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PECULIARITIES IN PHOTOEXCITATION OF CARRIERS

FROM DEEP TRAPS

This work is devoted to the studies in nuances of the processes proceeding at excita-
tion of charge carriers from bound state to current conducting one. The effect for infrared
quenching of photocurrent was used as the method to investigate the mechanism of trap
injection from R-centers. It was shown that after photoexcitation the hole could recurrently
and spontaneously return to the source center. The anomalously low quantum yield for IR-
light, and also the change in spectral distribution of quenching coefficient on applied field
and light intensity point out this.

ments. We proceeded from the fact that namely
this parameter defined, from one hand, the
number of appeared free carriers, and from the
other hand, the number of photons consumed for
this. The difference in them is just connected
with carriers recurrences, waste for current for-
mation, to the source center.

At the same time, the investigation in chang-
es taking place with the quenching itself under
influence of external factors is of great interest.
As the external influence we will consider the
change in intensity both of exciting and quench-
ing light irrespective of each other, and also the
change in applied voltage and operating temper-
ature.

The overall experimental results for the be-
haviour of quenching coefficient Q under the
changes in values of light fluxes are presented in
Figure 1.

As the basic results, the curve 2, measured
at the same intensities of intrinsic and quench-
ing light both in case 1a and in case 1b, was
taken. In the left part of Figure (1a) it is shown,
how the value Q changes under variation of
exciting light at unchanged quenching one. On
the contrary, in Figure 1b the intensity of excit-
ing light for the reference curve was fixed and
the intensity of quenching light changed.

All the plots in Figure 1 were obtained under
stationary conditions. In each point, rather long
relaxation (up to 7�10 min.) was delayed to avo-
id the processes of photocurrent adjustment [1].

First of all, let�s note, that the short-wave
maximum (Fig. 1) was found to be below the
long-wave one at any combinations of intensi-
ties. This is explained by thermal pumping of
captured carriers. At the expense of photon ab-
sorption, the part of holes from the ground
R-level transits to the excited R�. And occupa-
tion of these levels by holes just defines the cor-
responding maxima. For this reason, as follows
form Figures 1a and 1b, the first maximum
(short-wave) is found to be more sensitive to the
changes in intensities of each light. In this con-
nection, namely it was chosen to determine b
value (see Figure 3).

At excitation from local center by, for exam-
ple, light, the non-equilibrium carrier does not
take part in current flow straight away. In de-
pendence on the magnitude of applied electric
field and temperature it remains during some
time in the vicinity of this center. And it, of
course, pays to decrease its energy coming back
to the trap. This is promoted by the change of
trap charge state after the act of excitation.
Such oscillations of release-capture, probably
repeated, do not observe anyway in electric cur-
rent, registered from the outside, because the
coordinate of such charge carriers does not
change. Owing to the above mentioned cause,
these stages of excitation remained not studied.

As the method of investigation we chose the
effect of current infrared quenching. In our opin-
ion, such approach has several advantages.

First of all, if the studied crystals saturated
with S- and R-centers to the sufficient degree,
the distance between them is not large. In this
case the holes, dislodged out of slow recombina-
tion centers by IR-light, come only several trans-
lations of crystal lattice and get at R-centers
distributed uniformly, the capture lengths are
more or less standardized. In the usual situation
these processes are concealed by scattering, ac-
cidental capture at traps, foreign recombination
channels etc.

Besides, the specificity of IR-quenching al-
lows to operate independently both the parame-
ters of current-forming intrinsic light and the
intensity and spectral content of IR-light respon-
sible for current release exceptionally.

At last, the effect of IR-quenching allows to
pick up and investigate the mechanism of carri-
ers ejection from one specific class of centers,
whereas in usual case one has to deal with the
whole spectrum of traps which processes of trap
depletion dazzled each other.

The mentioned specificities of IR-quenching
make it the sensitive and flexible procedure to
study the details in photoexcitation of extrinsic
carriers.

The quantum yield b for monochromatic
long-wave light is determined directly in experi-
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As it is observed in Figure 1b, the lower the
intensity of quenching light at Lb = const, the
lower the value Q. And for the lower intensities
of internal excitation, this is observed strikingly.
One managed to create situations experimental-
ly, when short-wave maximum disappeared at all.

At the same time, under the invariable inten-
sity of quenching light (see Figure 1a), the va-
lue of quenching light increases as the decrease
in excitation Lb. And this increase is observed to
be higher if the applied intensities Lã negligible.

