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Accurate va[ence-band dlsperswns E (k) along the major symmetry directions I'-K-X, I'-A-X, and I'-A-L
nglc-resolved photoemission techniques of general utility with
At these photon energies, emission features can be understood

5 al peaks can be classified roughly into two categories: one
being those assoc1ated with primary cone emission with a lifetime-broadened free-electron-like final-state

dlspersmn. and the other (usually weaker) being those associated with secondary cone-surface umklapp
‘ jizes valence-band critical points with high state densities. Valence-band dispersions
E(K) along the I'-K-X kymmetry line pespendiculas—to the surface are determined using normal-emission

spectra (pnma cone ks) from the ace jat various photon energies. Valence-band dispersions
E®) alongl I'-K-X, I'-A-X, and I'[A-L symmetry lines parallel to the surface are determined using off-
normal emission spectra (primary cone peaks) from the same (110) surface with fixed perpendicular
component of the electron momentum #k, at a zone center (extended-zone scheme) and varying parallel
component of the electron momentum fiE”, which are obtained by suitably varying hv and emission angles.
Experimental valence-band dispersions and critical points are compared with other theoretical and
experimental results. Simple formulas are derived to relate the widths of spectral peaks to electron and hole
lifetimes. Initial hole lifetimes at valence critical points and typical final electron lifetimes are obtained. The

latter yields final-state momentum broadenings (typically = 10% of the Brillouin-zone size) which are
consistent with the direct-transition model.
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PHOTOEMISSION INTENSITY (ARB. UNITS)
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Photoemigsion intensity (abitrary unit=)
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Photoemigsion intensity (abitrary unit=)
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Effective masses

| Name | Symbol |Germanium |Silicun |Gal|ium Arsenide
|Band minimum at k=10

Minimum energy | Egdiret[eV]| 08 || 32 | 1424
[Effective mass | oo | 0041|2027 0.067
|Eand minimum xot at k=10

Minimum energy Egingiect [€V]| 066 || 112 1734
Longitudinal effective mass me:g*.-"mu 164 098 198
Transverse effective mass me:;*_-"mu. 0.082 0.19 0.37
[Wavenumber at mininmum | k[Umm] | mx | wx | xxx
ILongitudinal direction |y [ (o0 | (111)
|Heav3.' hole valence band maximum at E=k=10

Effective mass Mk mo 0.28 0.49 0.45
|Lig|1t hole valence band maximum at k=10

Effective mass m,g,;z*_-"mn. 0.044 0.16 0.082
|Split—uff hole valence band maximum at k=0

|Split-off band valence band energy | EvsoleV] | -0028 [-0044|  -034
[Effective mass | mpsomo | 0084 029  0.154

Es{eV) m'me

Si 1.12

InP  1.34

Gahs 1.42

InAs 0.35

InSb 017

long: 0.98
trans: 0.19

r
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lomg: 0.98

trans: 0,19

lomg: 0.98

frans: 0.19

0.022

0.64

0.286

0.014

0.222

electrons

1.7

12.5

129

15.15

18.7
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Density of states in Si
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Low-dimensional systems
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DOS

2 Dimensions 3 Dimensions

1 Dimensions

for parabolic bands
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