
Amer, N. M., Skumanich, A. and Jackson, W. B. (1983). The contribution of 
the Staebler–Wronski effect to gap-state absorption in hydrogenated 
amorphous silicon, Physica, 117 B, pp. 897–898.

Aoki, T., Ikeda, K., Kobayashi, S. and Shimakawa, K. (2006). Recombination 
kinetics of very-long-lived photoluminescence decay in a-Si:H 
correlated with light-induced spin densities, Philos. Mag. Lett., 86, 
pp. 137–145.

Aoki, T., Komedoori, S., Kobayashi, S., Fujihashi, C., Ganjoo, A. and Shimakawa, 
K. (2002). Photoluminescence lifetime distribution of a-Si:H and 
a-Ge:H expanded to nanosecond region using wide-band frequency-
resolved spectroscopy, J. Non-Cryst. Solids, 299–302, pp. 642–647.

Astakov, O., Carius, R., Lambertz, A., Petrusenko, Yu., Borysenko, V., Barankov, 
D. and Finger, F. (2008). Structure of the ESR spectra of thin film silicon 
after electron bombardment, J. Non-Cryst. Solids, 354, pp. 2329–2332. 

Biegelsen, D. K. and Street, R. A. (1980). Photoinduced defects in chalcogenide 
glasses, Phys. Rev. Lett., 44, pp. 803–806. 

Bishop, S. G., Strom, U. and Taylor, P. C. (1977). Optically induced metastable 
paramagnetic states in amorphous semiconductors, Phys. Rev. B, 15, 
pp. 2278–2294.

Biswas, R. and Kwon, I. (1991) New interpretations of the Staebler-Wronski 
effect in a-Si:H with molecular dynamics simulations, AIP Conf. Proc. 
(Americal Inst. Phys. New York), pp. 45–50. 

Boehme, C. and Lips, K. (2003). Theory of time-domain measurement of 
spin-dependent recombination with pulsed electrically detected 
magnetic resonance, Phys. Rev. B, 68, pp. 245105-1–245105-19.

Boulitrop, F., Chenevas-Paule, A. and Dunstan, D. J. (1983). Luminescence 
and magnetic resonance in post-hydrogenated microcrystalline silicon, 
Solid State Commun., 48, pp. 181–184.

Branz, H. (1999). Hydrogen collision model: Quantitative description of 
metastability in amorphous silicon, Phys. Rev. B, 59, pp. 5498–5512.

Branz, H. (2003). The hydrogen collision model of metastability after 
5 years: experimental tests and theoretical extensions, Sol. Energy 
Mater. & Sol. Cells, 78, pp. 425–445.

Bibliography



174 Bibliography

Brower, K. L. (1983). 29Si hyperfine structure of unpaired spins at the 
Si/SiO2 interface, Appl. Phys. Lett., 43, pp. 1111–1113.

Brower, K. L. (1986). Strain broadening of the dangling–bond resonance 
at the (111) Si-SiO2 interface, Phys. Rev. B, 33, pp. 4471–4478.

Butté, R., Vignoli, S., Meaudre, M., Meaudre, R., Marty, O., Savior, L. and Roca 
i Cabarrocas, P. (2000). Structural, optical and electronic properties of 
hydrogenated polymorphous silicon films deposited at 150°C, J. Non-
Cryst. Solids, 266–269, pp. 263–268.

Caputo, D., de Cesare, G., Irrera, F, Palma, F., Rossi, M. C., Conte, G., Nobile, 
G. and Fameli, G. (1994). A systematic investigation of the role of 
material parameters in metastability of hydrogenated amorphous 
silicon, J. Non-Cryst. Solids, 170, pp. 278–286.

Carlson, D. E. (1986). Hydrogenated microvoids and light-induced 
degradation of amorphous-silicon solar cells, Appl. Phys. A, 41, 
pp. 305–309. 

Cavenett, B. C. (1981). Optically detected magnetic resonance (O. D. M. R) 
investigations of recombination processes in semiconductors, Adv. 
Phys., 30, pp. 475–538.

Cavenett, B. C., Depinna, S. P., Austin, I. G., and Searle, T. M. (1983). 
Determination of the g values of the ODMR signals in a-Si:H, Philos. 
Mag. B, 48, pp. 169–185.

Chadi, D. J. and Chang, K. J. (1989). Energetics of DX-center formation in 
GaAs and AlxGa1 – xAs alloys, Phys. Rev. B, 39, pp. 10063–10074.

Cody, G. D., Tiedje, T., Abeles, B., Brooks, B. and Goldstein, Y. (1981). Disorder 
and the optical-absorption edge of hydrogenated amorphous silicon, 
Phys. Rev. Lett., 47, pp. 1480–1483.

Cohen, M. H., Fritzsche, H. and Ovshinsky, S. R. (1969). Simple band 
model for amorphous semiconductors alloys, Phys. Rev. Lett., 22, 
pp. 1065–1068.

Collins, R. W. and Paul, W. (1982). Model for the temperature dependence 
of photoluminescence in a-Si:H and related materials, Phys. Rev. B, 25, 
pp. 5257–5262.

Das, D., Shirai, H., Hanna, J. and Shimizu, I. (1991). Narrow band-gap a-Si:
H with improved minority carrier-transport prepared by chemical 
annealing, Jpn. J. Appl. Phys., 30, pp. 239–242.

de Lima, Taylor, P. C., Morrison, S, LeGeune, A. and Marques, F. C. (2002). 
ESR observations of paramagnetic centers in intrinsic hydrogenated 
microcrystalline silicon, Phys. Rev. B, 65, pp. 235324-1–235324-6.



175Bibliography

Depinna, S. P., Homewood, K., Cavenett, B. C., Austin, I. G., Searle, T. M., Willeke, 
G. and Kinmond, S. (1983). O.D.M.R. investigation of recombination 
in µc-Si:H, Philos. Mag. B, 47, pp. L57–L62.

Depinna, S. P. and Dunstan, D. J. (1984). Frequency-resolved spectroscopy 
and its application to the analysis of recombination in semiconductors, 
Philos. Mag. B, 50, pp. 579–597.

Dersch, H., Stuke, J. and Beichler, J. (1981). Light-induced dangling bonds in 
hydrogenated amorphous silicon, Appl. Phys. Lett., 38, pp. 456–458.

Dunstan, D. J. and Boulitrop, F. (1984). Photoluminescence in hydrogenated 
amorphous silicon, Phys. Rev. B, 30, pp. 5945–5957.

Ehara, T., Ikoma, T. and Tero-Kubota, S. (2000). Multi-band electron 
paramagnetic resonance study of the defects in microcrystalline 
silicon, J. Non-Cryst. Solids, 266–269, pp. 540–543.

Elliott, S. R. and Shimakawa, K. (1990). Model for bond-breaking mechanisms 
in amorphous arsenic chalcogenides leading to light-induced electron-
spin resonance, Phys. Rev. B, 42, pp. 9766–9770. 

Engemann, D. and Fischer, R. (1973). Radiative recombination in amorphous 
silicon, Proc. 5th Int. Conf. on Amorphous and Liquid Semiconductors, 
pp. 947–952.

Engemann, D. and Fischer, R. (1974). Influence of preparation conditions on 
the radiative recombination in amorphous silicon, Proc. 12th Int. Conf. 
on the Physics of Semiconductors, pp. 1042–1046.

Englman, R. and Jortner, J. (1970). The energy gap law for radiative transitions 
in large molecules, Mol. Phys., 18, pp. 145–164.

Fehr, M., Schnegg, A., Rech, B., Lips, K., Astakov, O., Finger, F., Pfanner, G., 
Freysoldt, C., and Neugebauer, J., Bittl, R., and Teutloff, C. (2011). 
Combined multifrequency EPR and DFT study of dangling bonds in 
a-Si:H, Phys. Rev. B, 84, pp. 245203-1–10.

Fehr, M., Schnegg, A., Teutoff, C., Bittl, R., Astakhov, O., Finger, F., Rech, B. and 
Lips, K. (2009). Hydrogen distribution in the vicinity of dangling bonds 
in hydrogenated amorphous silicon (a-Si:H), Phys. Status Solidi A, 207, 
pp. 552–555. 

Finger, F. (2004). Defects and structure of hydrogenated microcrystalline 
silicon films deposited by different techniques, J. Non-Cryst. Solids, 
338–340, pp. 168–172. 

Finger, F., Carius, R., Dylla, T., Klein, S., Okur, S. and Günes, M. (2005). 
Instability phenomena in microcrystalline silicon films, J. Optoelectron. 
Adv. Mat., 7, pp. 83–90. 



176 Bibliography

Finger, F., Malten, C., Hapke, P., Carius, R., Flückiger, R. and Wagner, H. (1994). 
Free electrons and defects in microcrystalline silicon studied by 
electron spin resonance, Philos. Mag. Lett., 70, pp. 247–254. 

