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11. ‘1’11(’1’11}211 ])ropcrfim

‘1’IIc Incasurd lot]p,itlldil]:ll (~’,)  HIId s h e a r  (v,) souIId wloci[im arc lis[d it] ‘ 1 ’ a b l e  1. ‘f’hc
IlIc211 SOLIIId Vclwi{y (I’,,, )is g,ivcl~ b y :  ‘“

(6)

() : !) 3)] .N (1” ‘1:{ \,,,,
k 4]1 M’ , (’/)

\!’]l Cl’L’ /) ;Ill(l  /( [11’L~ IIIC l’l{ItIck’s olld llc~t17111;ImI’s cc~llsta]lts, rcspcc(ivcly, IV Illc

Avo~a(iro’s  I) LIInbCI,  ( /  tlIc dctlsity, aIKl J14’ flIc molccLIl:II  \\cigjl[  of fhc solid. \Vc



C:llcllla[c(l  a  1  )Cbyc tcmpcl”aturc  Or  30’/1< 1’01” (:[)s13:,. slack :ill(i ‘1’sollkala  c;ll(’llla(c(l  :1

1 )cbyc tclll]lcwltul’c  () r 3081< for ll’sb:{. ”’

?,c ‘ 1 .’r/p , (8)

wllcrc f is tl)c 1 x)rcl17 IIumbcr. Silllilatly to tllc I 1:111 c(mflicicllt alI(l Sccbcck c(mfljcictlt,
IIN 1 X) I’C:IIY l)lllnl”lcl’  call bc Cxpl’cssc(l as: “:

(9)

(10)



n

“A
n



—

___



1. (kill at, A, llorsl~chcvsky,  aIId .I. -1’. llcwrial, l’rocccdii~gs  of(hc  lllcvct~(h lntcma(ion~l
(:011 (CICIIGC OH ‘I’llcII~Ioclcc  lIics, Arlit~gton,  ‘1’cxas, 1993, edited by K. R, IMo
(University of ‘1’cxas l}ICSS,  Arlit}glon, 1993).

2. 1). ‘1’. Morc]li, ‘J’. (hilln(, J. -1’. llcllrial, A. I+orshchwsky, .,1 \~{lll(lcl”s:\ll((  c., 11. (:hcll,
and (:. Uhcr, Pllys. Rev, 11 51, 9622 (1 995).

~, A, fl]:Ick  :iII(l \/. (i, ‘] ’soukah],  j, A]>])]. l)hys,  76, ]66s (] 994),
4. l’. I’cschot[c and 1). 1 .orit],  .loutmal  ofthc 1 ms-CkJmImJII  Mdals  15S, 255 (1 989).
S. ],. ]). ])ll(lkitl :111(1  N. 1<1~. Abrikosov,  Sov. I)hys. Solid S(a(c 3, 126 (1959).
(I. J. AGkCImMmI  :itd A, Weld, 1, l)hys.  (~hcin,  Solids 38, 1013 (]977),
‘7. 1). J, Sinpll aIId W. 1{. I’ickctt, l’lIys. Rev. 1150, 11235 (1994).
8. 1), Man(lrus,  A,  Mi21iori,  ‘J’, W. lhrling,  M. 1. 1 lut~dlcy,  1{, .1. l’c(crson, aId .1. 1).

‘] ’holUjMWll,  ]’hyS. ]{cv. ]] 52, 4926 (] 995),
9. ‘1’. (21illa(,  J, -1’. l+lcurial,  and A, 13msllchcvsky,  .ioIIII~al  of (~rystal (;rmvth, acccptcd

for publica[io])  (1 995),
10. J. A, Mc(hIInack  a]]d J. -1’. I;icurial, it] ModcIII I’mspcctivcs  011 ‘I’l]c]l))oclcc (tic aIId

R e l a t e d  M:i(crials, cxlitcd  by 1), l). AIIcd, (;. 11. Vil~il~g  and (i, A. Slack (Nlatcrials
Rcscarcll  Socic[y, l’ittsburgh,  1991), p, 135.

1 I, (’, Wood,  1), Yol(an, and (i, Sla]>fcI,  Rev. Sci. lnsttum.  56, 719 (1 985).
12, J, \4J, \~:~l~(lc.lsal~(lc,  A, Y,oltan,  and (. \Vood, II)(.  J. [)frl’l]crl)lc)])l)ysics  10,251 (1 989).
1 3 .  1 , .  (iailliard,  ‘1’. (aillat,  11. Scl]crrcr, atd  S. Schcrrcr,  l’rocccdings  of Ihc \/l 11(11

In[cma(ional  (h]kxmcc on ‘1’l~cll~l(~clcc[tics,  NaIIcy, I; RIHCC, dilcd  by 11, And S.
Scl)crrcr, Iilstifui National l)olytcchniquc  dc 1 mrrainc,  Nancy, l;rat]cc (1 988).

