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76 Pressure coefficient of resisti1lHY of GaAs 

Results and discussion 
The variation with carrier concentration of the resistivity at 10 kbar. norm:I l is~d to 
zero pressure, is presented in Figure 1. For comparison , the data of Sagar (1958), 
lIulson el al. (1967), and Pit! and Lees (10 be publi,h<d) have also been includ<d. 

Ehrenreich (1960) has shown that the resistivity normalised to zero pressure is 

p(lO) = ,,(0) [ (m"(O) )"':!J. (_ M(lO»)J 
p(O) ,,(10) 1+ m"(lO) N exP kT ' (I) 

where m·(p) and p.(p) are respectively the dfective mass and mobility in the ric 

conduction band, N,/N is the pressure·independent ratio of the densi ties of stales in 
the X Ie: and ric: conduction bands and , for non-degenerale material, ilE(P) is (he 
energy separa tion between the Xlc cond uction band minima and the rh: minimum , 
while in degenerate material , it is the separation of the XIC minima from the Fermi 
energy in the r I.e band. The band structure (Pollak et aI. , 1966), with single-group 
labels fbr band edges, is shown in an inset to Figure I. The results may now be 
divided in to two regions. 
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Figure 1. The reslstivity orn-type GaAs at 10 kbar, nonnalised to zero pressure, IS a function of 
carrier concentration_ 

• This work; • Pitt and Lees (to be publish.d); • Sagar (1958); 0 Hutson ct aI. (1967). 

Low carrier concentration (polar scattering) 
When polar scanering is the dominant scattering process, Equation (1) becomes 

p(IO) _ (m-PO»)" '!J. (_ MPO») 
p(O) - m-(O) + N exp kT ' 

Moreover, the effective mass of the electrons in the rIc hand of GaAs may be 
calculaled from k ' p Iheory, in Ihe manner described by Kane (1957) for InSb. 
Since the spin-orbit splitting ~ of the valence band is small compared to the direct 
forbidden gap Es. Ihe effective mass is adequalely described by 

~" = ~~ [I -5:: (;i~) J. (2) 
where F .. and F~ are Ihe Fermi inlegrals (Madelung, 1957) and m~ is Ihe effeclive 
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mass at the bottom of the r l ..: condudion band; this may be written as 

I I [ lm,,/(( 2 I)J 
m~ = m I +31l""2 E;+ E,+~ , 

wher!.! .,// is the momentum matrix elt!l11~nt betwl.'en r l , and rut,' sta tes. Since 
lattice vibrations are ignored in the derivation of Equat ions (2) and (3), only the 
dila tional change in the cner)!y gap E, should be introduced in cllcula t ing t!1e 
tempera ture ckpendence of m*fmt (DeMeis and Paul. 1965). Finally, the Ferm i 
energy E F , as determined by the doping level, is found from the expression 

..j1(kT)"mt·'( "kT F ) 
'1 = lTlhl Fy, + ~£i 'II . 

The change in efftctive mass with pressure may the refore be found. assuming that 
,,(1 and ~ are essentially constant. 

The calculation of p(lO)! p(O) in the polar sca ttering region, n:unely n.o; 10 16 

cm~l. is included in Figure I . The following values, for the parameters used in the 
calculation , were taken from the literature: 

T = 
m~(O) = 

fl = 
E,(O) = 

fl E(O) = 
aE,/ap = 

aflEl ap = 
N,/N= 

296°K 
0·065 m (DeMeis and Paul, 1965) 
0·35 eV 
1,52 eV 
0·38 eV (Ehrenreich, 1960) 

10·7 x 10-' eV bar- I (Feinleib el aI., 1963) 
-11'0 x 10-' eV bar- I (Pill and Lees, 10 be published) 

45 (Pill and Lees, 10 be published) 

The agreement with experiment is very good. A larger value of aE,/ap (De~eis, 
1965), however, produces a much less sa tisfactory fit , but the calcuJation is rather 
insensitive to changes in the other parameters. 

High carrier concentration (impurity scattering) 

(3) 

Figure I shows that the experimental va lues of p(10)/p(O) deviate from th~ polar 
scatlering curve at a carrier concentration of about I 0 16 cm~l and thereafter are 
incre~singl y affected by scattering from screened impurity ions. Owing to the small 
effective mass in the ric; conduction band, the carriers become degenerate at rela
tively low concen trations (4 x 10 11 cm-3 ). The consequences have been dlSoC ussed 
in grea t detail by Moore (1 967), bu t when polar scattering is negligible, the mobility 
(Mansfield. 1956) is approxima tely 

3h l E2 

" = 1 6~'e'm"'f(x) for E,· > kT, 

where 

• X 
fix) = In (I +x)-I +x ' 

X = (!!.)' ~(~t' e m· 81f ) 

and f is the dielectric constan t at the impurity energy. 
The resist ivity. normalised to zero pressure, now becomes 

p( IO) ( m-( IO)«O»)'[ (m'(OI)"'N, (flE(IO))J 
p(O) = m-(O)«IO) 1+ m'(lOI fjexp -kT . 


