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Galvenomagnetic properties of Cd and its dilute alloys have been

1}3-12)

studied for the past severel years. The neggtive Hall resistivity Poq

in the basal plene of {4 has been explained on the basis of intersheet

scattering 4),5) between the two adjacent hole Fermi surface pieces in the
s 11) . ;
ions Educational Seientific and Cultursl Organization second Brillioun Zone (BZ). Hurd et al, T’ suggested that in the low field

=nd intermediate-field regions a hole surface could support orbital segments of

INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS both electron-iike and hole~like behaviour and the Hall effect reflects the

balance between their contribution when summed over all planes perpendicular to

12) has doubted the relevance of inter-

>
the magnetic field H, Recently Fletcher
sheet scattering theory 2 because the transverse resistivity of Cd wa2 shown
toc be precisely quadratic in magnetic field at temperature of 1.2 k.
TRANSVERSE MAGNETORESISTANCE AND HALL RESISTIVITY The following features of pgl(H,T) and transverse magnetoresistance
IN Cd AND ITS DILUTE ALLOYS t Oll(H,T) heve been observed experimentally 2),7)-91,11) ’12).

{1} 05y is negative below 3.4 %K for a maximum magnetic field of 3.5 T.

(i1) 921 inereases with H &nd does not decrease in the magnetic field
0.P. Katyal * and K.M, Khanna %% at around 1.2 T as was ohserved by Grenier et al. 15). It appears
International Centre for Theoretical Physics, Trieste, Italy. it is not & general phencmena connneted with Cd metal.

{11i) For a fixed value of H, oel,shows a maximum at eround 10 K.
{iv) Though the general behaviour of p,jl(H,T) observed by varicus
ARSTRACT 2),7),11)12) N .
groups 07 is the same, the absolute value of pEl(H’T)
Gelvancmegnetic properties of Cd and its dilute alloys have been is different in each experiment. The purity of Cd samples are
different in each case, and Kohler's rule does not apply here
(See Fig.7a of Ref.2).
(v) At 1.35 X under hydrostatic pressure of 1950 Atms. [p21
Py ()] o (See Fig.B of Ref.2).:

is proporticnal to ]-I2 in the tempersture range 1.} to 4.2 %.

studied experimentally for the past several years. A number of authors

have attempted to explain them, using the concept of inter-sheet scattering.

None of the explanations has 80 far been very successful in explaining {(E)] vecames

the experimental observations. less negative as compared to [

{vi) Piq
(vil) The Kohler plot of %g ve wt, shows @ change pf slope for wrZ=l.

(See Fig.2 of Ref.B)?

In this note we have emphasized the requirement of a theory thet
could more successfully explain the experimental obeservations and have
suggeated the nature of interasctlcons that may ultimately unfeld the

thenamena. Using an idealized Fermi surface, the influence of small angle scattering

between different sheets of Ferml surface on the galvancmetric properties of metals
was calculated 5). The effects of the smell angle scattering were included
explicitly in the solution of the Belimann equeticon. The whole discussion was
TRAMARE -~ TRIESTE semiciassicel end the motion of the electron was considered to be that of a
August 1982 quasi-particle with = genersl dispersion law & {R) end which satisfied Fermi-
Dirac statistics.
To be subtmitted for publication.
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Effort was also maede to explein the results for the galvanomagnetic

1},2),16) and Cd-Zn alloysa) which display several

properties of cedmium
ancmalous features which are quite sensitive to the field strength, impurity
concentration and varietions of temperature. It is peinted out that Hall
resistivity Poy exhibits electronlike behavicur for very low temperatures

(T2 OK), but displays & hole~dominated character for slighi larger temperatures
(7= %k).
temperature in & menner similar to the case of pure Cd, but for low tLemperatures,

T=1-4 %K, p

For Zn=-Cd alloys the resistivity changes sign as a function of

21 is positive for low magnetic fields and then becomes negative,

i.e., electron-like for higher fields.