Finger, F., Müller, J., Malten, C. and Wagner, H. (1998). Electronic states in 
hydrogenated microcrystalline silicon, Philos. Mag. B, 77, pp. 805–830. 

Fontenberta, i Morral, A., Brenot, R., Hamers, E. A. G., Vanderhaghen, R. and 
Roca i Cabarrocas, P. (2000). In situ investigation of polymorphous 
silicon deposition, J. Non-Cryst. Solids, 266–269, pp. 48–53.

Freysoldt, C., Pfanner, G. and Neugebauer, J. (2012). The dangling-bond 
defect in amorphous silicon: statistical random versus kinetically 
deriven defect geometries, J. Non-Cryst. Solids, 358, pp. 2063–2066.

Fritzsche, H. (2001). Development in understanding and controlling 
the Staebler-Wronski effect in a-Si:H, Annu. Rev. Mater. Res., 31, 
pp. 47–79.

Fuhs, W., Mell, H., Stuke, J., Thomas, P. and Weiser, G. (1985). Photo-induced 
metastable effects in hydrogenated amorphous silicon (a-Si:H), Ann. 
Phys., 42, pp. 187–197. 

Fujita,Y., Yamaguchi, M. and Morigaki, K. (1994). Kinetics of annealing of 
dangling bonds in sputtered amorphous silicon and hydrogenated 
amorphous silicon, Philos. Mag. B, 69, pp. 57–67. 

Ganjoo, A., Ikeda, Y. and Shimakawa, K. (2000). In situ measurements of 
photo-induced volume changes in amorphous chalcogenide films, J. 
Non-Cryst. Solids, 266–269, pp. 919–923.

Gleskova, H., Morin, P. A. and Wagner, S. (1993). Kinetics of recovery of 
the light-induced defects in hydrogenated amorphous silicon under 
illumination, Appl. Phys. Lett., 62, pp. 2063–2065.

Godet, C. (1998). Metasable hydrogen atom trapping in hydrogenated 
amorphous silicon films: a microscopic model for metastable defect 
creation, Philos. Mag. B, 77, pp. 765–777. 

Godet, C., Morin, P. and Roca i Cabarrocas, P. (1996). Influence of the dilute-
phase SiH bond concentration on the steady-state defect density in 
a-Si:H, J. Non-cryst. Solids, 198–200, pp. 449–452. 

Graeff, C. F. O., Buhleier, R. and Stutzmann, M. (1993). Light-induced 
annealing of metastable defects in hydrogenated amorphous silicon, 
Appl. Phys. Lett., 62, pp. 3001–3003.

Guéron, M. and Solomon, I. (1965). Effect of spin resonance on hot electrons 
by spin-orbit coupling in n-type InSb, Phys. Rev. Lett., 15, pp. 667–670.

Han, D., Yoshida, M. and Morigaki, K. (1987). Light-induced metastable 
defects in a-Si:H elucidated by optically detected magnetic resonance 
measurements at 2 K, Solid State Commun., 63, pp. 1083–1086.



177Bibliography

Hautala, J., Ohlsen, W. D. and Taylor, P. C. (1988). Optically induced electron-
spin resonance in AsxS1–x, Phys. Rev. B, 38, 11048–11060. 

Hikita, H., Takeda, K., Kimura, Y., Yokomichi, H. and Morigaki, K. (1997). 
Deconvolution of ESR spectra and their light-induced effect in a-Si:H, 
J. Phys. Soc. Jpn., 66, pp. 1730–1740. 

Hikita, H., Takeda, K., Yokomichi, H. and Morigaki, K. (unpublished).
Hirabayashi, I., Morigaki, K. and Nitta, S. (1980).New evidence for defect 

creation by high optical excitation in glow discharge amorphous 
silicon, Jpn., J. Appl. Phys., 19, pp. L357–L360. 

Hirose, T., Yoshioka, H. and Horai, K. (1966). Conductivity increase of 
reduced rutile with the saturation of electron spin resonance, J. Phys. 
Soc. Jpn., 21, pp. 559–559.

Honig, A. (1966). Neutral-impurity scattering and impurity Zeeman 
spectroscopy in semiconductors using highly spin-polarized carriers, 
Phys. Rev. Lett., 17, 186–188.

Ishii, N., Kumeda, M. and Shimizu, T. (1981). The g-value of defects in 
amorphous C, Si and Ge. Jpn. J. Appl. Phys., 20, L673–L676.

Ishii, N. and Shimizu, T. (1998). Cluster-model calculations of hyperfine 
parameters and g-values fro defects in a-Si:H, J. Non-Cryst. Solids, 
227–230, pp. 358–361. 

Isoya, J., Yamasaki, S., Okushi, H., Matsuda, A. and Tanaka, K. (1993). Electron-
spin-echo envelope-modulation study of the distance between 
dangling bonds and hydrogen atoms in hydrogenated amorphous 
silicon, Phys. Rev. B, 47, pp. 7013–7024.

Jackson, W. B. and Kakalios, J. (1988). Evidence for hydrogen motion 
in annealing of light-induced metastable defects in hydrogenated 
amorphous silicon, Phys. Rev. B, 37, pp. 1020–1023. 

Jones, R. and Lister, G. M. S. (1990). Ab initio calculations on metastable 
defects in a-Si:H. The Staebler-Wronski effect., Philos. Mag. B, 61, 
pp. 881–894. 

Kakalios, J., Street, R. A. and Jackson, W. B. (1987). Stretched-exponential 
relaxation arising from dispersive diffusion of hydrogen in amorphous 
silicon, Phys. Rev. Lett., 59, pp. 1037–1040.

Kamei, T., Hata, N., Matsuda, A., Uchiyama, T., Amano, S., Tsukamoto, K., 
Yoshioka, Y. and Hirao, T. (1996). Deposition and extensive light 
soaking of highly pure hydrogenated amorphous silicon, Appl. Phys.
Lett., 68, 2380–2382. 

Kamimura, H. and Mott, N. F. (1976). The variable range hopping induced 
by electron spin resonance in n-type silicon and germanium, J. Phys. 
Soc. Jpn., 40, pp. 1351–1358.



178 Bibliography

Kaplan, D., Solomon, I. and Mott, N. F. (1978). Explanation of the large 
spin-dependent recombination effect in semiconductors, J. de Physique, 
39, pp. L51–L54.

Kastner, M., Adler, D. and Fritzsche, H. (1976). Valence-alternation model 
for localized gap states in lone-pair semiconductors, Phys. Rev. Lett., 
37, pp. 1504–1507.

Kimerling, L. C. (1978). Recombination enhanced defect reactions, Solid 
State Electron., 21, pp. 1391–1401. 

Kishimoto, N. and Morigaki, K. (1977). Resistivity decrease due to electron 
spin resonance in the metallic region of heavily phosphorus-doped 
silicon, J. Phys. Soc. Jpn., 42, pp. 137–145.

Kishimoto, N., Morigaki, K. and Murakami, K. (1981). Conductivity change 
due to electron spin resonance in amorphous Si-Au system, J. Phys. Soc. 
Jpn., 50, pp. 1970–1977.

Kondo, M. and Morigaki, K. (1990). Light-induced phenomena in a-Si:H as 
elucidated by optically detected electron nuclear double resonance, 
Proc. Int. Conf. Physics of Semiconductors, eds. Anastassakis, E. M. and 
Joannopoulos, J. D. (World Scientific, Singapore), pp. 2083–2086. 

Kondo, M and Morigaki, K. (1991). The role of hydrogen clusters in the 
Staebler-Wronski effect of amorphous silicon as elucidated by optically 
detected electron nuclear double resonance, J. Non-Cryst. Solids, 
137–138, pp. 247–250.

Kondo, M. and Morigaki, K. (1993). Possibility of hydrogen migration in 
photoinduced defect creation process of a-Si:H, J. Non-Cryst. Solids, 
164–166, pp. 227–230.

Kondo, M., Nishimiya, T., Saito, K. and Matsuda, A. (1998). Light induced 
phenomena in microcrystalline silicon, J. Non-Cryst. Solids, 227–230, 
pp. 1031–1035.

Kondo, M., Yamasaki, S. and Matsuda, A. (2000). Microscopic structure 
of defects in microcrystalline silicon, J. Non-Cryst. Solids, 266–269, 
pp. 544–547.

Kugler, S. (2012). Advances in understanding the defects contributing 
to the tail states in pure amorphous silicon, J. Non-Cryst. Solids, 358, 
pp. 2060–2062.

Lang, D. V. (1992). Deep Centers in Semiconductors: A State-of-Art Approach, 
S. T. Chapter 7, “DX Centers in III–V Alloys” (Gordon and Breach Science 
Publishers, Switzerland), pp. 591–642.

