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Effect of electric field on one-quantum photodecay of oxygen-deficient
centers in germanosilicate fibers
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The effect of a strong electric field~up to 106 V/cm! on one-quantum UV photoexcitation and
photodecomposition of germanium oxygen deficient centers~GODC! in twin-hole germanosilicate
fibers with internal wire electrodes is reported. The fiber has been irradiated with the UV light of a
deuterium lamp and triplet photoluminescence of GODC has been used to monitor the kinetics of its
photodecay. Applying such an electric field did not affect the spectral characteristics of GODC but
increased the rate of their one-quantum photodecomposition, while direct photoionization and
charge separation did not take place. We have also shown that this effect is caused by the
suppression of secondary photoinduced recombination processes of intermediates, rather than by
acceleration of primary photodecomposition of GODC. ©2000 American Institute of Physics.
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The effect of UV photosensitivity of Ge-doped silic
glass is widely used for effective photoinscription of fib
and planar microstructures.1 This effect is recognized to b
associated with structural phototransformation of german
oxygen-deficient centers~GODC! and local density alter-
ation in a Ge-doped glass network. Exposure of GODC
UV light is produced mostly in 242 nm singlet absorptio
band (S0–S1 electron transition! and also in weak triplet
absorption 330 nm band (S0–T1 electron transition!.2 Sin-
glet photoexcitation of GODC results in the appearance
two luminescence bands—singlet band centered at about
nm (S1–S0 transition! and triplet band at about 400 nm
(T1–S0 transition!. To increase the photosensitivity of ge
manosilicate glass the ‘‘chemical’’ pathways of UV ener
relaxation in GODC should be accelerated.3–5 The mecha-
nisms of GODC chemical phototransformation are very co
plicated, and they are far from being completely understo
Different parameters of glass such as concentration of G5,6

and other dopants7 and impregnated molecular species~like
hydrogen5,8!, can be critical for these mechanisms.

It should be noticed that the mechanism of charge~elec-
tron or hole! displacement has always been considered a
initial step of GODC phototransformation. This is why on
of the possible approaches to control GODC phototrans
mation calls for the application of a strong electric field.9–11

It is important that depending on UV light intensity, bo
one-quantum and two-quantum GODC photodecomposi
may occur.9,12 It was shown directly in Ref. 8, that UV pho
toexcitation of GODC with intense pulses of KrF laserl
5248 nm,F.1022 J/cm2! in an electric field results in ef
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ficient two-quantum ionization of GODC and generation
photocurrent pulses. It has been observed in similar ca
that the effects of a strong electric field on acceleration
both GODC decomposition10 and formation of Bragg
gratings11 can be quite naturally attributed to the increase
displacement of charge carriers from ionized GODC and
a result, to the suppression of recombination processes.
effects of a strong electric field on one-quantum photo
composition of GODC is by no means apparent, since
free electrons are formed in this case. The objective of
work is to reveal such effects.

Two types of twin-hole fibers13,14~18 mol % GeO2 in the
fiber core! were used in our experiments~Fig. 1!: ‘‘thin’’
fiber ~core diameter 3mm, outer diameter 125mm, distance

FIG. 1. Decay of triplet luminescence intensity in fibers as a function of
UV irradiation time from deuterium lamp. In the inset is the twin-hole fib
position during the irradiation.
8 © 2000 American Institute of Physics
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between capillaries 10mm! and ‘‘thick’’ fiber ~core diameter
6 mm, outer diameter 270mm, distance between capillarie
30 mm!. Gold-coated tungsten wire electrodes were inser
into the holes. dc voltage in the range of 0.1–3 kV w
applied to the electrodes which produced electric fields u
E5106 V/cm inside a core.

The UV light ~200–300 nm! of a deuterium lamp was
used for the irradiation of the fibers~Fig. 1!. The kinetics of
GODC decomposition was monitored via the intensity
triplet photoluminescence~PL! of GODC at 400 nm (I T).4

The signal of PL was detected through a fiber end by a p
tomultiplier. We also used germanosilicate films deposi
on SiO2 substrates to monitor the behavior of GODC abso
tion band~by UV spectrometer! and UV induced paramag
netic species@by a X-band electron spin resonance~ESR!
spectrometer#.5

Irradiation of GODC in germanosilicate samples~fibers
and films! with the UV light from a deuterium lamp result
in one-quantum decomposition of GODC, that is attend
with degradation of GODC 242 nm absorption band and t
let luminescence signalI T . Our ESR studies show the ap
pearance and increase of signal from GeE8 centers.15 No
other species like Ge~1! or Ge~2! are observed in ESR spec
tra ~see also Refs. 5, 12, and 16!. We observed that the rat
of photodecomposition of GODC with the electric field a
plied, is always higher than that without the electric fie
~Fig. 1!. The rate of GODC photodegradationdN/dt under-
goes an apparent sharp rise when the electric field
switched on or increased~Fig. 2!. Oppositely, the switch off
of the electric field results in a sharp decrease of GO
photodecomposition rate~Fig. 3!. It is important to note that
the change of the polarity of applied voltage during UV
radiation has no visible effect on the observed value ofI T

signal or its kinetics~Fig. 3!. The latter observation indicate
the absence of screening of the applied field via free e
trons in the process of low intensity UV irradiation o
GODC, which is in contrast to high-intensity UV
irradiation.9,17

