substance: PtSh
property: transport properties

See also documepr |
electrical resistivity

(Figs. 2...5, see also Fig. 1 and 22)

Oi 1Qcm T=70K intrinsic value 68R,
0.1Qcm T=90K 83D
0.01Qcm T=135K
0.001Q cm T=250K

Hall coefficients

(Figs. 5...8)

Ry +4cny Cl T=2..120K, single crystal, intrinsic near RT 73A

B<3T
+3.0cniC? T=77..120K,  Te doped single crystal with 65D
B<11T p=0.0035Q cm at 77 K
+103cn¥ C1 T=77K single crystal with 83D
p=0.0176Qcmat 77 K
—110cniC? T=77K single crystal with 68R

p=058Qcmat77 K
—-600cniC? T=625K

thermoelectric powers
(Figs. 9 and 10)

S +80pVv K1 T=300K polycrystalline sample 63H
+180pV K1 T=80K pure and Au doped (n-type PtShy 65J
doping with Te)
—200pV K1 Te doped single crystal with 83D
—825uV K1 T=25K donor excesag, = 1017 cnr3
ouv K-1 T=100K andny/ng=0.8;AT< 0.2 K

+150pV K1 T=125K

mobility of charge carriers

(in cé/V s)
Un 420 T=300K from p(T) andRy(T) in the mixed- 68R
3700 T=77K conduction range;
Un=2.07-16 T-3/2exp (12.6 KT)
2100 T=50K maximum ofRyo 68E
3.1 T-3/2 T=7.50K acoustic-phonon-limited mobility, 83D
from p(T) andRy(T)
Hp 830 T=300K Un=4.15-16 T 32 exp (12.6 KT) 68R
7300 T=77K = 6.55-16 T-1-57above 100 K
7.5.16 7372 T=7.50K 83D

temperature dependence: Figs. 11...13

In the mpurity-conduction range thobility is temperature independent which suggests thaetallic rather
than a hopping type ofripurity conduction is dminant [68R]. Between 10 and 40 K th®bilities are Imited
primarily by ionized-impurity scattering [68R]. The occurrence of the ied/2 dependence i, andpp over

a wide tenperature range shows that acoustinde lattice scattering rhits the free-carriemobilities in
sufficiently pure PtSp[68R, 68E]. Better agresent with expernental data by taking into account scattering by
ionized impurities at lowT and by optical phonons at high@r [83D]. Hole and electrommobility are
independent of the electric field up to the impact ionization threshold, 1 and 3H#yrespectively [80D].

mobility ratio
(Fig. 11)



b 0.57 T=110K fromRyMR, XN = (1-b)2/4b, 68E
takingRyM@*at 110 K andR®*hin

the exhaustion region at 74 K

0.5 T=78..200K same procedure as above. Te doped 76A
single crystals with
ng—ny=0.3...3.2- 18 cnr3

0.47...0.52 T=280..300 K fromRy in the acoustic phonon 68R
scattering region of different
samples

0.4 T=240K fromRy(T)andS(T) 73A

1 T=560K sign change d&(T)

0.4 T=10..100K acoustic phonon scattering only; 83D

total b increases witid

intrinsic carrier concentration

n; 7.7-138cnr3 T=300K calculated from the experimental 68R
value ofp; and the equations given
above foru, andpp

2.2.165cnT3 T=77K calculated as
ni = 2.72A exp(=0.11 eV/2K)

with A = 4.84.185T3/2

[K—32cnm3)
1.3-136T3/2 > 100 K fromp(T) andRy(T) using a single 83D
exp (—640r) [cnT3 parabolic conduction and valence

band model

For temperature dependencengT 32, see Figs. 14 and 15.

magnetoresistancean p-type crystals of low carrier concentration: Fig. 16.

oscillatory magnetoresistance in crystals of high carrier concentration: Figs. 17...19.
dependence of thesistivity on hydrostatic pressure: Fig. 20.

piezoresistancecoefficients in the range 80...300 K: Fig. 21.
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Fig. 1.

PtP,, PtAs, PtSh, PtBh. Resistivity vs. reciprocal temperature [65J]. The data for semimetallic pyrite-typ PtBi
(h) are added for comparison. RtRhot-pressed sample; PtAsind PtBj: sintered samples; Ptg8bopen

triangles - polycrystalline sample, full triangles - single crystals. The broken curve shows the measurements of
[66B] on a sintered PtAsample.
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Fig. 2.

PtSh. Conductivity vs. reciprocal temperature [65D]. Single crystal specimens as in Fig. 6.
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Fig. 3.
PtSh. Resistivities vs. reciprocal temperature for n-type samples [68R]. Carrier concentrations given in Fig. 7.
pi: intrinsic resistivity.
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Fig. 4.

PtSh. Electrical conductivity vs. reciprocal temperature [76A]. The specimens were fragments of a Te-doped
single crystal with a Te concentration close to the concentration of residual acceptor impurities in "undoped n-
type PtSk". The donor (Te) concentration was approximately constgit @-136 cn3) along the ingot and

only the acceptor concentration varied. The samples were cut from the n-type part at right angles to the growth
direction [110]. The sample numbers increase with the degree of compensation (as estimaidifrane

depletion region)ng —ngin 106¢cnr3: 1: 3.2,2: 1.9,3: 1.4,4: 1.2,5: 1.0,6: 0.7,7 : 0.3.
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Fig. 5.

PtSh. Electrical conductivity and Hall coefficient vs. reciprocal temperature for a p-type single crystal [73A].
The energy gap is derived frofn= RyT 3/2(m;my/mg?)3/4((1+b)/(1-b)), where the density of states massgg,

= nc 23 mtBm2/3 with ncy = number of energy ellipsoidsy and my = longitudinal and transverse
effective masses, respectivelyin cmd K32 As1,
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Fig. 6.