Lang, D. V. and Kimerling, L. C. (1974). Observation of recombination-
enhanced defect reactions in semiconductors, Phys. Rev. Lett., 33, 
pp. 489–492.



179Bibliography

Lang, D. V. and Kimerling, L. C. (1976). Observation of athermal defect 
annealing in GaP, Appl. Phys. Lett., 28, pp. 248–250.

Lang, D. V. and Logan, R. A. (1977). Large-lattice-relaxation model for 
persistent photoconductivity in compound semiconductors, Phys. 
Rev. Lett., 39, pp. 635–639.

Lang, D. V. and Logan, R. A. (1979). Physics of Semiconductors, 1978, 
Conference Series No. 43, ed. Wilson, B. L. H., Chapter 13 “Defects 
Chemical Shifts of DX Centers in AlxGa1–xAs” (Institute of Physics, 
Bristol and London), pp. 433–436.

Lepine, D. (1972). Spin-dependent recombination on silicon surface, Phys. 
Rev. B, 6, pp. 436–441.

Lepine, D., Grazhulis, V. A., and Kaplan, D. (1976). Spin-dependent 
recombination on dislocation in silicon, Proc. 13th Int. Conf. Phys. 
Semicond., Rome, ed. Fumi, E. G., pp. 1081–1084.

Lips, K., Boehme, C. and Ehara, T. (2005). The impact of the electron spin 
on charge carrier recombination: the example of amorphous silicon, 
J. Optoelec. Adv. Mat., 7, pp. 13–24.

Lips, K., Kanschat, P. and Fuhs, W. (2003). Defects and recombination in 
microcrystalline silicon, Sol. Energy Mat. & Sol. Cells, 78, pp. 513–541. 

Longeaud, C., Roy, D. and Saadane, O. (2002). Role of interstitial hydrogen and 
voids in light-induced metastable defect formation in hydrogenated 
amorphous silicon: A model, Phys. Rev. B, 65, pp. 085206-1–085206-9.

Lukács, R. and Kugler, S. (2011). Photoinduced volume changes of obliquely 
and flatly deposited amorphous AsSe films universal description 
of the kinetics, Jpn. J. Appl. Phys., 50, pp. 091401-1–091401-4.

Lukács, R., Veres, M., Shimakawa, K. and Kugler, S. (2010). On photoinduced 
volume change in amorphous selenium: Quantum chemical calculation 
and Raman spectroscopy, J. Appl. Phys., 107, pp. 073517-1–073517-5. 

Malten, C., Carius, R., Finger, F. and Yamasaki, S. (1998). ODMR measurements 
of microcrystalline silicon, MRS Proc., 507, pp. 787–792.

Maxwell, R. and Honig, A. (1966). Neutral-impurity scattering experiments 
in silicon with highly spin-polarized electrons, Phys. Rev. Lett., 17, 
pp. 188–190.

Matsuda, A. (2006) Springer Handbook of Electronic and Photonic Materials, 
eds. Kasap, S. and Capper, P., Part C 26 “morphous and Microcrystalline 
Silicon” (Springer, New York), pp. 581–595.

Mooney, P. M. (1992). Deep Centers in Semiconductors: A State-of-Art 
Approach, ed. Pantelides, S. T., Chapter 7, “DX Centers in III–V Alloys: 



180 Bibliography

Recent Developments” (Gordon and Breach Science Publishers, 
Switzerland), pp. 643–665.

Morigaki, K. (1981). Spin-dependent radiative and nonradiative 
recombinations in hydrogenated amorphous silicon: Optically detected 
magnetic resonance, J. Phys. Soc. Jpn., 50, pp. 2279–2287.

Morigaki, K. (1983). Optically detected magnetic resonance in amorphous 
semiconductors, Jpn. J. Appl. Phys., 22, pp. 375–388. 

Morigaki, K. (1984) Semiconductors and Semimetals 21 Part C, ed. Pankove, 
J. I., Chapter 4 “Optically Detected Magnetic Resonance” (Academic 
Press, Orlando), pp. 155–191.

Morigaki, K. (1988). Microscopic mechanism for the photo-creation of 
dangling bonds in a-Si:H, Jpn. J. Appl. Phys., 27, pp. 163–168. 

Morigaki, K. (1992). Self-trapping of holes and light- and thermally induced 
defect creation in a-Si:H, J. Non-Cryst. Solids, 141, pp. 166–175.

Morigaki, K. (1999) Physics of Amorphous Semiconductors (World Scientific, 
Singapore, and Imperial College Press, London).

Morigaki, K. (2001). Role of hydrogen-related weak bonds and hydrogen-
related dangling bonds in light-induced structural changes in a-Si:H, 
Bull. Hiroshima Inst. Tech, 35, pp. 47–56.

Morigaki, K. (2002a). Photoluminescence in amorphous solids, Nonlinear 
Opt., 29, pp. 265–272.

Morigaki, K. (2002b). On the electron spin resonance of band tails and 
defects in hydrogenated amorphous silicon, Bull. Hiroshima Inst. Tech., 
36, pp. 25–30.

Morigaki, K. (2009). Recombination processes and light-induced defect 
creation in hydrogenated amorphous silicon, Phys. Status Solidi A, 206, 
pp. 868–873.

Morigaki, K. and Hikita, H. (1999). Hydrogen-related dangling bonds in 
hydrogenated amorphous silicon, Bull. Hiroshima Inst. Tech., 33, 
pp. 135–142. 

Morigaki, K. and Hikita, H. (2005). Light-induced creation of hydrogen-pairs 
in a-Si:H, Solid State Commun., 136, pp. 616–620.

Morigaki, K. and Hikita, H. (2007). Modeling of light-induced defect creation 
in hydrogenated amorphous silicon, Phys. Rev. B, 76, pp. 085201-17. 

Morigaki, K. and Hikita, H. (2011). Stretched exponential relaxation 
processes in hydrogenated amorphous and polymorphous silicon, 
Phys. Status Solid C, 8, pp. 2564–2568.

Morigaki, K. and Hikita, H. (unpublished). 



181Bibliography

Morigaki, K., Hikita, H. and Kondo, M. (1995). Self-trapping of holes and 
related phenomena in a-Si:H, J. Non-Cryst. Solids, 190, pp. 38–47. 

Morigaki, K., Hikita, H. and Ogihara, C. (2009a). Light-induced defect creation 
under intense pulsed illumination in hydrogenated amorphous silicon, 
J. Optoelec. Adv. Mater., 11, pp. 1–14. 

Morigaki, K., Hikita, H., Takeda, K. and Roca I Cabarrocas, P. (2010). 
The kinetics of the light-induced defect creation in hydrogenated 
polymorphous silicon–stretched exponential relaxation, Phys. Status 
Solidi C, 7, pp. 692–695.

Morigaki, K., Hikita, H., Takemura, H., Yoshimura, T. and Ogihara, C. (2003). 
Light-induced defect creation under pulsed subbandgap illumination 
in hydrogenated amorphous silicon, Philos. Mag. Lett., 83, pp. 341–349.

Morigaki, K., Hikita, H., Yamaguchi, M. and Fujita, Y. (1998). The structure of 
dangling bonds having hydrogen at a nearby site in a-Si:H, J. Non-Cryst. 
Solids, 227–230, pp. 338–342. 

Morigaki, K., Hikita, H., Yamaguchi, M. and Fujita, Y. (2003). Anisotropic 
magnetic centers and conduction electrons in hydrogenated micro-
crystalline silicon, Mat. Eng., B, 103, pp. 37–44.

Morigaki, K., Hirabayashi, I., Nakayama, M., Nitta, S. and Shimakawa, K. 
(1980). Fatigue effect in luminescence of glow discharge amorphous 
silicon at low temperatures, Solid State Commun., 33, pp. 851–856.

Morigaki, K., Kishimoto, N. and Lepine, D. J. (1975). Resistivity decreases due 
to electron spin resonance in the metallic region of heavily phosphorus 
doped silicon, Solid State Commun., 17, pp. 1017–1019.

Morigaki, K. and Kondo, M. (1995). Optically detected magnetic resonance in 
a-Si:H, Solid State Phenomena, 44–46, pp. 731–764. 

Morigaki, K. and Niikura, C. (2005). The g-values of defects in hydrogenated 
microcrystalline silicon, Solid State Commn., 136, pp. 308–312.

Morigaki, K., Niikura, C., Bourée, J. E. and Equer, B. (2002). Anisotropic 
magnetic centres in hydrogenated microcrystalline and polymorphous 
silicon, J. Non-Cryst. Solids, 299–302, pp. 561–565.

