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The piezo Hall effect is investigated on p-Ge samples of low (o300 = 0.02 Qem) and high
{0300k = 16 Qem) resistivity in the temperature range 77 to 300 K for the case of current ¢ and
uniaxial stress & being parallel to the (100) and (111} erystal axes. Taking into account the disper-
sion law anisotropy for light and heavy holes allows to explain the experimental temperature
dependence of the piezoresistivity coefficients for samples of low and high resistivity and orienta-
tional dependence of this effect. The deformation potential constants b and d are obtained which
vary in the range b = — (2.2 to 2.6) eV, d = — (4.4 to 5.1) eV depending on the values of the
band parameters 4, B, and C given in literature. These values of b, d are considerably different
from those obtained by means of the same experimental data, but without taking into account
the dispersion law anisotropy.

B unrepsane Temmeparyp 77 mo 300 K ofpasmax p-Ge ¢ maneiM (e300 = 0,02 Qem)
u CoapmuM (9300k = 16 Qom) comporHBiIeHWeM HCcledoBaH Ibe30-Xomr-addenT pis
cllyyass, Rorjga TOK ¢ W OJHOOCHOe HJaBJeHUe & mnapaimmenbHnl ocam (100> m <111}
rpucramia. Ilpu TpaxToBKe 31iCHEePHMMCHTAJIBHBIX Pe3yJIbTaTOB YYTeHA AHH30TPOIHSA
3aK0HA ANCIEPCHM JIeTKUX W THKEBIX IBIPOK, YTO IO3BOJIMIO OOBACHUTL PA3lHYNE
TeMIIepaTypHbLIX 3aBHCHMOCTedl KRod(P@UINEHTOB I1LE30COIPOTUBIEHUA I 00pasioB
¢ MalbIM K GOJBIINM g, & TaK:Ke OpPHeHTAIHOHIIYIO 3aBHCHMOCTbL ddderrta. IToayueHn
3HAUEHHUsI KOHCTAHT Ae(OPMAal{MOHHOTO IoTeHI[HaNa b i d, KoTOpbIe B 3aBUCHMOCTH OT
HM3BeCTIIBIX B JIMTepaType 3HAYeHWH 30HHBIX KoHcTanT 4, B u O H3MeUAnTesa B peaenax
b= —(2,2702,6)eV,d = — (4,4 10 5,1) eV, uT0 CYINECTBCHHO OTJANYAETCS OT b m d,
TOJIy9eHHBIX 110 TeM ke DKCIePHMeHTAJbHBIM NAaHHBIM 0e3 yueTa aln30TPONNN 3aK0HA
AWCIIEPCHH .

1. Introduction and Formulae for Caleulation

The piezo Hall effect in p-Ge has been investigated in [1, 2]. However, the dispersion
law anisotropy (DLA) was not taken into account in the calculations and thus in the
interpretation of the experimental results. Taking account of the DLA influences suf-
ficiently the results of the piezoresistivity calculation (see, for example, [3]). There-
fore, it is of interest to consider this influence on the piezo Hall effect, too.

The dependence of the Hall coefficient upon the value of the uniaxial stress X is
determined by the expression

Rix) = Rl + Bcurry + + wemsy) X1, (1)

where Ry(u07 + pa0y)/[c(0y + 03)]; pis 05 are the Hall mobility and conductivity for
the light (¢ = 1) and heavy (i = 2) holes, respectively, Sy + + s 18 the piezo
Hall effect coefficient, gz, is the longitudinal piezoresistance coefficient, d¢py =
= 0%y + 8wy, 0wy are temperature independent and 8%y, are temperature
dependent components of dpzs.
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Tor the interpretation of the experimental results only 67, are used. The expres-
sion for 8%, may be easily obtained according to [4]
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¢ ist the hole energy in &, 7 units, B = l/B2 + %5, B, D, C are the valence band con-
stants [4]. In (2) only the parameters &; 1y depend on DLA. Their analytical expres-
sion is written in the Appendix because it is cumbersome. It follows from the Appendix
that the neglect of DLA gives & oy = 1, while taking into this circumstance leads
to the deviation of &; ¢y from unity.

We calculated &; gy using the formulae of the Appendix and different sets of
constants 4, B, and C which are known [5 to 10] for p-Ge, p-Si, and p-GaAs. The results
are listed in Table 1. It is seen from the table that the parameters &; (uiy for Ge slightly
differ from one set to another due to a slight distinction of the different sets of con-
stants 4, B, and . Quite another situation takes place in Si, for which the scatter of
values 4, B, and C is large.