In Figure 2, the curve «a» is measured under
the same conditions as the basic curves of Fi-
gure 1a, b. The sample at that time was sup-
plied with the voltage 50 V. As it is observed
from the Figure, the decrease in this voltage
steps down both Q(l) maxima. And such behav-
iour was characteristic for all combinations of Lã
and Lb.

And as it was previously, the second maxi-
mum was found to be higher than the first one,
which is connected with the described thermal
pumping between centers of slow recombination.
With the decrease in applied voltage, we observe
the increase in this change (see Figure 2).

To define quantum yield of IR-quenching we
used the formula adopted out of the paper [2]:
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where Q � coefficient of IR-quenching, tn, tp �
lifetimes of non-equilibrium electrons and holes;
Lâ, Lã � the number of exciting and quenching
light quanta dropped; a, a¢ � the parts of these
phonons, absorbed in our sample; b, b¢ � quan-
tum yields under light excitation and quenching.

The dependence (1) was derived under condi-
tion of considerable luminous fluxes of exciting
and quenching light, and the intensity of
quenching light is higher than the intensity of
exciting one.

The form for absorption coefficient Q in for-
mula (1) is not suitable for experimental
processing. So we transform the denominator of
the 2nd component in formula (1) with due re-
gard for:

,n L= ab (2)

where n � concentration of charge generated by
intrinsic light; and the meaning of L, a, b cor-
responds to formula (1).

At that time we use

; .j E en= s s = m (3)

Taking into account that
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where I � current flowing under action of excit-
ing light only; and l = 1, 2 mm � sample length
between contacts; S = 1 mm2 � cross-section of
sample, we obtain
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Fig. 1. Dependence of quenching value on intensities of
applied light: à) Lã = const; Lâ1 > Lâ2 > Lâ3; b) Lâ = const;

Lã1 > Lã2 > Lã3

Fig. 2. Dependence of quenching value on the applied elec-
tric field: à) the sample is supplied with 50 V; b) the

sample is supplied with 30 V
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After the mentioned transformations, formula
(1) with account of (5)�(6) allowed to deter-
mine the coefficient b by the slope angle of
curve Q(Lã) | I(â).

In Figure 3, the experimental dependencies
of coefficient Q on intensity of quenching light
with wavelength 1100 nm at fixed fluxes of ex-
citing light are presented. One can say that the
view of Figure 3 corresponds to the section of
plot 1b along AB line.

( )
100%.ãL

I â D
Q aé ù

= b ×ê ú
ê úë û

(7)

The coefficient a was determined by spectro-
photometer SF-26 at wavelength 1100 nm. At
first, the mica substrate was inserted into the
spectrophotometer, and it was the same as for
investigated samples, and the intensity of output
flux a1I0 was measured. Then, at the same con-
ditions, the crystal transmission together with
substrate a2I0 was measured. The reflection of
infrared light is practically absent. So, the trans-
mission coefficient is defined by formula
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Within the ranges of spectrophotometer out-
put slit from 0,5 up to 0,7 mm, the value a=
= 0,96 was obtained. At the account of this, it
was determined: for curve 2 in Figure 3 � b2 =
= 0,026; for curve 3 in Figure 3 � b3 = 0,049;
for curve 3 in Figure 3 b4 = 0,072.

The value b is observed to remain anoma-
lously low in the whole area of the applied pho-
toexcitation intensities. And the coefficient of
light absorption at that time is close to 1. This
means that for the final release of each hole
from R-center, a few tens of IR-photons are con-
sumed. The hole returns multiply to the source
level, until the applied fields will entrain it out-
side the limits of capture cross-section. The
changes of Q with the intensities of both light
fluxes and with field, observed above, indirectly
confirm the same.

Some increase in b with photocurrent raise,
and then, the intensity of intrinsic light we con-
nect with increase in R-centers occupation. At
that time the probability of carriers ejection in-
creases and the possibility of recurrent trapping
decreases.