14, \~, 1.1 ‘is[lll, //c~I~Ji(y  )hlwd ,Y(IIIIi(c)Iz[/Iif/[)},Y (I)lCIIIIIN  l’rcss, Nmv York, 1969).
1 S. A, l<jdshus al~d ‘1’. Rakkc, Ada  (;hcm. Scan. A28, 99 (1 974).
1 (~. O. 1. Andcnon,  J. ]’hys, (hcm. Solids 24, 9(N (1 963).
17. A. IIorshchcvsky, J, -1’, 1+’lcurial,  1{. Allcvalo,  at~d ‘1’. (hilla(,  ill l’roccdinr,s  O( (I)c

X11 1111  lntcma[ional  (k)nfkrcmcc  OH ‘1’l]ctt]loclcc(tics,  l<al~sas (:ify, MO, USA, cxlilcd
by 13. h4:itl}i]~r:ll<:ls:illl  and 1’, 1 lccna]]  (All’ (k)r~f’crctlcc  316, Nc\v York), 31 (1 995).

18, ‘I’, (hillat,  J. -l). llcmrial , and A. IIorshchcvsky  (Llll]>Lll~lisl~c(i).
19. ‘1’. Mow]li and (;. 1’. h4cis11cr,  .I. Appl. l’hys. 77, 3777 (1995).
?(), (;, S. Noliis, C;. A, SlaCk, ‘1’. h4. ‘1’ritt,  {III(1 1). ‘1’. N40rclli, /’/occcdi/Ig.Y  (?~ X/)///I

lillc’t’]l[[licj]z(tl (h~fi’tr]tcc OH 77ict”i)loc]lr([}i(.v,  St, ]’dcrsburg, ]<ussia,  to bc pub]ishd
by A4 . \~, Vcdcmlikov, A .  1. Iofk l’l~ysictll-rl’ccllt~  ic:ll  llls[itutc,  194?Of,  St.
I’cicrsbllrg,,  Russia (1 996).
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‘JAI]] /1: (: A1)’J’IONS

‘1’able I. SoInc physical and traIIspoI(  propm
(kJSb3 at~d p-(ypc lrSb3’,

ics at roolll tc]llpcralurc  for p-type

‘1’ab]c 11. Room kmpcm(urc  1 lall  carrier cot]ccllit:ltioll,”  clcdrical  rcsis(ivi{y, 1 Ian
umfficicnf, I lall mobility, atld Scdmck  cocfllcimt  wilucs  for p- a]d n-[ypc
(:osbs crystals.

IrJ(; LJI{l;S {:AI’’J’IONS

I’hc room kmpcraturc  1 ]all mobility va]ucs for II- at]d p-type (hSb3
crystals as a function ofthc. Ilall c;l)riclco]lcc])tr;itio]l”

'l`l~cl()()]]lt c]]lj>ctallttcclc  c[lical]csi  sti\~i(yv:tll]cs  f(Jlt]-a  t](l]~-(y]>c(  :t)Sb:{
crystals  as :1 function of[hc  JIall  c:]][ic]co]lccl]tltllioll”

‘1’hc HX)In kmpcraturc  Sccbcck cocfficicn(  values for n- and p-type (hSl>~
crys[als as a ftlndion of (hc 1 lall carticr (Iotlcct]f[:l(io]l.”  ‘J’hc dashd  lines
IcprcscIII  fhc bcsl-fit  of IIIC cxpcrimcn(al  data,

‘J’lIc pmvcr  factor (d/p) values as a function of lhc I lall carrier
cxmmntra(iol]  (or p- and n-type (k)Sb3 at room (cmpcwturc

‘1’hc clcdriwl rcsis(ivity  valum as a function  ofthc inverse [clnpcraturc  (C)r
]htyJ>C COSb3

‘1’hc 1 lall Cocfficic]](  values as a ftlllc[ion  of (k inverse tcmpcIa(\Irc f~w p-
tyj>C (Mhl.

‘1’hc clcclrical  rcsistivity  val LIcs as a flltlctioll  of’the inverse tcInpc121t[Irc  hr
n-type (: OSb3,

‘1’hc 1 ]all  cocfficict]t  values as a f[ll]c(ion of’the inverse (cmpcraturc  for II-
ty]W (Mb3.

‘1’hc 1 lall mobility values as a fllt~cfi(m  of [hc (cmpcrattIrc for p-type
(: OSb3.

‘1’hc 1 lall mobility values as a Cunctiol]  ol’(bc  {cmpcraturc  for n-lypc
(k)sb~
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l;igurc 16.

l~ip,llrc  17.

liglll’c  1 ($.

l;ig,tlrc 19.