2. Ixperimental Results and Comparison with Caleculation Data

Samples of p-Ge of resistivity gseox = 16 Qcm and psgox = 0.02 Qem and sizes of
0.7 X 0.7 X 8 mm? were investigated. The long dimension of samples coincided with
<100 or {111} directions. The dependence of R and p on X was measured under small
loads (in the region of linear dependence of these values on the stress) in the tempera-
ture range from 77 to 300 K for || 2 || <100> and i || & || (111} directions (i is the
current vector). mwauy = (05 — 00)/0eX and Sgmrs + & Tamy = (By — Ro)/ReX (i.e.
experimental dependence of 8.4, on temperature) were determined (see Fig. 1).

It is seen from Fig. 1 that in the relatively pure semiconductor (curves 1l and 2)
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B i Fig. 1. Temperature dependence of d¢io0y ((1) and (3)) and
Us ' Scirs ((2) and (4)) in p-Ge. (1) and (2) psoox = 16 Qcm,
L& e (3) and (4) gs00k = 0.02 Qem




Table 1

semiconductor  No.

band constants

A B 1C]
germanium 1 —13.0 —8.9 10.3
2 —13.1 —8.3 12.56
3 —13.27 —8.63 124
4 —12.35 —8.26 12.07
silicon 5 — 4.1 —1.6 3.3
6 — 4.0 —1.1 4.1
7 — 4.38 —1.0 4.80
8 — 4.27 —0.63 5.03
9 — 4.28 —0.25 5.25
gallium
arsenide 10 — 7.39 5.06

—4.93

ref.

[5]
[6]
[7]
8]
[5]
[6]
[8]
[9]

[10]

[7]

ooy E2.c1000 Sy fp iy b (eV) d (eV)
1.2 0.32 0.91 1.38 —2.6 —4.4
1.31 0.17 0.87 1.44 —2.3 —5.1
1.29 0.18 0.87 1.44 —2.3 —5.1
1.30 0.096 0.87 1.49 —2.2 —b5.4
1.45 0.46 0.84 1.25

2.14 1.01 0.72 1.27

2.59 0.72 0.65 1.24

3.29 1.14 0.60 1.14

3.12 1.54 0.59 1.17

1.14 0.48 1.28

0.92
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d¢1005 and b¢113y are positive and increase with rising 1/7". This indicates the predominat-
ing contribution of light holes to ¢, — see (2). Supposing 4 = 2.8, {; =1 (this is
correct, if the scattering on acoustic phonons is predominant), Cy, = 6.67 X 10! dyn
per cm?, O, —Cj, = 8.02 X 10 dyn/em? [11]. After that we obtain the values of the
deformation potential constants (see Table 1) from a comparison of theoretical and
experimental slopes Oy (1/77) for the region where .1, depends linearly on 1/7.

By neglecting DLA ({; gy, = 1) b and d are quite equal for the all sets of band pa-
rameters listed in Table 1 (b = -—4.4 eV, d =~ —2.8 V). These values are considerably
different from b and d obtained by us with taking into account of DLA. Moreover this
result (|b] > |d|) is in contradiction to literature data [12]. Therefore, it is necessary to
take into account DLA in the interpretation of the experimental results. Especially
it must be noted that in contrast to the case i || & || {100} for which A& 1005 > &2, 1005
and the contribution of the light holes is principal, the value &5 (1115 is close to A&y, (1115
for i || ® || <111>. That is why the difference A&y, (1115 — &2, (1115 18 very sensitive to the
choice of the A value. In particular, if 4 is smaller than 1.52; 1.66; 1.71, and 1.66 for the
first, second, third, and fourth sets of constants, respectively, this difference has always
another sign.

The slope of oy (1/7) for a heavily doped semiconductor is practically zero at
temperatures larger than 120 K (curves 3, 4). This is caused by decreasing of ; and 4
(for scattering on ionized impurities {; = 1/9, 1 =< 0.36). Although the slopes of cur-
ves 3 and 4 are small, it should be noted that they have different signs. This may be
explained by predominant contributions of heavy holes to d:11, and light holes to
dcrooy for 4 < 1 (See (2)). The slope of the duy(1/T') curves changes in the sample with
p = 0.02 Qcm, if T <120 K. This is caused by the transition to another conductivity
mechanism. In this temperature range R has a maximum and the reduction of R with
decreasing temperature indicates a contribution of hopping conductivity [13].