Morigaki, K., Niikura, C., Hikita, H. and Yamaguchi, M. (2009b). Defects in 
hydrogenated microcrystalline silicon prepared by plasma-enhanced 
chemical vapour deposition, J. Appl. Phys., 105, 083703-1–083703-6.

Morigaki, K., Niikura, C. and Hikita, H. (2009c). Defect states in hydro-
genated microcrystalline silicon, Kotai Butsuri (Solid State Physics), 
44, pp. 211–225 (in Japanese).



182 Bibliography

Morigaki, K. and Ogihara, C. (2006) Springer Handbook of Electronic and 
Photonic Materials, eds. Kasap, S. and Capper, P., ”Structural, Optical, 
and Electronic Properties”(Springer, New York), pp. 565–580. 

Morigaki, K. and Onda, M. (1972). Resistivity decrease due to donor spin 
resonance in n-type germanium, J. Phys. Soc. Jpn., 33, pp. 1031–1046.

Morigaki, K., Sano, Y. and Hirabayashi, I. (1982). Defect creation by optical 
excitation in hydrogenated amorphous silicon as elucidated by optically 
detected magnetic resonance, J. Phys. Soc. Jpn., 51, pp. 147–152. 

Morigaki, K., Takeda, K., Hikita, H., Ogihara, C. and Roca i Cabarrocas, P. (2008). 
The kinetics of the light-induced defect creation in hydrogenated 
amorphous silicon—stretched exponential relaxation-, J. Non-Cryst. 
Solids, 354, pp. 2131–2134. 

Morigaki, K., Takeda, K., Hikita, H. and Roca i Cabarrocas, P. (2005a). Light-
induced defect creation in hydrogenated polymorphous silicon, Mat. 
Sci. Eng. B, 121, pp. 34–41.

Morigaki, K., Takeda, K., Hikita, H. and Roca i Cabarrocas, P. (2005b). Light-
induced defect creation in hydrogenated polymorphous silicon 
during repeated cycles of illumination and annealing, Philos. Mag., 85, 
pp. 3393–3407.

Morigaki, K., Takeda, K., Hikita, H. and Roca i Cabarrocas, P. (2007). Dispersive 
processes of light-induced defect creation in hydrogenated amorphous 
silicon, Solid State Commun., 142, pp. 232–236.

Morigaki, K. and Toyotomi, S. (1971). Spin energy transfer from donor spin 
system to mobile electron system in P-doped Si, J. Phys. Soc. Jpn., 30, 
pp. 1207–1208.

Morigaki, K., Yamaguchi, M., Hirabayashi, I. and Hayasi, R. (1987). Disordered 
Semiconductors, ed. Kastner, M. A., Thomas, G. A. and Ovshinsky, S. R., 
“Defects in a-Si:H” (Plenum Press, New York) pp. 415–424.

Morigaki, K. and Yoshida, M. (1985). Gap states in hydrogenated amorphous 
silicon. The origins of the light-induced ESR and the low-energy 
luminescence, Philos. Mag. B, 52, pp. 289–298.

Mott, N. F. (1970). Conduction in non-crystalline systems IV. Anderson 
localization in a disordered lattices, Philos. Mag., 22, pp. 7–29.

Mott, N. F. (1978). Recombination: A survey, Solid State Electron., 21, 
pp. 1275–1280.

Mott, N. F. and Davis, E. A. (1979) Electronic Processes in Non-Crystalline 
Materials, 2nd Ed. (Clarendon Press, Oxford). 



183Bibliography

Movaghar, B., Ries, B. and Schweitzer, L. (1980). Theory of the resonant and 
non-resonant luminescence changes in amorphous silicon, Philos. 
Mag. B, 41, pp. 141–157.

Müller, J., Finger, F., Carius, R. and Wagner, H. (1999). Electron spin resonance 
investigation of electronic states in hydrogenated microcrystalline 
silicon, Phys. Rev. B, 60, pp. 11666–11677.

Murayama, K., Morigaki, K. and Kanzaki, H. (1975). Exchange effects in 
optical detection ESR and dynamics of the optical pumping cycle of 
F-centers in KCl, J. Phys. Soc. Jpn., 38, pp. 1623–1633.

Nakagawa, N., Shimakawa, K., Itoh, T. and Ikeda, Y. (2010). Dynamics of 
principal photoinduced effects in amorphous chalcogenides: In-situ 
simultaneous measurements of photodarkening, volume changes, and 
defect creation, Phys. Status Solidi C, 7, pp. 857–860.

Nakamura, N., Takahama, T., Isomura, M., Nishikuni, M.,Tarui, H., Wakisaka, 
K., Tsuda, S., Nakano, S., Kishi, Y. and Kuwano, Y. (1992). Irradiation-
temperature dependence of the light-induced effect in a-Si solar cells, 
Jpn. J. Appl. Phys., 31, pp. 1267–1271.

Nelson, R. J. (1977). Long-lifetime photoconductivity effect in n-type GaAlAs, 
Appl. Phys. Lett., 31, pp. 351–353. 

Neto, A. L. B., Dylla, T., Klein, S., Repmann, T., Lambertz, A., Carius, R. and Finger, 
F. (2004). Defects and structure of hydrogenated microcrystalline 
silicon films deposited by different techniques, J. Non-Cryst. Solids, 
338–340, pp. 168–172.

Nickel, N. H., Jackson, W. B. and Johnson, N. M. (1993). Light-induced creation 
of metastable paramagnetic defects in hydrogenated polycrystalline 
silicon, Phys. Rev. Lett., 71, pp. 2733–2736.

Nielsen, B. Bech, Johannesen, P., Stallinga, P. and Nielsen, K. Bonde (1997). 
Identification of the silicon vacancy containing a single hydrogen atom 
by EPR, Phys. Rev. Lett., 79, pp. 1507–1510. 

Niikura, C., Roca I Cabarrocas, P. and Bourée, J-E. (2011). Structural 
properties of microcrystalline Si films prepared by hot-wire/catalytic 
chemical vapor deposition under conditions close to the transition 
from amorphous to microcrystalline growth, Thin Solid Films, 519, 
pp. 4502–4505.

Nishi, Y. (1971). Study of silicon-silicon dioxide structure by electron spin 
resonance I, Jpn. J. Appl. Phys., 10, pp. 52–62. 

Nonomura, S., Yoshida, N., Gotoh, T., Sakamoto, T., Kondo, M., Matsuda, A. 
and Nitta, S. (2000). The light-induced metastable lattice expansion 



184 Bibliography

in hydrogenated amorphous silicon, J. Non-Cryst. Solids, 266–269, 
pp. 474–480. 

Ogihara, C. (1998). Frequency resolved spectroscopy in a-Si:H/a-Si1–xNx:H 
multilayers and band-edge modulated a-Si1–xNx:H alloys, J. Non-Cryst. 
Solids, 227–230, pp. 517–522.

Ogihara, C., Inagaki, Y. and Morigaki, K. (2011). Light-induced effects on 
the radiative recombination rate of electron-hole pairs in a-Si:H, Phys. 
Status Solidi C, 8, pp. 2792–2795.

Ogihara, C., Inagaki, Y., Taketa, A. and Morigaki, K. (2012). Thermal quenching 
of defect photoluminescence and recombination rates of electron-hole 
pairs in a-Si:H, J. Non-Cryst. Solids, 358, pp. 2004–2006.

Ogihara, C., Nomiyama, T., Yamamoto, H., Nakanishi, K., Harada, J., Yu, X. 
and Morigaki, K. (2006). Light-induced creation of defects related to 
low energy photoluminescence in hydrogenated amorphous silicon, 
J. Non-Cryst. Solids, 352, pp. 1064–1067.

Ogihara, C., Takemura, H., Yoshida, H. and Morigaki, K. (2000). Lifetime 
distribution of PL under pulsed excitation in hydrogenated amorphous 
silicon based films, J. Non-Cryst. Solids, 266–269, pp. 574–577.

Ogihara, C., Yu, X. and Morigaki, K. (2008). Analysis of lifetime distribution of 
defect luminescence in hydrogenated amorphous silicon, J. Non-Cryst. 
Solids, 354, pp. 2121–2125.

Oheda, H. (1999). Real-time modulation of Si-H vibration in hydrogenated 
amorphous silicon, Phys. Rev. B, 60, pp. 16531–16542.

Palinginis, K. C., Cohen, J. C., Guha, S. and Yang, J. C. (2001). Experimental 
evidence indicating a global mechanism for light-induced degradation 
in hydrogenated amorphous silicon, Phys. Rev. B, 63, pp. 201203-1-
201203-4. 

Pankove, J. I. and Berkeyheiser, J. E. (1980). Light-induced radiative 
recombination centers in hydrogenated amorphous silicon, Appl. Phys. 
Lett., 37, pp. 705–706.