‘1’l]c Sccbwk cocfficicn[  values as a fundiol)  ofthc tc]npcra(urc  for p-type
(hSb3

‘1’hc Sccbcck coefficient values as a fut~c(iot~ of Ihc (cmpcra(arc  for n-tylm
cosb~

‘J’hc lm]c cffcctivc mass as a function  of the 1 lall carrier conccn{ration  at
100111 lcmpcraturc. ‘1’hc dashed lincrcprcscmts  Illcbcst-fit  curve oflhc
cxpcrimcll[al  data

‘1’hc clcdron  cflcdivc ImIss  as a fut)diol)  of fbc I Ian carrier m]cct)ttatim
al room (cmpcrafurc.  ‘1’hc dashcxl  line rcprcscl)(s  tbc bcsl-~;l curve oflhc
c.xpc,rimcntal  dala

‘lIJIC Sccbcck  cocf(icicnt values as a functio]~  of fbc I lall carrier
col~ccntration  for p-type (k)Sb3  a( roo]N lcmpcra[urc.  ‘1’hc solid line
rcprcscnts  the best-ilt CLIIVC of (hc cx]xrimcn(al data and (bc dashed line
mrrcspm~ds to Ihc values calcula(cd using  (11c model proposed by Singh
and l]ickc({.7

‘J’hc Sccbcck cocfficicmt valacs  as :1 fandion  of the fctnpcra[llrc for SCICC(UI
p-(ypc (kJSb3 sa]np]cs. ‘1’hc solid lines rcprcscn[  lbc cxpcritncllta]  data and
(1]c doltcd-dashed line correspond 10 tllc values calculafd  ~lsing IIIC mode]
proposed by Sinp$ and l’ickcl(,n

‘1’l]c hole mobiliiy  valLIcs  as a lat~clion  of(l)c carrier conmmtta(ion al roo]~l
icmpcra[urc.  ‘1’hc solid line rcprcscnts  (llc. calculated values using a single
parabolic valcnm band mode] with acoustic  phonon  sca([crit~g, and IIIC
dashd  lillc is [bc p-]’3 bcbavior  prdidcd  by Singh and l’ickcf[,:’

‘1’hc (hcmal colldudivity values [is a Iunc[ion of tllc lcmpcraturc for 11-

typc (hSb3, ‘1’hc calculahi  laf[icc thcmal  conductivity values arc also
Shown,
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——— . . . —...—— — ———-— ——. —

p-type lrSb3 p-type CoSb3

l’l”opcl’[y Units.  . ._ .  ———_ — ..- —.—
1 ,allicc constant A 9.2503 9.0345
X-ray cknsity grcn? 9.356 7.621
1 kpc.rimcntal  density gkn+ 9.16 7.582.
lkcompositicm  tcmpcraturc K 1414 1146
Shcat-  SOUMI velocity 105 cnl/s 4.675 4.590
‘J’ransvcrsal  sound velocity 105 cnl/s 2.717 2.643
1 Myc temperature K 308 307
‘1’hcrmal expansion cocfllcicnt 10-6 K 6.6 6.36
(ir(]nci sfm constant 1.42. 0.952

1 {Icctrical  rcsistivity nm.cm 0.429 1.894

IIall mobility cn12fv s 1320 2835
1 lall carrier concentration 1 o’9/cn)3 1.1 0.116

S132bck  cOcffi  cicnt pV/K 72 220

1 ,atiicc  thermal conductivity n~W/cnI K 160 100
1 lffcctivc  mass (nl*/nlo) 0.17 0.153

IIand gap e v 1,4 0.5s&—. — —. —.—. ———. . ——...—_

Ta.ble.l



Sample Conductivity Carrier Electrical Hall Hall Seebeck

type concentration resistivity coefficient mobility coefficient

( c m-3) (mf>cm) (cm3/C) (cm2/Vs) (}IVIK)

121 OEW2 P 1.21 E+17 17.360 51.59 2972.0 280.0

10OB22 P 4.39 E”i17 5.303 14,21 2679.0 240.0
71 NE313 P 1.16E+18 1.894 5,37 2835.7 220.0
23 NE112 P 1.51 E+18 1.596 4.14 2596.0 179.0
?ND13 P 3.89E+18 0.812 1.61 1981.0 139.0
3NR13 P 4.37E+18 0.737 1.43 1944.0 138.0
2NB9 P 9.45E+18 0.432 0.66 15?8.0 80.0
1CS1O (0.08 at% Te) n 4.54 E+18 14.20 1.37 101.0 -452.0
1CS7 (0.1 at”/Ole) n 4.94E+18 11.64 1 .2!7 108.8 -443.0
lCSI 1 (0.15 at% ~e) n 1.29 E-t19 5.57 0.49 87.0 -373.0
2CS9 (0.12 at% Te) n 1.52E+19 5.99 0.41 68.0 -364.0
40[>?5 (0.6 at% Pd) n 4.41 E+19 3.80 0.14 37.2 -280.0
OR26 (1 at% Pd) n 1.38E+20 1.10 0.05 41.2 -180.0

Table II
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