3. Conclusion

Comparing the values of b and d obtained with taking into account DLA and without
it, we come to the following conclusion.

It is necessary to take into account CLA in the interpretation of the piezo Hall
effect in p-Ge (in particular, in the experimental determination of the deformation
potential constants). This circumstance allows to account for the experimentally ob-
served features of the piezo Hall effect in p-Ge and to obtain reasonable estimations
for the deformation potential constants b and d.

The accuracy of determination of the deformation potential constants is limited by
the precision with which the band parameters 4, B, and C are known. In Si, where the
scatter of values 4, B, and ' is large, the corresponding scatter of values & .y is
large, too. This creates difficulties for the determination of b and d.
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Appendix
The parameters &, in (2) are defined by the expressions

5 19 . 10 I
éEi,(loo> = 3* ITQL) s S, {111y — ? T(;—) s
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where

IO = [ dQ BO752M {2 (1 — 322) (12R{M2RY — y2zRORPR{)) —
— O[22 RO(RD AR, + 2AR,RY) —
— yz(RPRD ARy, + R{[R, AR, + RO AR,])]},
IP = [ dQ O 2@ RP?RY — yzRPRPR{)
10) = [ dQ BO;7 52 M1 {2 (BRY — L &, AR..) (yzRPRY — a2RP?) +
+ L(RRY — L @y ARy.) (y2RORY + azRPRY — 2RM2 — 2?RY?) +
+ 1 @, [RO(2aRY AR, — zRY AR, — y R AR,) +
+ RO(2eRM AR, + 20R) AR, — yRO AR, — 2RO(AR, + AR,) —
— xRO AR)1} .
Here
2n
fd.Q~fs1n9d0fd<p, x=cospsinf, y=singsind, z=cosf,
M = (B*+ C2R)Y2, &y ,=A+ M, C*=D*—3B2,
RUD = A4+ Ry, R&»=A+R, RED=ALR,,
By = [B*+ 5 O + )] U™, Ry=[B*+ 5 O 23] M,
By = [B* + 5 C*a® + )] M, Ry =% + 222 + y%?,
By =2y + 2z 4+ yz,
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Neglecting the anisotropy of the dispersion law corresponds to replacement of B
and D/)/3 by the mean value B and C' = 0. It is easy to see that in this approximation

. 1 . n . 1 ey . - 1 .
19 =110, 1p=LIp, 19 =31,
where

[(12) = doz(A + B2 and & gup = 1.

References

[17 M. IvovE and M. IxkEDA, J. Phys. Soc. Japan 20, 1542 (1965).
[2] G. E. Pixvus and G. L. B1r, Fiz. tverd. Tela 1, 1828 (1959).
[3] G. L. B, A. I Broom, and V. V. Iusavsky, Proc. VII. Internat. Conf. Phys. Semicond.,
Paris 1964 (p. 529).
[4] G. L. Bz and G. E. Prxus, Simmetriya i deformatsionnye effecty v poluprovodnikakh,
Nauka, Moskva 1972,
[6] G. DrEssELHAUS, A, F. K1p, and C. K1rTEL, Phys. Rev. 98, 368 (1955).
[6] B. Lax and J. Mavroipgs, Solid State Phys. 11, 261 (1960).
[7] L. M. TSIpILKOVSKII, Zonnaya structura poluprovodnikov, Nauka, Moskva 1978.
[8] F. Porrax and M. CarponNa, Phys. Rev. 142, 530 (1966).
[9] 1. Barsurv and P. LawagTz, Phys. Letters 19, 6 (1965).
[10] J. HeNsEL and G. Fruzr, Phys. Rev. 129, 1041 (1963).
[11] H. J. Mc SkimiN and P. ANpruEATCH, J. appl. Phys. 35, 3312 (1964).
[12] P. I. Barawskir, V. P. Krocurov, and L. V. PoryruvicH, Poluprovodnikovaya elektronika,
Naukova dumka, Kiev 1975 (p. 6).
[13] B. I Surrovskir and A. L. Erros, Elektronnye svoistva legirovannykh poluprovodnikov,
Wauka, Moskva 1979 (p. 109).
( Received February 8, 1980)