Pantelides, S. T., Chapter 7 “DX Centers in III–V Alloys” (Gordon and Breach 
Science Publishers, Switzerland), pp. 591–541.

Pfanner, G., Freysoldt, C. and Neugebauer, J. (2011). Ab initio study of electron 
paramagnetic resonance hyperfine structure of the silicon dangling 
bond: Role of the local environment, Phys. Rev. B, 83, pp. 144110-1-
144110-8.

Poissant, Y., St’ahel, P. and Roca i Cabarrocas, P. (2000). Effects of temperature 
on the kinetics of metastable defect creation in polymorphous and 



185Bibliography

amorphous silicon materials and solar cells, Proc. 16th European 
Photovoltaic and Solar energy conference, pp. 377–380. 

Redfield, D. (1986). Reversibility of recombination-induced defect reactions 
in amorphous Si:H, Appl. Phys. Lett., 49, pp. 1517–1518. 

Redfield, D. (1992). Interpretation of stretched-exponential defect kinetics 
in a-Si:H, MRS Proc., 258, pp. 341–346. 

Redfield, D. and Bube, R. H. (1990). Identification of defects in amorphous 
silicon, Phys. Rev. Lett., 65, pp. 464–467.

Redfield, D. and Bube, R. H. (1996) Photoinduced Defects in Semiconductors 
(Cambridge University Press, UK). 

Roca i Cabarrocas, P. (2000). Plasma enhanced chemical vapor deposition of 
amorphous, polymorphous and microcrystalline silicon films, J. Non-
Cryst. Solids, 266–269, pp. 31–37.

Roca i Cabarrocas, P., Châbane, N., Kharchenko, A. V. and Tchakarov, S. 
(2004). Polymorphous silicon thin films produced in dusty plasmas: 
application to solar cells, Plasma Phys. Control. Fussion, 46, pp. B235–
B243.

Roca i Cabarrocas, P., Fontcuberta i Morral, A. and Possant, Y. (2002). Growth 
and optoelectronic properties of polymorphous silicon thin films, Thin 
Solid Films, 403–404, pp. 39–46. 

Roca i Cabarrocas, P., Hamma, S., Sharma, S. N., Viera, G., Bertran, E. and Costa, 
J. (1989). Nanoparticle formation in low-pressure silane plasmas: 
bridging the gap between a-Si:H and μc-Si films, J. Non-Cryst. Solids, 
227–230, pp. 871–875. 

Roy, D., Longeaud, C., Saadane, O., Gueunier, M. E., Vignoli, S., Butté, R., 
Meaudre, R. and Meaudre, M. (2002). Evolution with light-soaking 
of polymorphous material prepared at 423 K, J. Non-Cryst. Solids, 
299–302, pp. 482–486. 

Saito, R. and Murayama, K. (1987), A universal distribution function 
of relaxation in amorphous materials, Solid State Commun., 63, 
pp. 625–627.

Saleh, Z. M., Tarui, H., Ninomiya, K., Takahama, T., Nakashima, Y., Nakamura, 
N., Haku, H., Wakisaka, K., Tanaka, M., Tsuda, S., Nakano, S., Kishi, M. 
and Kuwano, Y. (1992). Transient light-induced ESR investigations 
of the role of hydrogen in the stability of a-Si:H, Jpn. J. Appl. Phys., 31, 
pp. 995–998.

Saleh, Z. M., Tarui, H., Takahama, T., Nakamura, N., Nishikuni, M., Tsuda, S., 
Nakano, S. and Kuwano, Y. (1993). Trapping and recombination of 



186 Bibliography

photogenerated carriers in as-grown high-temperature-annealed 
and light-soaked a-Si:H, Jpn. J. Appl. Phys., 32, pp. 3376–3384.

Schmidt, J. and Solomon, I. (1966). Modulation de la photoconductivité 
dans le silicium á basse temperature par resonance magnétique 
électronique des impurities peu profondes, Compt. Rend., 263, 
pp. 169–172.

Schultz, N. and Taylor, P. C. (1999). Low temperature kinetics for the growth 
and decay of band-tail carriers and dangling bonds in hydrogenated 
amorphous silicon, MRS Proc., 557, pp. 353–358.

Schultz, N., Vardeny, Z. V. and Taylor, P. C. (1997). Spin dependent 
photoinduced absorption in a-Si:H, MRS Proc., Vol. 467, eds. Wagner, S., 
Hack, M., Schiff, E. A., Schropp, R. and Shimizu, I. (MRS Proc., Pittsburgh), 
pp. 179–183.

Schumm, G., Jackson, W. B. and Street, R. A. (1993). Nonequilibrium 
occupancy of tail states and defects in a-Si:H: Implication for defect 
structure, Phys. Rev. B, 48, pp. 14198–14207.

Senda, M., Yoshida, N. and Shimakawa, K. (1999). Kinetics of photoinduced 
defect creation in amorphous semiconductors: analogy to a logistic 
equation in a biological system, Philos. Mag. Lett., 79, pp. 375–381.

Shimakawa, K. (1985). Exciton recombination in amorphous chalcogenides, 
Phys. Rev. B, 31, pp. 4012–4014.

Shimakawa, K. and Elliott, S. R. (1988). Reversible photoinduced change of ac 
conduction in amorphous As2S3 films, Phys. Rev. B, 38, pp. 12479–12482.

Shimakawa, K., Ikeda, Y. and Kugler, S. (2004). Non-Crystalline Materials 
for Optoelectronics Vol. 1, ed. Popescu, M., Chapter 5 “Fundamental 
Optoelectronic Processes in Amorphous Chalcogenides” (INOE 
Publishing House, Bucharest), pp. 103–130.

Shimakawa, K., Inami, S. and Elliott, S. R. (1990). Reversible photoinduced 
change of photoconductivity in amorphous chalcogenide films, Phys. 
Rev. B, 42, pp. 11857–11861.

Shimakawa, K., Kolobov, A. V. and Elliott, S. R. (1995). Photoinduced effects 
and metastability in amorphous semiconductors and insulators, Adv. 
Phys., 44, pp. 475–588.

Shimakawa, K., Meherun-Nessa, Ishida, H. and Ganjoo, A. (2004). Quantum 
efficiency of light-induced defect creation in hydrogenated amorphous 
silicon and amorphous As2Se3, Philos. Mag. Lett., 84, pp. 81–89. 

Shimizu, T. (2004). Stabler-Wronski effect in hydrogenated amorphous 
silicon and related alloy films, Jpn. J. Appl. Phys., 43, pp. 3257–3268.



187Bibliography

Shinozuka, Y. and Toyozawa, Y. (1979). Self-trapping in mixed crystal-
Clustering, dimensionality, percolation, J. Phys. Soc. Jpn., 46, 
pp. 505–514.

Singh, J. and Shimakawa, K. (2003) Advances in Amorphous Semiconductors 
(Taylor & Francis, London). 

Solomon, I. (1972) Spin-dependent transport in semiconductors, Proc. 11th 
International Conf. Phys. Semiconductors, Vol. 1 (Polish Sci. Pub., 
Warsow), pp. 27–37.

Solomon, I. (1976). Spin-dependent recombination in a silicon p–n junction, 
Solid State Commun., 20, pp. 215–217.

Solomon, I. (1979) Amorphous Semiconductors, ed. Brodsky, M. H., Chapter 
7, “Spin effects in Amorphous Semiconductors” (Springer, Berlin), 
pp. 189–213.

Solomon, I. and Bhatnagar, M. (1992). Transport dependant du spin dans 
une diode cristalline, Compt. Rend, 314, pp. 1133–1138.

Solomon, I., Biegelsen, D. and Knights, J. C. (1977). Spin-dependent 
photoconductivity in n-type and p-type amorphous silicon, Solid 
State Commun., 22, pp. 505–508.

Stachowitz, R., Schubert, M. and Fuhs, W. (1994). Frequency-resolved 
spectroscopy and its application to low-temperature geminate 
recombination in a-Si:H, Philos. Mag. B, 70, pp. 1219–1230.

Staebler, D. L. and Wronski, C. R. (1977). Reversible conductivity changes in 
discharge-produced amorphous Si, Appl. Phys. Lett., 31, pp. 292–294.

Staebler, D. L. and Wronski, C. R. (1980). Optically induced conductivity 
changes in discharge-produced hydrogenated amorphous silicon, 
J. Appl. Phys., 51, pp. 3262–3268.

Stradins, P. and Fritzsche, H. (1996). Light-induced metastable changes in 
defect density and photoconductivity of a-Si:H between 4.2 and 300 K, 
J. Non-Cryst. Solids, 198–200, pp. 432–435. 

Stradins, P., Kondo, M. and Matsuda, A. (2000). A study of light-induced 
degradation of a-Si:H by nanosecond laser pulse pairs of variable 
delay, J. Non-Cryst. Solids, 266–269, pp. 405–409. 