In the caleulations done, the basic concept was the so-called "intersheet
scattering”, and C and A {see Ref.5 definition of C and A) were so adjusted that
Tl CAE remained finite. It was shown thet the small-angle scattering effects
can provide an explanation for the deviation from the expected behavicur of the
megnetcoresistance. Alsc the behaviour of the Hall resistivity Pay showed the
transition from electron-like to hole-like behaviour as the magnetic field was
increased. On & qualitastive basis, various results for p21 corregponding to
different values of 1 {(relaxation time) and ’r (the typical scattering time)
are given 1n detail in Ref.1. The results emphgsize the following points:

(i) Tmpurity scattering is the principal mechanism which gives rise to
intersheet scattering.
{i1) There is a possibility of phonon scattering and particularly near
the hot-spot regions a phonon with very small wave vector
al|a| << ILF) can scatter holes in such s wey as to randcmize the
formerly conserved velocity component and thus weaken the coherence
properties of the channel. This weakening of the ccherence of the
interchennel scattering is reflected in a decrease of T_l as the
temperature is increased. However, it 1s mentioned in Ref.l that
& detalled study will require the study of electron-phonon interacticn
in C4.

It is well known 10)

that the galvanomagnetic properties of Cd at low
temperatures are peculisr and complicated and this is due to the fact that

different scattering mechanisms dominate the galvahomagnetic properties at

different temperatures. The behavicur below b OK is said te be well understood 3)
in terms of impurity-enhsnced intersheet scattering. It is believed that &t
higher temperatures, other scattering mechanisms take over and variocus local
pexima and minima in the Hall coefficient are obserwved.
3
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The important concept introduced in Ref.10 to explain varicus experimental
results is the scattering by a very flat, zlmost Einstein like, phonon mode.
It is assumed that such a mode is capsble of scattering quasi elastically electrons
from eny peoints in the Brillouin zone to any other point. Particularly, it can
scatter electrons from anywhere in the Fermi surface to any cther Fermi-surface
point. The energy of the Einstein-like thonon mede, is very small compared
with typical electronic energies {in the order of Fermi snergy). Yet, 1t is
assumed that it can supply a very large momentum transfer. Consequently, it
is not only effective in causing further interelectronic and interhole scattering
but slso capable of scattering electrons into hole pockets and vice versa, as

well af csusing transitions between different hole pockets.

The matrix elements for three processes, C and

intra-e’ C‘intra—h * Yeon

are, in general, different. In the caleculations presented in Ref.10,

C.
inter-h
these matrix elements have been assumed to be equal and constant = Cp-

The following are the results, achievements end shortcomings of the
calculations given In Ref.10.

(1) Some experimental results can be understood gualitatively and
quantitatively by the inclusion of anisctropic scattering of
electrons by a very flat, almost Einstein-like phonon mode, a
hybrid of TA and TO branches.

(1i) Within the isctropic scattering model, the combined effect of Debye
end Tinstein phonons is to cause a sharp rise in the Hall coefficient
in the neighbourhood of 10-20 % with & line shape which compares

Blach T5 terms alone caused

favourably o the experlmentsl one.
too slow & rise and the Einstein term alone drops too steeply. If
the impurity term is too large so as tc be deminant the rise iz again
very slow; in such a case, the impurity contributions dominate both

in numerstor and denominstor and tend to maintain the constant value,
t T 1 ' -1
Ce - Ch [ nec(ce + ch)] .

.1

where, C =mc
e e
1
Ch = ™ty
C is a2 constant independent of T. Ce and Ch sre constant
impurity terms and these are adjustable parameters.
The fully isotropic model, however, camnot explain the drep in the
Hell coefficient beyond 20 °k. The celeulation yields a constant
-
T i ] . ' B
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(11) plateau in that range, in disagreement with the experimentsl results.

(111) Tt is suggested that the phenomena of a local maximum in the Hall
coefficient can be sufficiently accounted for if anisobropic
scattering is properly inccrporated. In fact, the experiments
provide a direct measure of such anisotropy.

R(T)/r(T) as plotted against 100/T in a semilcg scale alsg appears

—-.
[
!