Thus, we showed that within the ranges of
applied combination for exciting factors � tem-
perature, field and intensities of internal and
quenching light, when the lifetimes of non-equi-
librium carriers with both signs are found ap-
proximately equal, the calculated magnitude for
quantum yield value is within the range
[0,026�0,072]. This, equally with lux-ampere
and field dependence of Q, points to the pres-
ence of phase in charge excitation from deep
traps being not studied previously � before they
take part in current transfer, they can multiply
return to the source center.
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Fig. 3. Dependence of quenching value on the number of
infrared photons being incident on sample surface at the
registered excitation level: 1. Iâ = 1.2 lx; 2. Iâ = 2.6 lx;

3. Iâ = 4.25 lx; 4. Iâ = 9.8 lx; 5. Iâ = 19.4 lx

As it is observed from this Figure, the plots
did not have the linear section in the case when
intensity of exciting light was too low (curve 1)
and too high (curve 5) in comparison with inten-
sity of quenching light. Obviously, the condi-
tions for derivation of formula (1) were not kept
for these curves. The area of linear dependence
was observed by us for curves 2�4 within the
range of quenching light intensity (12�25)·1015

c-1mm-1 at intensities of exciting light from 2,6
up to 9,8 lx.

It is observed that as the increase in intensi-
ty of exciting light, the slope of plots 2�4 in
the linear section decreased. The extrapolation of
linear sections for curves 2�4 was found at the
origin of coordinates in Figure 3.

In correspondence with formula (1) this
means that the first component in square brack-

ets, at values Lã = 0, is also equal to 1 0p

n

t

t
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In this case it follows that tp » tn, i. e. the life-
time of free holes corresponds approximately to
the lifetime of free electrons. Unfortunately, we
failed to extend the changes in ratio for lifetimes
at different intensities of intrinsic and exciting
light. In the subsequent calculations we consi-

der 1p

n

t

t
= . In the account of this and the depen-

dencies (5), (6), the formula (1) takes the form
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This work is devoted to the studies in nuances of the processes proceeding at excitation of charge carriers from
bound state to current conducting one. The effect for infrared quenching of photocurrent was used as the method to
investigate the mechanism of trap injection from R-centers. It was shown that after photoexcitation the hole could
recurrently and spontaneously return to the source center. The anomalously low quantum yield for IR-light, and also the
change in spectral distribution of quenching coefficient on applied field and light intensity point out this.
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Ðàáîòà ïîñâÿùåíà èçó÷åíèþ ïðîöåññîâ, ïðîòåêàþùèõ ïðè âîçáóæäåíèè íîñèòåëåé çàðÿäà èç ñâÿçàííîãî â òîêî-
ïðîâîäÿùåå ñîñòîÿíèå. Èñïîëüçîâàëñÿ ýôôåêò èíôðàêðàñíîãî ãàøåíèÿ ôîòîòîêà êàê èíñòðóìåíò èññëåäîâàíèÿ ìåõà-
íèçìà âûáðîñà äûðîê ñ R-öåíòðîâ. Ïîêàçàíî, ÷òî ïîñëå ôîòîâîçáóæäåíèÿ äûðêà ìîæåò ìíîãîêðàòíî ñïîíòàííî âîç-
âðàùàòüñÿ íà èñõîäíûé öåíòð. Íà ýòî óêàçûâàåò àíîìàëüíî íèçêèé êâàíòîâûé âûõîä äëÿ ÈÊ-ñâåòà, à òàêæå èçìåíå-
íèå ñïåêòðàëüíîãî ðàñïðåäåëåíèÿ êîýôôèöèåíòà ãàøåíèÿ îò ïðèëîæåííîãî ïîëÿ è èíòåíñèâíîñòè ñâåòà.
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Ðîáîòà ïðèñâÿ÷åíà âèâ÷åííþ ïðîöåñ³â, ùî ïðîò³êàþòü ïðè çáóæäåíí³ íîñ³¿â çàðÿäó ç³ çâ�ÿçàííîãî â ñòðóìîïðîâ³ä-
íèé ñòàí. Âèêîðèñòîâóâàâñÿ åôåêò ³íôðà÷åðâîíîãî ãàñ³ííÿ ôîòîñòðóìó, ÿê ³íñòðóìåíò äîñë³äæåííÿ ìåõàí³çìó âèêèäó
ä³ðîê ç R-öåíòð³â. Ïîêàçàíî, ùî ï³ñëÿ ôîòîâîçáóäæåííÿ ä³ðêà ìîæå áàãàòîðàçîâî ñïîíòàííî ïîâåðòàòèñÿ íà âèõ³äíèé
öåíòð. Íà öå âêàçóº àíîìàëüíî íèçüêèé êâàíòîâèé âèõ³ä äëÿ ²× âèïðîì³íþâàííÿ, à òàêîæ çì³íà ñïåêòðàëüíîãî ðîç-
ïîä³ëó êîåô³ö³ºíòà ãàñ³ííÿ â³ä ïðèêëàäåíîãî ïîëÿ ³ ³íòåíñèâíîñò³ ñâ³òëà.