Street, R. A. (1991). Hydrogenated Amorphous Silicon (Cambridge University 
Press, UK). 

Street, R. A. and Biegelsen, D. K. (1980). Luminescence and ESR studies of 
defects in hydrogenated amorphous silicon, Solid State Commun., 33, 
pp. 1159–1162.



188 Bibliography

Street, R. A., Knights, J. C. and Biegelsen, D. K. (1978). Luminescence 
studies of plasma-deposited hydrogenated silicon, Phys. Rev. B, 18, 
pp. 1880–1891.

Street, R. A. and Mott, N. F. (1975). States in the gap in glassy semiconductors, 
Phys. Rev. Lett., 35, pp. 1293–1296.

Stutzmann, M. and Biegelsen, D. K. (1983). Electron-spin-lattice relaxation in 
amorphous silicon and germanium, Phys. Rev. B, 28, pp. 6256–6261.

Stutzmann, M. and Biegelsen, D. K. (1986). Electron-nuclear double-
resonance experiments in hydrogenated amorphous silicon, Phys. Rev. 
B, 34, pp. 3093–3107.

Stutzmann, M., Brandt, M. S. and Bayerl, M. W. (2000). Spin-dependent 
processes in amorphous and microcrystalline silicon: a survey, J. Non-
Cryst. Solids, 266–269, pp. 1–22.

Stutzmann, M., Jackson, W. B. and Tsai, C. C. (1985). Light-induced metastable 
defects in hydrogenated amorphous silicon: A systematic study, Phys. 
Rev. B, 32, pp. 23–47.

Stutzmann, M., Rossi, M. C. and Brandt, M. S. (1994). Pulsed-light soaking of 
hydrogenated amorphous silicon, Phys. Rev. B, 50, pp. 11592–11605.

Su, T., Ju, T., Yan, B., Yang, J., Guha, S. and Taylor, P. C. (2008). ESR study of 
the hydrogenated nanocrystalline silicon thin films, J. Non-Cryst. Solids, 
354, pp. 2231–2234.

Su, T., Taylor, P. C., Ganguly, G. and Carlson, D. E. (2002). Direct role of 
hydrogen in the Staebler-Wronski effect in hydrogenated amorphous 
silicon, Phys. Rev. Lett., 89, pp. 015502-1–015502-4.

Su, T., Taylor, P. C., Ganguly, G. and Carlson, D. E. (2004). A hydrogen-related 
defect and the Staebler-Wronski effect in hydrogenated amorphous 
silicon, J. Non-Cryst. Solids, 338–340, pp. 357–360.

Sumi, H. (1984). Dynamic defect reaction induced by multiphonon 
nonradiative recombination of injected carriers at deep levels in 
semiconductors, Phys. Rev. B, 29, pp. 4616–4630. 

Sumi, H. (1988). Nonradiative electron–hole recombination at deep-
level defects and recombination enhanced defect reactions in 
semiconductors, Kotai Butsuri (Solid State Physics), 23, pp. 221–230 
(in Japanese).

Takeda, K., Hikita, H., Kimura, Y., Yokomichi, H., Yamaguchi, M. and Morigaki, 
K. (1997). Light-induced annealing f dangling bonds in a-Si:H, Jpn. J. 
Appl. Phys., 36, pp. 991–996.

Takeda, K., Hikita, H., Kimura, Y., Yokomichi, H. and Morigaki, K. (1998). 
Electron spin resonance study of light-induced annealing of 



189Bibliography

dangling bonds in glow discharge hydrogenated amorphous silicon: 
Deconvolution of electron spin resonance spectra, Jpn. J. Appl. Phys., 
37, pp. 6309–6317.

Takeda, K., Hikita, H., Kimura, Y., Yokomichi, H., Izumi, T. and Morigaki, K. 
(2000). Electron spin resonance spectra and their thermal annealing 
effects in hydrogenated amorphous silicon, Proceedings of the School of 
Engineering, Tokai Univ., Series E, 25, 17–25. 

Takeda, K., Morigaki, K., Hikita, H. and Roca i Cabarrocas P. (2008). Thermal 
annealing effects of dangling bonds in hydrogenated polymorphous 
silicon, J. Appl. Phys., 104, pp. 053715-1-053715-6.

Takemura, H., Ogihara, C. and Morigaki, K. (2002). Lifetime resolved study 
of photoluminescence under pulsed excitation in a-Si:H based films, 
J. Phys. Soc. Jpn., 71, pp. 625–629.

Takenaka, H., Ogihara, C. and Morigki, K. (1988). Time-resolved optically 
detected magnetic resonance experiment on conduction band tail 
electrons and A centre in hydrogenated amorphous silicon, J. Phys. Soc. 
Jpn., 57, pp. 3858–3867. 

Tanaka, Ke. and Shimakawa, K. (2011) Amorphous Chalcogenide 
Semiconductors and Related Materials (Springer, New York). 

Taylor, P. C. (2006). The localization of electrons in amorphous semi-
conductors: A twenty-first century perspective, J. Non-Cryst. Solids, 
352, pp. 839–850.

Tiedje, T. (1984) Semiconductors and Semimetals 21 Part C, ed. Pankove, J. 
I., Chapter 6 “Information about band-tail states from time-of-flight 
experiments” (Academic Press, Orlando), pp. 207–238.

Timilsina, R. and Biswas, P. (2010). Theoretical study of hydrogen 
microstructure in models of hydrogenated amorphous silicon, Phys. 
Status Solidi A, 207, pp. 609–612.

Toyoda, Y. and Hayashi, Y. (1970). Bolometric detection of ESR in P-doped Si 
at low temperature, J. Phys. Soc. Jpn., 29, pp. 247–248.

Toyoda, Y. and Hayashi, Y. (1971). The spin dependent conductivity in 
P-doped Si, J. Phys. Soc. Jpn., 30, 1511–1512.

Toyotomi, S. (1974). Resistance change induced by electron spin resonance 
and spin relaxation in phosphorus-doped silicon, J. Phys. Soc. Jpn., 37, 
pp. 130–139.

Toyotomi, S. and Morigaki, K. (1970). Microwave hot electron effect and 
resistivity decrease due to donor spin resonance in P-doped Si, Solid 
State Commun., 8, pp. 1307–1308.



190 Bibliography

Toyozawa, Y. (2003) Optical Processes in Solids (Cambridge University Press, 
UK).

Tsang, T. and Street, R. A. (1979). Recombination in plasma-deposited 
amorphous Si:H. Luminescence decay, Phys Rev. B, 19, pp. 3027–3040.

Tzanetakis, P., Kopidakis, N., Androulidaki, M., Kalouzos, C., Stradins, P. 
and Fritzsche, H. (1996). Short-laser-pulse and steady-light induced 
degradation of intrinsic, p-type and compensated a-Si:H, J. Non-Cryst. 
Solids, 198–200, pp. 458–461.

Uchino, T., Takahashi, M. and Yoko, T. (2001). E¢ centers in amorphous 
SiO2 revisited: A new look at an old problem, Phys. Rev. Lett., 86, 
pp. 5522–5525.

Uchino, T. and Yoko, T. (2003). Mechanism of electron localization 
at edge-sharing units in amorphous SiO2, Phys. Rev. B, 68, 
pp. 041201- –041201-4.

Umeda, T., Yamasaki, S., Isoya, J., Matsuda, A. and Tanaka, K. (1996). 
Electronic structure of band-tail electrons in a-Si:H, Phys. Rev. Lett., 77, 
pp. 4600–4603. 

Vanderbilt, D. and Joannopoulos, J. D. (1980). Theory of defect states in 
glassy selenium, Phys. Rev. B, 22, pp. 2927–2939.

Vanderbilt, D. and Joannopoulos, J. D. (1981). Theory of defect states in 
glassy As2Se3, Phys. Rev. B, 23, pp. 2596–2606.

Vardeny, Z. and Olszakier, M. (1987). Infrared photomodulation spectroscopy 
of band tail states in a-Si:H and a-Si:F, J. Non-Cryst. Solids, 97–98, 
pp. 109–112.

Vetterl, O, Finger, F., Carius, R., Hapke, P., Houben, L., Kluth, O., Lambertz, A., 
Mück, A., Rech, B. and Wagner, H. (2000). Intrinsic microcrystalline 
silicon: A new material for photovoltaics, Sol. Energy Mat. Sol. Cells, 62, 
pp. 97–108.

Vignoli, S., Meaudre, R. and Meaudre, M. (1996). Metastable defect 
creation and annealing under illumination in intrinsic hydrogenated 
amorphous silicon deposited from helium–silane mixtures, Philos. 
Mag. B, 73, pp. 261–276.

