negative feature i6(T) at T~27 K for B>2 T were
at ®,/5 is usually observed. Such a feature was not found'SC tentatively attributed to phonon-drag effects.
for MgB, (it would be expected al=~0.:/5=184 K),
both for S, and S;. Instead, a saturation tendency is ob-
served(see Fig. 2
Due to the scatter of obtaineal and ¢ parameters the The work was supported by the Polish State Committee
above analysis cannot support or falsify our suggestisas  for Scientific Research under Contract No. 2 POB 036 24.
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