PtSh. Absolute values of the Hall coefficient vs. reciprocal temperature of single crystals [65D].
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Fig. 7.

PtSh. Hall coefficients vs. reciprocal temperature for n-type samples [68R]. Extrinsic carrier concentrations
Nextr. =N — p = 1Ry (77K); 1: 5.68-165 cnt3, 3: 5.00-186 cnt3, 4: 3.30-187 cnr3, 5: 9.93-167 cnT3, 6:
5.48-168 cnrs,
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Fig. 8.

PtSh. Hall coefficient and resistivity vs. reciprocal temperature in the mixed-conduction range for an n-type
sample of low impurity contents [68R]. 2Ngyyr =N —p = 2.4-188cnT3, uy(77K) = 3140 crAVs; 2P:Peyir. =
p—n=6.06-186 cn3, uy(77K) = 5840 crd/Vs.
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Fig. 9.

PtSh. Seebeck coefficient vs. temperature [65D]. All samples were single crystals. See Fig. 6= Ab00eK
the Seebeck coefficient of sample p—3 is negativel(uV/K).
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Fig. 10.

PtSh. Seebeck coefficient vs. reciprocal temperature in the intrinsic region. Circles: Te doped single crystal
with ng — ngy = 107 cn3, ny/ng = 0.8 and (eRy)~1 = 6.6-136 cnT3 [83D]. Triangles: Sample p—3 of [65D];
compare Fig. 6.
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Fig. 11.
PtShky. Mobilities of electrons and holes and mobility raie- uy/uy, vs. temperature in the intrinsic regidm;
derived from(T) [73A]. A = up(my/mg)®/2 (open circles) angiy(my/mg)>2 (full circles) varies agl T-1-3
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Fig. 12.

PtSh. Electron and hole mobilities vs. temperature [68R]. The broken lines represent values calculated for the
intrinsic rangeu, = 4.15-16 T —3/2e*12.6KT = 6.55.16 T ~1.57. 14, = by, = 2.07-16 T —3/2 g"12.6KT (T in K),

obtained from experimental data of Hall effect and resistivity. 2P, 2N: sample numbers.
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Fig. 13.

PtSh. Hall mobility vs. temperature in a doubly-logarithmic scale [76A]. Sample numbers as in Fig. 4. At low
temperatures the slopes are considerably steeper than for compensated semiconductors when electrons are
scattered by ionized impurities iRo ceases to represent the mobilityfat 20 K [76A].
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Fig. 14.

PtSh. n,T —3/2vs. reciprocal temperature [68R]. For samples 2P and 2N the intrinsic carrier concentration was
calculated fromo(T), Ry(T) using the relations;2 = np andn —p = Neyyr = (€Ry) 1 at 77 K, and assuminy=

Hr/tp = 0.50. For samples 1, 3.nfwas calculated at whereRy = 0, usingnb? = p = n —Ngyyr. as well as at the
temperature at whicRy reaches a maximum, usimdp = p = n — Ngyr. The mobility ratiob was calculated at

the positive maximum oRy for each n-type sample using the relatRfMa¥ReXr = (b—1)2/4b. The broken

line represents; T —3/2= 4.84. D15 A e~ BI(O)2KT [cn-3K—3/3, whereEy(0) = 0.110 eV and\ = (mymyme?)3/4 e

Bizk=2 72 (n,p density of states masseg) temperature coefficient of the band g&g € Ey(0) + AT).
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Fig. 15.

PtSh. Intrinsic carrier concentration vs. reciprocal temperature [7BAT —3/2 of [73A] calculated from Hall
effect and Nernst-Ettingsbausen effécty T —3/2 data taken from [68R]C = nT~3/2 (mymy/mg?)~3/4.
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Fig. 16.
PtSh. Transverse and longitudinal magnetoresistance vs. magnetic field strength [72D]. Monocrystalline p-type
sample of low carrier concentratidR; = 150 cn#/As, p = 0.169Qcm, iy = 890 cnd/Vs at 4.2 K.
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Fig. 17.
PtSh. Transverse and longitudinal magnetoresistance vs. magnetic field strength [72D]. Mono-crystalline p-
type samples with moderate to high carrier concentratiborgn-doped3,5,68 Rh-doped.
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Fig. 18.

PtSh. Oscillatory part of the longitudinal magnetoconductivltg’/c vs. reciprocal magnetic field [72D].
Longitudinal effect parallel to [100]. Rtteped p-type single crystal wifRy(4.2 K) = 1.87 cri/As, p(4.2 K) =
9.14-164 Qcm.
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Fig. 19.
PtSh. Oscillatory part of the transverse magnetoresistax@éo and Hall coefficientAR/R vs. reciprocal

magnetic field strength [72D]. For sample data, see Fig.18.
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Fig. 20.

PtShy. Resistance ratiRyRg vs. hydrostatic pressure [65D]. (1 t£m9.807-10 Pa). Triangles and circles: n-
type crystal n—1 and p-type crystal p—4, respectively, measured at 195 K (full symbols) and 300 K (open
symbols).
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Fig. 21.

PtSh. Piezoresistance coefficients vs. temperature for various samples (see Fig. 6) [65D].
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Fig. 22

PtSh. Thermal conductivity vs. temperature (a) and electrical resistivity vs. temperature (b), both in doubly-

logarithmic scale, measured on single crystals of unknown orientation. The resistivity curves serve to
characterize the different samples [82K].
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