Watkins, G. D. and Corbett, J. W. (1964). Defects in irradiated silicon: Electron 
paramagnetic resonance and electron–nuclear double resonance of 
the Si-E center, Phys. Rev., 134, A1359–A1377.

Watkins, G. D. (1965). A review of EPR studies in irradiated silicon, Proc. 
Radiation Damage in Semiconductors (Dunod, Paris), pp. 97–113.



191Bibliography

Watkins, G. D. (2000). Handbook of Semiconducto Technology, Vol. 1, eds. 
Jackson, K. A. and Schröter, W., Chapter 3 “Intrinsic Point Defectsin 
Semiconductors 1999” (Wiley-VCH, Weinheim), pp. 121–165.

Weeks, J. D., Tully, J. C. and Kimerling, L. C. (1975). Theory of recombination-
enhanced defect reactions in semiconductors. Phys. Rev. B, 12, 
pp. 3286–3292.

Wilson, D. K. and Feher, G. (1961). Electron spin resonance experiments on 
donors in silicon III. Investigation of excited states by the application 
of uniaxial stress and their importance in relaxation processes, 
Phys. Rev., 124, pp. 1068–1084.

Winer, K., Hirabayashi, I. and Ley, L. (1988a). Exponential conduction-band 
tail in P-doped a-Si:H, Phys. Rev. Lett., 60, 2697–2700.

Winer, K., Hirabayashi, I. and Ley, L. (1988b). Distribution of occupied near-
surface band-gap states in a-Si:H, Phys. Rev. B, 38, pp. 7680–7693.

Wraback, M. and Tauc, J. (1992). Direct measurement of the hot carrier 
cooling rate in a-Si:H using femtosecond 4 eV pulses, Phys. Rev. Lett., 
69, pp. 3682–3685.

Yamaguchi, M. and Morigaki,K. (1993). Optical properties of amorphous-
microcrystalline mixed-phase Si:H films, J. Phys. Soc. Jpn., 62, 
pp. 2915–2923. 

Yamaguchi, M. and Morigaki, K. (1997). Photoluminescence and optically 
detected magnetic resonance in a-Si:H/a-Si3N4:H multilayers, Phys. 
Rev. B, 55, pp. 2368–2377.

Yamaguchi, M. and Morigaki, K. (1999). Effect of hydrogen dilution on 
the optical properties of hydrogenated amorphous silicon prepared 
by plasma deposition, Philos. Mag. B, 79, pp. 387–405. 

Yamaguchi, M., Morigaki, K. and Nitta, S. (1989). Observation of light-induced 
phenomena by photoluminescence and optically detected magnetic 
resonance in a-Si:H, J. Phys. Soc. Jpn., 58, pp. 3828–3841.

Yamaguchi, M., Morigaki, K. and Nitta, S. (1991). Observation of light-induced 
phenomena by photoluminescence and optically detected magnetic 
resonance in a-Si1–xNx:H, J. Phys. Soc. Jpn., 60, pp. 1769–1791.

Yamasaki, S. and Isoya, J. (1993). Pulsed-ESR study of light-induced metastable 
defect in a-Si:H, J. Non-Cryst. Solids, 164–166, pp. 169–174.

Yamasaki, S., Okushi, H., Matsuda, A. and Tanaka, K. (1990). Origin of optically 
induced electron-spin resonance in hydrogenated amorphous silicon, 
Phys. Rev. Lett., 65, pp. 756–759. 



192 Bibliography

Yan, B, Schultz, N. A., Efros, A. L. and Taylor, P. C. (2000). Universal distribution 
of residual carriers in tetrahedrally coordinated amorphous 
semiconductors, Phys. Rev. Lett., 84, pp. 4180–4183. 

Yokomichi, H., Hirabayashi, I. and Morigaki, K. (1987). Electron-nuclear 
double resonance of dangling-bond centres in a-Si:H, Solid State 
Commun., 61, pp. 697–701.

Yokomichi, H. and Morigaki, K. (1987). Electron-nuclear double resonance 
of dangling bonds centres associated with hydrogen incorporation 
in a-Si:H, Solid State Commun., 63, pp. 629–632.

Yokomichi, H. and Morigaki, K. (1991). The nature of structural defects 
and thermal equibrium effects on doped a-Si:H as elucidated by 
electron nuclear double resonance measurements, J. Non-Cryst. Solids, 
137–138, pp. 183–186.

Yokomichi, H. and Morigaki, K. (1993). Clustered dangling bonds in a-Si:
H as elucidated by ENDOR measurements, Solid State Commun., 85, 
pp. 759–761. 

Yokomichi, H. and Morigaki, K. (1996). Evidence for existence of hydrogen-
related dangling bonds in hydrogenated amorphous silicon, Philos. 
Mag. Lett., 73, pp. 283–287.

Yonezawa, F., Sakamoto, S. and Hori, M. (1991). Ab-initio molecular dynamics 
simulations of amorphous silicon, J. Non-Cryst. Solids, 137–138, 
pp. 135–140.

Yoshida, M. and Morigaki, K. (1989). Triplet exciton states in a-Si:H and 
its alloys as elucidated by optically detected magnetic resonance 
measurements, J. Phys. Soc. Jpn., 58, pp. 3371–3382.

Yoshida, M. and Taylor, P. C. (1992). Correlations of changes in ESR and PL 
with light soaking in a-Si:H, MRS Proc., 258, pp. 347–352. 

Yoshida, M., Yamaguchi, M. and Morigaki, K. (1989). Nature of triplet excitons 
in a-Si:H, its alloys and a-Si:H multilayers as elucidated by optically 
detected magnetic resonance measurements, J. Non-Cryst. Solids, 114, 
pp. 319–321.

Zafar, S. and Schiff, E. A. (1989). Hydrogen-mediated model for defect 
metastability in hydrogenated amorphous silicon, Phys. Rev. B, 40, 
5235–5238.

Zhang, S. B. and Branz, H. M. (2000). Nonradiative electron–hole 
recombination by a low-barrier pathway in hydrogenated silicon 
semiconductors, Phys. Rev. Lett., 84, pp. 967–970.



193Bibliography

Zhang, Q., Nishino, T., Kumeda, M. and Shimizu, T. (1995). Light-induced 
annealing of photocreated dangling bonds in hydrogenated amorphous 
silicon, Jpn. J. Appl. Phys., 34, pp. 483–486.

Zhou, J. H., Kumeda, M. and Shimizu, T. (1995). Light-induced ESR in 
variously treated hydrogenated amorphous silicon, Jpn. J. Appl. Phys., 
34, pp. 3982–3986.





Index

a-As2S3 see amorphous As2S3
a-As2Se3 see amorphous As2Se3
a-Se see amorphous selenium
ab initio molecular dynamics 

computer simulation   41
a-Ch see amorphous chalcogenide
amorphous network   25–28, 52, 

54, 85, 98, 99, 117, 128, 129, 
136–138

amorphous As2S3 (a-As2S3)    
163–166, 168 

amorphous As2Se3 (a-As2Se3)   163, 
164, 166, 169 

amorphous selenium (a-Se)   164, 
165

   hydrogenated (a-Si:H)   2, 3, 5, 7, 
22–31, 35–38, 40–42, 44–79, 
81–141, 153–164,      

amorphous chalcogenide (a-Ch)   2, 
3, 91, 161, 164, 166 

anisotropic hyperfine interaction 
constant   50, 134

anisotropic magnetic center    
145–147

antibonding orbital   35, 37

band tail   28, 35, 37, 152, 155, 158
biexciton   85

c-Si see crystalline silicon 
capture cross section   16
characteristic time   83, 99, 170
charged Si-dangling bond   26
clustered phase   87

column boundary   145
computer simulation   41, 164
conduction band edge   8
conduction band tail state   155
conduction electron ESR   149
configuration coordinate model   

13, 17, 19, 65, 66
constant photocurrent method 

(CPM)   69
continuous random network 

model   26
coordination number   29, 166, 167
crystalline phase   155
crystalline silicon (c-Si)   2, 5
crystalline volume fraction   26, 51, 

52, 149
crystallite   27, 148
crystallite fraction   27

dangling bond (DB)   3, 21–23, 25, 
26, 29, 34–40, 48, 49, 51–53, 
57–59, 67, 69–72, 75–140, 
144, 148, 151, 155, 157, 167 

deep center   30, 33
deep gap state   54
deep level   13, 20
deep tail state   64
defect   10, 11, 13–15, 17, 22–24, 

57–59, 64, 65, 67, 70–75,  
77–79, 81–87, 89–91, 
99–105, 107–109, 111–113, 
115–121

defect creation efficiency   74, 82, 
123

defect PL   55, 57–59, 64, 65, 67, 70
delocalized state   27



196 Index

diffusion   10–12, 86, 104, 116, 117, 
135, 138

dilute phase   74, 75, 87
disordered system   25, 100
dispersive hydrogen diffusion   104, 