=<

to be linear in the temperature range 4-L0 %K for both the isotropic
and anisctropic scattering models. A plot of 1/r(T) alone deviates
econalderebly from the straight line but not as drastically as observed
L} t ] 1
experimentally. For the vglues A , B , C and Ch that have been
e
used, the same linear Dehaviour is observed and the slope varies
from b2 to L8 K, which compares favourably to the one observed
o,
at 43 “K.

. - k2.9
R(T)/r(T} = be =

at tempersture T, b is & constant independent of temperature and
= =0,273 ° =
() = o (820,273 “K)/o, (B=0,1).

{v) The cbserveddeviation of the zero-field resistivity from that of a

; where R{T) is the deduced Hall coefficient

simpie Bloch wmodel is due to {a) the existence of hoth electron
and hole pociets of different sizes which have very different
scattering parameters, {b) the existence of a term due to Finstein~

like phonon wode, and {e) the very small value of the mass ratio

"
mh/me. All these factors cambine to cause an apparent fit te a
single Bloch I5 funetion with scaling parameters approximately equsal
ta = @_ as observed experimentally.

2 Iy
(vi) It is suggested that instead of using e more realistic tresatment

of the Fermi surface, it is more sensible to use variationsl technigue.

II. PROPOSED QUALITATIVE EXPLANATION OF EXPERIMENTAL RESULTS

We shall consider the case where the magnetic field H 1is along the
hexagonal exis and the electric current is in the basal plane. The resistivity

tensor p has the following form for H elong the hexagonal-axis taken the Z-axis,

eo_ e P 0
11 21
Pap  Ppp O
o] 4] 933

where p =p is the zero-field resistivity. For a compensated metal

33 Q
(ne = nh)' 1like 0d and those with 81l closed orbits as in the case of Ca, it is
expected that pll and 021 vary as 1{2 and H, respectively. The Hall
resistivity p21 is expected to be hole-like because,

14),15)

(1) The effective mass associated with the hole-surface is much

lower than that for the electron (me"«-_?.l.Z o, and thD.lT Ty, where

m. is the rest mass of electron).

(i1} 'I‘ge veloeity veclors ) of electrons on the lens of the third BZ
centred upon I are directed principally elong the C-axis, therefore
not a major contribution to the conduction in the basal plene. The
major contribution to 921 will come from the second~-Zone hole
monster 13 which consistz of the six separate pieces, and the hole

pockets in the first-zone. (See Fig.7.5 of Ref.13.)

Tn this note, we have given qualitative arguments snd reviewed likely
gquantitative approaches resistivity and transverse magnetoresistance of Cd by
consldering the electron-phonon scattering. The negative part of the Hall
resistivity observed below 3.5 °K dees not show change in slope for high magnetic
fields ac expected by the inter~sheet scattering 1 af electrons between the two
adjacent pieces of Ferml surface in the seceond zone caused by electron-impurity
scattering. Fletcher 12) measured the Hall resistivity in a sample of C4 which
has a purity of r(T=1.4 K} equal to 91000 Y 54, and this purity is mch higher
camparsd to the one usad by Katysel and Geritsen 2). In spite of this, the

curves ageinstt H show a similer behaviour up to the magnetic field of

p

21
3.5 T. This means that the contribution of the electron-impurity scattering
to the Hall resistivity is negligible.

g that at temperatures T < 3.9 OK, the

It has been observed recently 1
oscillations of the hele dopplercn were increased by a factor of 40 as the
tempersture was reduced from 3.6 to 1.6 OK. This gives an indicatlon of the
existence of strong electron-phonon interaction in the collisions.

18)

indicated the existence of an FEinstein type of phonon mode in Cd. This mede

Recent observations on resistivity po ageinst T have strongly

with frequency w=20.8 x 1013 radians Sec_l in the K-M direction In BZ has been
19)

cbserved experimentally . The inter=sheet scattering between the two

ad)acent, pieces of the Fermi surface will also teke place in the K-M direction.

We come to the conclusion that a successful explanstion which may ultimately
explain various experimental aspects, sand that should be valid for all fields

and temperatures mey be found by considering the following inferactions:
6



(i) Electron-phonon interaction.

(ii) Interaction between electrons near the Fermi surface.

Introducing these interactions we shall build the requisite theory which will

be published laster.
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