To reveal possible effects of electric fields~up to E
5106 V/cm! on spectral parameters of GODC, we have m
sured the single-pulse temporal traces (tT51024 s) of triplet

FIG. 2. Influence of successive electric field increase on the triplet lumi
cence signal kinetics. Experimental curve can be simulated by three su
sive exponents—exp~1!, exp~2!, exp~3! in the form of y5y0

1Ae(1/t)(x2x0).
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luminescence of GODC at 400 nmI T excited in our twin-
hole fibers with very low energy pulses of KrF laser (F
51023 J/cm2) and N2 laser (t510 ns, l5337 nm, F
51024 J/cm2!. These fluence densitiesF provide the condi-
tions for one-photon photoexcitation of GODC via sing
S0–S1 transition ~for KrF laser! or triplet S0–T1 transition
~for N2 laser!.4 We did not observe any change in the amp
tudes and temporal traces ofI T , when the electric field was
applied.

Thus, two interesting conclusions could be made on
basis of our experimental results: strong electric field~up to
106 V/cm! affects photoreactions, but does not affect the
citation and relaxation ofS1 andT1 excited states of GODC
First, let us discuss the photoexcitation process. W
GODC is excited in a singlet band, the population ofT1 state
and the intensity of triplet relaxationI T is controlled by the
cross section of UV absorption, the rates of singlet relaxat
and intersystem crossing, and, finally, by the rate of trip
relaxation.2,4 Such insensitivity for electrically neutra
GODC to electric field is of little or no surprise due to th
fact that this field (E5106 V/cm) is still much weaker than
an intramolecular field (108 V/cm). Consider next the pos
sible effect of electric field on the triplet relaxation timetT .
Apart from electron radiation relaxation pathway of tripl
excited GODC and phonon relaxation pathways there
also radiationless relaxation pathways that contribute to
triplet relaxation rate 1/tT . Moreover, these radiationles
pathways are those responsible for the decomposition
irreversible chemical transformation of GODC. The quantu
yield of decompositionq ~the fraction of decomposed GODC
per one absorbed UV photon! is usually very lowq!1. This
means that ‘‘chemical’’ pathways resulting in irreversib
photodecomposition of GODC are quite weak. Neverthele
there are two examples4,5 where chemical pathways clearl
contribute totT . First, the shortening oftT with Ge concen-
tration observed in Ref. 4 is attributed to such a pathw
~tunneling of electron from triplet excited GODC to anoth
germanium trap!. Secondly, significant~up to 50%! shorten-
ing of tT has been observed in Ref. 5, caused by trip
excited GODC photoreaction with impregnated hydrog
Since in our experiments the trace of triplet luminescen
(tT) is almost insensitive to an electric field, it can also

s-
es-FIG. 3. Influence of the polarity change and switching-off electric field
the triplet luminescence signal kinetics.
 license or copyright; see http://apl.aip.org/apl/copyright.jsp
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concluded that there is no effect of the electric field on p
mary photodecomposition probability of triplet excite
GODC. On the other hand, the observed kinetics of trip
luminescence~Figs. 1–3! clearly demonstrate the effect o
electric field on the photodegradation of GODC. It imme
ately follows that the electric field affects the seconda
chemical processes of ionized GODC, such as the recom
nation processes. The stretched-exponential dependen
the kinetics of GODC photodecomposition~Figs. 1 and 2!
could be explained by the photochemical inhomogeneity
GODC in a glass, when different groups of GODC ha
slightly different spectroscopic parameters and different p
toreaction probabilities.3,18,19

It is commonly believed that the chemical transform
tion of the triplet excited state of GODC is caused by
tunneling charge transfer to traps located in a neighbo
coordination shell,5 since no free electrons appear in th
case. This effect has been treated as a transformation of
let excited oxygen monovacancy from normal configurat
to an anomalous one~‘‘puckered’’ states!.20 This process is
accompanied by a transition of the three-coordinated oxy
atom to a positively charged state and also by a release
free electron, which enters the Ge impurity zone, which
located nearby of a conductive band of SiO2

20 The photoin-
duced decomposition of GODC described above is accom
nied by the recombination process, when the photoactiva
of the intermediates~the products of primary decompositio
of GODC! results in restoration of GODC. Since some
these intermediates are charged species, it is reasonab
expect the influence of electric field on their photochemis
which leads to the observed increase yield of GODC pho
decomposition.

In summary, we have revealed the effect of a stro
electric field~up to 106 V/cm! on one-quantum UV photoex
citation and photodecomposition of GODC in a twin-ho
germanosilicate fiber. The applied electric field does not
fect the spectral characteristics of GODC, but increases
rate of their photodecomposition, despite the fact that a
electron formation and a charge separation does not oc
We have also shown, that this effect is caused by suppres
of secondary photoinduced recombination processes of in
mediates rather than by the acceleration of primary photo
composition of GODC.
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