135
dispersive parameter   83
distant electron–hole pair   4, 32
distant ENDOR   108, 109
DX center   17, 20

electronegativity   41, 71
electron–hole pair   4, 32, 60–64, 85 
electron–nuclear double resonance 

(ENDOR)   2, 3, 28, 29, 5, 36, 
40, 43, 45, 48, 56, 108–112, 
164

electron–phonon coupling   56, 65, 
66

electron spin resonance (ESR)   2–5, 
20, 28–30, 35, 36, 48, 49, 67, 
71–73, 101, 104–106, 108, 
110, 111, 116, 117, 122–129, 
132–134, 137, 143–154, 163, 
164   

ENDOR see electron–nuclear 
double resonance

ESR see electron spin resonance
exchange interaction   47
exciton   168
excitonic PL   62
extrinsic self-trapping   41

Fermi-type contact interaction   50
fill factor   118, 119
fourfold-coordinated Si   20
fractal dimension   140
fractal-time random walk   135, 140
fractal-time random walk model   

135

frequency-resolved spectroscopy 
(FRS)   59, 60, 62, 63

FWHM   44, 46, 48, 55, 155–157

Ga1–xAlxAs   17, 18, 20
gap state   29, 54, 56, 57, 59, 65, 

68, 69
GaAs   12, 14, 18, 20, 21
gas dilution ratio   143
Gaussian spin-packet   107, 144
geminate pair   61
geminate recombination   61
glass transition temperature Tg   

162
Godet model   97, 98
grain boundary   21, 158
g-shift   37–39
g-tensor   38
g-value   2, 37, 39, 46, 47, 136, 144, 

146–149, 157

H–DB   38, 40, 85
hot-wire chemical vapor 

deposition (hot-wire CVD)   
26, 39   

H-related dangling bond   104, 116
hydrogen bonding scheme   137
hydrogenated microcrystalline 

silicon (µc-Si:H)   2, 3, 26, 
30, 35, 38–40, 143–147, 
149–151, 153–160

hydrogenated polycrystalline 
silicon (poly-Si:H)

hydrogenated polymorphous 
silicon (pm-Si:H)   26, 39

hydrogen-collision model   102
hydrogen-mediated model   75, 87, 

88
hydrogen-related dangling bond   

40, 48, 49, 51, 78, 79, 99, 104, 



197Index

108, 111, 112, 114, 131, 133, 
134

hydrogen-site energy   136
hyperfine interaction constant   50, 

51, 108, 134
hyperfine structure   49, 108

impurity-involved model   75, 90
isotropic hyperfine interaction 

constant   50, 51

k-selection rule   54

LESR see light-induced electron 
spin resonance

lifetime distribution   59–63, 99,   
136, 138

light-induced annealing   98, 
128–130

light-induced dangling bond   83, 
85, 99, 117–119, 128, 135

light-induced defect   22–24, 71, 
73–75, 77–79, 81–83, 89–91, 
97, 99–101, 103–105, 
111–113, 117–119, 121, 
123, 127, 135–137

light-induced degradation   137, 
138, 159

light-induced effect   159, 166
light-induced electron spin 

resonance (LESR)   30–37, 39, 
150, 151, 153, 154, 164, 166 

light-induced hydrogen pair   112
light-induced structural change   

134
light soaking   34, 35, 42, 117
local ENDOR   48, 108, 109

luminescence fatigue   72, 166

magnetic resonance   28, 54, 155, 
157, 164

matrix ENDOR   45
metastable hydrogen atom   78, 79, 

112
microcrystalline grain   26
microcrystalline grain size   26
microcrystalline phase   39, 51, 52
microvoid   89
mid-gap absorption   163, 166
mobility edge   27
mobility gap   28
modulated photo current method 

(MPC)   101, 102
monomolecular recombination   82, 

95, 122
MPC see modulated photo current 

method
multiphonon emission   14, 66

negative correlation energy U   33
negative-U center   33, 89
negatively charged threefold-

coordinated Si atom   29, 89
nongeminate electron–hole pair   4
nongeminate recombination   61
nonradiative capture   13
nonradiative center   33, 65, 148
nonradiative electron–hole 

recombination   75, 85
nonradiative recombination   29, 

34, 56–59, 63–67, 69, 70, 72, 
129, 134, 158, 166

nonradiative recombination 
center   72

nonradiative recombination rate   
57, 65, 70



198 Index

normal dangling bond   40, 49, 78, 
79, 99, 104, 112, 114, 116, 
131

ODENDOR see optically detected 
ENDOR

ODMR see optically detected 
magnetic resonance

optical absorption   28, 29, 67, 69, 
101, 121, 162, 168

optical absorption coefficient   101, 
168

optical gap energy   51–53
optically detected ENDOR 

(ODENDOR)   33, 40, 43, 44, 
56, 164

optically detected magnetic 
resonance (ODMR)   3–5, 28, 
33, 34, 36, 37, 40, 45, 46, 48, 
54, 56, 57, 62, 117, 143, 155, 
157–159, 164

Pb center   39, 40, 145
PDS see photo-thermal deflection 

spectroscopy
PECVD see plasma-enhanced 

chemical vapor deposition
persistent photoconductivity   16, 

18
photoconductivity   16, 18, 68, 101, 

102, 121, 122, 143
photodarkening   162, 163
photoemission spectroscopy   28
photoinduced absorption (PA)   5,
photoluminescence (PL)  54, 69, 70, 

155, 157, 159
photomodulation-IR absorption 

spectrum   43 45, 56
photo-thermal deflection 

spectroscopy (PDS)   69

plasma-enhanced chemical vapor 
deposition (PECVD)   26, 39 

plasma-enhanced CVD see 
plasma-enhanced chemical 
vapor deposition

PL see photoluminescence
platelets   23, 136
polycrystalline silicon (poly-Si)   21
positive correlation energy   89, 148
principal PL   30, 48, 55–59, 64, 65, 

67, 69, 70, 158
pulsed ENDOR technique   110

QFRS see quadrature-frequency 
resolved spectroscopy

quadrature-frequency resolved 
spectroscopy (QFRS)   60

radiation-induced defect   8, 12, 
radiative recombination   32, 48, 

57, 60, 64, 66, 70, 158
radiative recombination rate   60, 

64
recombination process   65
repeated LS-annealing cycling   138

saturated dangling bond density   
83, 94, 96, 124, 125

self-trapped hole   29, 37, 43, 47, 
48, 123

self-trapped hole center   29
shallow level   20, 151
shallow tail state   64, 65
Si–H bond   129
singlet exciton   62
solar cell   1, 5, 25, 67, 100, 101, 

118, 119
spatial fluctuation   27
s-p hybridized orbital   165



199Index

specific weak Si–Si bond   44, 47, 77
spin density   22, 23, 77, 118, 120, 

122, 136, 150–152, 154, 165, 
166

spin-lattice relaxation time   115, 
153

stretched exponential function   32, 
33, 82, 83, 85, 91–95, 97, 99, 
101, 135, 136, 140, 170

stretched exponential relaxation   
83, 91, 97, 100

stretching vibration   41, 42
strong electron–phonon coupling   

65, 66
structural change   41, 134
structural defect   28, 29, 40 
structural factor R   74
subbandgap absorption   119
subgap illumination   123, 162

tail electron   35, 37, 45, 47, 48, 151, 
152

tail hole   37, 152
tail state   57
Te-doped Ga1–xAlxAs   16
tetrahedral angle   146
tetrahedral coordination   27
thermal activation   10, 14, 15
thermal activation energy   14, 15
thermal annealing   103, 127, 128, 

135, 136, 139, 140, 164, 166

thermal stability   164
thin film   69
thin-film transistor   25
threefold-coordinated dopant   90
threefold-coordinated Si   25
time-resolved ODMR   33, 37, 45, 48
transport   28
trapping process   79
triplet exciton   62
triplet state   4, 62
tunneling   57
type I LESR center   166
type II LESR center   166

vacancy–hydrogen complex   38, 53
valence band tail hole   152
void   130, 133, 134
volume fraction   26, 51, 52, 98, 149

weak bond   43, 79
weak electron–phonon coupling   

66
weak Si–Si bond   32, 34, 35, 37, 

41–45, 47, 71, 72, 75–79, 87, 
88, 114, 123, 125 

weak Si–Si bond breaking model   
75

wrong bond   166




	1. Introduction
	2. Crystalline Semiconductors
	3. Hydrogenated Amorphous Silicon
	4. Hydrogenated Microcrystalline Silicon
	5. Amorphous Chalcogenides 
	Bibliography
	Index

